California Department of Fish and Game — July 2002 Review Draft

California Department of Fish and Game
2002 DRAFT
RUSSIAN RIVER BASIN FISHERIES
RESTORATION PLAN

Russian River Watershed
I_L Elevation P 1m DM with hillsbade effea

b bt

1
[
“JH
ol
N
L {
N
I“h\u e
L

B ok

Russian River Basin Fisheries Restoration Plan — July 2002



El N

Table of Contents

ACKNOWIBAGEMENTS. .. .o e e e e e e e e e e e e e e e 2
g 0T [ Tox 1o o 3
RESLOration Plan GOAIS.........coiiiiiiiie ittt s e br e e s s ebre e e s e saba e e e s sbaaeeeeanns 3
Watershed BaCKgroUNG..........coouiiiiiieieeieiieieee et 3
Description Of WEatershed ..........coieiiieieeee et et 4
a (TS 0T0 =0 |V 4
b (€7 o] oo VTSR 6
c V4= 1< = 1o o SRR 7
d Climate and HYArolOgy ........cocueieereniiniesie ettt s nee e 7
LSS0 U (0T U F 10
a HiStOrCal RESOUICES USE....cci ittt ettt e et ba e s s e e e s nrane s 10
b. CUITENE RESOUIMCES USE....ueiiiiiii ittt ettt re e s s e s e s bbb ae e e e s s s e seannes 13
FISNEITES RESDUICES......ccc ittt et e s e s e s e e e s s abb e e s s ebbeeessssbbeesssanbaneesanns 16
a Salmon and Steelhead POPUIBLIONS...........ccoiieiiiiiieeeee e 21

1. ChINOOK SAIMON .....cvviiii e e s e e e s brees 21

I O0] aTo Tz 1 1 10 o R 27

T PINK SBIMON....ciiiiiiiic e e e s bba e s s sbb e e e s s abae e e s enrnes 32

YRS (=5 1 1= o R 34
Fish Habitat REQUITEMENTS.........coiiiieiiiieeeie ettt e sae e 39

F o 0111 T = (o] o TR 39

esCription Of the SUD-DASINS..........c.ccveieiiecece e 53

Laguna De Santa ROSA.........cueiiiiieiiie sttt 62
SAMAROSAL ... s 66

AT g S T 0SS 68
(€1 Y= V=S 70
T oI 1 = S 72
UKIBIN <ottt nae e 74

T TSP o0 T PUP a0 T
<
jb)
=]
g
o
\‘



10.

11.

12.

13.

[
E

l. FOISYTNE CrEEK ...ttt s sne s 76

m. COYOLE V@AY ... et b e 78
Recommended Actions to Benefit Salmon and Steelhead............ccocoiiniiiniiiiee 80

PrioritiZation SIrAtEQY ......ecverveeeereerieseesieesieeee s estesee e e ssesee s e e seeeeesreenseeneesseenees 81
b. IMELNOGAS.......eeee e 83
C. (@1 (= = USSP 86
d. Limitations Of the aSSESSMENT .........cciiiriririeee e 89
e Implementation of restoration projects and plans...........cccveeveecesieereeceseeseseens 90
Genera Limiting Factors and Restorative ACHIONS..........cccveeeveeseceesecse e 9
a Limiting Factor: Migration...........ccccueeeereeieseeseeeeseese e e see e ee e enseeneens 94
b. Limiting Factor: Gravel QUAalITY..........ccceveeieeii e s 101
C. Limiting Factor: Gravel QUaNTITY .........ccccvevereereeiecee e 104
d. Limiting Factor: Riparian Stability ........cccoveeieeieniee e 105
e. Limiting Factor: Water TEMPEraIUIe ........ccveeeieereceeeeese e 111
f. Limiting Factor: Water QUAIILY ........ccecveiueieereeiieseesieeee e eee e 112
0. Limiting Factor: Water QUANTITY.........cccevuereerieeieseereeeesieeseeeeesreesee e sneesseeneens 117
h. Limiting Factor: Habitat Availability..........cccccoveieiiiiieie e 118
Specific Limiting Factors and Restorative Actions to Mainstem Russian River ............. 121
a Barriers to Upstream Migration ...........ccoeeereeieneenensie e 121
b. SUMMEr DAMS — MIGIaliON......cccueeieieesieeieeee e 121
C. Stream Crossings and CUlVENTS.........ooeiieeiiiereeee s 125
d. Gravel QUANTITY ......coueieieieeieeee et ettt s a et nre e 126
e RIiparian Staility .......coooeieeiieie e e 127
f. TOMPEIAIUIE ...ttt ettt s ae e e be e s e e e sbe e sane e beesnneesneesnreens 128
. Limiting Factor: Water QUAalITY..........cooiriererinie et 130
h. Limiting Factor: Water QUANTITY.........ccoveererieiiesee e 132
Specific Limiting Factors and Restorative Actionsto EStuary ..........ccoccvveeveeinneenenenns 137
a Predation by PiNNIPEAS.........cccveiiiieiice e 139
Specific Limiting Factors and Restorative Actions to

Estuary 11 HydrologiC SUD-Basins............ooiiuiiiiie i e 140
a GUEIMNBVITTE.....eee e r s 140
b. AUSEIN CrEEK ...ttt b et 150
C. LOOUNBL......eeeeeieet ettt e e b e e nn e e nr e nn e sne e e 158
d. Mark West SANtAROSA.........coceriirieiieie e s 168
e Warm Springs (Dry Creek) .......oeee et 175
f. GEYSEIVIIIE ..t 183
. SUIPNUE CrEEK ... et 192
h. (6= o SO 200
I FOISYNE CrEBK ...ttt e 208
J- COYOLE VAIEY ... et nre e 215
Other Recommended Actions to Benefit Coho Salmon and Steelhead............................ 215
a Roles Of LoCal GOVEIMMENT .........coiiiriiireeieeie et 215
b. Role of Regulatory EffOrtS........ccvceeiiececeeseee e 220

C. ROIE Of HEICNEITES. ..o e e e e e e e e e e e e e e e e e e 224



15.
16.
17.
18.
19.
20.
21.
22.

Appendix A- HiStOrCal RESOUICES .......ccceieeieeiesiesieeie e Appendix A

Appendix B- Land Use IMPACES........cooeriiiieiirienieseee e Appendix B
APPENdiIX C — MELNOUS.......cceeiieieceeee e Appendix C
Appendix D — Restoration Recommendations defined............cccoceveeieneeniennen. Appendix D
Appendix E—REaCh SUM......coiiii Appendix E
Appendix F — ReStoration ProjectS. .. .......ocovevieii e i e e Appendix F

Appendix G —RRBI and Bug Sampling list............c.ccooveiiii i JAppendix G
Bibliography



California Department of Fish and Game — July 2002 Review Draft

Acknowledgements

Principal authors of this document are Robert Coey (CDFG), Sarah Nossaman-Pearce (UCCE),
and Colin Brooks and Zeb Young (HREC-IHRMP).

Substantial contributions, input, edit and review, to date was provided by Derek Acomb, Ken
Bunzel, Monique Born, Serra Cantor, Sephanie Carey, Bill Cox, Brian Freele, Karen Gaffney,
Royce Gunter, Linda Hanson, Carol Mandel, Gail Seymour, Park Steiner, Larry Week, and
Kerry Williams.

Data was collected to substantiate the findings between 1994 and 2002 by: Bob Coey, Bill Cox,
S Shapleigh, C. Koehler, John Fort, Pam Higgins, Rich Sabler, Katie Etiene, David Raff, Mike
Swaney, Brian Hines, Kurt Gregory, Ken Bunzel, Bill Cox, Colin Close; Sarah Nossaman-
Pearce, Bob and Nancy Barney, Elaine Hards, Mark Bolin, Mark Kipp, Ann-Huber, Ken Mogan,
Eddie Sanchez, Jon and Paul Campo, Todd Parlato, S. Tarbell, Marc Miller, Jaye Cook, Ellie
Insley, Steve Lungren, Joyce Ambrosius, April Richards, Paul Retherford, Janet Lester, Jennifer
Jenkins, Smone Watts, Steve Cannata, Shawn Chase, Ron Banhert, Sean White, Bob Kieffer,
Hadezba Mikkelsen, Ethan Jankowski, Sean Higgins, Brian Freele, Morgan Kenechtle, Sarah
Popek, Aaron Fairbrook, Theresa, Jake Newell, Diana Hines, Mitsuko Terry, Mike Shugars,
Doug Mitchell, Justin Smith, Corey Sangiacomo, Eli Asarian, Diana Hines, Cassandra Smith,
Amy Livingston, Kate Hall and Derek Acomb.

Funding for the program andreport has been provided by the California Department of Fish &
Game, Sports Fish Restoration Act, Senate Bill 271, Salmon and Seelhead Restoration Account,
California Conservation Corps, Natural Resources Conservation Service, National Emergency
Assistance Program, Americorps* Water shed Stewards Project, Sonoma County Water Agency,
Russian River Water shed Council; and the United States Army Cor ps of Engineers.

Russian River Basin 2 Fisheries Restoration Plan - July 2002



California Department of Fish and Game — July 2002 Review Draft

INTRODUCTION

“ People are in competition with salmon in ways similar to the crowding of the wolf, the
grizzly and the buffalo out of their historic habitats spanning thousands of years. West
Coast coho-along with other Pacific salmon, steelhead and sea-run cutthroat trout, have
an unbroken chain of evolution of 50 million yearsin the making. The coho of today have
ancestors that once knew the shadow of the woolly mammoth and the scream of the
sabertooth tiger. The West Coast has gone through ecological change and geologic
cataclysm, but the salmon have persisted..until now.” -Bill Bakke, Executive Director,
Native Fish Society

The protection of existing habitat and restoration of damaged habitat of the Russian
River has to occur in concert with active development of the basin for human populations, and
with cooperation of the human population, to be successful. To be successful, actions must be
science based, timely, and realistic. Both short and long term solutions must be considered.

Recognizing that watersheds themselves are constantly evolving as a result of natural
and unnatural processes, actions must focus on limiting factors specific to each watershed and
life stage function. Recognizing that land use is constantly changing, plans for restoration and
management of watersheds must be considered to be a “moving target” and therefore adaptable
to the changing landscape. Recognizing that 95 % of the nursery and spawning habitat occurs
on private property, actions must be realistic in approach, and partnerships built to ensure
support for recommendations and treatments. Recommended actions to benefit coho salmon
populations must be focused on causes and not symptoms of land use problems, and promote a
“stewardship” ethic to see that management recommendations and projects are carried out and
maintained. The focus of this report is to identify and prioritize these actions to benefit coho
salmon populations-and their habitat

RESTORATION PLAN GOALS

The goals of this restoration plan are to: 1) identify and prioritize high priority or
“Keystone” factors which in themselves may restore functionality to watershed systems or
lifecycle patterns specifically for anadromous salmonids; 2) prioritize keystone management
changes to be implemented by local, state and federal agencies and districts; 3) prioritize
keystone projects to be considered for funding by local, state and federal funding
organizations; 4) prioritize and encourage lower priority projects to be undertaken by private
landowners that provide shorter term, but needed benefits; 5) encourage Demonstration
projects which demonstrate fish-friendly techniques and Best Management Practices; 6) engage
and support an active citizenry and local government in a partnership for restoration and
“stewardship” in management.
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WATERSHED BACKGROUND

DESCRIPTION OF WATERSHED

GEOGRAPHY

The Russian River Watershed contains 1,485 square miles of drainage area in
Mendocino and Sonoma Counties, with a small portion of the watershed extending into Lake
County (Figure 1). The mainstem, bordered to the west by the Coast Range, is approximately
110 miles long. From its headwaters in Redwood and Potter valleys north of Ukiah, the river
flows 69 miles in a southeastward direction, makes a sharp turn to the west south of
Healdsburg, and flows another 41 miles before emptying into the Pacific Ocean at Jenner.

The Russian River basin is roughly 110 miles long, and varies from 10 to 30 miles in
width. Major tributaries to the Russian River include the East and West forks of the mainstem,
Robinson Creek, Feliz Creek, Pieta Creek, Big-Sulphur Creek, Dry Creek, Maacama Creek,
Mark West Creek, and Austin Creek. There are approximately 240 named tributaries within
the watershed and a multitude of small un-named streams both perennial and ephemeral. Most
were once homes to the anadromous and warm water fish species native to the basin.

Highway 101 runs in a north/south direction, entering the Russian River basin from the
northwest in the area of Forsythe Creek and continuing along the middle reach, crossing over
the river as it turns westward north of Santa Rosa. Highway 20 runs along the East Fork and
crosses the mainstem south of Redwood Valley. Highway 175 starts at Hopland and leads east
up Dooley Creek and over the divide to Middletown in Lake County. The lower reach is
bifurcated by Highway 116, which continues all the way to the mouth and intersects Highway
1.
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GEOLOGY

The Russian River is predominantly underlain by the Franciscan formation, a mélange
of Jurassic-Cretaceous age, formed at the bottom of the Pacific Ocean over 100 million years
ago. Franciscan sediments consist of a jumbled mass of muddy sandstones and cherts inter-
layered with basalt lava flows-crumpled sea floor sediments that form the bulk of the Coast
Range. The Franciscan lithology is very unstable and landslides are common throughout most
mountain regions within the basin.

Elevations within the basin range from sea level at the mouth to 4,344 feet at the
summit of Mt. Saint Helena in the Mayacamas Mountains to the east. Historic lava flow
associated with Sonoma Mountain may have contributed to the isolation of the Russian River
from the Petaluma and Sonoma Rivers (Hopkirk 1974). The river passes through aseries of
broad alluvial valleys and narrow bedrock constrictions along its course. Alluvial regions
bordering the mainstem include the Ukiah and Hopland valleys in Mendocino County, and
Alexander Valley and the Santa Rosa Plain in Sonoma County. The area within the basin
consists of 85% hills and mountains and a mere 15 % alluvial valleys (SEC 1996). Present
drainage patterns in the Russian River region are similar to drainage patterns for the North
Coast Ranges and are the result of Pleistocene down-faulting (Hopkirk 1974). Faulting in the
North Coast Ranges follows northwest to southeast orientation, generally, and thus many
streams (including the upper run of the Russian River) follow this orientation. With the onset
of the Wisconsin glacial epoch, sea level changes combined with down-warping along the coast
contributed to flow pattern changes as southeasterly flowing rivers of the area were redirected
westward (Hopkirk 1974). Eventually the headwaters of the upper Russian River became the
headwaters of the Eel, Navarro and Gualala river systems.

Perhaps the most striking character of the Russian River drainage is the sharp turn to
the west that the mainstem takes near its confluence with Mark West Creek, where “After
following for fifty miles its regular southeasterly course to Santa Rosa Valley, it turns away
from this flat and uninterrupted alluvial plain which opens directly to San Francisco Bay, and
flows westward to the ocean through twenty miles of rugged canyon, winding through a
highland that varies from eight hundred to twelve hundred feet in elevation (Holway 1913).”
Holway, in his 1913 paper, hypothesizes that a likely explanation for this is “that the
transverse portion of the river from the open valley through the highland was antecedent to,
and persisted through, the uplift which made the highland.”

Historically, the waters of Clear Lake drained through two outflowing streams.
Westward flows passed through Cold Creek into the Russian River, while Cache Creek drained
the Eastern side of the Clear Lake Basin with flows eventually joining the Sacramento River.
Flows from Cache Creek were eventually cut off by lava flows and water from Cache Creek
joined with that from Cold Creek to flow into the Russian River (Hopkirk 1974). It is believed
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that within the past few centuries, however, a large landslide plugged the western Clear Lake
outflow, isolating the lake from the Russian River basin (Alt 1975) and reestablished flows into
Cache Creek through a sag in the lava flow near the mouth of Cache Creek. Present geology
provides for the continued drainage of Clear Lake through its Eastern outlet. Historic flows
from Clear Lake into both the Russian River and the Sacramento system explain why the fish
assemblage in the Russian River today is so similar to that of the Sacramento system.

VEGETATION

The vegetation within the system varies from mixed hardwood forests (oaks and bays)
and many seral stages of chapparal (chamise and coyote bush), characteristic of the eastern
foothills and upper inland basin area, to heavy forested coniferous (redwood and fir) regions
with cooler wet underbrush species (ferns and huckleberry) characteristic of the western
mountains. Mixed in between the foothills and lowland plains are riparian forests of alder, big
leaf maple, cottonwood, willow, ash, and bay with an abundant diversity of underbrush
species. The below figures depict landcover and the percentage of each watershed by forest
dominance including coniferous and hardwoods.

CLIMATE AND HYDROLOGY

The Russian River region has'a Mediterranean climate, characterized by warm
summers and mild winters. The basin’s fog-influenced coastal region, which extends 10 miles
inland, typically has cool summers and abundant summer fog moisture. The drier interior
region, on the other hand, experiences hot, dry summers with temperatures increasing to
upwards of 100° F in the northeastern valleys most isolated from coastal influence. Winter
temperatures can reach the low 20°s F, though snowfall is uncommon. Rainfall in the basin
ranges from 22-80-inches, with a basin-wide average of 41 inches (SEC 1996). According to
National Climatic Data Center Cooperative Weather Stations, the greatest average annual
precipitation occurs at high elevations near Mount St. Helena and in the coastal mountains near
Cazadero, while the least amount occurs in the southern Santa Rosa Plain (29.5 inches). From
1939 to 1971 the average precipitation in the Cazadero area was 75.8 inches and from 1971 to
1995 it was 67.5 inches. About 80% of the annual precipitation occurs as a result of pacific
frontal storms from November through March (Swanson 1992), with maximum precipitation
occurring between December and February. Approximately 95% of the basin’s natural runoff
occurs between November and April. Runoff is negligible between July and October, with
many tributaries running dry in the lower reaches.

“Prior to 1908, the Russian River flowed unimpaired, tending to follow concurrent
precipitation patterns. Winter flows were high, cycling with storm events, and summer flows
were low or intermittent (SEC 1996).” Today, summer low flows are regulated by releases
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from Coyote Dam and Warm Springs Dam. Minimum in-stream flow releases vary depending
upon annual precipitation. Augmentation from the Potter Valley Project, which began in 1908
with completion in 1922, contributes 300 cfs to the river. Regulated flows from the two large
reservoirs have altered river discharge characteristics. Summer flows, once extremely low to
intermittent, are greatly augmented and peak winter flows are artificially low under all but the
highest flows. The average annual runoff for the entire Russian River basin is approximately
1,600,000 acre-feet at Guerneville, on the lower river (SEC 1996).

A combination of soil types and steep topography within the Russian River watershed
leads to low water intake rates, or retention capacity, which leads to high rates of runoff and
serious erosion under major storm conditions. The result of these factors is a frequent
occurrence of flooding. Flow frequency analysis indicates that major floods, ranging from
approximately 89,000 to 100,000+ cfs (as measured at Jenner), will likely recur on 20 to 50+
year intervals, respectively. Historical evidence and flow records show that floods of this
magnitude have occurred eight times since 1862. Floodswith a range of 75,000 to 90,000 cfs
can be expected to recur at approximately 10 to 20 year intervals, and floods equal to 60,000
cfs can be expected to recur on an average interval of 2.5 to 3 years (Trinity 1993). The
largest flood on the Russian River occurred in 1862, as a result of precipitation at
approximately 154 % of normal. This was not only the largest flood recorded within the
watershed, but also the largest flood on record in all of California, with flows estimated at
more than 100,000 cfs (Trinity 1993).

RESOURCE USE

Historical Resource Use (See Appendix A for amore thorough historical overview.)

“One hundred and fifty years ago, the Russian River was the heart of a complex of
interdependent ecological units. Well-developed flood plains, riparian forests, seasonal
marshes, high-gradient woodland streams, oak grasslands, and coastal coniferous forests all
worked interdependently to support highly productive fishery and wildlife habitats (SEC
1996).”

The history of resource use in the Russian River area began with the Pomo Indians,
who occupied what we now call the Russian River basin for as long as 5,000 years prior to
European settlement, living in numerous settlements of up to 1,000 people (Wilson 1990).
These tribes altered their environment with the regular burning of oak woodlands and
grasslands as a means of promoting new growth of their food sources and increasing wildlife
habitat. The Native Americans called the Russian River Shabaikai or Misallaako, meaning
“Long Snake.” The Pomo Indians of the Ukiah Valley referred to the Russian River simply as
“the River” (Wilson 1990).

Russian River Basin 10 Fisheries Restoration Plan - July 2002
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In the late 1700's, the Spanish landed at Bodega Bay to find the river basin a virtual
paradise, ripe for the development of suitable living conditions and a strong commerce. The
Spanish were soon followed by the Russians who established colonies at Fort Ross and Bodega
Bay, and utilized the lower Russian River for fur trapping, cultivating wheat and grazing cattle
until 1840 (Ferguson 1923).

In the early 1800's the Spanish issued Rancho grantsin “San Rosa’ in order to limit
Russia s encroachment into the Russian River Valley (Wilson 1990), and a Spanish petition for
the Bodega grant named the river “Rio Russo.” We have called.it the “Russian River” ever since.
Cattle and horse ranching soon became the dominant land use, asthe lowland areas were
converted from thick riparian forests to grasslands.

The arrival of many land-hungry “American” settlers soon decimated the Native
Americans living in villages throughout the river valley (Wilson 1990). The discovery of gold
in California in 1849 triggered the development of the Russian River valley, and the demand
for wood and agricultural products escalated. Soon American settlers began to squat on Rancho
lands, establishing homesteads in the valley and clearing the native vegetation of the river and
uplands for cultivation.

At that time, the sheer size and density of the old growth redwood forests were almost
unfathomable. The largest tree ever recorded was in the Russian River basin. In 1865 intensive
logging in the lower watershed began with the establishment of milling yards in Guerneville
(Schubert 1997). In 1876 the railroad was constructed for hauling lumber to outside markets
and dramatically boosting the production of the timber industry (Stindt 1974). Two lines ran
along the Russian River, the narrow gauge and the broad gauge (Figure 2). Small branch lines
were also built fanning out from Duncan’s Mills to Markham, Willow Creek, Azalea and up
Kidd Creek and Kuhute Gulch in the Austin Creek watershed for hauling logs to Duncan Mills
(Stindt 1974). The timber industry boom was short-lived, however, and in 1901 the last lumber
mill in Guerneville closed, as the vast majority of harvestable redwoods had been removed
(Clar 1984). During World War II, tractor logging of Douglas fir forests followed, to provide
lumber for the ever-expanding urban population.

Consequently, Northwestern Railroad’s freight business plummeted, and soon the same
railways carried vacationers and weekend travelers from the ferry at Sausalito to popular
destinations throughout the Lower Russian River from Rio Nido to Duncan’s Mills. Small
towns such as Monte Rio, the “Vacation Wonderland,” developed around the turn of the
century, and summer travel to the river for recreation and plentiful fishing boomed. The
Lower Russian River continued to be a popular tourist destination through the early 1930s.
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Figure 2. Map of the Guerneville branch of the NorthWestern Pacific Railroad depicting
narrow gauge and the broad gauge lines, circa 1900.

Most of the land along the Russian River was already under cultivation by 1900 (SEC
1996) and this early agriculture focused mainly on the production of grapes, apples,
hops and prunes. Farmers removed riparian vegetation and filled in sloughs and side
channels in order to maximize their usable agricultural lands. These practices continued
until the late 1940°s when very few wetlands remained (SEC 1996). At that time, the
river valley was leveled, creeks were channelized and, in an attempt at flood control,
agricultural operations began removing small in-channel islands and gravel bars. In the
1950s, bank stabilization measures began in response to increased erosion. Ultimately,
these practices resulted in mass channelization of the mainstem.

In the 1940's in-channel gravel extraction began and, in the years to follow, the

production of sand and gravel was the principal mining industry from Healdsburg through
Ukiah. Russian River gravels were used for concrete construction and roads from Santa Rosa
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to Ukiah and throughout the entire Bay Area. In response to demands for flood control and
increased water supply, Coyote Dam was constructed on the East Fork of the Russian River in
Ukiah in 1959, creating Lake Mendocino. In the 1970's, in-channel gravel mining slowed and
operations moved to the adjacent terraces along the river. Warm Springs Dam, located on Dry
Creek in Geyserville was completed in 1982, creating Lake Sonoma.

Current Resource Use

Today, the upper reaches of the Russian River flow south through southern Mendocino
County and the towns of Redwood Valley, Calpella, Ukiah, and Hopland. This region consists
of rural residential land, agriculture, and small towns. Populations of these cities have not
changed dramatically over the last decade although predictions are that they will increase as the
urban expansion from the Bay Area continues. According to the Mendocino County Planning
Department (Jan. 2000), there are an estimated 14,961 residents in Ukiah and 60,615 residents
in unincorporated communities throughout the county.

The river’s middle reaches continue south, past Squaw Rock and over the Sonoma
County line, opening up into wide a flood plain through Asti and Alexander Valleys, major
vineyard producing regions. Here, the mainstream of the river passes through the cities of
Cloverdale, Geyserville and Healdsburg, bypassing Windsor and Santa Rosa. The cities of
Windsor and Santa Rosa have seen tremendous growth in recent years and will likely continue
to grow where development is permitted. Turning west, the river’s lower reach passes through
the towns of Forestville, Rio Nido, Guerneville, and Monte Rio, reaching the ocean near the
coastal town of Jenner. These towns have also seen an increase in population base while the
number of buildings has remained virtually the same. This is primarily due to the conversion
of vacation homes to year-round residences. According to 1998 figures from Sonoma County’s
Economic Development Board, populations for each city within the Russian River basin are as
follows: Santa Rosa 136,100; Rohnert Park 39,550; Windsor 19,900; Healdsburg 9,900;
Sebastopol 7,800; Cotati 6,700; Cloverdale 5,675; and unincorporated communities throughout
Sonoma County 151,800.

The most densely populated area within the Russian River Watershed is the Santa Rosa
Plains area, while the least populated area is the Guerneville sub-basin, which in 1990 had five
unincorporated communities with a total of fewer than 10,000 residents (U.S. Census 1990).
Overall, approximately 95-97% of the basin is held in private ownership (-).
Urbanization and population densities throughout the Russian River watershed are increasing at
an accelerated pace.

Urban and industrial uses are concentrated around cities in Mendocino and Sonoma
Counties, with the largest concentration of land uses in the Santa Rosa plains, followed by
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Ukiah and Cloverdale. Uses include high-technology industries, petroleum distribution plants,
light manufacturing, wrecking and salvage yards, and industries related to construction. Santa
Rosa is the chief commercial distribution center for the North Coast of California.

There are two major dams in the Russian River watershed: Coyote Dam and Warm
Springs Dam. Coyote Dam, located on the East Fork Russian River in Ukiah, was completed
in 1959, creating Lake Mendocino. Warm Springs Dam, located on Dry Creek in Geyserville
was completed in 1982, creating Lake Sonoma. Both dams were designed to provide flood
control, recreation, irrigation, and drinking water to Mendocino and Senoma counties. The
original estimated capacity behind Coyote Dam in 1985 was 88,447 acre feet (SCWA 1985, as
cited in SEC 1996), while the original estimated capacity behind Warm Springs Dam was
381,000 acre feet (COE 1973, as cited in SEC 1996).

The Potter Valley Project was completed in 1922, when Scott Dam impounded Lake
Pillsbury on the Eel River 12 miles upstream of Cape Horn Dam (DWR 1976, as cited in SEC
1996). Regulated flow between Scott and Cape Horn dams via Lake Pillsbury has since
provided year-round diversion of Eel River water into the East Fork Russian River. This
project increased the average summer base discharges in the Russian River dramatically, with
summer flows generally exceeding 125 cfs (COE 1982). This diversion draws approximately
300 cfs from the Eel River and together with the natural rivers flow, supplies drinking water to
about 500,000 people and a presently unknown amount of water for agricultural uses (RWQCB
1995, as cited in SEC 1996).

Other land uses such as timber harvest, agricultural production, livestock grazing, and
gravel mining continues today, however the basin has been changed substantially through
urban development (See Appendix B for more thorough discussion). Despite many years of
intensive use, the peace and beauty of the Russian River still draw tourists from the Bay Area
and elsewhere. Summer tourism associated with the recreational use of the river and profitable
agriculture resources provide a critical economic base for Russian River communities.

Agriculture is still the dominant land use within the basin, with the recent trend being
conversion of historic crop lands, livestock, dairy lands, and forest lands to vineyards. Some
orchards remain, mostly in Ukiah and Sebastopol, though vineyards dominate the hills and
valleys of the lower- and mid-river area. Current economic incentives threaten the replacement
of the remaining orchards throughout Sonoma County, although pastureland and farmland for
the cultivation of silage also remains in the open areas of the Santa Rosa Plains. Grazing of
cattle and sheep is prevalent, particularly in Mendocino County, in areas of oak woodlands and
coastal sage vegetation.
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Inextricably linked to the variety of land uses within the basin are roads, dams, water
diversions, and the development of cities with high density housing. Unfortunately, the end
result of these activities is loss of riparian vegetation, reduced habitat complexity, accelerated
erosion, urban runoff, augmented flows, elevated water temperatures, loss of spawning
gravels, channel incision and widening, and other morphological changes to the river system.
Each of these human activities has contributed to the cumulative decline of overall watershed
quality and the basin-wide decline of salmonid populations.

“In the geologically brief time span since the mid-1800’s; this system has been
transformed from its natural condition and balance to what.is now essentially a heavily
controlled urban water conveyance. Today, only the undammed, most remote tributaries bear a
semblance to the pristine conditions that once supported a self-sustaining, dynamic ecosystem.”
(SEC 1996).

FISHERIES RESOURCES

The Russian River and its estuary are known to support at least 46 species of fish (see
Table 1-a, Resident and Anadromous Fishes of the Russian River System, and Table 1-b,
Estuarine Fishes of the Russian River System). Of the various resident, anadromous, and
estuarine fishes of the Russian River, 27 species are native to the drainage and one, the
Russian River Tule Perch, is endemic to this drainage (Hopkirk 1980). The most common
resident freshwater fishes in the Russian River are Sacramento sucker, hardhead, California
roach, Sacramento pikeminnow (squawfish), smallmouth bass, and Russian River Tule Perch
(see Table 1-a for a full listing):

The assemblage of native warmwater species in the Russian River is closely related to the fish
population of the Sacramento River. The two rivers were probably connected in the past with
the Russian flowing into San Francisco Bay, the two rivers meeting somewhere near the Farralon
Islands when sea level was much lower, or through Clear Lake which now drainsinto the
Sacramento, but has at times drained into the Russian.

The Russian River estuary (Table 1-b) supports a variable population of nearshore marine
species, but the species most. commonly found are staghorn sculpin, Pacific herring, topsmelt,
surfsmelt, threespine stickleback, starry flounder, English sole, Pacific sanddab, and bay pipefish
in the more saline waters. In the fresher waters near the surface or in the upper reaches of the
estuary Sacramento sucker, western roach, and Sacramento pikeminnow are common. Steelhead
smolts are sometime found in the estuary, but they seem to be primarily moving through on their
migration to the ocean, in the fall winter and spring, rather than spending an extended time
rearing in the estuary through the summer. In some years a small number of juvenile steelhead
have been found rearing in the estuary in mid-summer.

Table 1-a lists the native and introduced fishes found or currently present in the system.
Introductions of non-native fish to the Russian River include all of the catfishes (two species)
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and bullheads (two species); all of the centrarchids (excepting the Sacramento Perch); all of the
basses; all of the mosquito-fishes, and some of the minnows. Sacramento Perch is a California
native species, however, the population present in the Russian River is presumed to be the
result of introductions (USFWS 1995). These fish are all adapted to warmwater environments
and dominate the mainstem, especially downstream from Cloverdale, and the lower reaches of
some of the larger tributaries.

At least eight species of fish have been identified in the Russian River which are
considered species of special concern by the California Department of Fish and Game. These
include the following species: coho salmon (Oncorhynchus kisutch), pink salmon
(Oncorhynchus gorbuscha), river lamprey (Lampetra ayresi), green sturgeon (Acipenser
medirostris), California roach (Hesperoleucus symmetricus), hardhead (Mylapharadon
conocephalus), Sacramento perch (Archoplites interruptus), and the Russian River tule perch (
Hysterocarpus traski pomo). Additionally, one species of invertebrate, the California
freshwater shrimp (Syncaris pacifica) which is present in some tributaries of the Russian River,
has been listed as endangered.
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Table 1-a

Resident and Anadromous Fishes of the Russian River System

Family Petromyzontidae - Lampreys

Lampetra ayresii (river lamprey)

Anadromous, Resident

Lampetra pacifica (Coastrange brook lamprey)

Resident, Native to Russian River

Lampetra tridentata (Pacific lamprey)

Anadromous, Resident

Family Acipenseridae - Sturgeons

Acipenser medirostris (green sturgeon)

Anadromous, Native of Russian River

Acipenser transmontanus (white sturgeon)

Anadromous, Native of Russian River

Family Clupeidae - Herrings

Alosa sapidissima (American shad)

Anadromous, Introduced

Family Salmonidae - Salmon and Trout

Oncorhynchus gorbuscha (pink salmon)

Anadromous, Native of Russian River

Oncorhynchus kisutch (coho salmon)

Anadromous, Native of Russian River

Oncorhynchus tshawytscha (chinook salmon)

Anadromous, Native of Russian River

Oncorhynchus mykiss (steelhead /rainbow trout)

Anadromous, Resident, Native to
Russian River

Family Cyprinidae - Minnows

Carassius auranus (goldfish)

Resident, Introduced

Cyprinus carpio (carp)

Resident, Introduced

Hesperoleucus symmetricus (California roach)

Resident, Native to Russian River

Lavinia exilicauda (hitch)

Resident, Introduced?

Mylopharodon conocephalus (hardhead)

Resident, Native to Russian River

Orthodon microlepidotus (Sacramento blackfish)

Resident, Introduced?

Ptychocheilus grandis (Sacramento squawfish)

Resident, Native to Russian River

Family Catostomidae - Suckers

Castostomus occidentalis (Sacramento sucker)

Resident, Native to Russian River

Family Ictaluridae - Catfishes

Ictalurus catus (white catfish)

Russian River Basin 18
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Table 1-a
Resident and Anadromous Fishes of the Russian River System
Ictalurus melas (black bullhead) Resident, Introduced?
Ictalurus nebulosus (brown bullhead) Resident, Introduced
Ictalurus punctatus (channel catfish) Resident, Introduced

Family Poeciliidae - Livebearers

Gambusia affinis (mosquitofish) Resident, Introduced

Family Gasterosteidae - Sticklebacks

Gasterosteus aculeanus (threespine stickleback) Anadromous, Native of Russian River

Family Cottidae - Sculpins

Cottus aleuticus (Coastrange sculpin) Resident, Native to Russian River
Cottus asper (prickly sculpin) Resident, Native to Russian River
Cottus gulosus (riffle sculpin) Resident, Native to Russian River

Family Serranidae - Sea basses

Roccus saxatilis (striped bass) Anadromous, Introduced

Family Centrarchidae - Sunfishes

Archoplites interruptus (Sacramento perch) Resident, Introduced?
Lepomis cyanellus (green sunfish) Resident, Introduced
Lepomis macrochirus (bluegill) Resident, Introduced
Lepomis microlophus (redear sunfish) Resident, Introduced
Micropterus dolomieu (smallmouth bass) Resident, Introduced
Pomoxis annularis (white crappie) Resident, Introduced
Pomoxis nigromaculatus (black crappie) Resident, Introduced

Family Embiotocidae - Surfperches

Hysterocarpus traskii pomo (Russian River Tule perch) Resident, Native to Russian River

Source: Hopkirk 1980
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Table 1-b
Estuarine Fishes of the Russian River System

Family Clupeidae - Herrings All listed fishes are native to the
Russian River except the yellowfin

goby

Clupea pallasii (Pacific herring)

Family Engraulidae - Anchovies

Engraulis mordax (northern anchovy)

Family Osmeridae - Smelts

Hypomesus pretiosus (surf smelt)

Family Atherinidae - Silversides

Atherinops affinis (topsmelt)

Family Syngnathidae - Pipefishes

Syncnathus leptorhynchus (bay pipefish)

Family Cottidae - Sculpins

Leptocottus armanus (staghorn sculpin)

Family Embiotocidae - Surfperches

Cymatogaster aggregata (Shiner surfperch)

Family Grobiidae - Gobies

Clevelandia ios(arrow goby)

Acanthogobius flavimanus (yellowfin goby) Introduced species

Eucyclogobius newberryi (tidewater goby)

Family Pleuronectidae - Righteyed Flounder

Platichthys stellatus (starry flounder)

Source: Hopkirk 1980

Anadromous native species identified (historical or present) in the Russian River system include:
chinook salmon (Oncorhynchus tshawytscha), coho salmon (Oncor hynchus kisutch), steelhead
trout (Oncorhynchus mykiss), pink salmon (Oncorhynchus gorbuscha), pacific lamprey
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(Lampetra tridentata), river lamprey (Lampetra ayresi), three-spined stickleback (Gasterosteus
aculeatus), white sturgeon (Acipenser transmontanus), and green sturgeon (Aci penser
medirostris). Both striped bass (Morone saxatilis) and American shad (Alosa sapidissima) are
sportfish species also experiencing notable decline in the Russian River. American shad were
introduced into California from the Atlantic Coast in 1871 and Striped bass were introduced in
1879. . The sturgeon and the striped bass are not known to spawn in the Russian River, but are
probably Sacramento River fish which enter the lower Russian River to feed. Both species
exhibit anadromous life histories, similar to salmon, thusit is not surprising that the decline of
striped bass and American shad parallels that of salmonid fishesinthe Russian River.

Historically, four anadromous salmonid species were native to the Russian River. These
included chinook salmon, coho salmon, pink salmon, and steelhead trout (Moyle 1976a).
Although no accurate counts exist, historically, each year the combined anadromous fish
returns were in the tens of thousands. Since settlement of the Russian River Basin began in the
1850’s, fish populations have declined. The impacts were noted as early as'1888, when the
United States Bureau of Fish and Fisheries documented a decline in salmon populations (SEC
1996).

As the human population within the basin increased over time, pressure on the fisheries
increased accordingly. Pink salmon became virtually extinct within the basin after 1955, while
remaining salmonid populations in the Russian River plummeted, along with those in other
river basins on the West Coast (Nehlsen et al. 1991). Currently, all three species of salmonids
found in the Russian River, defined as the California Coastal Chinook Salmon, Central
California Coast Coho Salmon, and Central California Coast Steelhead Trout are listed as
“Threatened” species under the Endangered Species Act (ESA) by the National Marine
Fisheries Service (NMES 1997). A proposed listing for the coho salmon as state “Endangered”
is currently under review by the State.

Salmon and Steelhead Populations

The following information regarding the historic status of salmonids within the Russian
River Basin is taken largely from Steiner Environmental Consulting’s 1996 report, A History of
the Salmonid Decline in the Russian River Basin:

Chinook Salmon (Oncor hynchus tshawytscha)

The extent of naturally-occurring historic chinook salmon (also known as king salmon)
in the Russian River is largely debated. Cannery records from before 1890 indicate that most
salmon harvested were small, the largest of these weighing only about 20 pounds (SEC 1996).
This is commonly thought to be too small to be chinook salmon, as the average size for
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chinook is commonly 16-20 pounds. Unfortunately, records from the early commercial harvest
of the fish at the mouth of the Russian River are the only documented history.

Others, Shapovalov (1946, 1947, and 1955), Murphy (1945 and 1947), Pintler and
Johnson (1956), Fry (1979) also stated there were few if any chinook in the Russian River.
However, photographs of the early Native Americans show large fish being dried on racks and
landowners maintain they have been caught since the turn of the century. Several other reports
and communications claim chinook was a greater part of the Russian River’s fauna. Lee and
Baker (1975) stated chinook historically spawned in the upper drainage, and Jones (CDFG,
personal communication) states chinook was regularly harvested by local tribes in Coyote
Valley prior to construction of Coyote Dam. Nielsen (RREITF 1994) caught nine chinook in
the estuary in 1992 and hypothesized natural production in the main river. More recently in
1999 and 2000 SCWA has observed downstream migration of chinook juveniles in théir screw
traps below Wholer Bridge upstream of the estuary, presumably moving to the estuary Figure
4 from SEC (1996) depicts the decline in salmon populations since the turn of the century. In
a review of historic records SEC (1996) found that:

“There are no chinook population estimates until. the 1960°'s. Documented returns appear
strongly associated with periods of sustained hatchery supplementation. Estimated
chinook escapement in 1966 was 1,000 (CDFG 1966) and estimated escapement in 1982
was 500 (COE 1982). (Escapement isthe number of adult fish successfully returning to a
river system to spawn.) Heavy planting in Dry Creek during the 1980’ s did not result in
establishment of a[large] run.”

The Department of Fish and Game operates two hatchery installations under agreement
with the USACOE as required mitigation efforts for the loss of spawning habitat due to the
construction of the two reservoirs on the Russian River. The Warm Springs Salmon and
Steelhead Hatchery is located on Dry Creek at the base of Lake Sonoma and The Coyote
Valley Steelhead Facility is located in Ukiah at the base of Lake Mendocino. Returns to the
hatchery may give some indication of the abundance of fish surviving ocean life and
successfully moving into the river. Rise and fall in populations coast wide may in general
reflect varying ocean productivity (Graph 1). Returns to Warm Springs from 1980 to 2001
ranged between 0 and 304 chinook, with the highest count in 1988 (Gunter 2001). Few
chinook returned to Coyote Dam during the same time period (Gunter 2001).

Recent hatchery returns for Warm Springs Salmon and Steelhead Hatchery are shown
in Table 2, while those for Coyote Valley Steelhead Facility are shown in Table 3. Figure 5
shows returns to Warm Springs Hatchery from 1980-2001. No chinook are currently spawned
at WSH or CVFF due to concerns over genetic bottlenecking from too few fish. If runs exceed
100 spawning pairs, hatchery production may be resumed. In the 2000 - 2001 spawning
season, all returning chinook salmon to either facility were relocated and released into the
mainstem Russian River.
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TABLE 2 -Warm Springs Hatchery

CHINOOK SALMON RETURNS (1980-2001)

YEAR MALE FEMALE |GRILSE |TOTAL
80/81 0 0 0 0
81/82 0 0 0 0
82/83 1 0 0 1
83/84 2 1 1 4
84/85 7 1 0 8
85/86 65 0 0 65
86/87 50 25 36 111
87/88 176 4 124 304
88/89 151 61 21 233
89/90 8 6 3 17
90/91 67 0 32 99
91/92 77 46 2 125
92/93 15 22 3 40
93/94 8 0 13 21
94/95 59 9 17 85
95/96 18 12 3 33
96/97 25 11 7 43
97/98 16 14 19 49
98/99 1 0 3 4
99/00 2 0 0 2
00/01 21 5 3 29
Russian River Basin 24
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TABLE 3-COYOTE VALLEY STEELHEAD FACILITY

CHINOOK SALMON RETURNS (1992-2001)

YEAR MALE FEMALE |GRILSE |TOTAL
92/93 1 0 0 1
93/94 1 0 0 1
94/95 0 0 0 0
95/96 0 0 0 0
96/97 0 0 0 0
97/98 0 0 0 0
98/99 2 0 1 3
99/00 0 0 0 0
00/01 0 0 5 5
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Although historic spawning distribution for chinook salmon is unknown, and returns to
the hatchery have been dwindling, suitable spawning habitat exists today in the upper mainstem
of theriver and in the larger low gradient tributaries. White (SCWA, personal communication)
counted approximately 300 chinook in 1999 and up to 1300 chinook in winter 2000 migrating
through the fishdadder at the SCWA rubber dam near Wholer bridge. These recent runs have
been spawning primarily in the mainstem Russian River above Asti, and in Dry Creek, and its
tributaries, and Feliz and Forsythe Creeks (Coey 2000). Unfortunately, an accurate estimate of
spawning distribution is unavailable due to low chinook escapements, variable water years, and
irregular sampling effort. Interestingly, recent CDFG observations made during spawning
surveys and preliminary genetic studies indicate that the recent returning chinook are unmarked,
and are presumably naturally spawned fish. Further genetic studies should indicate whether these
fish are wild Russian River natives, offspring from Dry Creek hatchery strays, or strays from
other river systems. Like all other salmonids within the river, natural runs have declined over
time.

With regard to the current operations at the Russian River facilities, existing procedures differ
between coho and chinook. The present policy regarding salmon returns at WSH does not
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provide for spawning of wild adults due to concerns about the small returning population size
and the risks for inbreeding depression. Therefore, returning wild or hatchery origin chinook
salmon are not spawned, but are presently relocated to the Mendocino reach of the Russian River
the mainstem Russian River at Comminsky Station respectively. If future runs exceed 100
Spawning pairs, hatchery production may be resumed.

Coho Salmon (Oncor hynchus kisutch)
The extent of the naturally occurring coho populations is better known. In areview of
historic records SEC (1996) found that:

“Coho salmon (also known as silver salmon) were once S0
prevalent in the Russian River that they supported a commercial
fishery (United States Bureau of Fish and Fisheries 1888).
Cannery records give no mention of species, but fish weighed
between eight and 20 pounds, suggesting coho were a large part
of the catch. In 1888, 183,597 pounds of fish were caught near
Duncan Mills for cannery and personal use (United States Bureau
of Fish and Fisheries 1888). Assuming an average fish weight of
12 pounds, 15,300 fish were taken. Undoubtedly, many of these
fish were coho. Since there is no indication of how many fish
escaped capture and continued upstream, the cannery records by
themselves may significantly underestimate salmon populations.”

Coho once inhabited nearly al of the tributaries to the lower Russian (specifically the
Guerneville, and Austin Creek sub-basins) and portions of the Warm Spring and Forsythe Creek
sub-basins (Figure 6). Records from the early 1990s document sightings of juvenile coho in the
West Fork, but there are no records of adult spawning (Jones, CDFG, personal communication).

While the distribution of coho within the system is better known, like chinook, early
commercial records provide one of the few pictures of historic population size. Figure 4 from
SEC (1996) depicts the declinein coho since the turn of the century. 1n 1975, Lee and Baker
(1975) estimated Russian River coho escapement at 7,000. The COE (1982) estimated 1982
escapement at 5,000, and Dry Creek an estimated 300 fish before Warm Springs Dam was built.
By the early 1990's, estimates of combined wild and hatchery coho numbers for the entire
Russian basin were predicted to be under 1,000 (Cox, CDFG, personal communication).

Hatchery returns may give some indication of the abundance of fish successfully
surviving ocean conditions and returning to spawn. Recent hatchery returns for coho salmon at
Warm Springs Salmon and Steelhead Hatchery are shown in Table 4, while those for Coyote
Valley Steelhead Facility are shown in Table 5. Figure 7 shows returns to Warm Springs
Hatchery from 1980-2001..
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Figure 6. Salmonid distribution in the Russian River watershed (presence data from DFG files
1920 to 2002).
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Spawning of coho at either facility has ceased due to low numbers of returning adults,
issues revolving around genetic integrity of existing stocks and inadequate genetic variability due
to lack of an effective population size. Wild coho returning to WSH are currently relocated to
tributaries of Dry Creek where suitable habitat occurs.

TABLE 4 - WARM SPRINGSSALMON AND STEELHEAD HATCHERY
COHO SALMON RETURNS (1980-2001)

YEAR MALE FEMALE |GRILSE |TOTAL
80/81 0 0 0 0
81/82 2 2 0 4
82/83 515 277 194 986
83/84 0 1 8 9
84/85 32 44 0 76
85/86 0 0 0 0
86/87 139 5 328 472
87/88 164 155 257 576
88/89 219 139 176 534
89/90 35 35 70 140
90/91 100 87 90 277
91/92 53 20 89 162
92/93 250 113 215 578
93/94 110 62 277 449
94/95 310 392 63 765
95/96 13 13 36 62
96/97 68 68 12 148
97/98 1 3 0 4
98/99 2 1 5

99/00 1 0 0 1
00/01 N/A N/A N/A N/A
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TABLE5-COYOTE VALLEY STEELHEAD FACILITY

COHO SALMON RETURNS (1992-2001)

YEAR MALE FEMALE |GRILSE |TOTAL
92/93 0 0 0 1
93/94 5 2 1 8
94/95 0 1 0 1
95/96 0 0 0 0
96/97 1 1 0 2
97/98 0 0 0 0
98/99 0 0 0 0
99/00 0 0 0 0
00/01 0 0 0 0
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. No policy has been finalized with regard to spawning protocol for hatchery originating coho
returns, however, at present, hatchery personnel have been directed to neither spawn nor kill any
returning hatchery origin coho salmon. DFG is currently developing statewide policy and
directives will be issued to hatchery personnel on a case by case basisif hatchery coho return to
the facility until an approved policy isin place. However, a captive broodstock programis
presently being drafted by CDFG with regard to recovery planning for coho salmon in the
Russian River. It isproposed that continued genetic analysis will dictate the direction of future
policy regarding spawning of any returning coho salmon to either facility. Af runs exceed 100
spawning pairs, hatchery production may be resumed. Recent coho distribution (1994-2000) in
the Russian River is also much reduced from historic range (compare Figure 8 to figure 6).
Figure 8 also depicts the estimate of current range devel oped from recent, although limited
sampling efforts (sampling conducted in 2001, found cohoin only 3 of the 32 historic streams).

Pink Salmon (Oncorhynchus gorbuscha)

Pink salmon were also once found in the Russian basin, but their extent is debated even
more than chinook. Numbers were also likely farless and were estimated to be functionally
extinct (Nehlsen et al. 1991). In areview of historic records SEC (1996) found that:

“The last spawning was documented in 1955. Only sporadic angler catches have been
reported since then (Moyle 1976a; Coey, CDFG, personal communication). Prior to
1955, pink salmon returned in*good” numbers (various anecdotal accounts indicate this
may have been in the hundreds) in 1949, 1951, and 1953 (Wilson 1954). The Russian
River run represented the pink salmon’ s southernmost distribution (Moyle 1976a). No
reason for decline or extirpation is presented in the literature, but the run probably was
small, and cumulative watershed degradation resulted in conditions no longer favorable
for continued existence.”
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Steelhead (Oncorhynchus mykiss)

Information on steelhead is more extensive. In areview of the historical record SEC
(1996) found that:

“Prolific Russian River steelhead runs once ranked as the third largest in California
behind the Klamath and Sacramento rivers (COE 1982). Early population estimates are
lacking, but anecdotal evidence alludes to large steelhead runs throughout the entire
Russian River drainage (Jones, CDFG, personal communication; Anonymous 1893).
During the 1930’ s and on through the 1950’ s, the Russian River was renowned as one of
the world’ s finest steelhead rivers. A healthy economy thrived on the sport fishing
activity (COE 1982). Burghduff (1937) estimated the 1936 sport catch of steelhead at
15,000, and Christensen (1957) estimated the 1956/57 sport catch at 25,000. In 1957
there was an estimated 57,000 steelhead in the Russian River (Prolysts 1984).”

Steelhead utilize virtually every perennial and intermittent stream within the basin, and
thelir distribution has not much changed, except where permanent barriers impede their migration
(Figlif€l6). They have adapted to both the coniferous and hardwood-based systems, and even
above barriers (both natural and man-made), “resident” steelhead or “rainbow trout” is found.
Loca human residents in the lower basin call these resident fish “ mountain trout” due to the
steep gradient in which they are found and the obstacles they have surmounted.

There have been no basin-wide popul ation estimates of steelhead numbers since 1957,
but their numbers have also declined. [FigGUFeHE steelhead from SEC (1996) depicts their decline.

Since steelhead is not subject to ocean catch, little information exists coast wide, except
where hatchery information exists. Hatchery effortsin the Russian River have largely been
successful, and WSH has established an annual run. Since 1981, combined return numbers for
Warm Springs and Coyote dams range between 333 and 10,310. Recent hatchery returns for
steelhead at Warm Springs Salmon and Steelhead Hatchery are shown in Table 6, while those for
Coyote Valley Steelhead Facility are shown in Table 7. Figure 11 shows steelhead returns for
both facilities from 1980-2001 and Figure 12 shows smolt to adult survival rates. The large
returnsin 1995, is thought to be the result of improved ocean conditions, high rainfall, and large-
scale hatchery plants at both Warm Springs Hatchery and Coyote Valley Fish Facility. Currently
only the hatchery run'is spawned at WSH and CVFF while wild fish are relocated to the
tributaries.
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Figure 10  Hypothetical steelhead escapements to the Russian River. [Based on data
from Coyote Valley Fish Facility, Warm Springs Hatchery, and estimates from
CDFG personnel. All data points marked + from Prolysts (1984).]
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TABLE 6 - WARM SPRINGSSALMON AND STEELHEAD HATCHERY

STEELHEAD RETURNS (1980-2001

YEAR MALE FEMALE |HP TOTAL
80/81 148 185 333
81/82 124 235 359
82/83 322 242 564
83/84 1039 923 1962
84/85 369 468 837
85/86 812 484 4 1300
86/87 519 696 36 1251
87/88 660 375 10 1045
88/89 453 421 17 891
89/90 428 260 15 703
90/91 239 181 3 423
91/92 750 834 7 1591
92/93 1378 1289 2 2669
93/94 856 895 9 1760
94/95 3561 4525 14 8100
95/96 2135 1958 12 4105
96/97 1729 1910 9 3648
97/98 656 687 1 1344
98/99 1219 1012 5 2236
99/00 1509 1794 11 3314
00/01 N/A N/A N/A N/A
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TABLE 7-COYOTE VALLEY STEELHEAD FACILITY
STEELHEAD RETURNS (1992-2001)

YEAR MALE FEMALE |HP TOTAL
92/93 182 120 8 310
93/94 229 198 13 440
94/95 1147 1054 9 2210
95/96 1129 980 6 2115
96/97 1793 1934 8 3735
97/98 619 932 8 1559
98/99 793 798 5 1596
99/00 976 1292 2 2270
00/01 N/A N/A N/A N/A
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CVFF STEELHEAD EGGS TAKEN (1992-2000)

YEAR CVFF - RUSSIAN
RIVER
1992-93
1993-94

1994-95

Spawned fish are not selected for size: Asof 1999 it has been the policy at both facilities
to use broodstock originating only from the Russian River. Previous to the implementation of
this policy, broodstock included Russian River origin as well asout of basin sources. Now the
wild fish, commonly called "bluebacks", are kept separate from the other steelhead when held
before release.

FISH HABITAT REQUIREMENTS

Every species has specific needsthat must be filled in order for them to complete their
lifecycle. For salmon and steelhead trout these needs include: good water quality with a high
level of dissolved oxygen, adequate water temperatures, adequate flows, clean spawning gravels,
complex instream and riparian habitat, sufficient food supply, access to spawning and rearing
habitat, estuarine habitat (for residency prior to seaward migration), and barrier-free
outmigration. Each of these elementsis critical to the health and survival of the individual fish
and the population as awhole.

ADULT MIGRATION

TIMING

Timing for upstream migration by adult salmonidsis primarily dependent upon flows and
temperature (Figure 13 and Table 13.1 (from SEC)), which are dependent upon rainfall and local
climates. Coho prefer temperatures from 40° to 49° F for entering freshwater and steelhead
prefers temperatures from 46° to 52° (Rich 1997). Peak river entry varies greatly along the
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Pacific coast, as well as within California. NMFS (1997) during the review of listing pacific
salmon, found that peak runoff and mean river temperature were important factorsin
determining river entry of pacific salmonids. These were also some of the variables used in
determining different Evolutionarily Significant Units (ESU). Thisis because the run of fish that
utilize a particular drainage has evolved over time with the set of conditions that makeup the
geographical characterization. Generally, NMFS found that the farther south the river, the later
cooler temperatures arrive, the later the peak flow occurs, and thus the later river entry occurs by
fish in the winter. Thus the Russian, being within the central coast area, has alater run timing
than many Northern California streams. Run timing aso varies by species, with salmon generally
entering the river earlier and steelhead later.

Chinook salmon enter the Russian River between August and January, and the bulk of
chinook spawning takes place in November and December. Coho salmon enter the Russian River
between November and January, with most spawning taking place in December. Steelhead may
enter the Russian River between December and April, with mast spawning taking place from
January through March. Chinook and coho salmon die soon after they spawn. Steelhead,
however, usually returns to the ocean after spawning (from February through as late as May),
before repeating the upstream journey to their spawning grounds up to three or four times during
their lifespan.

FLOWS

Adequate flow levels are required for upstream migration, for attraction into tributaries
harboring suitable spawning habitat, and for outmigration during smoltification. Inadequate
flows can physically restrict afish’s ability to swim upstream. It has been reported that 7 inches
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is the minimum depth required for the successful migration of adult steelhead (Barnhart
1986, as cited in McEwan 1996) and coho (Rich 1997). ). Inadequate flows and low water levels
also contribute to water quality problems during the hot summer months (as discussed in the
Temperature and Flow section). Conversely, too much water from high water velocities could
also restrict salmonids from swimming upstream. Steelhead prefer to migrate in velocities of less
than 10 to 13 feet/second (ft/s)(Reiser and Bjornn 1979, as cited in McEwan 1996), while coho
salmon prefer to migrate in velocities of less than 8 ft/s (Rich 1997). However, high winter
flushing flows are necessary within the stream to maintain the channel and to move and clean
gravels.

PASSAGE

Salmon and steelhead are powerful jumpers and can ascend many potential barriers as
long asthere is a pool of sufficient depth below the jump and a place of slow water to rest
between a series of jumps. If abarrier istoo high to jump or thereis not a deep pool directly
below it, salmon and steelhead will often repeatedly attempt to overcome it until they become
exhausted or dies trying, when water velocity istoo great or the amount of flow istoo low,
mortality can also occur.

Table 14 from Taylor (2000) displays minimum water depth reguirements and

recommended swimming and leaping abilities for several salmonid species and life stages
commonly found in California.

Table 14 Depthsand swim speeds adapted from NMFS (2000); Hunter and Moyle (1986).

_ Minimum Prolonged Swimming Mode Burst Swimming Mode
Species or Water Maximum
Lifestage Depth Maximum Timeto Swim Timeto Maximum
Swim'speed Exhaustion Speed Exhaustion  Leap speed
Adult chinook,
coho, and 1.0 feet 6.0 ft/sec 30 minutes 10.0 ft/sec 5.0 ft/sec 3.0 ft/sec
steelhead
Coastal cutthroat
trout and rainbow 0.5 feet 2.5 ft/sec 30 minutes 5.0 sec 5.0 sec 5.0 sec
trout
Juvenile coho
salmon and 0.5 feet 2.0 ft/sec 30 minutes 12 ft/sec 5 ft/sec 3ft/sec
steelhead
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SPAWNING

SPAWNING GRAVEL SUPPLY

Clean, abundant gravel and cobble are essential in successful spawning. The transport
and deposition of coarse substrates within a stream system determines the availability of sites
suitable for salmonid spawning. The size and composition of substrate used for spawning is also
important, and preference varies by species. Steelhead and coho salmon generally prefer
substrate sizes of 0.5 to 6 inches dominated by 2- to 3-inch gravel, while chinook salmon require
substrate from 0.5 to 10 inches dominated by 1- to 3-inch cobble (CDFG 1997). Unlike sailmon,
steelhead will spawn in relatively small pockets of gravel. Generally, spawning habitat is not
thought to limit steelhead production.

SPAWNING HABITAT QUALITY

In order to keep eggs well oxygenated while they incubate in redds, gravels must be free
of silt and fine sediments to alow the permeation of flowing water. Ideally, gravel and cobble
should contain less than 5% sand and silt (McEwan et a 1996). Interestingly, studies have shown
that the redd building activity itself generally cleansthe redds of fines <1 mm down to about
7%. However, when silts are mobilized again, they can quickly re-infiltrate clean gravels.

FLOW AND TEMPERATURE

Salmon and steelhead prefer at least seven inchesof depth during spawning and a
velocity of no greater than three feet per second (Rich 1997). Naturally, excessive flows can
result in high velocities causing bed mobility. Redd scouring can occur interrupting the
incubation process. This may occur naturally, normally through infrequent peak storm events. It
may also occur artificialy, through the construction of flood control projects which increase
runoff peaks or discharge, or through dam releases.

Steelhead prefer temperatures from 46° to 52° F for spawning, while coho salmon prefer
temperatures from 40° to 49° F (Rich 1997). Steelhead spawn in areas with water velocities
ranging from .7 t0 5.6 ft/s (Rich 1997) but prefer velocities of about 2 ft/s (Bovee 1978). Coho
prefer to spawn in slightly lower water velocities, ranging from 0.7 to 3.0 ft/s (Rich 1997).

According to CDFG’ s Habitat Restoration Manual (1997), chinook salmon generally
spawn in water from one to three feet deep. However, spawning can occur in depths from 0.5 to
greater than 20 feet deep. Other criteriainclude water velocities of 1 to 3 feet per second, [and] a
gradient of 0.2 to 1.0 percent. Escape cover for spawning adultsis also important. The location
of spawning will vary from one year to another depending on the timing and amount of fall and
winter rains. In drought years, spawning may occur in mainstem rivers, while during years of
higher flows, spawning may occur in upper basin tributaries.
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EMBRYO DEVELOPMENT

IN-GRAVEL

Salmon and steelhead eggs hatch in 50 to 60 days from the time the female deposits her
eggs into aredd, depending on water temperature. They cannot devel op properly without cold,
well-aerated water. During egg incubating, a significant increase in water temperature or a
decrease in the amount of dissolved oxygen in the water can be fatal to the eggs. In winter,
steelhead egg mortality begins to occur at 56°F (McEwan et al 1996).

Once they are hatched, the tiny salmonids continueto live in the gravel as alevinsfor two
to three weeks until their yolk sacs are absorbed. At this point, they emerge out of the gravel and
enter the stream as fry to begin the freshwater rearing stage of their lifecycle. During the time the
eggs and alevin spend in the gravel, they are very vulnerable to any changesin sediment delivery
to the stream or streambed disruption. Abrupt changesin flow, initiation of bed movement, or
stream siltation can destroy established redds by washing them out, or filling themin,
respectively. Changes in flow can also impact redds by dessication or by causing changes in
water quality

JUVENILE REARING

HABITAT AVAILABILITY

Salmonids need a variety of habitat types such as pools, riffles and flat waters to
accommodate different life stage functions during their lifecycle (Figlifeld). Deep pools provide
depth for cool refugia especially where general water and air temperatures are high. Complex in-
stream habitatis an absolute essential in the rearing and social structure of salmonids. Structure
within pools creates microhabitats. Large and small woody debris, undercut banks, root wads,
overhanging terrestrial vegetation, aquatic vegetation, boulders, and bedrock ledges all supply
fish with shelter from predators, territorial niches, and eddies where fish can rest during high
flows. Salmon and steelhead are aggressive, cannibalistic, and territorial creatures. For alarge
pool to be inhabited by numerous fish there must be sufficient complexity; that is, there must be
plenty of cover so that each fish can preside over a different niche within the pool. Log cover
structures provide rearing fry with protection from predation, rest from water velocity, and also
divide territorial unitsto reduce density related competition.

Each species of salmonid has a unique lifecycle and habitat requirements. The general
habitat requirements are outlined from CDFG'’ s California Salmonid Stream Habitat Restoration
Manual (Flos et al 1998).
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Chinook Salmon

Immediately after emergence, chinook fry are found in
quiet water areas, along the stream bank, close to cover such as
tree roots or logs. Juvenile chinook move into locations of higher
velocity, either along the stream margin or in boulder runs away
from the shore. Most chinook smolts migrate to the estuary or
ocean in the spring. Some juveniles may remain in large pools
with complex cover until they emigrate in the fall. .In general, the
healthier and larger the smolts are when entering the ocean (due to
high quality water, habitat, and food sources), the more likely they
will return as fully mature spawners.

Coho Salmon

Coho salmon have a more extended freshwater stage in
their life history than chinook. Y oung coho spend their first year
of lifein the riverine environment prior-to migrating to the ocean.
Consequently, adequate cover, cool water, and sufficient food to
sustain them through their fry and juvenile stages become critical
habitat components. Juveniles are normally found in relatively
slow current, shallow, quiet areas, usually associated with
backwater pools, and dammed pools, but they are also found in
side channels and aong the quiet water margins of other types of
habitats. In periods of high flows and cold water temperatures,
juvenile coho shift to slow, deep pools, beaver ponds, or to side
channels and backwater pools off the main stream. Under these
conditions, the young fish are torpid and seek cover under rocks,
treeroots, logs; debris, and inlog jams.

During summer, preferred habitats are primary pools or
backwater eddies in association with an undercut bank, submerged
tree roots, or branches and logs. Boulder root wad combinations,
large wood accumul ations, whol e trees, boulder clusters, and
digger logs provide escape cover. Tree tops, branches, and other
small woody debris provide especially good summer cover for
coho.

Steelhead

Steelhead has more variable life histories than salmon.
Although they generally remain in fresh water for two years prior
to entering the ocean, some steelhead enter the ocean after one year
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in fresh water, some after three or more years, and some never
leave fresh water. Those that stay longer in fresh water enter the
ocean at alarger size, thus are more likely to return as fully mature
spawners.

During their first summer, steelhead is generally found in
relatively shallow areas, with cobble or boulder bottoms at the tails
of pools, or inriffles lessthan 24 inches deep. In winter, they are
found under large bouldersin shallow riffles and quiet backwater
areas. Preferred summer habitat of young-of-year (Y OY) juveniles
includes log accumulations, heads of pools, runs, and riffles.

Large boulder substrate is important in runs and riffles. Surface
turbulence or white water is a'so an important overhead cover
feature in these areas. During winter, YOY steelhead isfound in
pools, or along stream margins containing debris, logs or boulders.
Most cover structures, such as boulder clusters and root wads,
provide both summer and winter rearing. Sometimes, turbulence
and depth alone may be adequate sources of cover.

In large streams, 1+ fish also rear in glides and riffles with
wood or boulder cover or in pocket water around-boulders.
Backwater pools, secondary channel pools and pocket water are
winter habitat types that provide refuge during periods of high
water.

FIGURENIS depicts habitat preference by species and season. A wide diversity of habitat
conditions and'good habitat quality is necessary to sustain all 3 speciesin aparticular stream.
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Figure 14 - Level 11l and Level IV Habitat Types required by salmonid fishes for
different life stage functions. () are the standardized abbreviations adopted by DFG.
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Figure 15 - Generalized habitat preferences from CDFG’s California Salmonid Stream

Habitat Restoration Manual (Flosi et al 1998).
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According to CDFG’s California Salmonid Stream Habitat Restoration Manual (19967?),
the amount of effective cover and habitat complexity within a pool is easily asimportant, if not
more important, than the size of the pool. The manual refersto a study conducted on five
different Oregon streams, to determine the effectiveness of placing tree bundles of fir, ader,
maple and myrtlewood in pools. Juvenile coho and steelhead populations in 16 pools were
sampled before and after tree bundles were added. Originally, these pools were holding 12

Russian River Basin

49

Fisheries Restoration Plan - July 2002



California Department of Fish and Game — July 2002 Review Draft

percent of their summer coho population during the winter. The year after the tree bundles were
added, however, these same pools contained 74 percent of their summer coho population during
the winter sampling. The study also showed an increase in winter steelhead populations the year
after tree bundles were added.

Large woody debris (LWD) has by far the largest influence on habitat diversity, and the
influence that LWD has on the diversity of juvenile salmonid popul ations, has been documented
by Reeves et al. (1993) and others. LWD has aso been shown to be an important factor in
collecting the substrate environment for benthic invertebrates that serve as food for rearing
salmonids (Sedell et al. 1984, Sedell et al. 1988, and Bisson et al. 1987).

The relationship between large woody debris (LWD) and pool formation, and gravel
retention is extremely important to salmonids and other aquatic life. The importance of large
woody debris (LWD) in the development of a stream's morphology and biological productivity
has been well documented over the last twenty years. LWD is generally recruited to streams
during storms. During high flow events LWD scours pools which provide summertime habitat
for developing fry and sort and retain gravel for spawning adults. Bilby (1984).and Rainville et
al. (1985) found that in nearly 80 percent of the pools surveyed in small streams, LWD was the
structural agent forming the pool or associated with the pools development. LWD also tends to
collect small woody debris which serves as the primary food-base for insects (the primary food-
base for developing salmonids). Thus, LWD influences the physical form of the channel,
movement of sediment, retention of gravel, and composition of the biological community (Bilby
and Ward, 1989).

TEMPERATURE AND FLOW

Cold water flows are essential to salmon‘and steelhead during each stage of their
lifecycle. Salmonids prefer temperatures between 55° (12.8°C) to 60°F (15.6°C) (optimal
temperatures may vary depending on life stage and stock characteristics). Colder water generally
has a higher level of dissolved oxygen. As water temperatures increase, dissolved oxygen
content lowers. As temperatures rise to high levels, salmonids lose their ability to breathe and
become prone to lethargy, disease and death. In addition, reduction of flows reduces the habitat
available within the stream channel.

WATER QUALITY

Good water quality isessential for both salmonids and the aguatic insects on which they
feed. Water quality refers to a number of factors, including: temperature, turbidity (siltation),
dissolved oxygen, pH, sediment, suspended material, settleable material, toxicity, pesticides, and
chemical constituents.
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FOOD SUPPLY

Salmonids need an adequate supply of food to survive. For the freshwater portion of their
lives, especially during the critical juvenile years, food consists primarily of aquatic insects, or
macro-invertebrates. These insects, including mayflies, caddisflies, midges, stoneflies,
dragonflies and damselflies, are the larval or nymph stage of flying insects. These benthic macro-
invertebrates inhabit the streambed, clinging to the bottom of rocks and debris, and feed on
aguatic vegetation and bits of decaying leaves. They require good water quality, variable
substrates, aquatic vegetation and an influx of leaves and other organic matter. Clearly, itis
essential that riparian vegetation exists along the streambanks to deposit organic matter into the
stream to feed the insects. Over evolutionary time, insects in different types of streams have
devel oped a dependence on specific native riparian plantswhich occur naturally on those
streams. Without the presence of these native plant species on the streambanks, the macro-
invertebrates could not exist and salmonids could not survive through their juvenile years. Shifts
from riparian habitats to constructed channels, and from native vegetation to alien species (such
as Arundo donax or Giant Reed), reduces the food supply for salmonids.

RIPARIAN VEGETATION

Native vegetation plays a crucia role in the health and stability of ariver system, and
provides acritical link in the food chain for aguatic species. Riparian trees and under-story plants
control erosion, help to reduce solar radiation and maintain low stream temperatures, contribute
material to enhance fish cover and habitat, and provide nutrient input vital to aguatic systems.

Vegetation, particularly native plants with deep root systems, is the best protection
against erosion. Roots of treesand under-story plants bind the soil particles together and armor
the land, while the canopy of branches overhead disperses the raindrops as they strike the earth.
Even dense grasses can provide protection against water and wind erosion. Also, vegetation
along the riparian corridor acts as afilter to sediment entering the stream.

EMIGRATION

TIMING

Each salmonid species has developed their own timing pattern for emigration, or
outmigration, to the ocean around seasonal flows and temperatures. Based on literature from
other river systems, chinook move downstream from March to May (Reimers 1973; Moyle
1976a). For example, aregulated flow reach on the Eel River has a protracted chinook
emigration due to unnaturally high and cool spring flows (SEC 1987). Chinook emigration in
the Russian River may similarly be protracted due to regulated flows (SEC 1996). Once they
reach the ocean, chinook spend between one and seven years there before returning to spawn.
Most Russian River chinook, however, return to freshwater as two-to four-year-old adults.
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Coho salmon generally spend one year after hatching in fresh water, with most
emigration occurring in the spring. After reaching the ocean, coho spend between one and three
years there before returning to freshwater to spawn. Most Russian River coho salmon spend two
years in the ocean before returning (COE 1982, as cited in SEC 1996). In general, coho prefer
depths of at least 2.4 inches, water velocities of 0.3 to 3.6 feet per second and temperatures of
44.6° to 52° F for outmigration (Rich 1997).

Most steelhead emigrate to the ocean between January and June, but some outmigration
may occur during any significant runoff event (SEC 1996). Steelhead spend from one to three
years in the ocean before returning to freshwater to spawn. Ingeneral, steelhead prefer depths of
at least seven inches, velocities of 0.3 to 4.9 feet per second and temperatures of 48° to 58° F for
outmigration (Rich 1997).

ESTUARY HABITAT

Sands deposited off the mouth of the Russian River, and moved inshore by wave action
during the spring and summer historically closed the mouth of the river during periods of low
flow, creating a closed estuary or lagoon. Like most estuaries along the northern coast of
California, the pattern of closure varies from year to year, depending upon flow conditions and
wave action. Prior to augmented flows in the Russian River, closure of the estuary to a
productive lagoon system likely varied fromyear to year, depending upon flow conditions and
wave action.

Pacific salmon have been shown to utilize estuaries in some part of their lifecycle, and
much literature emphasi zes the impartance of estuaries in sailmonid life history (Healey 1980,
1982; Cannon 1982; Kjelson et a. 1982; Meyers and Horton 1982; Pearce et al. 1982; Simenstad
et al. 1982; McKeon 1985; Larson 1987; Mattole Restoration Council 1995). In general,
estuaries provide abundant food for rearing fish; prepares them for chemical and temporal
changes prior to seaward migration, and has been shown to be crucia to their life stage
regquirements (RNP 2000).

Much of the research and study regarding estuarine residency and salmonids has focused
on chinook salmon. Healey (1982) states that of all Pacific salmon, “chinook are most dependent
on estuarine habitat since members of all life history types feed and grow for sometimein
estuaries, and fry migrants appear totally dependent in the estuary to provide nursery habitat.”
Reimers (1973) found from scale analysis that the majority of returning adults had spent June-
August asjuvenilesin the estuary before going seaward. Further, from data he concluded that
juvenile chinook spending less than 3 monthsin an estuary habitat seldom returned to spawn.
Anderson and Brown (1982) also found that juvenile chinook do not spend majority of rearing
time in tributary or mainstem habitat, confirming the importance of the Redwood Creek estuary
asthe sole rearing place for chinook salmon there. McKeon (1985) compared Redwood Creek
river reared to estuary reared juvenile chinook and determined that the estuary reared fish grew
to alarger size. Thislarger size improves ocean survival and return (Reimers 1973). Hatchery
efforts to bypass the estuarine phase in degraded estuary conditions were found to improve
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returns with wild populations (RNP 2000).

Coho salmon have been shown to utilize estuaries just prior to emigration. Healey (1982)
found that coho as downstream migrants make use of inner and outer estuary areas. Parker
(1971) and Myers (1980) also found estuarine usage by coho. More locally, Anderson (1992 and
1995) found some, although limited, use of estuary in the Redwood Creek system.

Steelhead has been shown to rear in estuaries throughout the summer as well (Amend et
al. 1980). In Redwood Creek, the magjority of steelhead spend their second year of lifein the
lower mainstem and estuary (Larson 1987; Anderson 1988). They also found that large numbers
of different age classes and alarge percentage of older, larger fish reside in the estuary in the
summer and fall. Redwood Creek data confirms a similar relationship for river reared and
estuary reared steelhead that McKeon (1985) found for chinook, begetting larger size for estuary
reared steelhead (RNP 2000) . This larger size confers a survival advantage to the fish that reside
in the estuary before returning seaward Reimers (1973).

DESCRIPTION OF THE SUB-BASINS

To get the big picture relative to past, present and potential fish production in a stream or
stream system it is necessary to first understand the processes at work in the watershed.
Geology, topography, precipitation, soils, vegetation, and land use comprise the makeup of a
particular stream system and its watershed. ‘A watershed is defined as the total 1and area draining
to any point in a stream, as measured on a map, an aeria photo or other horizontal plane. A
watershed can also be called a catchment area or drainage area. For purposes of this plan we will
refer to the Russian River asthe “basin”; large contiguous streams and their associated
watersheds as “ sub-basins’; and tributaries and their associated surrounding landmass as
watersheds. Sub-watersheds are individual streams (tributaries to tributaries which may be
perennial or intermittent) and their associated surrounding landmass. We will also discuss the
estuary and the mainstem (with its' geomorphol ogic reaches defined) as sub-basins.

For the purposes of mapping; Calwater 2.2ais the state standard watershed layer which
has been utilized here (Figure 16). The California Watershed Map (CALWATER version 2.2) is
a set of standardized watershed boundaries meeting standardized delineation criteria. The
hierarchy of watershed designations consists of six levels of increasing specificity: Hydrologic
Region (HR), Hydrologic Unit (HU), Hydrologic Area (HA), Hydrologic Sub-Area (HSA),
Super Planning Watershed (SPWS), and Planning Watershed (PWS). The primary purpose of
Calwater isthe assignment of asingle, unique code to a specific watershed. For the purposes of
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this report we will be presenting data categorized by Hydrologic Unit or “basin” (eg. Russian
River), Hydrologic Sub-Areaor “sub-basin” (eg. Austin Creek), Super Planning Watershed or
“watershed” (eg. East Austin), and Planning Watershed or “ sub-watershed” (eg. Gilliam Creek).

The primary purposes for Calwater 2.2 include but are not limited to mapping, reporting,
and statistical analysis of water resources, water supply, water quality, wild lands, agriculture,
soils, forests, rangelands, fish habitat, wildlife habitat, and cross-referencing state and federal
hydrologic unit or watershed codes and names. CALWATER boundaries were digitized on a
1:24,000-scale base and thus very accurately divide surface water features depicted on
1:100,000-scale Digital Line Graph hydrography (Richardson 1999). However, CALWATER
delineations are primarily designed to be administrative reporting units, and the boundaries are
not definitive topographic boundaries nor do they accurately define drainage area above a given
point (as aportion of their definition includes nonphysical boundaries, particularly.in valley floor
and urbanized coastal regions). However, CALWATER boundaries do define fairly well
differences in topography, gradient, climate and vegetation among the different HSA” s within the
Russian River System, and allow aggregation of PWS, for‘descriptive and comparison purposes.

ESTUARY

The estuarine portion of the Russian River extends from the river mouth to between
Duncan’s Mills and Austin Creek, approximately 6-7 miles upstream. According to the
California Department of Water Resources (1964) tidal action has been documented asfar as 10
miles upstream in Monte Rio (PWA 1994). In addition to lacal climate and precipitation, the
estuary is affected by coastal and fluvial processes, including near shore wave climate, tides and
river discharge. Historically, prior to major land use changes within the watershed, the mouth of
the river was subject to periodic closure by the natural formation of a sand spit or barrier beach
(PWA 1994). This barrier beach was, and continues to be, formed by the on-shore movement of
sediment, previously discharged by the river at-high flows, by the long, low-energy waves that
hit the shore duringlow flow conditions (PWA 1994). Today, the river mouth is still subject to
frequent closure under natural conditions; though it is breached regularly by the Sonoma County
Water Agency (SCWA) for flood control purposes. Breaching for this purpose normally occurs
in the fall, when river flow increases and the water rises in the lagoon behind the sand bar. The
SCWA usually breaches the bar when the water level is between 7 and 8 feet on the gauge at
Jenner; at higher levels thereis a threat of flooding in homes along the river near the mouth.
Prior to SCWA'’s artificial breaching, it was done by the Sonoma County Department of Public
Works for many years.

When the mouth of theriver is closed by the barrier beach, it forms alagoon with salinity
stratification as aresult of limited mixing (PWA 1994). A comparison of river cross-section data
collected by SCWA at river mile 2.1 and river mile 5.8 showed no long-term change in the
riverbed of the estuary between 1971 and 1992. According to Philip Williams and Associates
Russian River Estuary Study (1994), SCWA' s data, along with data collected during a 1992
bathymetric study, “imply that the massive sedimentation observed in other California coastal
lagoons has not occurred in the Russian River, athough the limited historic datais not
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conclusive.”

One notable landmark within the estuary is Penny Island, a small island that existsin the
center of the river approximately 3,000 feet upstream from the mouth. Penny Island has
(persisted) in the same general location and form on historic maps since at least 1876 (PWA
1994).

MAINSTEM

For the purposes of this plan, the mainstem of the Russian River will be split into five
geomorphic reaches as described in Philip Williams & Associates document Geomorphic and
Hydrologic Conditionsin the Russian River, California: Historic Trends and Existing
Conditions (1993).

1) Beginning at the mouth, the first reach is the Lower Reach, which is an aluvial reach
extending upstream to river mile 23, at the Wohler Bridge crossing. The top 2 miles of this reach
includes a bedrock stretch known as the Wohler Bridge Constriction. 2) This reach isfollowed
by the Middle Reach, an alluvial reach extending up to river mile 46, upstream of the Sausal
Creek confluence in Alexander Valley. This reach includes the Fitch Mountain Constriction, a
14-mile bedrock dominated stretch. 3) Next comes the Alexander,VValley Reach, an alluvial
stretch which extends upstream to river mile 63, at the Mendocino County border. 4) At this
point, the Hopland Valley reach begins and extendsto river mile 84.5, at the confluence with
Morrison Creek south of Ukiah. The downstream paortion of this alluvial reach includes 11 miles
of bedrock-dominated channel known as the Squaw Rock Constriction and the upstream end of
the Hopland Valley Reach includes the 5.5 mile bedrock stretch known as the Hopland Gage
Congtriction. 5)Thefinal reachisthe Ukiah Valley Reach, an alluvial reach which extends
above Lake Mendocino near the headwaters of the Russian at river mile 96.

GUERNEVILLE

The Guerneville sub-basin, in the southwest end of the Russian River basin in Sonoma
County, extends from the mouth of the river at the Pacific Ocean, upstream to Healdsburg and
east to the outskirts of Sebastopol (FiGHEEHS). M ajor tributaries include Green Valley Creek,
Fife Creek, Hulbert Creek, Dutchbill Creek, and Willow Creek. Elevations range from
approximately 4 feet to 2,900 feet in the hills above Willow Creek. The sub-basin is
approximately 160 square miles, or 102,301 acres, and includes the towns of Jenner, Monte Rio,
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Figure 18. Guerneville Hydrologic sub-area.
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Guerneville, Rio Nido, Forestville, Graton, and Occidental. Most of the sub-basin is privately
owned, with approximately 805 acres of State Park land in the Fife Creek watershed (Armstrong
Woods State Park) and (365) acresin the Willow Creek watershed.

Features include gently sloping hills to the south and east with steeper slopes to the west.
Redwood and Douglas Fir forest dominates the watershed, but there are zones of grassland and
oak-woodland in the upper watershed and the coastal areais dominated by grassland. The lower
reaches of the coastal streams within the basin contain marsh-like environments, which are
subject to tidewater influence daily.

Land uses in the Guerneville sub-basin are consistent with the semi-rural setting, with
vineyards and orchards located on the fertile floodplain terraces, and timber harvest operationsin
the mixed conifer forests closer to the coast. Livestock grazing is also a common practice on
pasture lands in the coastal hills, and an abandoned hard rock mine is located on Redwood
Creek, atributary to Fife Creek. Tourism and viticulture is the chief economic basein the small
towns of the lower river today. Most land use in the area is associated with vineyards, timber
production, and the construction trade. Rural and residential development is scattered, with
many houses concentrated throughout the narrow floodplain. Many properties are seasonally
flooded and most were originally built as vacation homes for residents of the Bay Area.
Dispersed commercia uses exist on isolated parcels.

A good deal of historic logging occurred within the sub-basin, particularly in the Willow
Creek watershed, which wasfirst logged in the 1860's. A sawmill was built around the lower
meadow area later that decade. Narrow gauge rail was constructed in the stream channel and ran
to the headwaters. It was used to push lumber uphill, while steam donkey engines were used for
log extraction and to bring logs downhill. Therail system was later used to move finished
lumber products over the top of the watershed to Bodega Bay for loading on schoonersto San
Francisco. Inthe 1950's and 1960's a second |ogging occurred, claiming much of the remaining
old growth and any second growth trees that were large enough to be merchantable. The lower
Willow Creek watershed is now part of the State Parks system, and a primitive campground
exists on the southern edge of the valley. Mendocino Redwood Company owns most of the upper
watershed and manages it for timber production.

AUSTIN CREEK

The Austin Creek sub-basin consists of the Austin Creek Watershed, with the magjor
watersheds of Big Austin, East Austin and Ward Creeks (Figliieis). Numerous perennial and
intermittent streams feed both the mainstem of Austin and these larger tributary systems. This
watershed enters the Russian River downstream of the town of Cazadero, near Berry's Saw Mill,
acurrently operating sawmill built at the site of early mills of the timber heydays. The Austin
Creek system drains abasin of 62 square miles, or 39,867 acres. Elevations range from about 20
feet at the mouth of Big Austin to 2,111 feet in the headwaters. Coniferous forest dominates the
western portion of the watershed but there are zones of grasslands and oak woodlandsin the
upper eastern areas. The vegetation is mostly redwood forest, but other tree species include
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madrone, bay, alder, willow, and cypress. Many of the headwater areas are geologically unstable,
and the basin has the highest average annual rainfall of any area within the Russian River region,
75.8 inches (National Climatic Data Center 1995).

The Austin Creek sub-basin has had an active land use history with timber harvest
occurring from the late 1800s through the turn of the century and again after World War I1.
Logging has also occurred on asmaller scale in recent years. Evidence of the narrow gauge
railroad, which ran from Cazadero to the headwaters of East Austin and Austin Creeksto mine
magnetiteis still intact on high terraces in East Austin Creek. Effects from these mines still
linger as large gravel depositsin each stream below their source. A wild fire in the 1960s further
contributed to unstable slopes and sediment erosion. Historically, many of the streamside
residences were only occupied seasonally. Today, most residents livein the area year-round,
though the rural communities within the Austin Creek sub-basin are not heavily popul ated.
Major land usesin the Austin Creek sub-basin include timber production, gravel mining and
rural development. The watershed is primarily privately owned, except for portions under
California State Park System ownership. Much of the sub-basin‘is now protected from land use
development as a part of Armstrong Woods State Park and Austin Creek State Recreation Areas
(5,683 acres).

Two major watersheds comprise most. of the basin with many small perennia tributaries.
East Austin Creek and its tributaries drain a basin of approximately 38.9 square miles, andisa
third order stream with approximately 13.1 miles of ‘blue line stream. Much of the drainage is
privately owned, with the lower 1.5 miles of East Austin Creek being populated by summer
homes. Ward Creek and its tributaries drain a basin of approximately 13.8 square miles, isathird
order stream and include approximately 7.3 miles of perennial stream. The vegetation is mixed,
consisting of redwood, Douglasfir, Californialaurel, willow, oak, and blackberry. The
watershed is entirely private land ownership and is primarily managed for timber production.

LAGUNA DE SANTA ROSA

The Laguna de Santa Rosa sub-basin, located in the southern end of the Russian River
basin in Sonoma County, covers approximately 90 square miles, or 57,600 acres, and contains
the Laguna de Santa Rosa and its tributaries (Figlife20). The largest tributaries are Santa Rosa
Creek and Mark West Creeks which are discussed as separate sub-basins. Most of the Laguna de
Santa Rosa sub-basin, not counting the Santa Rosa Creek and Mark West Creek watersheds, isa
dry oak-savanna dominated area where the streams tend to go dry, or nearly so, in the summer.
Streams in the southeast portion of the sub-basin that drain Sonoma Mountain have avery high
sediment load that tends to drop out when the streams reach the valley floor. These streams
probably meandered widely in their natural state, but are now mostly channelized through the
urban areas of south Santa Rosa, Rohnert Park, and Cotati.

The Laguna de Santa Rosa liesin the lowest area of the Santa Rosa Plain, and forms an
extensive wetland along its meandering 14 mile path from the communities of Rohnert Park and
Cotati in the south to the Russian river in the north. During wet periods in the winter the Laguna
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de Santa Rosa swells from its normally narrow channel to what looks like a chain of broad,
shallow lakes from Highway 12 near the city of Sebastopol to River Road near the confluence
with the Russian River. During a one-hundred year flood event these “lakes’ could cover up to
7,000 acres and a holding capacity of 80,000 acre-feet of water (Peckham 1985). During flood
events the Laguna de Santa actually experiences flow reversal as the Russian River floods into
the Laguna. By late spring the “lakes’ have generally drained and the Laguna de Santa Rosa has
returned to its narrow meandering channel.

The Laguna wetlands were once an exceeding rich wildlife habitat. There are stories of
large herds of elk. . A Pomo Indian woman related a story to-her granddaughter how the Laguna
was once so rich in elk that traffic from Santa Rosa into Sebastopol on roads spanning the
Lagunawould only be safe when the elk were herded off the road (Peckham 1985). While much
of the wildlife habitat has been lost to agricultural development, the remaining wetlands and oak
grasslands still provide habitat to a great diversity of wildlife. The Laguna provides critical
habitat for migratory waterfowl, and is home for populations of mink, otter, badger, western
pond turtle, herons, egrets, osprey, deer, fox, and many other species.

The Laguna plays acrucial rolein flood contral. In the floods of 1964, when the Laguna
reached its full holding capacity, the high water in Guerneville was 14 feet lower than it would
have been without the relief valve effect of the Laguna (Peckham 1985). Sonoma County Water
Agency flood control engineers have also stated that the Laguna provides more flood control
benefits than Lake Mendocino and Lake Sonoma combined.

Over time, farmlands began to encroach upon the Laguna. Trees were cut and wetlands
were drained. In 1966 Sonoma County dredged a pilot channel from Sebastopol Road to one
mile north of Guerneville Road. Land that was naturally too wet to farm until six or eight weeks
after the winter could now be tilled earlier because of the drainage provided by the pilot channel.
Over the years, development for agriculture and urban sprawl continued to threaten the fragile
environment surrounding the wetlands, climaxing with the construction of The Santa Rosa
Wastewater Treatment Facility in 1952.

In 1966 a channel was dredged from Highway 12 to one mile north of Guerneville Road.
Thiswas generally referred to as aflood control project, but was actually a drainage project.
Land that was naturally too wet to farm until late in the spring could be tilled earlier because of
the drainage provided by the channel. The last maintenance dredging of this drainage channel
was donein the early 1980's. Since then the property containing the channel was turned over to
the Department of Fish and Game and it is unlikely that there will ever again be any channel
maintenance dredging.

Today much of the Laguna de Santa Rosa bottomlands are in agriculture. Further
upstream in area of Rohnert Park and Cotati the Laguna de Santa Rosa has been channelized as a
flood control channel. The most recent work was dredging and widening of the Channel near
Stony Point Road in the 1990's to relieve flooding in western Rohnert Park.
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Major tributaries to the Laguna de Santa Rosa, aside from Santa Rosa Creek and Mark
West Creek which are discussed as separate sub-basins, are Blucher Creek and Copeland Creek.
These are the only tributaries known to support populations of steelhead trout.

SANTA ROSA

The Santa Rosa hydrologic sub-basin islocated in Sonoma County, in the southeastern
portion of the Russian River watershed, and contains the city of Santa Rosa and outlying
communities (FiGUG2d). This sub-basin contains Santa Rosa Creek and its many tributaries and
covers an area of approximately 77.4 square miles, or 49,511.6 acres.

Santa Rosa Creek is atributary to Laguna de Santa Rosa which flows into Mark West
Creek. Mgor tributary watersheds include Mantanzas Creek and the North and South Forks of
Santa Rosa Creek. Elevations range from about 59 feet at the mouth of the creek to 2100 feet in
the headwaters. Santa Rosa Creek flows through a v-shaped canyon from its headwaters at Hood
Mountain through a belt of rolling land before reaching the Santa Rosa Plain. Moving upstream,
the creek is channelized for about seven miles from the L aguna de Santa Rosa to the Santa Rosa
City Hall, then moves through an oak-woodland, and enters a mixed evergreen system in the
upper watershed.

Santa Rosa is the most urbanized and densely populated city within the Russian River
basin, divided by Highway 101 and Highway 12. The area has seen along history of agricultural
development followed by urban development. The Santa Rosa Wastewater Treatment Facility,
located two mileswest of the city of Santa Rosa, was constructed in 1952, to handle the
bourgeoning domestic waste created by high-density residential and industrial expansion. The
disposition of the discharge from thisfacility (now permitted under RWQCB) has fed
controversy over growth, waste and water issues within the basin. In 1958 the Central Sonoma
Watershed Project was drafted, as a flood control measure in the Santa Rosa Creek drainage. The
plan included 6 floodwater detention structures having a combined capacity of 5960 acre-feet of
water and 33.6 miles of channelized creek. Thus, Santa Rosa Creek, along with some of its
tributaries, were permanently concreted into atrapezoidal channel, which now runs under the
City Hall.

The Santa Rosa Creek watershed is owned primarily by private landowners although
large portions are owned by the City of Santa Rosa and Sonoma County Regional Parks
Department. The Santa Rosa Plains contains a large number of confined animal operations,
including amost 100 dairies. Conversion of pasture and orchards to vineyards has increased
significantly in the past decade. The primary land use today is urban devel opment, although
livestock grazing and vineyard development also occur. The upper basin is now protected from
further development under the ownership of Hood Mountain Regional Park and the McCormick
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Sanctuary.

Three major tributary watersheds comprise the basin. Matanzas Creek joins Santa Rosa
Creek underneath the city at the constructed flood control channel which isafish barrier to the
entire stream. Together with its tributaries, Matanzas Creek drains a basin of approximately 8.2
sguare miles. Matanzas Creek is a second order stream and has approximately 9.2 miles of
perennial stream, and severa intermittent tributaries. Upstream of Matanzas Creek several miles
Santa Rosa Creek splits creating the North and South Forks.

MARK WEST

The Mark West sub-basin contains Mark West Creek and its tributaries and includes the
communities of Santa Rosa, Windsor and Mark West Springs (Filglif€i2d). The sub-basin covers
an area of approximately 86.3 square miles, or 55,247.2 acres, and includes the major tributary
watersheds of Windsor Creek, Humbug Creek and Porter Creek. The Mark West system
traverses Sonoma County in ageneral east to west direction, meets the L aguna De Santa Rosa,
and flows into the Russian River at Mirabel Park, about eight miles east of Guerneville. Mark
West Creek and itstributaries drain a basin of approximately 40 square miles. Mark West Creek
isafourth order stream and has approximately 27 miles of blue line stream. Elevations within
the sub-basin range from about 40 feet at the mouth of Mark West. Creek to 1800 feet in the
headwaters.

The topography is mountainous in the headwaters, becoming aflat valley in the middle
section and turning to low hills near the mouth. Most of the stream in the middle section is
bordered by cultivated fields and housing developments. Where the Mark West sub-basin meets
the Russian River, vegetation is dominated by typical redwood forest. Oaks, bays, redwoods,
Douglas fir, maples, madrone, and manzanita characterize the vegetation near the headwaters.
Riparian vegetation is composed of willow, oak, bay alder, maples, blackberry and afew
redwoods.

WARM SPRINGS

The Warm Springs sub-basin drains an area of approximately 218 square miles, or
139,537.1 acres. It runs along the western edge of the Russian River basin in Sonoma County
and contains the vast expanse of the Dry Creek watershed and Lake Sonoma, which now
occupies the majority of the sub-basin watershed (Filgli€22). A pproximately 130 square miles of
watershed is now above the lake. At maximum capacity Lake Sonoma is approximately 3600
acres and holds approximately 381,000 acre feet of water (personal communication, Ranger
Mike Atchison, Lake Sonoma). This sub-basin is named after Warm Springs Dam, constructed in
1982, which impounds Lake Sonoma. Three hundred and nineteen feet tall and 3,000 feet long at
the crest, Warm Springs Dam is the largest earthen structure in California and was also the last
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major dam to be constructed in the last millennium.

The Dry Creek watershed has seen intense agricultural development since the turn of the
century. Primary land uses today are vineyard cultivation, scattered rural development and
grazing and recreation within the boundaries of Lake Sonoma. Some timber harvest still occurs
within the basin, converting the uplands to steep agricultural steppes. Cherry, Warm Springs, and
Gallaway Creeks are major tributary watersheds above the dam. Approximately 153 miles of
potential salmonid habitat was lost from construction of the dam (Coey, 1999). Warm Springs
Hatchery, operated by CDFG, was built in mitigation for lost habitat and fish runs on Dry Creek
above the dam. Primary ownership is private, although the U.S. Army Corps of Engineers
(USACE) owns and manages L ake Sonoma.

Major tributary watersheds within the Dry Creek watershed below the dam include Pena
Creek and Mill Creek, as well as numerous perennial and intermittent tributaries. Pena Creek
joins Dry Creek approximately 2.9 miles below the dam, in the southwestern expanse of the
Warm Springs sub-basin, and remains as the major watershed within the Dry Creek sub-basin.
Together with its major tributaries, which include Woods and Pechaco Creeks, the watershed
drains an area of approximately 22.3 square miles. Pena Creek has 11.2 miles of perennial

stream. Conifer forest dominates the upper watershed, but there are zones of grassland and oak-
woodland in the lower watershed. The watershed is entirely privately owned and is managed for
timber production, grazing, vineyard development and rural/residential development.

Mill Creek, the second largest tributary system, joins Dry Creek near its' mouth at
Healdsburg. Mill Creek, along with its tributaries Felta, Wallace and Palmer Creeks, drains a
basin of approximately 24 square miles, and the system has atotal of 29.0 miles of blueline
stream. A series of earthen dams exist in the upper watershed at about 11 miles. Tan oak, ader,
bay and redwood trees dominate the drainage area.

GEYSERVILLE

The Geyserville sub-basin, located in Sonoma County, drains approximately 207.8 square
miles, or 133,006.2 acres, and includes the Alexander Valley Reach of the Russian River and the
Maacama, Crocker, Gill and Gird Creek watersheds (Figliei2s).

This area has seen intensive agricultural development in recent years, although timber
harvest with clearing for grazing purposes was initiated early in the century. Vineyards dominate
the landscape today where the Russian River mainstem flows through Alexander Valley.
Grapevines are often planted close to the river’ s edge, but where riparian vegetation remainsit is
dominated by thick stands of willows, with some cottonwoods and ash. Many small tributaries
flow into this reach, most of which dry up seasonally in aluvial flats of the Russian River flood
plain. Further upriver, many of the tributaries such as Gill, Gird and Crocker Creeks hold year-
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Figure 23. Geyserville hydrologic sub-area.
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round flows.

Major tributary watersheds within the sub-basin include Maacama, Gill and Crocker
Creeks. Maacama Creek and its tributaries drain a basin of approximately 45 square miles. Major
tributaries within the Maacama Creek watershed include Franz Creek and Briggs Creek.
Elevations range from about 140 feet at the mouth of the creek to 3,060 feet in the headwaters.
The upper section of the Maacama Creek watershed flows through a wide U-shaped canyon that
is predominantly bedrock. At the top of this canyon the stream turns slowly north before splitting
into the McDonnell and Briggs Creek watersheds. The Briggs Creek watershed and its tributaries
occupy the north-eastern side of the upper basin, draining a basin of approximately 12.3 square
miles. The mixed hardwood forests here are in excellent condition and few ownerships exist in
this pristine sub-watershed. Much of the upper Maacama watershed is now under protection from
further development under Sonoma County Open Space easements. In the lower section of the
creek, the stream bed begins to widen for about 2.5 to 3 miles before narrowing and entering a
steep-sided valley for approximately 1 mile. Near the mouth, the canyon opens up and the creek
runs through a small valley to enter the Russian River. The watershed is dominated by oak
grasslands, with the exception of the headwaters where vegetation consists mostly of grey pine
and oaks. Theriparian vegetation is generally abundant with alders and willows. Mgjor land uses
within the Maacama watershed are vineyard cultivation, cattle grazing and urban development.

Crocker Creek and its tributaries drain a basin of approximately 3.3 square miles, isa
second order stream and include approximately 12.25 miles of perennial stream. The stream
flows through incised V-shaped canyonsin the headwaters into an open lens shape at the mouth.
Most of the land surrounding the upper reaches of the creek is managed as open grassland for
livestock, and recreational use has been devel oped approximately %2 mile upstream from the
Russian River. The predominant vegetation throughout the drainage consists of annual grasses,
dogwood, buckeye, willow, live oak, Californialaurel, madrone, fir, and afew redwood trees.

Gill Creek and itstributaries drain abasin of approximately 7.43 square miles, isa
second order stream and include approximately 3.75 miles of perennia stream. The watershed is
privately owned and is managed for grazing and vineyard production.

SULPHUR CREEK

The Sulphur Creek sub-basin includes the Big Sulphur Creek watershed and covers
approximately 82.3 square miles, or 52,655.3 acres (FigUie24). This sub-basin lies primarily
within Sonoma County, with the headwaters of the upper tributaries extending into Lake County.
The most well-known feature of the Sulphur Creek sub-basin is the Geysers Geothermal areaiin
the headwaters portion of the watershed.

The sub-basin is comprised of 3 mgjor tributary watersheds: Little Sulphur Creek, North
Branch Little Sulphur Creek, and Squaw Creek. Little Sulphur Creek and its many perennial and
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intermittent tributaries ( North Branch Little Sulphur, Lovers Gulch and Anna Belcher) drain a
basin of approximately 43.9 square miles, isathird order stream and has approximately 16.6
miles of perennial stream. Elevations range from about 640 feet at the mouth of the creek to
2438 feet in the headwaters. Oak woodland dominates the watershed, but there are zones of
mixed evergreen conifer forest in the upper watershed. The predominant upland vegetation
throughout the watershed consists of annual grasses, buckeye, oak, Californialaurel, madrone,
and Douglasfir, while the riparian corridor is dominated by alder and willow. The watershed is
entirely privately owned and is managed for grazing and vineyard production, with scattered
rural development.

North Branch Little Sulphur Creek and its tributaries drain a basin of approximately 8.6
sguare miles, isathird order stream and has approximately 5.4 miles of blue line stream.
Elevations range from about 720 feet at the mouth of the creek to 2703 feet in the headwaters.
Squaw Creek and its tributaries drain a basin of approximately 14.3 square miles, is a second
order stream and include approximately 7.3 miles of blue line stream. Major tributaries include
Alder, Hummingbird and Wildhorse. Elevations range from about 875 feet at the mouth of the
creek to 3133 feet in the headwaters.

UKIAH

The Ukiah sub-basin contains the Ukiah Reach of the Russian River and its many
tributaries (FiGUIGI2S). The sub-basin covers an area of approximately 312.9 square miles, or
200,238.9 acres. In the vicinity of Ukiah, orchardsiand vineyards are common with some light
industrial activities and active timber mills. Gravel extraction activities have occurred near the
confluence with major tributaries.

Major tributary watersheds include Pieta Creek, Feliz Creek, Robinson Creek, Ackerman
Creek and Dooley Creek. Ackerman Creek and.its tributaries drain a basin of approximately 22
square miles, is athird order stream, and the system has atotal of 18 miles of perennial stream.
Grassland and oak-woodland dominate most of the watershed but there are zones of Redwood
and Douglas fir/forest in the uppermost watershed areas, which are actively harvested for timber
and grazing. Robinson Creek and itstributaries drain a basin of approximately 25.3 square miles
with varying terrain, flowing through a U-shaped canyon. Robinson Creek isathird order
stream and has approximately 9.8 miles of perennial stream. Feliz Creek isthe largest tributary
watershed in the Ukiah sub-basin. Dooley Creek and its tributaries drain a basin of
approximately 13.2 square miles, and is a second order stream. Chaparral and oak woodland
dominate the upper watershed, which flows through steep, narrow canyons. Downstream,
Dooley Creek entersinto awide valey and joins McDowell Creek. The middle portion of the
stream was channelized for almost a milein the 1960's, for flood control and agricultural
development. Prior to this, in the 1940s, the channel shows up on topographic maps as a braided
perennia stream. Major land uses include vineyard development and reservoir construction.
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Figure 25. Ukiah hydrologic sub-area.
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The Pieta Creek watershed, situated in the Maacamas Mountains, drains 37.4 square miles.
Elevations within the watershed range from around 460 feet at the confluence with the Russian
River to 3,320 feet at Monument Peak in the headwaters. Most of the stream is characterized by
steep, rugged slopes interspersed with afew small, narrow valleys. The vegetation is dominated
primarily by chaparral, oak, madrone and grasslands. The Geysers-Calistoga Known Geothermal
Resources Areaincludes about 10,000 acres of the Pieta Creek watershed, although the closest
producing geothermal wells and power plants are about six miles away.

FORSY THE CREEK

The Forsythe Creek sub-basin, in the northwestern portion of the Russian River
watershed in Mendocino County, contains the Forsythe Creek drainage and the West Fork of the
Russian River (Figlif€26). The Forsythe Creek sub-basin drains approximately 84.3 square
miles, or 53,966.2 acres, and is v-shaped in the narrow bedrock canyons of the headwaters and u-
shaped in the wide aluvial valleys of the lower watershed. These streams flow predominantly
through oak, bay and maple-covered rangelands with second growth redwoods in the upper
headwaters of the drainage. The western edge of the sub-basin is roughly 50% redwood forest
and 50% oak grassland, while the eastern edge is dominated by oak woodlands. Much of the
central basin areais cultivated as vineyards or used for livestock grazing. Timber harvest is also
a predominant land use with scattered rural homesteads. The mgjority of the Forsythe Creek
sub-basin is privately owned, with much of the watershed being managed for timber production
and livestock for the past 100 years or so.

Forsythe Creek and its tributaries drain a basin.of approximately 47.7 square miles, isa
fourth order stream and has approximately 13.6 miles of perennia stream. Major tributaries
within Forsythe watershed are Mill Creek, Jack Smith and Eldridge Creeks. Elevations range
from about 797 feet at the mouth of the creek to 2700 feet in the headwaters. Forsythe Creek
flows through predominantly rangeland with oak, bay and maple, with second growth redwoods
in the upper headwater drainage. The stream flows through a v-shaped basin in the headwaters
and a u-shaped basin in the valley. Many manmade and several natural lakes occur throughout
the basin.

The West Fork has its headwaters in a mountain forest with vegetation composed of pine,
redwood and oak trees. For.the most part, however, it flows through hills of range and
pastureland for sheep and cattle, with scattered oak treesin areas. It begins in av-shaped canyon,
which widens gradually into a gentle u-shape valley as the gradient decreases. The channel is
lens-shaped for the most part, with common stream side vegetation composed primarily of
willow and grasses. Mg or tributaries include Mariposa, Corral, Fisher and Salt Hollow Creeks.
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Figure 26. Forsythe Creek hydrologic sub-area.
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COYOTE VALLEY

The Coyote Valley sub-basin, on the northeastern edge of the Russian River watershed in
Mendocino County, contains the East Fork of the Russian River and all of its' tributaries,
including Cold Creek, Mewhinney Creek and various smaller tributaries all of which are above
Lake Mendocino (Filgliei28). The sub-basin drains an area of approximately 105 square miles, or
67,012 acres. Thereis anecdotal evidence that, prior to the construction of Coyote Dam, the East
Fork Russian River and its tributaries once contained some of the most viable steelhead habitat
in the basin, with habitat for chinook salmon as well (SEC1996). With the construction of
Coyote Dam in 1959 by USACE, an estimated 90 miles of habitat was lost for salmonids. Recent
estimates have estimated the figure to be closer to 143 miles of habitat lost (Coey 1999). In
order to mitigate for the loss of steelhead spawning habitat above the dam, USA CE constructed
the Coyote Valley Steelhead Facility at the base of the dam.in 1992. L ake Mendocino, behind the
dam, is approximately 1922 acres at 100% capacity and has a maximum capacity of
approximately 122,500 acre feet (Park Manager Steve L eonard, persona communication). Potter
Valley above Lake Mendocino contains irrigated agriculture and pasture as the primary land
USES.
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RECOMMENDED ACTIONS TO BENEFIT SALMON AND STEELHEAD

The focus of this section of the report isto identify and prioritize actions to benefit
salmon and steelhead popul ations and their habitat. To be successful, actions must be science-
based and focus on limiting factors specific to each life stage function. Both short and long term
solutions must be considered. Long term solutions are preferred, but in light of the drastic
decline in population numbers, some short term solutions are necessary. These solutions include
both habitat restoration and popul ation supplementation.

Restoration of habitat should focus on “Keystone” factors which inthemselves may
restore functionality to watershed systems or lifecycle patterns and should be considered high
priority. Keystone factors may be in the form of projects ar changes.in management.
Recommended actions to benefit coho salmon populations must be focused on causes and not
symptoms of landuse problems to be successful. Recommended actions must also be redlistic in
approach considering the fact that 95% of the nursery and spawning habitat occurs on private
property. Partnerships built to ensure support for recommendations and treatments, and a
“stewardship” ethic to see that management recommendations and projects are carried out and
maintained, are crucial to success. Recognizing that watersheds themselves are constantly
evolving as aresult of natural and unnatural processes, and that landuse Is constantly changing,
plans for restoration and management of watersheds must be considered “ adaptive management
and therefore adaptabl e to the changing landscape.

7

Streams within the Russian River basin that have historically had coho salmon runs have
been the focus of habitat restoration work and many are presently deemed suitable for coho
utilization. However, even with restoration efforts in place, the coho population has not
rebounded, presumably due to the severely depressed status of remaining runs and two decades
of poor ocean conditions. Therefore, it isessential that actions are taken to protect residual runs
of coho salmon, and that restoration efforts focus on measures to ensure their survival and ability
to re-establish population numbers closer to historic levels.

To initiate recovery planning for coho salmon in the Russian River, the California
Department of Fish and Game, the National Marine Fisheries Service, and the U. S. Army Corps
of Engineers in cooperation with the Coho Recovery Workgroup are developing and
implementing a captive broodstock program at Warm Springs Salmon and Steelhead Hatchery.
The near term goal of thisprogram isto prevent extirpation of coho salmon in the Russian River
by re-establishing lost or declining stocks. This program entails “stock rescue”, and
supplementing streams ready for utilization by coho salmon, with an eventual “sunset” of
severa lifecycles. Concurrently, habitat restoration will continue as well as outreach and
coordination with landowners to ensure that landuse activities do not impact restored habitat.
The long term goal of this program is to restore self-sustaining stocks in the Russian River,
without reliance on hatchery supplementation.
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PRIORITIZATION STRATEGY

Recognizing that geology, climate, vegetation, and fish species distribution varies by sub-
basin, watershed and sub-watershed, landuse condition and impacts thereof vary by sub-
watershed. Thus, limiting factors to fish production and recommendations for change, restoration
or enhancement must be identified at the sub-watershed level.

Salmonid fishes spend the majority of their lifecycle in the ocean. Transition from and to
the ocean and the adult phase of the lifecycleis crucial to the existence of the population.
Obvioudly, factors other than physical habitat may also limit production of juvenile salmonids in
any given year. Biological factors such as disease, predation, and competition, or climatic
factors such as oceanic conditions and food availability may account for much of the variation in
salmonid production within any watershed. However, freshwater habitat is the resiliency in the
cycle and provides the recruitment of individual offspring back into the adult population. It also
isthe portion that we have control over in comparison to ocean conditions.

Actions to restore or benefit freshwater habitat and the recruitment to the adult phase
must start with the migration of adults back to the nursery. Proper water temperature, flow and
quality aswell as barrier free movement is needed for fish to migrate to the tributary nurseries.
Specific requirements like escape cover and resting areas are al so needed. Once fish reach these
nursery areas, a suite of conditions must be suitable for successful spawning, and then likewise
for rearing of offspring until the juveniles make their seaward transition.

Factors affecting each of these life stages must first be identified, and then the impacts
assessed and prioritized in atimely manner, for arestoration plan to be successful in actually
restoring conditions that will lead to naturally functioning watershed conditions with returning
wild salmon and steelhead. Since 1994, CDFG, together with many local partners and volunteers
has been conducting habitat inventory within the tributaries of the basin to identify limiting
factors particular to-each life stage and each sub-watershed. To date the inventory is comprised
of approximately 180 streams comprising 750 miles (approximately 75% of the remaining
steelhead habitat, and 100% percent of the known coho salmon habitat) in the basin (Figure 28).
This effort spans 8 years, and aimost 3 lifecycles of salmon (a sample size needed to develop
minimally significant information). These inventories, together with other historical, physical,
biological, as well as social-economic information form the basis for the prioritization strategy in
the basin.
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METHODS

Watershed assessment requires the ability to access data and conduct analysis at multiple
landscape scales. A watershed-level habitat inventory is designed to produce a thorough
description of the basin, sub-basin and their contiguous streams and their associated tributaries,
and individual streams and their associated surrounding landmass as watersheds. CDFG mapped
stream habitat at the micro-level detailed scale to provide the basis for information to be utilized
at various level scalesfor different purposes, and by different entities. For example, use by
CDFG isfor restoration planning and implementing projectsat the stream reach and sub-
watershed scale, and for establishing priorities and recommending funding on a sub-basin and
basin scale (Figure 29). NMFS will utilize thisinformation at the sub-basin and basin scale for
Recovery Planning under the ESA which covers many river basinswithin each ESU. Whereas
counties, may utilize the information at the jurisdictional scale to prioritize both environmental
and community Services resources.

Crews that conducted the inventory were trained in standardized habitat inventory
methods and supervised by CDFG. The methodology utilized in the Russian River basin follows
the procedures in the California Salmonid Stream Habitat Restoration Manual (Flosi et al. 1998).
Following completion of a desktop watershed information assessment; CDFG conducted in-field
fish habitat inventoriesincluding: 1) stream channel typing; 2) habitat typing; and 3) biological
surveys to describe fish habitat utilization and distribution of fish and other aquatic species
basin-wide .

Stream channel typing describes relatively long reaches within a stream using eight
morphological characteristics./Habitat typing describes the specific pool, flatwater, and riffle
habitats within'a stream. There are ten components to the habitat inventory: flow, temperatures,
habitat type, embeddedness, shelter rating, substrate composition, canopy, bank composition,
channel type, and biological inventory. CDFG classifies 100% of the habitat types along a
stream, but quantifies habitat quality for .approximately 30% of the habitat units utilizing a
stratified random protocol. These are discussed in Appendix C. The information provided by
habitat and channel typing, and biological information collected during spawning and juvenile
rearing surveys, aids in determining if critical habitat needs of atarget species are lacking, and if
there are areas where improvements can be made.

Each surveyed stream has a written report that presents the information from the watershed
overview, historical data, results of the habitat and biological inventories, and discussion and
remediation of specific problemsidentified during the field survey. These tributary reports have
been utilized by CDFG to analyze the need for habitat restoration in the basin. Appendix D
provides a summary of the variables analyzed in the limiting factors analysis basinwide to date.
Table 15 below describes some of the key variables analyzed during the limiting factors analysis.
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Field Name Description
HSA Hydrologic Sub-Area (Calwater 2.2a).
Stream Stream name.
Reach Reach number.
Chan Type Rosgen channel type classification.
Chan Len Total length of al main channel habitat units (feet).
Low Water Minimum surveyed water temperature (degrees Fahrenheit).
High Water Maximum surveyed water temperature (degrees Fahrenheit).
% Pools Percent of main channel, by length, composed of pools (habitat types 4.x, 5.x and

6.X). Includes dry (habitat type 7.0) and recorded but non-surveyed (habitat type
9.x) habitat units.

Pools 2ft Percent of main channel pools (habitat types 4.x, 5.x and 6.x) greater than, or
equal to, two feet deep.
Pools 3ft Percent of main channel pools (habitat types 4.x, 5.x and 6.x) greater than, or

equal to, three feet deep.
Pool Shelter Rating Average shelter rating (ShelterVaue x Cover) for main channel pools surveyed
for in-stream shelter.
Embed (3+4) Percentage of main channel pool tail outs, surveyed for embeddedness and
containing suitable spawning substrate (not classified with pool tail
embeddedness = 5), with an embeddedness classification of 3 or 3 (50% to 100%
embeddedness).
Canopy Average canopy density for habitat unitssurveyed for canopy cover. Average not
weighted.
Conif Average percent evergreen canopy for habitat units surveyed for canopy cover.
Average not weighted.
Decid Average percent deciduous canopy for habitat units surveyed for canopy cover.
Average not weighted.
Table 15. Metadata for some key habitat variables averaged by stream reach within tributaries of
the Russian River Basin to describe limiting factors and prioritize restoration. Data was collected
from 1994-2002 (see Appendix E).
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Watershed assessment requires the ability to access data and conduct analysis at multiple
landscape scales. DFG mapped habitat at the micro-level detailed scale to provide the basis for
information to be utilized at various level scales for different purposes, and by different entities.

Use by DFG is for Restoration Planning and Implementation in cooperation with landowners.
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CRITERIA

Habitat restoration/enhancement is typically recommended for the benefit of a particular
species or species group. Therefore, the identified critical habitat needs must be keyed to the
target species. Each life stage of the target species during freshwater residency needs to be
identified, and the critical habitat needs ascertained prior to initiation of any habitat modification
project. For example, typical life stages for steelhead trout in an inland environment include
adult migration, spawning, year-round rearing and emigration. The concept that fish production
islimited by asingle factor or interactions between factors is fundamental to stream habitat
management (Meehan 1991). Factors that considered to limit anadromous fish production
include water temperature, pool depths, and shelter among others, and are discussed in detail in
the next section titled “ General Limiting Factors and Restorative Actions’.

A “limiting factors analysis’ provides a means to evaluate the status of key
environmental factors that affect these life stages. This analysisis based on comparing measures
of habitat components such as water temperature, pool depths, and shelter to arange of
reference conditions determined from empirical studies and/or peer reviewed literature. If the
measured component’ s condition does not fit within the range of the reference values, it may be
viewed as alimiting factor. Once the critical limiting factors for the target species are identified,
they can be defined in terms of habitat needs within the particul ar tributary or within specific
“reaches’ of the tributary in question.

CDFG has established “benchmarks’ to define target habitat objectives established for
north coast salmonid bearing streams. These benchmarks were adapted from the California
Salmonid Stream Habitat Restoration Manual (Flosi, et a. 1998), and the Oregon Watershed
Assessment Manual (OWEB, date) by Robert Coey, Associate Fish Biologist, CDFG, May 2000
and were utilized in establishing the condition and recommendations for each stream within the
Russian River basin (Table 16).

Within the first part of each sub-basin section of this report below, we describe the condition of
the stream from data which were collected during the inventory process between 1994-2001, and
prioritize the need to improve upon the suite of limiting factors specific to each life stage
affected (eg. migratory problems translates to barrier removal). The number for each category
describes the priority within the stream (ie. 1 = highest priority, 2 = 2" highest priority, etc. * =
need has been identified from existing historical information or data, but no priority exists at this
time). Where data gaps exist, the need for further inventory or monitoring has been identified.

Standard recommendations based on the “benchmarks’ and tributary condition have been
developed by CDFG (JBBERGIRIE). \Vithin the second part of each sub-basin section of this
report, we list the specific and general fish habitat improvement recommendations for each
tributary, and prioritize their need based on the life stage affected. The Definition of each
category of recommendationsis also described in Appendix E.

83



California Department of Fish and Game — July 2002 Review Draft
As watersheds are dynamic and land-use ever-changing, these priorities may change
with time and as restoration isinitiated in each watershed. These issues and recommendations for
management are discussed in detail in subsequent sections in this report.

Streams selected for re-introduction have been selected on the basis of having: 1)
considered historical usage by coho; 2) coho presencein last 3 lifecycles but low numbers or
missing year classes exist; 3) habitat conditions deemed suitable from the benchmark criteria,
and 4) few landuse threats. Figure 6 depicts salmon and steel head distribution.
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Table 16 - California Department of Fish and Game Target Habitat Objectives established for

North Coast Salmonid bearing Streams (tributary level).

Habitat Parameter Undesirable Desirable
POOL S-Primary pools*
Pool Area (% total length) <40 >50
OR
Pool Frequency (% compared to other habitats) <40 >50
Pool width (compared to low flow width) <o Sl
Pool length (compared to low flow width) <1l >1
Residual Pool Depth
1% order streams <1.00 >15
2" order streams <15 >20
3 order streams <25 >30
RIFFLES
Riffle length (% total length) <10 15-30
Substrate Sand/silt Gravel/Sm.
Cobble
Embeddedness >50% <25%
Length (habitat width vs. habitat length) <15 >15
CANOPY
Habitat Unit (non-pools) <60 >80
Reach Average (% shade coverage) <70 >80
Diversity (%oconiferous vs. deciduous) <30 >50
SHELTER
Complexity Vaue** <1 2-3
Coverage (% of habitat covered) <40 >40
Shelter Rating*** (shelter value X % cover) <80 >100
CHANNEL TYPE
(Fish bearing reaches) D,F1,2&6 B,CEG, F3-F5
HABITAT DIVERSITY Species Specific
(see appendix c)
WATER TEMPERATURE
chinook >65 40-65
coho >65 48-60
Steelhead >70  40-65

Adapted From: California Salmonid Stream Habitat Restoration Manual (Flos, et al. 1998), by
Robert Coey, Associate Fish Biologist, CDFG, May 2000.

*Primary Pools- A primary pool is defined to have a maximum depth = stream order, occupy at least half the width of the low flow channel, and
be aslong as the low flow channel width.

**|nstream Shelter Complexity Value-. Thisrating is arelative measure of the quantity and composition of the instream shelter within a habitat
unit.

85



California Department of Fish and Game — July 2002 Review Draft

LIMITATIONSOF THE ASSESSMENT

This assessment provides useful and valuable information for generally characterizing, and
summarizing the limiting factorsin the basin for the tributaries inventoried. It is somewhat
limited in the scope of the methodology to provide a*“screening tool” for predicting the need to
improve habitat within the tributaries inventoried. The period coversthe last 3 lifecycles of the
fish to date, but the baseline constructed in many cases covers the time period under which
conditions, and populations of fish were already in severe decline. Where data are limited,
working hypotheses are made to extrapolate information at the reach or sub-watershed scale.

?? Since the habitat protocol conducted during most years utilizes a random sampling
protocol stratified by geomorphic reach, not al habitats were completely sampled. Thus,
datais aggregated at the reach level and most data represents an average by reach, and
not actual conditions of the length or period surveyed. Thus, reach factor values should
not be interpreted to represent an individual stream section or property.

?? Since the random sampling method allows datato represent the population of conditions
that exist for the reach or stream, while presence of conditions describes the reach,
absence of a particular condition cannot be assumed

?? The period covered during the survey effort covers a span of 8 years (1994-2001).
Ideally, all streams would be evaluated during a similar time period, which of courseis
impossible. Therefore, conditions represented are that of the stream in that particular
year. Concernsto this situation are:

0 Habitat conditions described represent that stream in that particular year

o Flow, weather and landuse conditions vary widely over the time period covered

0 /‘Datarepresents conditions from an individual year surveyed, so cannot be
statistically averaged over time

0 Surveyswere conducted by many different surveyors with individual bias (but
training was provided and standardized protocols utilized)

0 Large storm events can change conditions rapidly in stream systems, thus habitat
type and quality isin constant flux, and has likely changed from the conditions
observed during the survey*

* Since data was collected randomly, the % of pools/reach and other measured habitat
variables should be within an acceptable range of the estimates we have provided to adequately
represent conditions for the “stream” or even the “reach”

?? The protocols utilized were designed for watershed level analysis, and were not intended
to be site specific. This allowed data to be collected quickly with accuracy, but precision
in some measurement is lacking (eg. embeddedness).

?? While most protocols employ a quantitative measurement (pool depth) or categorical
identifier (vegetation type), some employ qualitative estimates (dominance or %)
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?? Some data protocols were designed to be utilized as a screening tool only. For example,
high embeddedness indicates sediment entering the stream but does not identify the
source, delivery mechanism, nor the time period of entry

?? Datafrom the 2001 survey effort are preliminary and are not available for inclusion in
basin summary maps or stream inventory reports at the time of this report

?? Annua monitoring of fish populations has not been conducted consistently throughout
the basin, thus fish distribution information only allows a partia picture of actual
conditions

?? Annua monitoring of fish passage barriers has not been conducted consistently, nor at
the full range of flows needed to assess the problem (however we fedl that we paint a
conservative picture)

?? Most temperature information provided represents point locations measured
systematically throughout the survey, but at different locations and on different days

?? Temperature was collected during the survey period, and not necessarily during the
critical summer months on every stream. When temperature thermograph devices
(hobotemps or ryan tempmentors) were utilized throughout the summer monthsitis
noted

?? Annua monitoring of temperature has not-been collected systematically throughout any
stream nor throughout the basin (MWAT datais available through the RWQCB Basin
Plan Amendment 2002, in progress)

IMPLEMENTATION OF RESTORATION PROJECTS AND PLANS

State and local funding entities'should focus restoration dollars where information on
“Keystone” factors exist. Keystone factors may be in the form of projects or changesin
management. High priority management changes should only be funded with “restoration funds’
if implementation by local, state and federal agencies and districtsis unlikely. High priority
projects should bethe first considered for funding by local, state and federal funding
organizations. Lower priority projects'should be undertaken only when “keystone” restoration
factors have been undertaken or considered to be non-feasible. Demonstration projects, whichin
themselves may not be “keystone™ but demonstrate fish-friendly techniques or Best Management
Practices (BMP), should be given high priority aswell. BMPsto prevent the need for later
restorative actions should always be encouraged and adopted into management strategies.

Significant efforts have already been taken towards implementing the recommendationsin this
plan and others, for fisheries and habitat restoration in the Russian River (as well as statewide).
Asnoted earlier, habitat inventory reports developed using the methods discussed have been
distributed to landowners, local, state and federal agencies, interest groups and private
contractors, with tributary specific recommendations for habitat restoration. To date, amost 7
million has been spent on habitat restoration efforts alone by DFG. Appendix F summarizes the
DFG funded projects by hydrologic sub-basin, stream and describes the project type, objective
and DFG cost. Figures 30 and 31 display their general location in the basin.
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No comprehensive database currently exists, but numerous other projects have been undertaken
by other state and federal funding entities (such as NRCS, local RCD’s, California Coastal
Conservancy, California State and Regional Parks, Wildlife Conservation Board, NMFS,
USACE, CDF, CCC, University of California, Americorps* Watershed Stewards Project and
others), local entities (such as County Fish and Wildlife Advisory Boards, SCWA, Mendocino
County Water Agency and others), local groups (Trout Unlimited, Cal Trout, Friends of the
Russian River, Russian River Property Owners Association, Russian River Watershed Council,
Stewards of Slavianka, Landpaths and others) as well as numerous watershed groups and
associations, private consultants, and private citizens and volunteers. The aboveisaonly an
example of the dedicated individuals and groups and is no way comprehensive nor exclusive.
The efforts of these groups are to be acknowledged. The castshare funding provided by private
landownersis also to be commended (and is continued to be encouraged). However, as with
most human endeavors, while much has been accomplished, and more has been learned, much
remains to be done.
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Figure 30. Instream, upslope, road and riparian projects completed in the Russian River with
DFG funds (1981-2002).
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GENERAL LIMITING FACTORS AND RESTORATIVE ACTIONS

LIMITING FACTOR: MIGRATION

Barriers to upstream migration include physical barriers (both natural and man-made),
velocity and flow barriers, and temperature and chemical barriers. If abarrier istoo high to jump
or there is not a deep pool directly below it, salmon and steelhead will often repeatedly attempt
to overcome it until they become exhausted or die trying, likewise, if water velocity istoo great
or the amount of flow istoo low.

Debris jams brought on by natural storm events are one type of natural barrier. More
recent study of these types of barriers has shown that debrisjams typically float (providing
passage underneath) at high flow, but occasionally they may become semi-permanent structures.
This results when logs or other natural materials become jammed across the channel blocking the
upward passage of fish and the downward movement of stream gravels. Resulting bed incision
can occur downstream of the blockage (and/or bed aggradation upstream of the blockage)
creating too high of ajump, or causing lack of depth to stage ajump. Again, these barriers are
short-lived, as the debris eventually decays or becomes undermined and collapses. Bedrock or
boulder constrictions, a series of high bedrock falls or rapids, or other extreme elevation changes
generally greater than 6% (Flosi et a. 1998) can be permanent barriers which are complete
barriersto migration or are accessible only during a specific range of flows. Man-made barriers
can include dams, road crossings, culverts, grade control structures, and bridge abutments.
Debris jams can aso be man-induced through the dumping of slash or anthropogenic materials
into stream channels. Even fish ladders, installed in an attempt to allow fish passage, may be
barriersif they aretoo steep, have too great a velocity, do not provide proper attraction flows, or
are not maintained.

Chemical or temperature barriers are usually caused by a point-source discharge, which
makes conditions intolerable for breathing, swimming or feeding. Temperature barriers can
occasionally be non-point source however, resulting from long sections of streams without
stream canopy or resulting from natural geo-thermal activity.

Many existing culvertson federal, state, county, and private roads are barriers to
anadromous adults, and more so to resident and juvenile salmonids whose smaller sizes
significantly limit their leaping and swimming abilities to negotiate culverts (Taylor 2000). Even
if stream crossings are eventually negotiated, excess energy expended by fish may result in their
death prior to spawning, or reductionsin viability of eggs and offspring.

Migrating fish concentrated in pools and stream reaches below stream crossings are also
more vulnerable to predation by a variety of avian and mammalian species, as well as poaching
by humans. Culverts which impede adult passage limit the distribution of spawning, often
resulting in underseeded headwaters and superimposition of redds in lower stream reaches.

91



California Department of Fish and Game — July 2002 Review Draft
Typical passage problems (from Taylor 2000) created by undersized, improperly
installed, or poorly maintained stream crossings are:

» Excessivedrop at outlet (too high of entry leap required);
» Excessive velocities within culvert;

» Lack of depth within culvert;

» Excessive velocity or turbulence at culvert inlet; and

* Deébrisaccumulation at culvert inlet or within culvert barrel.

Barriers may occur as temporal, partial or total depending upon flows and timing. Table 17 from
Taylor (2000) defines the type of barriers, based on these variables.

Table 17 Definitions of barrier typesand their potential impacts.

Definition Potential | mpacts
Barrier Category
Impassable to all fish based | Delay in movement beyond
Temporal on run timing and flow the barrier for some period
conditions of time
Partial Impassable to somefishat | Exclusion of certain species
all times and lifestages from portions
of awatershed
Total Impassable to al fish at all Exclusion of all species
times from portions of a
watershed

RECOMMENDED ACTIONS

In general, fish passage should be monitored and improved where possible. High gradient
streams or streams contai ning some habitat types, may restrict access for migrating salmonids
completely with geologic barriers. For example any "A" channel type; or streams with high
gradient riffles, cascades or bedrock sheets as habitat types may limit fish passage especially in
years with limited rainfall. Many of these natural type barriers have been identified during
habitat inventories. Figure 32 depicts the impassable barriers in the watershed. As noted
previously, some geologic barriers only restrict migration partially. Before any barrier
modification of this type is undertaken, CDFG must be consulted to determine if modification of
the barrier is desirable and to confirm the status of resident populations of fish in order to avoid
impacting thegenetic integrity of existing native stocks.

Modification of log debris accumulations (LDA) is desirable, but must be done carefully,
over time, to avoid excessive sediment loading in downstream reaches, and to preserve the larger
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beneficial scouring elements. LDA should only be modified if: the LDA is retaining sediment,
and the biological inventory confirmsit is creating a fish passage problem or the LDA is
contributing to significant bank erosion.
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the Russian River watershed.
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NMFS Current guidelines for new culvert installation should provide unimpeded passage for
both adult and juvenile sailmonids. Existing culverts on fish bearing tributaries should be
assessed for barrier potential following Fish Passage Evaluation at Road Crossings (Taylor
2000).

In 2001 and 2002, a basinwide assessment of al Sonoma and Mendocino County culvertsin
the Russian River basin (Figure 33) was completed under contract to DFG by Taylor and
Associates utilizing the methods of Taylor (2000). A comprehensive prioritization remains to
focusinitial treatments at priority sites, having the best biological benéfit to federally and state
listed populations of anadromous salmonids. Taylors methods were developed after existing
protocols, Southeast Alaska (Leseveque et a. 1998), Washington (Bates 1999), Oregon (Robison
et al. 1999), for inclusion in the CDFG manual under contract. Taylors protocols are consistent
with recent National Marine Fisheries Service (NMFS) guidelinesfor salmonid passage at stream
crossings (NMFS 2000). The primary objective of this protocal is to provide the user with
detailed sections addressing:

1. consistent methods for collecting and analyzing data to eval uate passage of juvenile and adult
salmonids at road/stream crossings,

2. asuite of ranking criteria (based on speciesdiversity, severity of barrier, quality/quantity of
potential habitat gains, and culvert condition and sizing) for prioritizing corrective
treatments;

3. treatment options to provide unimpeded fish passage;

4. alist of available technical and financia resources; and

5. methods for post-project effectiveness monitoring.

Standardized methods for data collection and evaluation testing are needed to ensure that
consistent fish passage evaluations of road crossings occur at a watershed-level across private,
county, state and federal ownership. A comprehensive prioritization will focusinitia treatments
at priority sites, having the best biological benefit to federally and state listed popul ations of
anadromous salmonids.

The following general guidelines for proper culvert installation are from Taylor (2000)
and draw from design standards currently employed in Oregon and Washington, and are
consistent with recent NMFS' s guidelines:

It iswidely agreed that designing stream crossings to pass fish at all flowsisimpractical
(NMFS 2000; Robison et al. 2000; SSHEAR 1998). Although anadromous salmonids
typically migrate upstream during higher flows triggered by hydrologic events, it is presumed
that migration is naturally delayed during larger flood events. Conversely, during low flow
periods on many smaller streams, water depths within the channel can become impassable for
both adult and juvenile sailmonids. To identify the range of flows that stream crossings
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should accommodate for fish passage, lower and upper flow limits have been defined
specifically for streams within California (NMFES, 2000).

Site-specific characteristics of the crossing location should always be carefully reviewed
prior to selecting the type of crossing to install. These characteristics include local geology,
slope of natural channel, channel confinement, and extent of channel incision likely from
removal of aperched culvert. Also, providing unimpeded passage for the salmonid species
of concern or focus will often dictate design of a culvert upgrade or replacement. Bates et
al. (1999) is recommended as an excellent reference to use when considering fish-friendly
stream crossing installation options. Robison et al. (2000) provides a comprehensive review
of the advantages and disadvantages of various treatment alternatives based on channel slope
and confinement.

Order of Preferred Alternatives (Bates et al. 1999; Robison et al. 2000)

Bridge

Open bottom arch culverts

Culvert set below stream grade (countersunk or embedded)

Culvert set at grade with baffles installed to allow |ew-flow passage and reduction of velocities during higher
migration flows.

*  Culvert perched with outlet pool weirs and baffles throughout culvert. Entry jumps should never exceed 1.0
feet for adults or 0.5 feet for juveniles.

Design Criteriafor Proper Sizing and Alignment

»  Passa100-year storm flow at lessthan 100% of the culvert’s height. This allows for passage of other
watershed products (large wood and substrate) during extremely high flows.

*  Culvert width sized at least equal to active channel width — OHW flow, about at line of annual vegetation
growth. Should reduce constriction of flows at the inlet associated with fish migration.

e Avoid projecting culvert inlets.

« Align culvert with the general direction of upstream channel — avoid sharp bends in channel at approach to
inlet.

e Avoidingtaling trash racks at culvert inlets.

NMFS Guidelines for Salmonid Passage at Sream Crossings (NMFS 2000) lists the following
recommendations, in order of preference.

Bridge — with no encroachment into the channel 100-year flood plain.

Streambed simulation strategies — bottomless arch, embedded culverts, or ford.
Non-embedded culverts — with less than a 0.5% slope.

Baffled culvert or structure designed with afishway —for slopes greater than 0.5%.

Because fish passage must be assessed across a multitude of watersheds and road system
ownerships, consistent standardized methods are required for evaluation of habitat
conditions. Assessing habitat conditions upstream and downstream of culvert locations
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should rely on habitat typing or fisheries surveys. When ranking culverts for treatment,
both quality and quantity of upstream habitat should be considered so that limited
restoration funds are spent to the greatest benefit of the fisheries resource.

DFG supports remediation of all passage issues at all County culvert identified in the
Taylor assessment. Assessment of remaining city, state highway and private culvertsis
needed.

LIMITING FACTOR: GRAVEL QUALITY

Erosion is anatural process. Erosion provides gravel for spawning, substrate for macro-
invertebrates, and initiates the process of scour and fill that leads to pools and riffles. Accelerated
erosion is usually tied to human landuse impacts. Some common erosional processes, which are
primarily determined by geology, vegetation patterns, and land use within aregion, include
surface erosion, channel erosion, some mass wasting, and debris torrents.

Surface erosion results from rain and surface runoff. Rates of erosion are influenced by
the size and compaction of soil particles and by the protective cover of organic litter and plants,
aswell as by slope gradient and length, rainfall intensity, and soil infiltration rates. Surface
erosion occurs at afar higher rate on sparsely vegetated lands as opposed to undisturbed forest
lands. Sheet erosion is atype of surface erosion which occurs as aresult of water runoff and
tends to remove soil uniformly over an exposed area, in a non-channelized manner. Sheet erosion
generally occurs on exposed soils and is of greater significance on low-gradient agricultural
lands than on forested lands. (Weaver and Hagans, 1994)

Channelized erosion is also aform of surface erosion. It occursin the form of rills and
gullies when flows are concentrated due to tepography, usually following heavy storms. A rill is
asmall channel formed by soil erosion. A rill that continues to erode and downcut becomes a
gully. Rills and gullies are probably the most significant form of surface erosion in the Russian
River basin and are enhanced when infiltration capacity is reduced. These channels become
sediment transport corridors, increasing sediment loads as they move downsl ope and depositing
them directly into the stream channel.

Mass wasting is the term given to large-scale erosional processes such as slumps,
landslides and debris avalanches. Mass wasting episodes provide large quantities of sediment
and organic matter to streams. Slumps, aso called slope failure, are the downward and outward
movement of rock or unconsolidated material. Slumps generally develop in deeply weathered
soils, often in sedimentary geology like sandstones. Low soil permeability can increase the
occurrence of lumping when heavy rains have saturated soils. Landslides generally occur on
steep slopes where shallow non-cohesive soils overlay less permeable bedrock. Landslides,
which arerelatively dry soil masses, are often triggered when undercutting occurs, removing
slope support.
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Debris torrents, or debris flows, consist of thoroughly saturated soil masses. When a
landslide enters a stream channel during aflood, it becomes a debris torrent—a deluge of water
containing soil, rock, and organic debris. Debris torrents scour the stream channel as they move
rapidly downstream and can severely alter fish habitat and stream characteristics.

Historically, mass wasting events, which occurred at intervals of decades to centuries,
played acritical rolein contributing large wood and coarse sediment to streams. In general,
enough time lapsed between these events to alow natural erosion and aggradation processes to
gradually modify the disturbed stream reaches, causing a succession of different habitat
conditions for salmonids.

The majority of surface sediments that enter stream channels result from channelized
erosion, likerilling and gullying, and from sheet erosion. However, even upslope activities
contribute sediment to streams through the process of “routing”, in which sedimentsin the
watershed move to the lowest point, thus arriving in the stream. Whether sediments eroded from
hillslopes arrive in a stream or not is dependent upon the “delivery” mechanism. Mechanisms for
delivery are, ditches created by road building, redirected watercourses, gulliesformed by poorly
placed ditch relief culverts, plugged culverts resultingin diversion..

Though erosion occurs naturally in undisturbed systems, the percent of fine sedimentsis
higher in watersheds where the geology, soils and precipitation or topography create conditions
favorable for erosional processes (Duncan and Ward, 1985). Erosion can be drastically
accelerated by many human activities including: urbanization, agricultural devel opment,
livestock grazing, road building, gravel mining, timber harvest, and removal of riparian
vegetation. Accelerated erosion poses a severe threat to rivers and streams. Fine sediments are
typically more abundant where land use activities such as road building expose soil to erosion
and increase mass wasting (Cederholm ea al. 1981; Swanson et al 1987; Hicks et al. 1991)

In terms of accelerated erosion, road building is the most detrimental human activity.
Erosion due to reads is a problem of major concern in the Russian River and in watersheds
world-wide. Investigators examining erosion due to forest roads and logging in the Coast and
Klamath Mountains of northwestern California found that roads were responsible for 61% of the
soil volume displaced by erosion (M cCashion and Rice 1983). The slopes at which most roads
are built tend to inhibit the natural sheet dispersal of water, concentrating runoff and creating
gullies and landslides. Networks of roads have created drastic changes in the natural drainage
patterns of the watershed through increasing the amount of impervious surfaces and diverting
water to follow roads rather than natural patterns. Furthermore, many road crossings are
accompanied by culverts. Culverts can cause erosion by concentrating flow and have a tendency
to fail, causing debris torrents.

Clearing and grading for urban and agricultural development also causes an influx of
sediment into streams from erosion and often involves the diversion of drainage waters around
projects, ultimately forming rills which cause gullies. In devel oped areas, extensive surfaces of
impervious concrete and asphalt increase and concentrate runoff, causing accelerated flooding
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and stream bank erosion. Long-term grazing throughout the basin has compounded the situation,
resulting in increased hillside erosion, more rapid runoff, compaction of soils, and preventing
vegetation growth. Culverts and dams can hinder or stop sediment transport, which leads to
channel incision and steep banks which then erode (discussed in next section).

Gravel quality or “embeddedness’ refers to the degree to which larger substrate particles,
like cobble and gravel, in the streambed are surrounded or covered by fine sediment.

Embeddednessiis particularly important at pool tail-outs, at the upstream end of riffles,
where spawning is most likely to occur. Spawning gravels are impacted when fine sediment
(fines) fillsthe interstitial spacesin the framework of the gravel redd. Accumulations of fine
sediments reduce intragravel water flow (permeability) which deliver oxygenated water to the
young salmon in the redd and remove waste material out of the redd. Excessive accumulations
can also impede fry emergence in extreme conditions. During the spawning process, salmon
typically clean their redds down to about 7% fine sediments (< 1.00 mm) (Briggs 1954).
McHenry et a (1994) found that when fine sediments (particles<0.85 mm) exceed 13% salmonid
survival dropped drastically. When fine sediments (< 6.35 mm) exceed 30% of the substrate
within aredd, salmon embryo survival drops considerably (Bjorn and Reiser, 1991; Marcus
1997).

Rearing habitat is degraded with the delivery of sediment when pools are filled or pool
depth is reduced resulting in loss of cool water refugia that isimportant in the Russian River
watershed where water temperatures frequently exceed standards that are protective of
salmonids. Fish cover isimpacted when large woody debris and other structures are buried,
reducing habitat that is protects young salmonids from predators. Fine sediment that covers
interstitial spacesin the gravel reduce the diversity of aquatic insects and other aquatic
invertebrates that are critical food sources for salmonids.

RECOMMENDED ACTIONS:

CDFG and other state, local and federal agencies should support voluntary programs such
as the NRCS Dairy Waste Program, Environmental Quality Incentive Program (EQIP), and
Sotoyome Resource Conservation Districts' Fish Friendly

Farming Program which recommends BMP s for reducing sediment runoff from
agricultural lands and practices through the use of BMP s for cover crops, drainage, road
construction, riparian buffers, avoidance measures.

Habitat Inventory reports contain point-source descriptions of stream bank erosion.
I mplementation plans should prioritize them according to present and potential sediment yield.
Identified sites should then be treated to reduce the amount of fine sediments entering the stream.
Where non-point problems persist, active and potential sediment sources related to the road
system need to be identified, mapped, and treated according to their potential for sediment yield
to the stream and its tributaries.
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Maintenance on existing unimproved private and county roads should follow techniques
outlined in “Handbook for Forest and Ranch Roads’ by Weaver and Hagans, 1994. New
construction on private roads should utilize techniques from this manual which reduce
concentration of water on roads, and sediment transport from roads. For example, outsloping
with rolling dips should be implemented wherever possible, natural drainage patterns should be
reconnected, culverts should be upgraded to at least a 100-year flood event at all crossings, and
critical dipsinstalled over the hinge line at all stream crossings. Culvert installation should
follow NMFS fish passage guidelines (NMFS 2000) and USACE stream crossing guidelines.
Additional inventory of roads will be ongoing and therefore mapping of other sitesis expected.

Sonoma and Mendocino Counties should adopt standards for unimproved road
construction following techniques outlined in Weaver and Hagans, (1994). Training is needed for
County Public Works to implement these fish friendly techniques.

Prior to funding and implementing watershed scale road improvements, road assessment
should be conducted to: 1) catalog road construction history (relative to storm history) and
identify potential sources of erosion and sediment production from aerial photos; 2) perform
field road assessment and mapping utilizing DFG approved protocols for sediment inventory
including: roads and landings, sources of erosion and sediment production on watershed roads,
and erosion history and potential landslide evidence; 3) evaluate results of watershed assessment
ranking treatment sites on afishery priority basis (yd3 delivered to stream channels) basis and a
cost/benefit ($spent/yd3 saved from stream channels) basis. Reports of assessments should
include developed plans for specific treatments for high priority sites, and recommended
treatments for secondary priority Sites.

LIMITING FACTOR: GRAVEL QUANTITY

Changes created by humans within the watershed (like dams and urban devel opment) can
alter or disrupt the dynamic equilibrium of ariver or stream by changing the watershed size,
runoff rates, runoff timing or sediment transport processes, over very short time periods. The
stream channel responds by compensating for the changes in the processes that maintain
equilibrium.

For example, over time, dams can impound the sediments that ordinarily are transported
downstream. Streamflow energy is dissipated through the movement of particles. Less particles
to move equates to excess energy and the stream will erode the bed and banks downstream of the
dam, eventually scouring out spawning gravels and causing channel incision. Instream gravel
mining can greatly accelerate this process through removing existing bedload. Concentration of
high flows due to urban development, road building and compaction of agricultural lands also
increase run-off rates, causing excessive bed scour and channel incision. If channel incision
continues it can expose underlying hardpan and bedrock, leaving streambeds devoid of spawning
and rearing habitat.
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Conversely, reduced run-off through ateration of flow quantity or accelerated bank
erosion can reduce sediment transport, resulting in deposition. Both result in aggradation.
Aggradation commonly resultsin lateral bank migration, increasing siltation and sub-surface
flow. Channel stability is affected by these activities and affects every stage of the salmonid
lifecycle. Unfortunately, these are common underlying problems in the Russian River system.

RECOMMENDED ACTIONS:

CDFG and other state, local and federal agencies should support voluntary programs such
asthe NRCS Dairy Waste Program, EQIP, and Sotoyome Resource Conservation Districts Fish
Friendly Farming Program which recommends BMP' s for reducing accelerated runoff from
agricultural lands and practices through the use of BMP sfor cover crops, drainage, road
construction, riparian buffers, avoidance measures.

Projects to offset channel incision, diminished gravel recruitment, gravel bed scour, bank
erosion and riparian loss need to be developed on the mainstem and many tributary sections.
Projects to increase spawning gravel are desirable where suitable spawning gravel isfound on
relatively few reaches, or crowding and/or superimposition of redds has been observed during
winter surveys. Flosi et al. 1998 has specific structure recommendations for each channel type.
Instream structures should only be considered in stream reaches suitable for habitat improvement
structures. Project Implementation recommendations must be theroughly reviewed before
proceeding with instream structures to enhance spawning substrate. DFG and other agencies with
jurisdiction should eval uate stream reaches |located below permanent dams or other gravel supply
restriction areas for potential to import spawning gravel.

Projectsinvolving solely rip-rap as atreatment for bank erosion should be discouraged,
except where structures are threatened. Bio-engineering techniques utilizing vegetative materials
and limited rock should be encouraged whenever possible. The California Department of Fish &
Game Salmonid Stream Habitat Restoration Manual (Flosi et al. 1998) and Water
Bioengineering Techniques for Water course Bank and Shoreline Protection
(H.M.Schiechtl'and R.Stern), are good references for bio-engineering type projects.

LIMITING FACTOR: Riparian Stability

Removing native vegetation from streambanks leads to increased erosion and vertical
bank formation, which tends to create an ongoing cycle of erosion as vertical banks prevent the
natural succession of riparian plant species. Removing vegetation in upslope areas can be equally
detrimental. Timber harvest and hillside agriculture development can cause erosion of hillsides
and streambanks through operation of heavy equipment in streams, tractor logging on steep
slopes, clearing of riparian zones, and construction of roads. Riparian vegetation removal limits
development of fish habitat by preventing large woody debris from entering the river, where it
scours pools and creates shelter. Thin or young riparian corridors limit large woody debris
recruitment, resulting in an unnaturally simplified river or stream without the substrate, structure,
cover, and water quality necessary for salmonid habitat.
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Naman et al. (1992) reports that in Westside forests the amount of solar radiation reaching the
stream channel is approximately 1-3% of the total incoming radiation for small streams and 10-
25% for mid-order (3" to 4™ order) streams. Riparian canopy loss increases this dramatically
resulting in elevated stream temperatures and diminished nutrient and macro-invertebrate inputs
to the stream from the riparian zone. Removing riparian trees and undergrowth can also decrease
water quality, as healthy riparian vegetation acts as afilter for sediment a