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EXECUTIVE SUMMARY

BACKGROUND
I ntroduction

Thisreport gatherstogether the best avallable information to provide the
higorica and current Satus of chinook salmon, coho sdmon, pink sdmon, and
gedhead in the Russan River basin. Although the historicd records are limited, dll
ources depict ariver sysem where the once dominant slmonids have declined
dramaticdly. The last 150 years of humaen attivities have trandormed the Russan
River basn into aweatershed heavily dtered by agriculture and urban devel opment.
Howsin the main river channd river are heavily regulaied. Theresult isariver
sydem with Sgnificantly compromised bidlogical functions. The anthropogenic factors
contributing to the dedine of sdlmonids are discussad.

Study Area

The 1,485 square mile Russian River watershed, roughly 80 mileslong and 10
to 30 mileswide, liesin Mendocino, Sonoma, and Lake counties The baan
topogragphy is characterized by a sequence of northwest/southeedt trending fault-block
ridges and dluvid vdleys Lying within aregion of Meditarranean dimate, the
watershed is divided into afog-influenced coadd region and an interior region of hot,
dry summers The mean annud predipitation is 41 inches, ranging from 22to 80
inches, and primarily occurs from October to May. The pre-diverson runcff regime
hed episodic flows, high winter flows reflected the intendity and duration of Sormsand
low summer flows were sustained by groundwater. Importation of weter from the Ed
River and two large resarvoirs changed that regime, reducing winter flow peeks,
protracting high winter flows, and greatly increesing ummer flows

Salmonid Life Histories

The anadromous chinook salmon, coho sdmon, and gedhead are bormn in fresh
water, live there for some time before migrating, then spend severd yearsin the ocean.
Thesefish return upriver as adults to gpawn in ther natd sreams. Suiitable spawning
grounds must have deen, loosdy compacted grave in cool water with high dissolved
oxygen and an intergrave flow suffident to aerate the eggs The lack of suiteble
grave often limits sucoessful sdmonid spawning in many sreams. Thefatilized eggs
hetch in 50 to 60 days The devin day in the grave for severd weeks emerging as
fry oncethar yolk sac is nearly aosorbed.

Russan river chinook samon usudly return astwo to four year old adullts
entering the river from August to January. They spawn primaily in the maindem and



Dry Cresk. The young chinook begin their outmigration soon after emerging from the
gravd. Coho usudly spend two yearsin the ocean, returning to the river to gpawn from
November into January. They currently spawn in the lower mainstem tributaries The
young oend one year in fresh water inhabiting cool pools with ample cover.
Outmigration occursin their second saring. Both chinook and coho die after spawning.
Returning to the river December through April, most gedhead spawn high inthe
tributaries. Some adults return to the ocean after gpawning to repeet the cyde as many
asfivetimes Thejuvenilesrear in freshwater from oneto four years, preferring cool
waters with abundant cover. Smalt outmigration typicaly ooccursin the early saring.

POPULATION TRENDS

Dedinein Russan River sdmonid populations was noted as early as 1888.
Today, Chinook sdmon and coho sdlmon are congdered a high risk of extinction.
Whether chinook sdlmon were abundant higaricdly in the Russan River is debated.
Datais sparse and there were no population estimates until the 1960's fallowing years
of hatchery supplementation. Regardiess of origin, there are very few chinook presant
in the basin today; those present are largely confined to the maingtem and Dry Creek.
Coho, once 0 prevaent that they supported acommercid fishery, are now esdimated a
less than 1,000 for the entire bagin. Thear presence is much reduced because barriers
and habitat degradation limit use of many creeks that were avallddle hisoricaly. Pink
sdmon, once resdent in the Russan River, are now nearly non-exigeant in the drainage.
They were lagt reported spawning in 1955 and only the occasond fish has been
reported Snce. Aslae asthe 1950's, sedhead supported aworld-classfishay in the
Russan River. The spedes has snce experienced such Sgnificant dedinesthet it is
currently proposed for federd lising as an endangered species The Sgnificant dedine
in American shad and gtriped bass populations, both non-native species, further
indlicates the degradation of fisheries habitat throughout the Russan River watershed.

IMPACTSTO SALMONID POPULATIONS
Dams

Condruction of two large dams, Coyote Valey on the East Fork in 1959 and
Warm Springs on Dry Cresk in 1982, formed absolute barriers to sdmonid migration
and trgpped sediment. It is estimated thet they blocked access to 86 to 169 miles of
higoricdly vauable gpawning and rearing habitat, enough for about 8,000 to 14,000
sedhead adults and 100 coho adults. Lass of the 600,000 tons of sediment trgpped
annudly behind the dams has caused amultitude of adverse morphologicd problems
throughout the baain. Additiondly, some amdler dams on the maingem form barriers
for example, Healdsurg Recreetiond Dam blocks upstream sdmonid migration
high and low flows and blocks dl passage of American shed.



Extengve damming exigs on tributaries Over 500 amdl dams, modly private,
trap sediment, limiting recruitment of downgtream spawvning gravd. Modt tributary
dams dso block the upstream migration of sdmonids Tributary dams and domedtic or
agriculturd weter diversons reduce downgtream flows and increase water temperatures.
These changes are of particular importance to juvenile sedhead and coho because they
rely on smdl, sheded, codl sreamsfor spawning and summer rearing. Lossand
degradation of tributary hebitat is conddered amgor limiting factor for Russan River
sdmonid populaions.

Flowsand Temperature Changes

Until 1908, the Russan River flowed unimpaired. Hows cyded with winter
gormsand were low in the summer. The 1908 diverson of Ed River water through
the Potter Vdley Power Project protracted the dedine of soring flows, but did not
augment late summer flows The condruction of Scott Dam in 1922 brought
ggnificant changes  Ed River water, Sored in Lake Rillsoury and diverted to the Eagt
Fork of the Russan River, provided sgnificant base flows throughout the yeer.
Summer flows, regulaly in excess of 125 cfs, diminated dratified pools and other
summer thermd refuges in the maingem Russan River. Coyate Dam, completed in
1959 for water supply, flood control, and recreetion, dtered the maingtem flow petterns
year-round. Dam operations dampened discharge pesks, prolonged winter high flows,
and increased summer flows above Hedddburg to the range of 200 cfs Thenew flow
regime changed channd morphology bean-wide, compromising or destroying reering
hebitat. Cool water rleased from the dam iswarmed by ambient heating; summer
water temperatures between Hopland and Cloverdde cause sdmonid stress and
goproach lethd levelsbdow Cloverdde On Dry Creek, the benefit of high summer
rdleases of cold water from Warm Sorings Dam is offset by impaired habitet resuliting
from regulated flow. As a consequence, Dry Cresk sdmonid rearing islimited.

Altered Species Composition

Increased summer flows, lack of cold water refugia, the dteration of hebitet by
channdization, riparian vegetation removd, diverdons and impoundments, and the
introduction of non-netive fish species have al worked to cause amgor basn-wide
shift toward warmwater pecies. Of these factors, themodt criticd dement isthe
incressed summer flows in the maingem which now are 15 to 20 times the higoric
neturd levds Juvenile sdmonid habitat has dedined with incressed flows The flow
increase, and the concomitant loss of hebitat and thermd refuges, has created ided
warmweter fish habitat. Asaconsequence, the higorical baance dominated by the
netive coldweter sdlmonids has shifted in favor of warmwater gpecies. The Sacramento
sguawfigh, andive warmwater species which competes with or directly preys upon
juvenile slmonids, dominates much of the maingem. Other established populations of



introduced warmwater Soecies adversdy affect the sdmonids by predation and through
competition for habitat and food. Under present flow and temperature conditions,
warmwater specieswill continue to dominate the maingem, compromising sdmonid
rearing and juvenile mgration.

M or phological Changes

Changesin the flow regime and sediment transport have dramatically
trandormed the Russan River and itstributaries. Loss of sediment load is attributable
to retention behind the basin's large and amall dams, and to grave extraction in excess of
replenishment. The regponse of the maingtem to a decreased sediment load has been to
soour and to downcut which in turn increased bank erosion, crested verticd banks, led
to tributary downcutting, lowered the water table, and isolated flood plains. Loss of
riparian vegetation, ather through eroson, remova, or separation from the water table
resultsin further eroson and vertica bank formation. Vertica banks prevent the naturd
successon that provides replacement for mature vegetation. Prolonged post-gtorm flood
control releases from Coyote Dam exacerbate the failure of these verticd, erodable
banks. Landowner sabilization measuresin reponse to eroson tend to channdize the
river and further disrupt the natural processes

Thereault of these interlinked morphologica changes, on-going today, isa
amplified river sysem lacking the subdrate, Sructure, cover and water qudity
necessary for sdmonid hebitat. In addition, channd degradation, often in combinaion
with the presence of man-made dructures, has created fish passage impedimentsin the
maingem and tributaries. Continued surviva of sdlmonids reguires reversd of the
current trends in total eroson contral, gravel extraction and mantenance of sudtained
flows

Ocean Productivity Trends

Conditions during the marine phase, about haf of asdmonids life, impact
growth rates and overdl survivd rates. Locd hatchery return rates and chinook sdmon
escgpemeant indices show pardld trends for many northern Cdifornaand southern
Oregon rivers. Mogt experienced adramdic collgpsein the late 1980's and early
1990's These gmilarities across such awide geogrgphic area uggest thet ocean
productivity (food availdaility, predation, and harvest) may be a common influence of
sgnificant proportion.

Long-term cydes ranging from 30 to 100 years are bdieved to affect ocean
productivity. Reduced growth rates, measured by mean fork lengths of returning
adults, have been linked with El Nino activity. High ocean productivity might mesk
river sysem problems of habitat loss and degradation. If periods of low ocean
productivity coincide with other factors which result in poor success, sdmonid
populaions could be driven to ariticaly low leves.
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Hatchery Impacts

Since 1870, gpproximately 40 million hatchery-reared sdmonids have been
planted in the Russan River sysem: 8 million chinook samon, 2 million coho sdimon,
and 30 million sledhead. In addition, from 1939 to 1971 juvenile chinook and sted heed
rescued from drying dreamsin the Russan and Ed River sysemswere planted to the
maingem Russan. For thefird century of hatchery supplementation, nearly al fish
planted were from out-of-basn gocks The mgority of chinook and coho werefrom
North Coadt, Sacramento, Klamath, or Wisconsn hetcheries, while most sedheed
came from North Coadt hatcheries. Beginning in 1980, the concepts of ecologica
didinctness and genetic fitness of locd stocks led to efforts a Warm Sorings Hatchery to
propagate locdly returning fish. Since 1990, dl dedhead planted in the Russian River
basin are progeny of adults returning to Warm Springs Hatchery or Coyote Vdley Fish
Fadility, dl chinook planted are of a crested source gock spawned and reared a Warm
Sorings, and 85 percent of coho planted are progeny of adults returning to Warm

Sorings.

Other hatchery and planting practices have changed over time. Larger fish are
planted rather than eggs, embryos, or fry. Juveniles areimprinted & the rdeese Steto
minimize draying when adults return. Some straying isanorma occurrence, the rate
dependent upon environmenta conditions. Many non-native fish specieswere dso
planted in the Russan River sysem, but today only brown trout continue to be planted,
and they only above Lake Mendocino.

Consenausis growing thet hetchery supplementation has had mgor negetive
impacts on the netive or naturdly reproducing sdmonid populaions Hatchery
seection processes, inbreeding, and interbreading dl lead to theloss of genetic
divergty and loss of locd adaptetions. Russan River haichery gocks, amdange of
many different origing are likdy to be gendticdly lessfit for surviva in sreamsthan
wild fish. Remnant populaions of gendlicaly pure Russian River sock may exigt in
the more remote and rdaivey undisturbed tributaries. The rdease of large numbers of
hetchery amolts may dso negaively impect naturdly spawned fish by disolacement,
predation, and competition for food in freshweter and the ocean. Successful hatchery
returnsincrease angler pressure and inddental harvest of wild populaions, asgnificant
threat when wild populaions arelow. Disease continuesto beamgor problem with
hatchery propagation and interbasin trandfers. As hatcheries continue to adapt their
practices, ther function may evolve to one of genetic refugia, protecting stocks urtil
river sysem restoration efforts asaure the sustainability of naturaly reproducing
populaions.



Other Implicated Causes

Agriculturd operations changed the character of riparian lands filling wetlands
and doughs, and removing vegetation. In-channd work for flood control and bank
dabilization measures often accd erated eros on and exacerbated downcutting.
Urbanization throughout the watershed creates demand for aggregete and increases
input of fine sedimentsinto sreams during the devel opment phases Large impervious
aress, cregted by agphdlt, concrete, and roofs, increase runoff and the potentid for
flooding and bank erason. The frequent responseis stream channdization, particularly
on tributaries. Roads may be the mogt Sgnificant impect of urbanization, cregting
sediment input, sream channdlization, and increased runoff. All these impactsincrease
proportionally with populaion growth. Unprotected diversonsfor agriculturd and
domestic use threaten newly emerged fry.

Timber harvest has had amgor impect on the Russian River bagin. Logging
practices accderated erason which slted spawning riffles, diminished food
avalability, and reduced bath spawning and rearing habitat. Theloss of riparian
canopy devated sream temperatures and reduced nutrient input into the Sreams.
Following timber harvest, some forest lands became fragmented or were converted to
other vegetation types not as supportive of sdmonid populaions. An Oregon sudy
condluded that forest condiitions are amgjor factor controlling salmonid abundance.
Harves of fish, whether by in-river goort fishing for adults, by taking of juvenilesas
“trout,” or by ocean commerdd and sport fishing have likdly impected populations,
especidly those native socks thet can sudtan little or no harvedting.

Vi
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1.1 Introduction

One hundred fifty years ago, the Russan River was the heart of a complex of
interdependent ecologica units. Well-developed floodplains, riparian forests, seasond
marshes, high-gradient woodland streams, oak grasdands, and coastal coniferous forests
worked in concert to support highly productive fishery and wildlife habitats. In the
geologicdly brief time span since the mid- 1800's, this system has been transformed from its
naturd condition and balance to what is now essentidly a heavily controlled urban water
conveyance. Two mgor dams, interbasin water transfers, channdlization, water diversons,
resource harvest, agricultura and urban land use practices, and lack of foresight in
management practices have dl contributed to a Sgnificantly compromised function of the
biologicd systems. The changesin the Russan River basin present a classic case sudy of the
modern anthropogenic impacts on interrel ated ecological communities.

This report represents an extensive effort to collect the best available information on
the higtorical and current status of chinook salmon (Oncorhynchus tshawytscha), coho saimon
(O. kisutch), pink salmon (O. gorbuscha), and stedlhead (O. mykiss) in the Russian River
basin. Probable causes for the sgnificant changes associated with these populations are
discussed. Preliminary work on this topic was presented at the Russian River Workshop
sponsored by the American Fisheries Society in February 1995. Since then, Steiner
Environmenta Consulting (SEC) has conducted significant research to provide additiond
Oetalls.

Records and information were collected from Cdifornia Department of Fish and
Game (CDFG) filesin Y ountville and Eureka, Cdifornia; the Cdifornia State Resources
Agency and Cdifornia State Government Publications librariesin Sacramento, Cdifornia; the
Mendocino County Water Agency; and the Sonoma County Water Agency. Interviews with
CDFG wardens and biologists, long-time area residents, and newspaper sources
supplemented agency data. Hatchery plant data were collected from Warm Springs Hatchery,
Coyote Vdley Fish Facility, Mad River Hatchery, and Silverado Fisheries Base.

During the information gathering process it became clear that the historical record for
the Russian River fisheriesis sparse. Federa and state agency records are often limited to
brief fidd observations or gross estimates without sgnificant subgtantiation. The earliest
cannery records give afed for the general magnitude of early salmon presence, but fail to
elaborate on species composition. Anecdota reports from sportswriters and others
demonstrate amagjor presence of stedlhead in the system, but lack the rigor of a population
sudy. Early hatchery managers were interested in producing fish, not ledger pages. Hence,
much of the planting history comes from highly summarized tablesin biennid reports.
Despite the lack of specificity, reports from al sources depict a system where the dominant
samonids have declined dramaticaly due to changes in the flow regime, loss of habitat, and
numerous other anthropogenic factors.
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1.2 Study Area

The Russan River watershed covers 1,485 square miles of northwestern
Cdiforniawithin Mendocino, Sonoma, and Lake counties (Horsheim and Goodwin
1993) (Figure 1.2-1). The basin isroughly 80 miles long, and varies from 10 to 30
miles in width (COE 1982). From its headwaters north of Ukiah, the river flows 69
miles in a southeastward direction. South of Heal dsburg, the river makes an abrupt
turn and flows west 41 milesto its outlet a Jenner on the Pacific Ocean. Mgor
tributaries include Austin Creek, Mark West Creek, Maacama Creek, Dry Creek, Big
Sulphur Creek, Pieta Creek, Feliz Creek, Robinson Creek, and the East and West
forks.

Basin topography is characterized by a sequence of northwest/southeast
trending fault-block ridges and valleys. Hills and mountains comprise 85 percent of
the basin and dluvid valleys congtitute the remaining 15 percent (COE 1982).
Ungable Franciscan lithology underlies most mountainous regions, and landdides are
common. Primary dluvid regions lie dong the course of the maingem and include the
Ukiah and Sane (Hopland) vdleysin Mendocino County, Alexander Vdley, and the
Santa Rosa Plain in Sonoma County. Mount St. Helena, at 4,344 fedt, is the highest
point in the basin (Horsheim and Goodwin 1993).

The basin lies within aregion of Mediterranean climate and is characterized by
warm summers, mild winters, and winter-dominant precipitation regimes. Ninety-three
percent of precipitation occurs between October and May, with snow uncommon. The
basin is divided into two thermd regions. afog-influenced coasta region and adrier
interior region. The coastal region, characterized by cool summers and abundant
summer fog moigture, extends 10 miles inland while the interior region experiences
hot, dry summers. Basinwide mean annud precipitation is 41 inches with arange of 22
to 80 inches. The greatest precipitation occurs a high eevations near Mount S.
Heenaand in the coasta mountains near Cazadero, while the least amount falsin the
southern Santa Rosa Plain (COE 1982).

Episodic flows characterized the basin's pre-diverson runoff regime. Steep
dopes rapidly conveyed heavy winter precipitation into channels causing pesk
discharges many times larger than the mean annud flow. Duration of high flows
depended on length and intengity of the preceding storm event. During summer,
streamflows depended upon groundwater inputs, resulting in low baseflow conditions.
These low baseflows continued until the first winter rains.

Augmentation from the Potter Valey Project and the regulating force of two
large reservoirs have dtered river discharge characterigtics. Winter flow pesks are
dampened under al but the highest flows. The discharge patterns from the two dams
act to protract high water events. Summer flows are gregtly augmented; once
extremdy low to intermittent, mean summer flows at Hed dsburg are now
agpproximatdy 200 cfs (Earthinfo 1994).

12-1
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Figure 1.2-1: Map of the Russian River Basin (adapted from Florsheim and Goodwin 1993).
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1.3 Salmonid Life Histories

The anadromous salmonids present in the Russan River are the coho sdmon,
chinook salmon, and stedhead. Anadromous fish are born and live in fresh water for a
varying amount of time before migrating to the ocean. Once in the ocean, they spend a
number of years before returning to fresh water to spawn. Anadromous salmonids have
excdlent homing mechaniams, usudly returning to their natal stream to spawn. Using keen
olfactory senses, amigrating sdlmonid may pass by and ignore many rivers and tributaries
searching for their natal stream (Netboy 1974). Idedlly, the upstream migration istimed to
coincide with favorable flow and temperature conditions. Salmon and steelhead migrate up
to 2,000 milesin the Y ukon River, but 100 milesis the maximum digance in the Russan
River (COE 1982).

Once stedhead or sdlmon have reached their nata stream, the search for suitable
gpawning grounds begins. Requirements for spawning include loosdy compacted grave
(1.3t0 10.2 cm in diameter) rdatively free of fine Slt, sufficient intergrave flow to aerate
the eggs, cool temperatures (4.4 to 9.4°C), and high dissolved oxygen levels (Meehan and
Bjornn 1991). Suitable graved is extremey important and is often afactor limiting sdmonid
populations on many streams (Reeves et d. 1991). The fish carefully choose their redd
(nest) Stesto minimize the possbility of high flows scouring out the redd. Spawning
usudly takes place in apool tall just above ariffle or in arun-like habitat.

When afemde fish finds a satisfactory area, the fish begin to form pairs. If the
gravd is auitable, the femade will begin digging the redd as the male swims nearby. Redds
may reach dimensions of up to 10 square meters with depths of 30 to 40 cm (Meehan ard
Bjornn 1991). Once the redd is completed, the female moves into the pit and releases her
eggs which are smultaneoudy fertilized by the mae. The femde then beginsto dig
immediady upstream, covering the eggs with gravel. Steehead and sdlmon may repedt this
sequence severd times over severd days. Chinook and coho die after one spawning
migration, but steelhead may return to the ocean and then again return to fresh water to
spawn in subsequent years, some up to five times (Netboy 1974; Shapovaov and Taft
1954). Eggs hatch in 50 to 60 days depending on water temperature and species (Fry 1979).
The newly hatched devin say in the gravd until their yolk sac is nearly absorbed. They
then move up through the gravel and emerge into the stream as fry. The fry then seek cover
and begin the freshwater rearing stage of their life cycle (Meehan and Bjornn 1991).

Chinook Salmon

Chinook salmon begin returning to the Russian River as early as Augug, with
the run continuing into January (Table 1.3-1) (Coey, CDFG, persona communication).
Mogt spawning occursin November and December. Average Size a spawning is 20
pounds with some fish as large as 50 pounds (Fry 1979). Under current basin
conditions, chinook spawn dmost exclusvey in the maingem Russan River and in
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Dry Creek. Generdly, chinook juveniles begin migrating to sea shortly after emerging.
Fresh water resdence, including outmigration, usualy ranges from two to four months,
but occasionaly chinook juveniles will spend one year in fresh water. Yearling
resdenceisrarein Cdifornia and increases in incidence further north (Moyle 1976a).
Little datais available on juvenile chinook in the Russan River. Based on literature
from other river systems, chinook move downstream from March to May (Reimers
1973; Moyle 19764). For example, aregulated flow reach on the Edl River hasa
protracted chinook emigration due to unnaturaly high and cool spring flows (SEC
1987). Chinook emigration in the Russan River may similarly be protracted due to
regulated flows. Ocean residence is from one to seven years (COE 1982). Most chinook
return to the Russian River as two-to four-year-old adults. Chinook, like coho, die soon

after spawning.
Coho Sdmon

Coho samon begin entering the Russan River in November, with the run
continuing into January (Table 1.3-1). Most spawning takes place in December. In
Cdlifornia, adult coho average between 7 and 12 pounds (Fry 1979). The preferred coho
habitat in Californiais a coasta stream with ample cover and cool temperatures (Hassler
1987). Of the spawning habitat now accessible in the Russan River basin, coho prefer
the lower tributaries but will spawn in the main river under low flow conditions (COE
1982). After hatching, the young coho spend one year in fresh water. Jueniles favor
pools with ample cover (large wood, root wads, and undercut banks) and cold water
temperatures of 12 to 19°C (Moyle 1976a, Hartman 1965). Smolt outmigration usualy
takes place in the spring. After leaving fresh water, coho spend between one and three
yearsin the ocean. Most Russian River coho spend two years in the ocean before
returning to spawn and die (COE 1982).

Stedhead

Stedhead begin returning to the Russan River in December, with the run
continuing into April (Table 1.3-1). Most spawning takes place from January
through April, depending on time of freshwater entry. Steelhead usudly spawn in the
tributaries where fish ascend as high as flows permit (COE 1982). Under low flow
conditions, steelhead will spawn in the main river (Daugherty, Louisiana Pecific,
persond communication). After hatching, steelhead spend from one to four yearsin
freshwater. Juvenile steelhead are extremey adaptable in their habitat selection,
though upper tributary Stes are most highly favored and productive. Most young- of-
year fish prefer riffles, while larger (older) fish move into pools. Cover is extremely
important in determining distribution; more cover leads to more fish (Meehan and
Bjornn 1991). Preferred water temperatures are 13 to 21 °C. Most outmigretion is
during the spring (January to June), but some outmigration may occur during any
sgnificant runoff event. Steelhead spend from one to three years in the ocean before
firg returning to the Russian River to spawn (COE 1982). Not dl steelhead die after
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spawning; some will return to the ocean and make one to four additiona spawning
migrations (Shapovalov and Taft 1954).

The sdmonid life cycle is extremdy complex. Impactsto fish a any one dage
will affect the success of the entire brood class. Residence in both freshwater and the
ocean expose anadromous fish to amyriad of possible impacts. Some problems
associated with streams and oceans are preventable, but factors such as natural cycles
in ocean productivity, floods, and droughts are beyond the scope of management

capabilities.
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Table 1.3.1: Timing of life history stages in the Russian River for chinook salmon, coho salmon, and steelhead trout.

Chinook Oct Nov Dec Jan Feb March  April May June July Aug Sep
Upstream Migration
Spawning
Incubation

Emergence

Instream juvenile residence

Smolt emigration

Coho

Upstream Migration

Spawning

Incubation

Emergence
Instream juvenile residence
Smolt emigration

Steelhead

Upstream Migration

Spawning

Incubation

Emergence
Instream juvenile residence
Smolt emigration




2.0 Population Trends

Once, the Russian River contained four anadromous salmonid species:
chinook salmon, coho salmon, pink sdlmon, and stedhead (Table 2.0-1) (Moyle
1976a). 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
resources have suffered. As early as 1888, there was a noted decline in salmon
populations (United States Bureau of Fish and Fisheries 1888). Pressure on the
fisheries increased as the human population expanded in the basin.

Aswith other river basins on the West Coadt, the Russian River has seen
sdmonid populations plummet (Figure 2.0-1) (Nehlsen et d. 1991). In the Russian
River, chinook salmon are congdered at high risk of extinction (Nehlsen et d.
1991). Coho sdmon are considered a high risk of extinction (Higgins et a. 1992)
and are a candidate for federd listing (Weitkamp et d. 1995). Pink sdlmon are now
functiondly extinct in the system. Steelhead runs have decreased significantly and
are proposed for federa listing as endangered under the Endangered Species Act
(Figure 2.0-2) (NMFS 1996).

Chinook Salmon

The extent of naturdly-occurring historic chinook salmon (also known asking
salmon) in the Russian River is debated. Cannery records from before 1890 indicate
that most sdlmon harvested were too small to be chinook, the largest of these
weighing only about 20 pounds. Unfortunately, thisisthe only data avallable for the
status of sdmon populations prior to the Potter Valey Power project completionin
1922. The next references to Russian River chinook populations came decades after
this project was in place. Shapovaov (1946, 1947, and 1955) dated in severd
correspondences that there were few, if any, chinook in the Russan River. He
recommended using Sacramento River stock for introducing arun of chinook in the
Russan River due to the amilarity in the fauna of each basin. Murphy (1945 and
1947) also stated there were few if any chinook in the Russan River, citing: "Reports
from liverymen and wardens indicate that there is a possbility that other species of
sdmon [other than coho] occasiondly penetrate the Russian River in smdl numbers'.
Pintler and Johnson (1956) stated, "Although king sdmon are sometimes caught in
the winter in the lower river, they are rare" Fry (1979) reported there were no
chinook in the Russan River prior to supplementation. Severd other reports and
communications cdlam chinook were a greater part of the Russan River'sfauna. Lee
and Baker (1975) stated chinook historicaly spawned in the upper drainage. Jones
(CDFG, persona communicetion) states chinook were regularly harvested by locd
tribesin Coyote Valey prior to construction of Coyote Dam.

There are no chinook population estimates until the 1960's. Documented
returns appear strongly associated with periods of sustained hatchery supplementation
(Section 3.6). Estimated chinook escapement in 1966 was 1,000 (CDFG 1966) and
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estimated escapement in 1982 was 500 (COE 1982). (Escapement is the number of
adult fish successfully returning to ariver syslem to spawn.) Heavy planting in Dry
Creek during the 1980's did not result in establishment of aviable run. Returnsto
Warm Springs from 1980 to 1996 range between 0 and 304 chinook, with the highest
count in 1988 (Table 2.0-2) (Cartwright, CDFG, persond communication; Estey 1982-
84, 1986; Gunter 1988, 1990, 1991). A single chinook arrived a Coyote Dam in both
1993 and 1994, and no chinook arrived in 1995 and 1996 (Duran, CDFG, persona
communication; Fortier 1995, unpublished data). Historic spawning digtribution is
unknown, but suitable habitat formerly existed in the upper mainstem and in low
gradient tributaries. Current spawning is primarily in the mainsem and Dry Creek.
Views differ asto where in the mainstem spawning may predominate. Recently, there
have been reports of chinook spawning in Mill Creek, Sonoma County (Coey, CDFG,
persond communication). Low chinook escapements, variable water years, and spotty
data preclude an accurate estimate of spawning distribution. Regardless of origin,
hatchery or wild, there are very few chinook presently in the Russian River basin.

Coho Salmon

Coho samon (aso known as silver salmon) were once so prevaent in the
Russian River that they supported a commercia fishery (United States Bureau of
Fish and Fisheries 1888). Cannery records give no mention of gpecies, but fish
weighed between 8 and 20 pounds, suggesting coho were alarge part of the catch. In
1888, 183,597 pounds of fish were caught near Duncan Mills for cannery and
persona 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 themsdaves may sgnificantly
underestimate salmon populations. No further data exist on coho populations until
1975. Lee and Baker (1975) estimated 1975 Russian River coho escapement at
7,000. The COE (1982) estimated 1982 escapement at 5,000. Dry Creek supported
an estimated 300 coho salmon before Warm Springs Dam was built in 1982 (COE
1982). By the early 1990's, estimates of combined wild and hatchery coho numbers
for the entire Russian basin were under 1,000 (Cox, CDFG, persona
communicetion).

Current coho digtribution in the Russan River is much reduced from historic
range. Coho once inhabited tributaries to the West Fork such as Forsythe, Mill, Jack
Smith, Howard, and Redwood creeks. These creeks provided ideal habitat: dark,
deep, shaded pools. Barriers now impede access to these creeks. There are records of
juvenile coho in the West Fork during the last five years, but no records of adult
spawning (Jones, CDFG, persona communication). In the lower river, coho once
inhabited Austin and Mark West creeks. There are no recent records of coho in
Augtin Creek and few have been reported in Mark West Creek. Currently in the
lower river, only Willow Creek, tributaries to Augtin Creek, Santa Rosa Creek, and
Maacama Creek remain inhabited by coho (Cox, CDFG, persond communication).

2.0-2



Pink Salmon

Pink sdlmon once inhabited the Russian River, but are now thought to be
functionally extinct (Nehlsen et d. 1991). The last spawning was seen in 1955. Only
sporadic angler catches have been reported since then (Moyle 1976a; Coey, CDFG,
persona communication). Prior to 1955, pink sadlmon returned in "good" numbers
(various anecdota 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
southernmogt digtribution (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.

Steelhead

Pralific Russan River stedhead runs once ranked asthe third largest in
Cdifornia behind the Klamath and Sacramerto rivers (COE 1982). Thisis no longer
the case; current Russian River populations have plummeted from historic levels
(Figure 2.0-2). Early population estimates are lacking, but anecdotd evidence
dludesto large stedlhead runs throughout the entire Russian River drainage (Jones,
CDFG, persona 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
sedhead rivers. A heslthy 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 were
an estimated 57,000 stedlhead in the Russian River (Prolysts 1984).

Congruction of Coyote Dam in 1959 blocked anadromous fish from the East
Fork Russian River. Prior to the dam, the East Fork and its tributaries contained
some of the best spawning and rearing habitat in the Russan River system (Prolysts
1984). The augmented summer flows from the Potter Valey Project undoubtedly
creeted artificid steelhead rearing habitat. According to newspaper accounts, many
limits of "trout" were taken from the East Fork during the 1950's (Prolysts 1984).
Adult stedhead population estimates for the East Fork prior to Coyote Dam were
2,213 10 7,684 (Prolysts 1984), 36 to 1,292 (U.S. Fish and Wildlife Service 1982),
and 5,000 to 10,000 (Mendocino County 1982). Regardless of the estimate chosen,
the loss of accessto East Fork steelhead habitat was significant.

There have been no basin-wide estimates since 1957, but hatchery returnsfail
to approach higtoric levels. Since 1981, combined return numbers for Warm Springs
and Coyote dams range between 333 and 10,310 (Figure 2.0-3). Thelargereturnin
1995, about 10,000 hatchery fish, islikely the result of improved ocean conditions
and large-scale hatchery plants at both Warm Springs Hatchery and Coyote Valey
Fish Fecility (Section 3.5 and 3.6).
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Other Species

Other species experiencing notable decline in the Russan River are
American shad (Alosa sapidissima) and striped bass (Morone saxatilis). American
shad were once numerous with a range extending up to Ukiah (Jones 1993). In
1971, there were an estimated 11,000 to 22,000 shad in the Russian River (COE
1982). Currently, shad digtribution is blocked by Healdsburg Dam and periodicaly
limited by other seasond mainstem dams depending on flow conditions (COE
1982). There are no population estimates since 1971, but limited distribution and
degraded habitat conditions have undoubtedly contributed to decreased numbers.
Striped bass once supported a Sgnificant sport fishery in the Russan River
(Shapovaov 1944). In 1924, striped bass weighing 28 and 72 pounds were taken
from the Russan River (Metcdf, undated). In 1936, the sport catch was 9,838 fish
(Burghduff 1937), and in 1941 was 59,000 fish (Shapovaov 1944). No population
edimates exist snce 1941. Currently, smal numbers of striped bass are caught in
the lower river (Coey, CDFG, personad communication), and Reynolds (1991)
clams the current striped bass population is not saf-sugtaining. Both American
shad and gtriped bass are not native to the Russian River and support only small
fisheries, but their decline serves to demongtrate the overdl declinein the Russian
River sysem.
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Table 2.0-1: Indications of population size for chinook, coho, and pink slamon and steelhead in the Russian River at various times in history.

PERIOD SALMON STEELHEAD
PINK COHO CHINOOK TOTAL
1880's -8,000 t°_15'000 take_n -Steelhead spawning in all
to annually in commerc@ small tributaries (2).
1920' s hgrvest below Duncan’s -Many fish in the East Branch
Mills (1). in Potter Valley (2).
1930's |-Regular small runs; -Renowned as one of the
to good runs in 1949, world's finest steelhead rivers
. 1951, 1953 (3). (5).
1950's | ast run in 1955 ). -Supports strong sport fishing
economy (5).
1960's -5,000 (5) to 7,000 (6). |-500 thought to be in -5,500 to 7,500. -Estimated 57,000 (5) to
to river (5). 62,000 (6) adults.
, -Heavy planting (Section 3.6).
1970's -Sport fishery begins
noticeable decline (10).
' -A I f -162 78 hatch -41 to 125 hatch - 1 I
1980' s . necdotal reports o 62 to 578 hatchery to 125 hatchery 509 to ,OQO salmon _Approximately 500 to 10,000
to infrequent angler catch [returns annually (7,8). |returns annually (8,9). Jestimated in total hatchery returns annually (9)
of individual fish. -Few fish in river. -Few fish in river. system. . . '
1996 -Heavy planting (Section 3.6).
REFERENCES:

1. United States Bureau of Fish and Fisheries 1888.
2. Anonymous 1893.
3. Wilson 1954,

4. Nehlsen etal. 1991.
5. COE 1982.

6. Lee and Baker 1975.

7. Cox 1993 Personal Communication.

8. Estey 1982 to 1986 and Gunter 1988 to 1991.

9. Cartwright 1996 Personal Communication,
and Duran 1996 Personal Communication.

10. Prolysts 1984.




Year
1980/81
1981/82
1982/83

1983/84
1984/85
1985/86

1986/87
1987/88
1988/89
1989/90
199001
1991/92
1992/93

1993/94
1994/95

1995/96

Year
1992/93
1993/94
1994/95
1995/96

Steelhead Trout

Table 2.0-2: Adult salmonid returns to Warm Springs Hatchery and Coyote Valley Fish Facility.

WARM SPRINGS HATCHERY

Coho Salmon

Chinook Salmon

Male Female 1/21b Total Male Female Grilse Total Male Female Grilse Total
148 185 0 333 0 0 0 0 0 0 0 0
124 235 0 359 2 2 0 4 0 0 0 0
322 242 0 564 515 277 194 986 1 0 1 2
1039 923 0 1962 0 1 9 2 1 1 4
369 468 0 837 32 44 76 7 1 0 8
812 484 4 1300 0 0 0 65 0 0 66
519 696 36 1251 139 5 328 472 50 25 36 111
660 375 10 1045 164 155 257 576 176 4 124 304
453 421 17 891 219 139 176 534 151 61 21 233
428 260 15 703 35 35 100 170 8 6 3 17
239 181 423 100 87 90 277 67 0 32 99
750 834 1591 53 20 89 162 77 46 2 126
1378 1289 2 2669 250 113 215 578 15 22 3 40
856 895 9 1760 110 62 277 449 8 13 21
3561 4525 14 8100 310 392 63 765 59 9 17 85
2135 1958 12 4105 13 13 36 62 18 12 3 33
COYOTE VALLEY FISH FACILITY
Steelhead Trout Coho Salmon Chinook Salmon
Male Female 1/21b Total Male Female Grilse Total Male Female Grilse Total
182 120 8 310 0 0 0 0 1 0 0 1
229 198 13 440 5 2 1 8 1 0 0 1
854 737 5 1596 0 1 0 1 0 0 0 0
1132 982 6 2120 0 0 0 0 0 0 0 0

A. Sources: Cartwlot* 1992 and 1994, Estey 1982 to 1986, Gunter 1988 to 1991. Cartwrtght 1996 Personal Communication, and Duran 1996 Personal Communication.




Number of Fish

25,000

20,000 H

15,000 1

10,000

5,000

ESTIMATED 20,000
TOTAL COHO,
CHINOOK, AND

PINK

ESTIMATED
15,000 TOTAL

ESTIMATED 5,500
TO 7,500

ESTIMATED 500
TO 1,000

1880's to 1920's 1930's to 1950's 1960's to 1970's 1980's to 1996

Figure 2.0-1: Hypothetical escapements to the Russian River for all species of salmon. [Estimates based on
conservative expansion of U.S. Bureau of Fish and Fisheries (1888), Warm Springs Hatchery return numbers, and
anecdotal CDFG reports.



Fish Numbers

70,000 === High Estimate -— Low Estimate
60,000 >\\ 1941
801,000
DULTS & JUVENILES
50,000
40,000
30,000
1957
+
20,000 25,000
' 1936 1972
15,357 5,062
10,000 \ /
0 . e ' ' .
1880 1900 1920 1940 1960 1980

Figure 2.0-2: 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).]

2000



10000

9000

8000

7600

6000 |

5000 -

-

Fish Numbers

4000 -

3000 1

n
e
o

OCoyote Valley
B Warm Springs

Figure 2.0-3: Combined steelhead returns to Warm Springs Hatchery and Coyote Valley Fish Facility. (Data compiled from

CDFG files.)

-—
S
w0
&
ol

1981/82
1982/83
1983/84

1984/85

1985/86

1986/87

1987/88

1988/89

1989/90

1990/91

1991/92

1992/93

1993/84

1994/95

1895/96




3.0IMPACTSTO SALMONID POPULATIONS

Human impacts on the Russian River are highly varied but have had a cumulative
effect on theriver and itsfisheries. Two mgor dams and numerous tributary structures
have led to Sgnificant habitat |oss and changed channel morphology. Augmented flow with
itsinherent temperature modification, introduced fishes, gravel mining, increased sport and
commercid harvest, land use practices (logging, road building, agriculture, and
urbanization), and an increase in hatchery production dl have played a part in the basin-
wide decline in native salmonid populations.

3.1 Impacts Due To Dams

There are two mgor dams in the Russian River watershed: Coyote Dam on the East
Fork Russian River (Ukiah) completed in 1959 (Florsheim and Goodwin 1993) and Warm
Springs Dam on Dry Creek (Geysarville) completed in 1982. The estimated capacity behind
Coyote Dam in 1985 was 88,447 acre feet (SCWA 1985), while the origind estimated
capacity behind Warm Springs Dam was 381,000 acre feet (COE 1973). Designed to
provide flood control, recregtion, irrigation, and drinking water to Mendocino and Sonoma
counties, both structures completely block accessto upstream habitat for anadromous
sdmonids. Estimates of habitat logt vary depending on methodology. Coyote Dam
estimates of logt habitat range from 36 miles (Cramer et d. 1995) to 64 miles (Prolysts
1984). For Warm Springs Dam, estimates range from lows of 50 miles (Cox, CDFG,
persona communication) and 55 miles (COE 1973) to a high etimate of 105 miles
(Cramer et al. 1995).

The areas blocked by these two dams historicaly were vauable habitat for
stedlhead and coho salmon. Before Coyote Dam, the East Fork Russian River and
associated tributaries provided some of the best steelhead habitat in the entire basin and
accounted for an "appreciable portion of the Russan River spawning" (USFWS 1948).
Estimates of steelhead denied access to the area above Coyote Dam range from 2,213 to
7,685 fish per year (Prolysts 1984). According to the find environmenta impact report
prepared by the US Army Corps of Engineers (1973), Warm Springs Dam blocks access to
gpawning habitat for estimated populations of 6,000 steelhead and 100 coho.

In addition to physicaly blocking upstream access to anadromous salmonids, these
dams dso block downstream sediment movement. Coyote Dam blocks gpproximately
200,000 tons of sediment yearly (Sonoma County Water Agency 1985) and Warm Springs
Dam blocks approximately 400,000 tons of sediment annualy (COE 1973). Decreased
downstream sediment transport causes amyriad of downstream morphologica problems
(Florsheim and Goodwin 1993) (Section 3.4). Loss of spawning gravelsisadirect impact
affecting sdlmonidsin the system.
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Coyote and Warm Springs dams are not the only dams in the Russan River
basin impacting fish populations. There are do five smaler impoundments on the
mainstem, and hundreds of lesser dams on tributaries, totaling 509 licensed or
permitted dams in the Russian River basin (State Water Resources Control Board,
unpublished data). Healdsburg Recreationd Dam, congtructed in 1952, illugtrates the
problems caused by smdl mainstem dams (COE 1982). Origindly constructed at
grade, the dam blocked migration only when the flashboards were ingtalled for
summer recreation. By 1969, however, downcutting necessitated extengive rip-rap
ingtdlation below the dam (CDFG, unpublished data). This rip-rgp, combined with the
downcutting, produced a seasond fish migration impediment. The dam isabarrier to
upstream salmonid migration at the higher and lower flows and is a permanent barrier
to upstream shad migration (COE 1982; Jones, CDFG, persond communiceation).

Most dams in the Russan River basin are on tributaries where they degrade the
most important sdlmonid habitat. Tributaries are preferred by stedlhead and coho for
pawning and over-summer rearing. Anecdotd reports claim, "innumerable tons of
sdmon ... pawning far up every stream in the county™ (Anonymous 1893), and
numerous other accounts alude to historic heavy spawning in Mendocino County
tributaries (SEC, unpublished data). Higtorically, tributaries (especidly those facing
north or east) with summer flow and hedlthy riparian vegetation likely supported
sgnificant populations of sdmonids. Most of the smdl tributary dams are private
projects, many done without permit or application; as aresult, few records of design or
Sze ae avallable. Extengve tributary damming exists in the more popul ated aress of
Sonoma and Mendocino counties, as exemplified by Redwood Valey. A Febraury
1995 agrid flight over that valley reveded dams and farm ponds on most tributaries to
the West Fork Russian River with many drainages accommodating multiple dams.

In generd, dams and water diversonsin smal streams tend to decrease
avallable habitat and increase water temperatures downstream (Prolysts 1984). Habitat
islogt ether by decreased downsiream water flow resulting from diversion or by
migration blockage. This adversely affects sdmonids, particularly stedlhead and coho
which rely on tributary habitat for summer rearing. Smal tributary dams also block the
movement of sediments, limiting the recruitment of necessary spawning gravel
downstream. Tributaries are much smaller than the mainstem and thus more sensitive
to environmental changes (COE 1982). According to the COE (1982), the loss of
tributary habitat is the primary factor limiting the recovery of the anadromous fishery
inthe Russian River.
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3.2 Flow and Temperature Changes

Changes in flow and temperature resulting from dams and diversons have
significantly impacted Russian River sdmonid populations. Mainsgem Russan River
flow regimes fal into four digtinct time periods:. prior to 1908, the river flowed
unimpaired; from 1908 to 1922, there was seasond augmentation from the Edl River;
between 1922 and 1959, there was sgnificant year-round augmentation from the Edl
River; and after 1959, Coyote Dam further regulated and stabilized flows (COE 1982).

Prior to 1908, the Russan River flowed unimpaired, tending to follow
concurrent precipitation patterns (Florshem and Goodwin 1993). Winter flows were
high, cyding with storm events, and summer flows were low or intermittent
(McGlashan and Dean 1913). Domestic, municipal, and agricultura users withdrew
water. Spot measurements taken in September 1905 showed discharges of 2.2 cubic
feet per second (cfs) in the East Fork near Ukiah (McGlashan and Dean 1913).
Estimated summer flows at Heal dsburg were 10 to 15 cfs (Cox, CDFG, persona
communication). Low summer flows could have resulted in high water temperatures,
but the maingtem river contained many deep pools with lower layers cooled by
intergrave flow. SAmonids survived summer by seeking refuge in the these dratified
pooals, near springs and seeps, at sites of intergravel flow, and near cooler tributary
inflow (Circuit Rider Productions 1994a).

In 1907, Snow Mountain Water and Power Company completed Cape Horn
Dam, forming Van Arsdde Reservoir on the Ed River. A tunnd from Van Arsdde
Resarvair to the East Fork Russan River was finished in 1908, alowing water
diversion for power production (COE 1982). Due to Van Arsdde Reservoir's limited
capacity, 700 acre feet, this diverson was primarily run-of-the river, and likely had
little effect on flows other than prolonging spring flows in the East Fork Russan
River (Figure 3.2-1). The duration and intensity of prolonged spring flows depended
on snowpack in the Ed River Basin, but seldom extended through July. Continuous
flow records from this period are lacking, but one spot discharge of 6.6 cfswas
recorded near Cloverdale in August 1910, and 17 cfs was recorded near Healdsburg in
August 1911 (M cGlashan and Dean 1913). Higtorical unimpaired flows for the Ed
River from 1911 to 1967 show that, on average, only 17 cfswas available for
diverson during August (Anderson 1972). Undoubtedly, alarge portion of these early
diverted flows were used for irrigation and, hence, did not significantly dter summer
flow in the Russan River. Minor flow augmentation from the Edl River continued
until 1922.

Completed in 1922, Scott Dam impounded Lake Pillsbury (origind capacity
86,000 acre feet) 12 miles upstream of Cape Horn Dam (DWR 1976). Lake Rillsbury
provided regulated flow between Scott and Cape Horn dams allowing year-round
diverson of Edl River water into the East Fork Russian River (COE 1982). The
average summer base dischargesin the Russan River increased dramaticdly, with
summer flows generaly exceeding 125 cfs (Figure 3.2-2) (COE 1982).
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Increased summer base flows eliminated the formation of sratified pool habitat
in the maingdem Russan River. Stratified pools form when currents are too weak or
inflow of cold water istoo great to alow mixing of waters of contrasting temperatures
(Nidsen et d. 1994). In the Edl River at flows of 44 cfs, DWR (1976) found
temperature differences of 11.1°C between surface and bottom watersin pool habitat
16.5 feet deep. DWR (1976) then found that when flows were increased to 83 cfs,
gratification failed to occur, resulting in uniform water column temperatures of
27.8°C. The augmented summer flow regime in the Russan River after 1922
diminated potentid salmonid rearing habitat in margind thermd reaches by
maintaining flows at levels too high to dlow pool drtification.

The congruction of Coyote Dam in 1959 significantly atered downstream
flows. During the rainy season, storage for water supply and flood control dampens or
diminates discharge pesks, particularly in fal and early winter as the water supply
poal isfilling. This atenuation occurs again in the soring when incurson in the flood
control pooal is alowed to maximize water sorage. After sorm events, releases from
the flood control pool generdly sustain high flows for extended periods of time, unlike
natural sysems. Summer flows aso increased Sgnificantly after completion of Coyote
Dam (Figure 3.2-2). Lake Mendocino enabled maintenance of stable base flows
regardiess of diverson flows from the Edl River. Current base flows are set by order
of the State Water Resources Control Board (D1610). The mainstem is used as awater
conduit to supply downstream agricultural, domestic, and industrial needs; releases to
satidfy demands are in addition to the base flow. Two hundred cfs is now the
gpproximate mean summer flow a Hed dsburg, compared with the historic unimpaired
flows of 20 cfsor less (Figure 3.2-2). Coyote Dam's ability to further dter natura
flowsin the Russan River added to the growing problems of changed channd
morphology, impeded migration, and compromised rearing habitat (Section 3.4) (COE
1982; Prolysts 1984, Florsheim and Goodwin 1993).

Cool water release from Coyote Dam was intended to benefit sdlmonidsin
summer, but the influence diminishes below Hopland due to ambient warming asthe
water moves downstream (Hopkirk and Northen 1980; Prolysts 1984). Preferred
temperatures for steelhead are between 13 and 21 °C (Brown and Moyle 1981), for
coho, 11.8 to 14.6°C (Laufle et a. 1986), and for chinook, 12 to 13°C (Brett 1952).
Kubicek (1977) described effects of high temperature on juvenile sdmonids. At
temperatures above 20°C, salmonids suffer stress (decreased metabolic activity and
utilization of food, reduced competitive ability, and increased vulnerability to predation
and disease). Between 23 and 26°C, sdmonids suffer chronic physiologica stress.
Temperatures sustained for 100 minutes above 28°C are letha. Summer temperatures
between Hopland and Cloverdae cause saimonid stress, and high temperatures prevent
juvenile sdmonids from utilizing the river below Cloverdde (Hopkirk and Northen
1980; Prolysts 1984; COE 1982). Mean daily temperatures reach 20°C at Healdsburg in
late April and exceed 23°C by June 1. By June 1, even minimum temperatures a
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Hed dsburg exceed 20°C, creating thermdly stressful conditions for sdlmonids
(Figure 3.2-3).

In 1982, Warm Springs Dam was completed on Dry Creek, resulting in
regulated flows and aloss of rearing habitat below the dam. Cool water released from
Warm Springs Dam keeps temperatures below 16°C, limiting warmwaeter fish
intruson into Dry Creek and creeting favorable temperatures for sdmonids. This
positive effect is offset, though, by impacts to channel morphology from regulated
flows (Section 3.4). Before Warm Springs Dam, summer flowsin Dry Creek were
between 1 and 5 cfs. Present summer flows are approximately 90 cfs at the confluence
with the Russan River and sgnificantly higher immediately below the dam.

Regulated flow coupled with grave extraction has caused channel incision,
channelization, diminished grave recruitment, riparian encroachment, and habitat
samplification. Temperatures are favorable for sdmonid rearing, but lack of riffles
cover, and insream structure severely limits salmonid production in Dry Creek (City
of Healdsburg 1996).
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3.3 Altered Species Composition

Russan River water management and habitat disturbance have worked in
conceit with the introduction of exotic species to cause mgor shifts or declinesin
fish populations throughout the basin. Possibly the mogt criticd festure of the
dtered hydrograph is the increased summer flows. The mainstem Russian River
higoricaly had summer flows in the range of 0 to 20 cfs. The sdlmonids endemic to
the system were well adapted to historic conditions and dominated over warmwater
gpecies (Cox, CDFG, persond communication). During summer low flow
conditions, sdmonids actively sought cool water refuge. Many juvenile coho and
steelhead found shelter in the tributaries where temperatures were moderated by
steep topography and dense vegetation. Some salmonids may have spent the summer
in mainstem scour pools where waters were cooled by intergravel flows,
groundwater seeps, tributary inflow, pool gratification, and riparian shading (Cox,
CDFG, persond communication; Circuit Rider Productions 19944a).

After the Ed River diverson and the congtruction of Coyote Dam, mainstem
summer flowsincreased 15 to 20 times (Section 3.2). Contrary to expectations,
increased summer flows actualy decreased salmonid rearing habitat by inundating
cover and increasing water velocities (COE 1982). The COE (1982) speculated 20
cfs was the optimum flow for summer saimonid rearing in the maingem Russan
River based on available resting habitat (Figure 3.3-1). Summer flows since 1922
have sgnificantly exceeded 20 cfs and have generdly remained above 125 cfs
(Figure 3.2-2). Two hundred cfs has been the approximate mean summer flow at
Hopland and Heal dsburg since Coyote Dam became operationa in 1959. At these
flows, nursery habitat is theoreticdly diminated in the lower (Heddsburg to mouth)
and middle (Cloverdae to Heal dsburg) reaches and reduced 70 percent in the upper
(above Cloverdale) reach (COE 1982).

Co-exigtence of sdmonids and warmwater fish species commonly occurs,
but anthropogenic influences dter the balance of these interactions. In northern
Cdifornia, increased summer flows favor warmwater species over coldwater species
(Hopkirk and Northen 1980). Under historic conditions, sdmonids generally
dominated, but since 1922, the increased summer flows and temperaturesin the
mainstem Russian River not only decreased sdlmonid habitat but actualy created
ided warmwater habitat. Under pre-exigting natural conditions, the warmwater
Sacramento squawfish (Pthychochellus grandis), a species native to the Russian River,
co-existed with native salmonids and they interacted without significant compromise to
either species. Now, squawfish impact salmonidsin two ways. Fird, they are known fish
predators that consume juvenile saimonids. Secondly, Brown and Moyle (1981) found
that squawfish will behaviordly displace sdmonidsin adtered habitats such asthose
resulting from channdlization, riparian remova, and impoundment. All of these
conditions are prevaent on the Russian River. Since flow augmentation, squawfish have
become the most widespread predator in the basin (Pintler and Johnson 1956; Holman
1968), frequently displacing sdlmonids from preferred summer rearing habitat. Two well-
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orchestrated warmwater fish eradication efforts in the 1950's faled to displace the

squawfish from its dominance in the Russan River maingem (Pintler and Johnson
1956).

Of the 48 fish species present in or lost from the Russian River, 29 are
introduced, ether intentiondly or inadvertently (Table 3.3-1). Theintroduced fish
were perceived as valuable sport or forage fish, but most were predatory by nature.
Introduction of non-native fishes began in 1872 with the first known introductions of
predatory speciesin 1899 (Table 3.3-2) (State of California 1891,1907). Predatory
species introduced in the Russan River were largemouth bass (Micropterus
salmoides), smdlmouth bass (M. dolomieui), striped bass (Morone saxatalis), channd
catfish (Ictaluras punctatus) and green sunfish (Lepomis cyanellus) (EIP Associates
1994).

In disturbed and dtered systems such as the Russan River, nonnéive
species tend to out-compete native species, both by direct predation and by
competition for space and food (Moyle 1976b). The introduced predator species
tend to occupy the warmer, lower reaches of the Russian River, posing little threat
to samonids except during the spring outmigration from tributaries and hatcheries.
The heaviest predation is usudly associated with structures that provide habitet;
human " improvements -bridges, bank armoring, dams, and diversons-are
generdly steswith the greatest impacts. A true irony of the shift in species
dominance to predatory non-salmonids occurred during the 1940's, and on through
the 1960's. During the summers of those years, literdly millions of young steelheed
and thousands of sdmon were "rescued” from tributary Stesin the Russan and E€l
basins. The young fish were then trangported to the flowing waters of the Russan
mainstem, where unbeknownst to their rescuers, they probably became feed for the
flourishing warmweter fishery.

Introduced non-predatory fish species can dso have adverse impacts on juvenile
sdmonids by competing for available food and habitat (Moyle 1976b). Such speciesin the
Russan River indude bluegill (Lepomis marginatus), crappie (Pomoxis spp)., American
shad (Alosa sapidissma), and redear sunfish (Lepomis microlophus) (EIP Associates
1994). At temperatures above 20°C, warmwater species will dominate over salmonids
(Moyle 19764d). Reeves et d. (1987) found redside shiner (Richardsonius balteatus) out-
competed trout for food and space in warm water (19-20°C) resulting in a 54 percent
reduction in trout production. In cool water (12-15°C), trout out-competed shiner with
no change in trout production or habitat utilization. Present temperatures and flowsin the
middle and lower reaches of the Russan River favor warmwater species over salmonids,
effectively limiting sdmonid utilization.

It wasinitidly envisoned that augmented maingem flows would benefit the
Russan River sdmonid fisheries by increeang summer habitat (COE 1982; Prolysts
1984). Time has shown, however, that these increased flows actudly decrease
sdmonid habitat and cregte conditions more suitable for warmwater Soecies The
introduction of warmwater species, both predatory and non-predatory, exacerbated that
effect. Under present flow and temperature conditions, warmwater oecieswill
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continue to dominete the maingem Russan River a the expense of sdmonid
populaions.
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Table3.3-1: A lig of 48 native and introduced fish species documented to exist or have exited in the Russian
River. (Datacompiled from CDFG records, Hopkirk and Northen 1980, Lassen 1969, Moyle 1976
Robbinset d. 1991, Cox 1994 Personad Communication, and Jones 1993.)

Common Name Sdientific Name Native/Introduced Satus
River Lamprey Lampetra ayresi N ?
Western Brook Lamprey Lampetra richardsoni N ?
Pecific Lamprey Lampetra tridentata N C.S
Green Sturgeon Acipenser medirostris N R
White Sturgeon Acipenser transmontanus N R
CdiforniaRoach Hesperoleucus symmetricus N C
Hitch Lavinia exilicauda N ?
Hardhead Myl opharodon conocephalus N C
Sacramento Squawfish Ptychocheilus grandis N C
Sacramento Sucker Catostomus ocddentalis N C
Pink Sdmon Oncorhynchus gorbuscha N PE
Coho Sdmon Oncorhynchus kisutch N RS
Stedhead Trout Oncor hynchus mykiss N CS
Chinook Samon Oncor hynchus tshawytscha N RS
Threespine Stickleback Gasterosteus acul eatus N C
Coadtrange Sculpin Cottus aleuticus N C
Prickly Sculpin Cottus asper N C
Riffle Sculpin Cottus gulosus N C
Russian River Tule Perch Hyster ocarpus traski porno N R
American Shad Alosa sapidissima I S
Goldfish Carassius auratus I C
Carp Cyprinus carpio | C
Secramento Blackfish Orthodon microlepidotus I ?
White Catfish Ameiurus catus I ?
Black Bullhead Ameiurus melas I ?
Brown Bullhead Ameiurus nebulosus I ?
Channd Catfish I ctalurus punctatus I ?
Lake Whitefish Coregonus clupeaformis | PE
Cutthroat Trout Oncorhynchus clarki I PE
Atlantic Sdmon Salmo salar I PE
Brown Trout Salmo trutta I R
Eastern Brook Trout Salvelinus fontinalis I PE
Lake Trout Salvelinus namaycush I PE
Western Mosquitofish Gambusia affinis | R?
Inland Silversides Menidia beryllina I 9
Striped Bass Morone saxatilis I R
Secramento Perch Archoplitesinterruptus I ?
Green Sunfish Lepomis cyanellus I C
Bluegill Lepomis macrochirus I C
Redear Sunfish Lepomis microlophus I ?
Smdlmouth Bass Micropterus dolomieu I C
Largemouth Bass Micropterus salmoides I C
Splittail Pogoni cthys macrol epidotus I ?
Fathead Minnow Pimephales promelas I ?
Golden Shiner Notemigonus crysoleucus I ?
White Crappie Pomoxis annularis I ?
Black Crappie Pomoxis nigromaculata | ?
Ydlow Perch Perca flavescens I PE

A: C=common, R = rare, PE=probably extinct, S = seasond, 2= Satus uncertain.
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Table 3.3-2: Exotic fishes planted in the Russian River for which actual records have been found. ( All information
compiled from CDFG files.)

Non- Bluegill &
Salmonid Catfish Lake Largemouth Smallmouth  Yellow Green Sacramento Striped  Crappie
Carp spp  Whitefish Bass Bass Perch Sunfish Perch Bass spp.
1870-79 5 39,000 10,000 — — — — — — —
1880-89 — — — — — — — — — —
1890-99 — — — 6 13,000 10 — — — —
1900-09 — — — — 4,500 — — — — —
1910-19 — — — — — — 18 18 — 18
1920-29 — — — — — — — — — —
1930-39 — — — 100 11,045 — — — — —
1940-49 — — — — — — — — — —
1950-59 — — — — 5,000 — — — — —
1960-69 — — — — — — — — 3,000 —
1970-79 — — — — — — — — — —
1980-89 — — — — — — — — — —
1990-95 — — — — — — — — — —
TOTAL: 5 39,000 10,000 106 33,545 10 18 18 3,000 18
Cutthroat Lake Atlantic
Salmonid Brook Trout Brown Trout Trout Trout Salmon
1870-79 29,000 — — — —
1880-89 — — 307,000 — —
1890-99 100,000 770,000 925,000 47,500 —
1900-09 — — — — —
1910-19 4,000 24,000 — — —
1920-29 711,000 4,130,500 — — 18,000
1930-39 . 1,120,000 — — 12,000
1940-49 — — — — —
1950-59 — — — — —
1960-69 — — — — —
1970-79 — 44,052 — — —
1980-89 . 85,756 — — —
1990-95 — 160,586 — — —

TOTAL: 844,000 6,334,894 1,232,000 47,500 30,000
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Figure 3.3-1: Maximum potential nursery habitat on mainstem Russian River
vs streamflow (COE 1882).
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3.4 Morphological Changes

Naturdly flowing rivers are dynamic systems prone to change. Rivers are
condtantly acting to achieve "dynamic equilibrium", a delicate bal ance between the
flow of water, the sediment trangported, and the form of theriver. In attempting to
reach equilibrium, ariver will balance the flood flows and sediment supply by
adjusting various fegtures of the river channd, mainly dope, geometry, and roughness
(Leopold et d. 1964). The dynamic equilibrium is delicate and any change in the flow
or sediment load will initiate a change in the channel form. Sediment load is often
reduced in regulated (dammed, diverted, controlled flow) rivers. Lack of sediment
resultsin changes to the channel and flow characterigtics (Horsheim and Goodwin
1993). Channd and flow changes often result in downcutting, channdization, fish
passage problems, loss of habitat diversty, and decrease in fish populations (Moyle
1976a; Florsheim and Goodwin 1993).

Prior to flow regulation, the aguatic and riparian habitats of the Russan River
were quite different from present conditions. The river was shalower and wider,
meandering acrossits dluvid valeys. These meanders created oxbows and sde
doughs which, coupled with seasonad wetlands and backwater marshes, crested
seasond habitats for waterfowl and for rearing steelhead and coho saimon (Horsheim
and Goodwin 1993; Circuit Rider Productions 1994a). Extendve areas once existed
aong the Russan River where the riparian was dominated by large trees, shrubs, and
vines. These areas, connected by ariparian corridor, crested wildlife habitat and
contributed extensively to instream fish habitat. Fallen trees and root wads provided
deep scour poolsin the channd which, during the summer, were likdly utilized by
rearing steelhead and coho (Cox, CDFG, persona communication; Circuit Rider
Productions 1994a).

Changesin the flow regime and sediment transport have caused sgnificant
morphologica changesin the Russan River channd (Florsheim and Goodwin 1993).
Dams decrease flow fluctuations and cut off downstream sediment supply. Together,
Coyote and Warm Springs dams are the primary source of the river's long-term
sediment deficit, blocking transport of an estimated 600,000 tons of sediment per year
(Sonoma County Water Agency 1985; COE 1973). Decreased sediment load initidly
causes the river to increase in depth, resulting in extensive bank eroson (Florsheim
and Goodwin 1993). Bank erosion isfurther exacerbated by riparian vegetation
remova and in-stream gravel extraction. To counteract this erosion, bank revetment
dructures are often ingaled, channdizing the river and further interrupting natural
processes. Riparian vegetation remova aso prevents large woody debris from
entering the river and creating fish habitat (Reynolds 1991). Theresultisasmplified
system lacking the substrate, structure, cover, and water quality necessary for
sdmonid habitat.

Gravel mining is the second maor cause of sediment deficit in the Russan River
basin. In the basin there are three gravel mining methods: in-channd, terrace or pit, and
quarry mining. In-channd mining removes materia directly from the stream channdl.
Gravd is often skimmed from bars or excavated directly from the channdl. Terrace or pit
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mining removes grave from higtoric or active flood plain deposits. The pits are
separated from the river by aluvid separators. Some pits are up to 44 feet degper than
the adjacent river channd devation (Gahagan and Bryant Associates, Inc. 1994).
Quarry mining utilizes Stes away from the stream, and has little effect on the stream
channdl. The greatest stream impact from quarriesis demand for water, up to 20,000
gdlons per day for washing and related activities(Florsheim and Goodwin 1993).
From 1981 to 1990, 51 million tons of gravel were removed from the Russan River
basin: 19 percent in-channd, 47 percent terrace, and 34 percent from quarries (EIP
Associates 1994).

In-channel and terrace mining each have unique problems, but both remove
gravel from a sediment-starved system, further decreasing sediment supply. Lake
Mendocino blocks approximately 200,000 tons of sediment per year (SCWA 1985),
and Warm Springs Dam blocks approximately 400,000 tons of sediment per year
(COE 1973). In-channd mining removes grave a rates Sgnificantly in excess of
replenishment, hence contributing to channd incison. In the Mendocino Resch
(Figure 1.2-1), an average of 100,000 tons of gravel per year were extracted in the
1980's and an average of 45,000 to 60,000 tons of gravel per year were extracted in the
early 1990's. This rate of extraction led to a net sediment loss in the reach of 97,000 to
200,000 tons per year. Since the United States Army Corps of Engineers (COE)
surveys conducted in the 1940's, the channel in the Mendocino Reach has degraded 10
to 18 feet (Florsheim and Goodwin 1993). In the Alexander Vdley Reach, an average
of 726,500 tons of gravel per year were extracted between 1982 and 1991. This
extraction led to an average sediment lossin the reach of 630,000 tons per year. From
1991 to 1995, an average of 496,000 tons of gravel per year were extracted, leading to
a sediment loss of 395,000 tons per year (Sonoma County, unpublished data). In the
Middle Reach, an average of 164,000 tons per year were extracted. Natural
recruitment there averages 128,000 tons per year, and the reach suffered a net
sediment loss of 36,000 tons per year (EIP Associates 1994). Sustained overharvest as
well as deep dredge mining of the channel in the 1960's and 1970's led to channel
degradation of 10 to 20 feet in the Middle Reach channel since the 1940's (EIP
Associates 1994).

Negative impacts from terrace (pit) mining are related less to remova of in-
channd gravel and moreto potentid impacts from breaching. The large pitsare
separated from theriver channd by dluvid separators which are non-engineered
gravel banks. The bottom of the pits are well below river channd devations. When
the separator is breached, either quickly in one flood event or more dowly from bank
eroson, the river channd can migrate into the pit, causing "capture”. When this
occurs, riverine habitat changes to lacustrine (Iake-like) habitat as the river channd
incorporates the pit. Pit capture can result in extreme downcutting both upstream and
downstream. Many pits contain warmwater predator fish species. As the separators
breach and the river flows through the pits, warmwater fish dominate the captured pit,
impacting sdmonid populations. Breached pits may dso atract sdmonids during
Soring emigration and trgp them with no chance of surviva once flows dedline
(Circuit Riders 1994a).

Sonoma County gravel demand from the Russian River through 2010 is projected
to equd, if not exceed, current extraction rates. The low estimate for 1991 through 2010
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IS 75 million tons, 3.9 million tons per year. The moderate estimate is 109 million tons,
5.7 million tons per year. The high esimate is 171 million tons, 9.0 million tons per
year (EIP Associates 1994). Naturd replenishment from al sourcesis etimated at
484,000 tons per year, well beow demand. Continued extraction at these rates will
sgnificantly exacerbate existing geomorphic problems.

In response to gravel mining concerns, both Sonoma and Mendocino counties
have created gravel management plans. In 1994, Sonoma County implemented their
Aggregate Resources Management Plan and accompanying Environmenta Impact
Report. Thisis atwenty-year plan which ams to monitor river cross sections and
determine yearly sediment budgets based on actud replenishment (EIP Associates
1994). To prevent degradation of the river channel, mining in excess of measured
replenishment would not be alowed; the only sediment available for mining would be
that which the river deposits over a set basdline year. Recently, Shamrock Materias
was granted aten-year permit to remove up to 131,000 tons per year from the
Alexander Vdley Reach. Severd other tentyear permit applications are pending which,
when added together, could far exceed the most recently monitored sediment
deposition amounts (Sonoma County Water Agency, unpublished data). The
Mendocino County plan for the Russian River is expected by end of summer, 1996.
This plan will discuss natura inputs, past extractions, projected extractions, and
permitting processes (Sota, Mendocino County Water Agency, persona
communication).

Decreased sediment supply causes shiftsin ariver's equilibrium that lead to channd
changes. With a decreased sediment load, the ability of water to carry sediment is greater
than the actua sediment supply. To compensate for this discrepancy, the "hungry” water
picks up sediment from the channdl. This congtant scour causes the channd to downcut.
Mainstem river downcutting causes bank erosion, tributary downcutting, and adrop in
associated ground water levels. Anecdotd evidence clamsthe Russan River was an
aggrading system in the 1930's (Circuit Rider Productions 1994b). Since the first Corps of
Engineers surveysin 1940, reaches of the Russan River near Ukiah (Lake Mendocino
Drive) have downcut gpproximately 20 feet and reaches in the Alexander Valey and
Middle Reach have downcut from 12 to 20 feet (Florsheim and Goodwin 1993). These
changesin bed eevation have undermined bridge supports and other structures. For
example, the Highway 101 bridge in Healdsburg requires premature replacement due to
extengve undermining of the bridge pilings caused by downcutting.

Tributary downcutting is a sgnificant problem in the Russian River sysem. As
maingtem channel devation drops, tributary channelswill increase velocity and scour,
dropping their channe eevations (Florsheim and Goodwin 1993). Tributary
downcutting causes the streams to widen, become shallower, and lose gravel subdirate,
decreasing fish habitat and passage (Circuit Rider Productions 1994b). Gravels
necessary for sdmonid spawning frequently scour out, leaving fewer Stes of lesser
quality. Forsythe Creek near Ukiah has downcut as much as 10 feet near the Highway
101 bridge since 1949. Extensve tributary downcutting necessitated the replacement of
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the Uva Drive Bridge in 1990 (Florsheim and Goodwin 1993). Lower Forsythe Creek
now flows over clay substrate and has highly erodable vertical banks (COE 1982). Feliz
Creek, near Hopland, has downcut five feet since 1979 which has exposed buried
pipelines (Florsheim and Goodwin 1993). Ackerman and Hendey creeksin Ukiah
required mgjor grade stabilization structures to protect upstream bridges.

As channd's downcut and drop in eevation, the water table also drops. In the
Middle Reach, the water table has dropped 5 to 10 feet coincident with channd incison
of up to 20 feet (Forsheim and Goodwin 1993). Near Forsythe Creek, the water table
level has dso dropped coincident with a channel eevation drop of up to 10 feet
(Horsheim and Goodwin 1993).

Asrivers downcut, vertica banks are created. These banks occur dong many
reaches of the Russian River and are very susceptible to eroson (COE 1982,
Florsheim and Goodwin 1993). The winter rel ease schedule from Coyote Valey
Dam may exacerbate the failure of these vertical, erodable banks. Coyote Dam
operationa procedures require sustained discharges up to 7,500 cfs for many days
following storm events (COE 1986). The banks aong much of the Russan River are
composed of fine dluvium. During the extended high flow period, this porous soil
saturates. When flows decline, the saturated banks are prone to mass failure causing
significant erosion and land loss. Landowner responseisto armor the banks, cregting
more channelization and compromising the remaining riparian habitat.

Channdl incison causes an interruption between the active river channd and
its associated flood plains (Circuit Riders 1994a). Vertica bank formation effectively
cuts off natura floodplain function. In a"naturd” Stuation, the floodplain actsto
dow down weter velocity and dissipate energy during high discharges. Floodplains
a0 act as water retention features. Water from afloodplain is dowly returned to the
channel, and retained water may creste seasond wetland habitat. Floodplains isolated
from theriver by channd incison are only inundated on very large flows; in most
flow events they fail to dow water velocity or retain water, and hence, downriver
flooding increases.

Removd of riparian vegetation increases erosion and vertical bank
formation, decreasing the interface between the river and floodplain. Vertical banks
prevent the naturd succession of riparian plant species. Without establishment of
pioneer riparian species, there is no successve replacement for the mature
vegetation asit dies or is washed away (Circuit Riders 1994b). Channe incision and
the accompanying drop in the water table aso may separate mature riparian species
from summer water causing die-off; acomplete loss of riparian habitat may result as
is occurring below Coyote Dam. Urbanization and agricultura development are dso
responsble for the direct remova of riparian vegetation. Since European settlement,
totd riparian areain the Russan River basin has declined 70 to 90 percent (Circuit
Riders 19944).

Channdization and downcutting can creete fish migration problems. In the
Russan River, downcutting combined with instream structures has crested severd
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migration impediments. Healdsburg Recreation Dam presents atotal upstream
migration barrier during the summer base flow period and is an intermittent barrier to
adult salmonids during winter's higher flows. By 1969, the river channd beow the
dam'’s concrete silI had scoured severdly enough to require the placement of rail
cribbing and large boulder rip-rap to control scour and maintain stability (CDFG,
unpublished data). By 1991, downcutting had crested a 14-foot differencein the river
channd devations immediatdy upstream and downstream of the dam, further
exacerbating passage problems (Florsheim and Goodwin 1993). Willow Creek
Diverson Dam in Ukiah aso creates afish migration barrier under certain flow
conditions (COE 1982). Downcutting has dropped the channd eevation 10 feet below
the concrete spillway, forming abarrier under high and low flows (Florsheim and
Goodwin 1993).

Morphologica changes and manmade structures in the tributaries have dso
created fish passage problems. Tributaries to the Russan River contain at least 500
small impoundments, most without fish ladders (State Water Resources Cortrol
Board, unpublished data). The fisheries impacts of these structures are unknown, but
many are likdly to pose migration impediments during both adult and juvenile life
stages. Mot tributaries are channdlized to varying degrees. The most significant
channelization is associated with urban aress, where streams are often confined with
concrete and rip-rap (Florsheim and Goodwin 1993). Doolin Creek in Ukiah has
passage problems due to urban encroachment and channelization. Gibson Creek, a
Ledie Street in Ukiah, has a cement box culvert blocking access to spawning habitat
under most flow conditions, a problem exacerbated by downcutting (Jones, CDFG,
personad communicetion). Rip-rap grade stabilization structures on Ackerman and
Hendey creeks have both required modification with fish ladders in an atempt to
improve salmonid access. These tributary problems are attributable to downcutting in
the maingtem and a system-wide trend towards channel degradation. The
preponderance of the usable sdmonid habitat in the Russan River basin liesin the
tributaries, and the COE (1982) cdlls the degradation of the tributaries the single
greatest factor limiting sdmonid populations. Accessble and hedlthy tributaries are
vitd to the maintenance of healthy sdmonid populations.

Channe morphology and the physica processes of the river system control dll
aspects of the biologica system. Changesin sediment load or flow will cause channd
adjustments. Continued gravel extraction compounds existing problems caused by
reservoir sediment retention and past gravel extraction. The Russan River will never
regain itsform of ahundred years ago. Insteed, it will congtantly seek equilibrium based
on the current variables of channdization, reduced sediment supply, and regulated flows.
Continued surviva of saimonids, much less any approach toward historic population
levels, will require some reversd of practices that currently encourage riparian vegetation
removadl, tota eroson control, gravel extraction, and sustained unnaturd flows. Habitat
and migration conditions for saimonids are generdly best in systlems where hydrologic,
geomorphic, and riparian aspects most closaly reflect unimpaired conditions.
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3.5 Ocean Productivity Trends

Samonids spend gpproximately haf of their life in the ocean, and therefore,
conditions during the marine phase of life play an important role in determining
overd| growth and survivd of these fish from smalt to spawning adult. Historical
records and relevant literature were reviewed to explore possible relationships
between population variation and ocean productivity.

The rate & which adult salmonids return to hatcheries is an important
indicator of ocean productivity. Warm Springs Hatchery steelhead return rates for
emigration years 1982 through 1994 were calculated from the total number of smolts
released into Dry Creek asyearlingsin agiven year (Table 3.6-1) and the total
number of adults, excluding half-pounders, returning two years hence (Table 2.0-2).
The resulting data set was graphed for emigration years 1982 to 1994 (Figure 3.5-1).
The lowest return rate, 0.18 percent, occurred in 1990/91, which corresponds to the
emigation year of 1989 (Figure 3.5-1). Hatchery steelhead from the Edl River and
hatchery chinook from the Trinity River dso had relatively low rates for that return
year. The parale trend between hatcheries suggests that one or more factors
common to both species and to al three drainages influenced survivd rates. The
variable most common to al these systems was ocean productivity, aterm used here
to encompass the availability of food, impacts from predation, and rate of harvest.
Although these return rate data sets are limited to relaively few drainages and cover
ashort span of years, amilar trends are seen in steelhead, coho samon, and chinook
sdmon return rates from river systems as far north as British Columbia. Fisher and
Pearcy (1994) conclude that ocean conditions were the primary factor.

The strength of wild sdmonid runs returning to their natd streamsto spawn
(escapement) is an additiond indicator of ocean influences. Chinook salmon
escapement indices for severa drainages in northern Cdifornia and southern Oregon,
compiled from Pecific Fisheries Management Council data, reved smilar long-term
patterns (Figure 3.5-2). Each annud index vaue was normalized as a percentage of the
historical average for that river. The resulting trend lines showed pegksin adult returns
for mogt drainages in the mid- to late 1980's and dramatic collapses for dl 13 drainages
by 1991. Together with the hatchery return rate analysis, chinook escapement trends
reinforce the hypothesis that the mgjor decline in population in 1990/91 was driven by
environmenta factors common to the river systems. Climatic regimes affecting juvenile
and adult migrations were probably of minor importance because many of the river
systems had regulated flows, and local weether patterns varied considerably from
central Cdiforniato Oregon. Hence, ocean productivity emerges as the most common
vaiadle,

Shiftsin ocean productivity that span decades have been linked to cyclica
changes in the strength and direction of mgor ocean currents. Hollowed and Wooster
(1991), Tabata (1991), and Francis (1992) studied patterns of climatic and marine
influence. Their modelsincorporated effects of broad-based climatic variables,
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including north Pecific atmaospheric pressure, sea surface temperature, and the more
remote El Nino Southern Oscillation phenomenon (E! Nino). These climatic variations
were linked to the north-south plit of the trans-Pacific Current as it diverges upon
approaching the Pecific west coast. The pattern of the split influences the relative
grengths of the Alaskaand Cdifornia currents. The overal conclusion emerging from
the various oceanic studies was that there was a demonstrated relationship between the
ocean currents and ocean productivity as reflected by salmon populations. When the
split of the trans-Pacific current favored the north-flowing Alaska Current, sdmon
populations were strong in the Gulf of Alaska and weaker off Washington, Oregon, and
Cdifornia By contrast, when the current splits sending most of the flow south with the
Cdifornia Current, salmon populations increased aong the coast but were depressed
off Alaska. The cycle lasted approximatdly three decades. The primary mechanisms
linking shifts in ocean current patterns with changesin biologica productivity

throughout the food web generdly are thought to be coastal upweling (or
downwelling) and advection (Ward 1993) in marine deposits offshore from Santa
Barbara, Cdifornia

Marine sediment records reveal even longer cyclesin ocean productivity. Fish
scale deposition rates for the Pacific sardine and northern anchovy from A.D. 270
through 1970 were measured by Soutar and 1saacs (1969) in marine deposits offshore
from Santa Barbara, Cdifornia. A detailed andysis by Baumgartner, Soutar, and
Bartrina (1992) reveded cyclica variationsin population levels with periods of
approximately 60 to 100 years. Collgpse and recovery were apparently norma events
throughout the 1700 years of record. The recovery that began in the late 1970's was
considered to be quite smilar to those of the past. Because at least one of the two
species, the anchovy, isaprincipd diet item for sdmon (Petrovich 1970), it is
reasonable to assume that this species population cycles would be reflected in
samonid population trends as well.

Ocean productivity can influence growth rates aswell as surviva. Shapovaov
and Taft (1954) documented relatively short mean fork lengths for adult steelhead and
coho salmon returning to Waddell Creek in 1941/42, ayear that has been associated
with sgnificant El Nino activity. Chinook salmon mean fork lengths for the upper Ed
River in 1984/85 reveded sgnificantly reduced growth rates, attributed to effects of
the 1982/83 El Nino (SEC, unpublished data). Pearcy (1992) aso documented the
shortest mean fork lengths of record for maturing coho salmon caught off the Oregon
coast during 1983. Since smdller adult sdmonids generaly produce fewer eggs,
suppressed growth rates probably reduced the reproductive potential of these spawning
populations.

Multiple-drainage trends and longer-term cyclica variations clearly demondrate
that ocean productivity must be taken into account when interpreting year- by-year
changes in sdlmonid population leves. If Russan River coho samon or sedhead
populations were dready low due to other causes, a subsequent downturn in ocean
productivity might have deleterious effects, possibly driving numbersto criticd levels.
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Conversdly, high ocean productivity might mask problems associated with habitat
loss or degradation, management practices, or other factors. Documentation of
marine influences afirms that factors responsible for determining historica
sdmonid population trendsin the Russan River are varied and complex, by no
means limited to the geographic confines of the watershed.
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Figure 3.5-1: Salmonid return rates for three North Coast rivers. (Returns for the 1994 emigration year are
limited to 2-salt years only.)
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3.6 Hatchery Impacts

The use of state-funded fish hatcheriesin California dates back to 1870. Since
their inception, the purpose of these facilities has been "to stock and supply streams,
lakes, bays with both foreign and domegtic fish" (Leitritz 1970). Theintent of
stocking has been to provide fish for sport and commercid fishing, for restoration,
and for mitigation. To these ends, hatcheries have provided the sa€'s citizens with
untold millions of sport and commercid fish, predominantly sdmon and trout. From
abiologica perspective, haichery supplementation is, at best, a symptomatic
treatment for underlying problems of habitat loss and degradation, overharvest, and
other chronic conditions.

Hatchery programs have added substantial numbers of young sdmonids to
the Russian River system. Since 1870, approximately 30 million hatchery-reared
gedhead, 8 million chinook salmon, and 2.1 million coho salmon have been were
planted in the basin. In addition, alarge number of rescued fish (moved from drying
sreams), many from the Edl River basn, were moved to the Russan River maingem
between 1939 and 1971. Large-scde atificid plantings such as these can impact
native salmonid populations through oss of genetic materid, inbreeding, run-time
change, competition, and predation. Disease can dso result from heavy and
continued hatchery supplementation programs.

History of Hatchery Plants

Hatchery plant data were compiled from published and unpublished
documents covering the period between 1872 and 1995. The records consisted of
biennid reports of the Cdifornia Department of Fish and Game Commission; the
quarterly publication "Cdifornia Fish and Game' (1914 to 1994); annua reportsto
the Fish and Game Commissioner (1972 to 1993); "Outdoor Cdifornid' (1964 to
1969); actua planting receipts from Silverado Fisheries Base, Mad River Hatchery,
and Warm Springs Hatchery; annua reports from Warm Springs Hatchery (1982 to
1995); annua reports from Coyote Valey Fish Facility (1993 and 1994); and other
Cdifornia Department of Fish and Game documents. Some records were incomplete
with certain years unobtainable, so data gaps exist. When possible, the missing
information was obtained from other documents. Where duplicate data existed,
planting dates, locations, and numbers were carefully compared to avoid duplicate
entries. Any numbers not specificaly referenced are part of the database compiled
by SEC.

The rdiability of compiled data depends on the strength of the underlying
source documerts. Documents varied in reporting methods and level of detall. For
example, some records described the exact date and planting location, whereas
others listed only the year and county. This compilation of supplementation records
isintended to convey the generd magnitude rather that the exact amount of hatchery
plantings to the Russan River through the last century.
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This section contains the following technica terms with specific definitions
important to the discussions presented. Stock is fish that spawn in aparticular river
system (or portion of it) at a particular season, and that do not interbreed to any
subsgtantia degree with any group spawning in adifferent place, or in the same place
at adifferent season (Ricker 1972). Native describes fish descended from origind
stocks present prior to land use development activities (Nehlsen et d. 1991). Out- of-
basin stocks are fish brought into one basin from another basin. Naturaly spawning
isaterm loosdy applied to any fish naturaly reproducing in the river system,
whether of native or hatchery origin.

The most notable recent trend in hatchery management has been the move
away from usng nonnative sdmonid stocks while moving towards planting
progeny of localy returning adults. Prior to 1980, stocks from diverse origins were
commonly planted in the Russan River. Higtoricdly, at least 6 chinook sdmon, 5
coho saimon, and 7 steelhead stocks were introduced into the Russian River from
other basins. Hatchery stocks were not limited to the basin where the hatchery was
located, and hatcheries often incorporated the practice of cross-breeding fish of
different stock origins. Mot steelhead planted in the Russian River were supplied by
hatcheries in the North Coast region, while chinook and coho came from North
Coadt, Sacramento River, and Wisconsin hatcheries. Due to decades of out-of-basin
stock introductions, many native Russan River sub-stocks may be geneticaly logt.
The predominant fish in the Russan River today islikely alocdly adapted stock
derived from many stocks, but which gill carries some native Russan River genetic
materia. During the 1980's and 1990's, the concept of the ecologicd digtinctness
and genetic fitness of loca stocks gained strength. As a consequence, efforts have
increased to protect these specific adaptations by propagating locally returning fish
to their respective drainages.

Over time, the age and sze of planted fish has changed. Early in the century,
eggs, embryos, and fry were planted in large numbers. These attempts suffered high
mortdity, and gradudly the practice changed in favor of planting larger fish which
are more likely to survive than the smaller juveniles (Smith et d. 1985,). On the
Russan River, thistrend is difficult to verify dueto the lack of fish Sze data;
however, the few references prior to 1920 indicate egg and fry planting
predominated. Stedhead plantings from 1939 to 1970 were dominated by fingerlings
(young-of-year fish) from "rescue’ operations. Since 1971, planting policy has
varied by species. Generdly, chinook are planted as fingerlingsin ther first spring,
coho as yearlings (one-year-old fish), while sedhead are planted both as fingerlings
and yearlings. The current Sate policy isto plant stedhead as yearlings no smdler
than 20 to the pound with younger surplus fry being released throughout the year.

Fish culturists have come to understand the importance of imprinting, the rapid
and irreversible learning process by which juvenile sdmonids learn the navigationd
cues to help them return to their natd streams (Slatick et d. 1981). The individua
odors of astream are believed to be the primary sensory cues adult fish follow.
Successful hatchery returns to a specific release Site are maximized and straying
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reduced if fish are held a the release Ste long enough to imprint with the Site.

Operationdly, 10 to 14 days are considered minima holding periods for
successful imprinting to occur.

The Coyote Vdley Fish Facility (CVFF) was opened in 1992 as afish imprinting
and egg taking facility. The primary objective of thisfacility was to increase the number
of adult steelhead returning to the upper Russan River, thereby mitigating the loss of
habitat upstream from Coyote Dam. Adult fish trapped at CVFF are spawned and eggs are
trangported to Warm Springs Haichery for hatching and rearing. After one year, the reared
fish are returned to CVFF for imprinting and release. Typicaly, the fish are held for 30
days prior to release (Fortier, CDFG, unpublished data).

Straying of saimonids between river sysemsis a natura and regular occurrence.
Straying rates are influenced by environmenta conditions, and vary annualy. Under
norma conditions straying is minima (Cramer et d. 1995). Smith (1994) found steelhead
draying rates of only 2.3 to 6.6 percent in Wadddl Creek when the mouth of Scott Creek
was open, but when the mouth of Scott Creek was closed, straying to Waddell Creek
increased to 22.9 percent. Leider (1989) found the percentages of strays in an adjacent,
non-impacted tributary increased from 16 to 45 percent in response to ash falout impacting
atributary below the Mount . Helens volcano. Chinook draying rates are dightly higher
than steelhead due to likelihood of encountering low flow conditions. Mgor et d. (1978)
found an average chinook straying rate of 8.4 percent for severd hatcheries on the
ColumbiaRiver.

In 1992/93, eight steelhead were recorded at CV FF with fin clips matching
those given to Eel River smoltsin 1991. According to CDFG personnd, as many as
100 clipped stedlhead were captured at the facility, but no forma records or tissue
samples were kept. These clipped fish led to speculation that straying from the Edl
River was due to the input of Edl River water to the Russan River from the Potter
Valey Project. Examination of state-wide planting records showed at least 400,000
steelhead smolts with the same clip were released in the tate during 1990 and 1991
with only 41,900 of these being released to the Edl River (SEC 1994). Unfortunately,
no genetic studies were conducted to determine the source of the stray fish. Since
1992/93, more detailed records have been kept at CVFF and there isyet no
documented occurrence of a clipped Edl River fish returning to CVFF. It ismore
likely that hatchery fish from the Sacramento system would stray into the Russian
River due to the relaively close proximity of the rivers mouths.

Chinook Salmon

The firgt recorded attempt to artificialy increase the chinook salmon population
in the Russan River basin occurred over a century ago. In 1881, 15,000 chinook were
planted in the maingtem (State of Cdifornia 1883). Since 1881, over eight million
chinook have been introduced into the system, al hatchery reared except 2,382
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"rescued” from the Edl River in 1939 (Figure 3.6-3) (CDFG 1939). Early efforts were
gporadic until 1949 when a congstent program began. Though continuing until 1970,
that program failed to establish a viable population.

Prior to 1980, al chinook salmon planted were progeny of out-of-basin stocks
(Figure 3.6-4). Source stocks included the Sacramento River, Ed River, Mad River,
Klamath River, Silver King Creek, and Wisconsn Strain (Green River, WA) (Table
3.6-3). Facilities providing these stocks included Ukiah (1916), Shasta (1959-60),
Nimbus (1962), Coleman (1963-64), and Darrah Springs (1969-70) hatcheries
(Leitritz 1970). The failure of earlier planting efforts (1949-1962) was attributed to
the use of "fal" run chinook that have an early spawning run. Returning to the river
as early as July, the spawners from these stocks found adversely high water
temperatures which caused spawning females to ripen and lose their eggs prematurely
(Gunter, CDFG, personad communication). Furthermore, summer dams erected for
recreationa purposes hindered upstream migration. Efforts after 1963 used a later
"winter" run stock in hopes that returning adults would encounter cooler water and no
summer dams (CDFG 1964).

In 1982, systematic efforts were made to establish a source stock that might
congstertly return to the system. Warm Springs Hatchery imported chinook from
Wisconsn, the Edl River, and the Mad River. A gradud trend towards planting
progeny of local returns also began in 1982. From 1980 to 1989 only 15 percent of
the chinook plants were progeny of Warm Springs adult returns, but snce 1990, all
chinook plants have conformed to the local-return stock sdection policy.

All attempts to establish a chinook run in the Russian River have been
margindly successful, a best. Establishing asignificant wild or hatchery chinook
population appears unlikely as the Russan River may no longer posses gppropriate
conditions. For that matter, it isnot clear if historic conditions ever favored large
numbers of chinook (Section 2.0). Probably of grestest importance isthe fact that
Withler (1982) found no successful case of establishing a new run of anadromous
sdmonids by interbasin trandfer.

Coho Salmon

Approximately 2.1 million coho have been planted in the Russan River
(Figure 3.6-5). The first recorded plants occurred in 1937 when 171,500 fish were
released, primarily in Mendocino County. No further coho were planted until 1963
when congstent plants began. From 1963 to 1995, gpproximately two million coho
were planted. From 1940 to 1980, over 137,000 coho were rescued, 44 percent of
which were out- of-basin stocks, mainly from North Coast sources (Table 3.6-1)
(CDFG, unpublished data).

Before 1980, dl coho planted in the Russian River were from out- of-basin
stocks (Table 3.6-3). Noyo River and Iron Gate Hatchery (Klamath River) srains were
the dominant source stocks accounting for gpproximately 1 million planted coho, 57
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percent of thetotd for al out-of-basin stocks (Figure 3.6-6). Other source stocks included
Alsea River in Oregon and Soos Creek in Washington. Hatcheries providing these stocks
included Cold Creek (1937), Darrah Springs (1969- 76), and Mad River (1980-81).

Warm Springs Hatchery began development of a basin-adapted strain for the coho
stocking program in 1980. Source stocks included Noyo River, Iron Gate, Ed River,
AlseaRiver (OR), and Soos Creek (WA). Between 1980 and 1989, 15 percent of coho
planted were progeny of fish returning to Warm Springs Hatchery. From 1990 to the
present, 85 percent of planted coho have been progeny of fish returning to Warm Springs
Hatchery.

Steelhead

A review of hatchery records reveded that at least 30 million steelhead have been
planted in the Russan River since 1870 (Figure 3.6-1). Three mgjor steelhead planting
periods exigt. Thefirgt period, from 1890 to 1939, peaked in 1920 to 1929 when
5,647,400 steelhead were planted. The second period fell between the loss of the Cold
Creek Hatchery in 1939 and the commissioning of the Mad River Hatchery in 1971.
During this second period, the Russan River was primarily stocked with steelhead
"rescued” from summer-intermittent streams (Table 3.6-1) (CDFG 1939; CDFG 1972),
and very few hatchery steelhead were planted. Shapovaov (1944) noted that "dl" stocking
carried out at that time used rescued fish, 28 percent of which were from other basins,
most notably the Edl River. Thethird period, 1980 to the present, corresponds to the
congruction of Warm Springs Dam and its associated fish hatchery. Over 15 million
stee head have been planted in the drainage since 1980, with nearly 14 million coming from
Warm Springs Hatchery (Table 3.6-2).

Almogt dl stedlhead planted prior to 1980 were from out-of-basin stocks (Table 3.6-
3). Documented stocks include E€l River, Prairie Creek, Mad River, San Lorenzo River,
Scott Creek, and Washougal River (Washington) (Figure 3.6-2). Fish were hatched and
reared by a succession of North Coast facilities including Ukiah (1897-1927), Cold Creek
(1928-1937), and Mad River (1971-1980) hatcheries. In 1980, CDFG planting policy
shifted to planting progeny of adults returning to Warm Springs Hatchery. From 1980 to
1989, progeny of Warm Springs Hatchery returns comprised 93 percent of the steelhead
planted to the Russian River. Since 1990, dl hatchery steelhead planted are progeny of
adults returning to Warm Springs Hatchery and Coyote Valley Fish Facility.

Other Plants

Many non-native fish species have been planted in the Russan River system.
Introduced game species include brown trout (Salmo trutta), largemouth and
amdlmouth bass (Micropterus dolomieu and salmoides), and Lepomis spp. (Table
3.3-2). Thesefish offered many attractive attributes. Bass were known as excellent
game fish with agood culinary reputation. The large Sze of Brown trout made them
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atractive to anglers, and their ease of adaptation to hatchery conditions enhanced their
popularity with fisheries managers. Among exotics, only brown trout planting continues.
From 1890 to 1995, roughly 6 million brown trout were planted (Figure 3.6-7). The vast
mgjority were planted prior to 1940 with only 290,000 having been planted since 1970.
Prior to 1978, brown trout plants were distributed between Mendocino and Sonoma
counties, but since then, dl plants have been to the East Fork Russian River above Lake
Mendocino.

From the 1870's to present, rainbow trout have been planted to support a put-
and-take fishery in the Russan River (Figure 3.6-7). The domesticated fish used for
this planting are the product of CDFG broodstock programs at various hatcheries
around the state. Records indicate that gpproximately five different srains of rainbow
trout were planted. Since 1978, gpproximately 21,000 fish have been planted annually
in the East Fork Russan River (CDFG, unpublished data). These fish do not
contribute to the anadromous steelhead runs in the Russian River since they are
planted above Lake Mendocino. No catchable rainbow trout have been planted in the
mainstem since 1958. Cdifornia Department of Fish and Game policy forbids the
planting of catchable trout in waters supporting anadromous fish (Week, CDFG,
persond communication).

Impacts of Hatchery Plants

Consensusis forming that hatchery supplementation has resulted in mgjor
negative impacts to sdmonids including loss of genetic diversity, displacement of
naive stocks, and disease transfer (Nehlsen et d. 1991; Higgins et d. 1992; Cramer et
d. 1995). These effects are manifested in many ways and can vary dramaticaly from
Species to gpecies and between years. Quantifying impacts is often difficult due to the
complexity of both sdmonid life cycles and aquatic systems. Given the magnitude of
planting in the Russan River over the past century, it islikdy that these impacts were
experienced by sdmonidsin this system.

Theloss of genetic diversty through selective breeding, inbreeding and
interbreeding concerns many fish biologigts as this can compromise the ability of both
wild and hatchery fish to adapt to environmentd change (Weitkamp et d. 1995).
Sdective breeding for individua characteristics such aslarge Sze or early run timing
can diminish a hatchery stock’s genetic variability. Weitkamp et d. (1995) note
hatcheries tend to select their spawners from earlier portions of the run, leading to
advanced and compressed run timing.

Inbreeding aso causes aloss of genetic diverdity. Hatchery gene pools are
smdll, and repeated inbreeding tends to create a homozygous population. Smal,
homaozygous gene pools lack the natura easticity necessary to adapt to changing
environmenta conditions. Inbreeding may aso cause depressed fertility. Iron Gate
Hatchery coho experienced alow 38 percent fertility rate which was attributed to
inbreeding (Higgins et d. 1992).
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Interbreeding is the third possible cause of genetic diversty loss. Hatcheries
often crossbreed stocks from different basins creating a"mongre fish" poorly adapted
to any specific location (Hillborn 1992; Stickney 1994). The offspring from out- of-
basin stocks are commonly released into basins inhabited by native stock. If hatchery
and native stocks interbreed, native gene stock dilution is possible (Cramer et d. 1995).
Large hatchery plants may overwhem native stocks leading to "genetic swamping” or
loss of loca adaptations (Altukhov and Samonkuva 1986).

Hatchery stocks are genetically lessfit for surviva in streams than wild fish
(Hillbom 1992). Hatchery stocks are adapted to hatchery conditions and are often less
successful at locating spawning gravels, avoiding predators, or finding natura food.
Negative impacts of hatchery rearing are not limited to one generation; studies have
consgtently found the progeny of hatchery fish have a consderably lower survivd rate
than those of wild fish (Smith et d. 1985). Cramer et d. (1995) state that hatchery
practices have led to alack of genetic fitness on the North Coast.

Russan River sdmonids have likdly suffered hatchery-related genetic impacts.
Prior to 1980, many different stocks were introduced to the system. The present Russian
River hatchery ock islikdy amdange of many differert origins. Warm Springs
sedhead stock has been gatigticdly shown to have far more in common with Edl River
stocks (Cramer et a. 1995) than the native Russian River stocks. Based onthis genetic
smilarity, Cramer concluded that the Dry Creek stock is descended from Mad River
Hatchery (Ed River stock) smolt releasesin 1979 and 1981. Dueto the current hatchery
stock's out-of-basin lineage, fish planted from Warm Springs hatchery production are
likely less suited to Russan River conditions than native stocks.

The gatus of gendticaly pure Russan River socks is unknown, but it is possble
that remnant populations remain in some of the more isolated headwaters. Anecdota
and agency reports of fish spawning in larger tributaries are rdatively common,
especidly in wetter years. Fry and larger fish are commonly reported rearing in
tributaries where summer flow and riparian vegetation provide suitable habitat. Many
remote and rdatively undisturbed drainages il retain vigble "naturd™ populations,
including Pieta Creek (Rich 1991), Big Sulphur Creek (McMillan 1985), Mark West
Creek, Santa Rosa Creek (Cox, CDFG, persona communication), Maacama Creek, and
Audtin Creek (Coey, CDFG, personal communication).

Another potentid negative impact of hatchery plantsis the displacement of
native stocks through density-dependent competition. Because they are released in high
numbers, in discrete pulses, and at alarge size, haichery plants may outcompete and
displace naturally spawned fish. Digplaced fish are a a disadvantage in establishing
territories, acquiring food, and ressting predation (Smith et d. 1985), and suffer
increased mortdity relative to natura conditions (Hillborn 1992). The haichery-reared
fish are, however, poorly adapted for long-term survival, and depressed populations
may result from the loss of native or locally adapted stocks (Weitkamp et d. 1995). The
large sAimonid numbers released into the Russian River mogt certainly have
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resulted in competition. For reasons of practicdity, hatchery plants are concentrated in
one areg, cregting locdized high dengties of fish. Since 1985, large numbers of
steelhead juveniles have been released at or near Warm Springs and Coyote dams. At
Warm Springs Dam, annua stedlhead plant numbers have ranged between 121,000 and
1.6 million fingerlings and between 53,000 to 363,000 yearlings (Cartwright, CDFG,
personal communication; Estey 1982-84, 1986; Gunter 1988, 1990, 1991). At Coyote
Dam, 165,469 yearlings and 120,914 sub-yearlings were released in 1993 (Fortier,
CDFG, unpublished data). In 1994, the numbers were even larger with 213,872
yearlings released at Coyote Dam, and 227,313 fingerlings released "below” the dam.
A sated god of the Coyote Valey project isto have 4,000 adult steelhead return to
Coyote Dam (Morford 1994). To achieve this god would necessitate the rel ease of
gpproximately 400,000 smolts annudly. Such point-source planting can be expected to
create localy overpopulated Stuations with attendant problems for naturaly spawning
fish.

Additiona competition between hatchery and native stocks takes placein the
ocean. Marine productivity changes with variaions in oceanic circulation patterns
(Section 3.5) (Cramer et d. 1995). In some years, low ocean productivity may prove
limiting to sAimonid populations. Severa sudies illudtrate that salmonids suffered
density-dependent mortality during periods of weak oceanic upwelling, while other
studies indicated diminished oceanic fish growth under high-density conditions
(Pearcy 1992). Oceanic fish dendity effects are till debated, but it remains possble
that hatchery releases increase oceanic competition, decreasing success for both wild
and hatchery fish.

Large aggregations of hatchery stedlhead smolts can present a Sgnificant
predation threat to smaler sdmonids. Hatchery releases are typicaly donein large
blocks and sometimes occur outside normal steelhead smolt departure windows. Under
naturd conditions, steelhead smolts emigrate from late winter through spring. Chinook
sdmon move laer, from mid- to late oring, minimizing migratory interaction between
the species. Stedlhead released during chinook emergence and outmigration can
opportunigticaly prey on the fry and smolts. Under natural conditions, a 1992 Snake
River sudy found steelhead smolts did consume chinook fry, but in rdatively low
numbers (3.2 percent predation rate) (Cannamella 1993). Under certain water
conditions (low flows, high vishility) releases of hatchery stedhead during pesk
chinook fry outmigration could result in significant predation on chinook smolt
populations.

The Russian River, once aworld-class fishery, remains a popular sream for
recregtiond anglers, largely due to hatchery planting programs. This artificidly
maintained sport harvest may result in unintentiona reductions of wild steelheed
populations. Angling pressure often increases in stocked streams, and angler harvest
may include a subgtantid number of native fish (Cramer et d. 1995). Many studies
sate more wild salmonids may be harvested than would have occurred under a " no-
plant” scenario. Thisincidenta wild fish take increases in sgnificance when wild
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populations are dready at depressed levels. During periods when wild fish populations
are criticdly low, the harvest of even afew fish can dramaticaly limit the gene poal.

Disease is another mgjor hatchery concern. Unlike the wild setting, hatchery
propagetion forces fish into tight confinement, virtualy assuring that any
communicable disease will be spread to the entire population. A naturaly spawned
population may possess a given disease, but generdly in asmadler portion of the
population. Interaction between ardatively hedthy natural population and a heavily
infected hatchery population can spread diseases, resulting in unnaturdly high
incidences of infection or mortdity. Out-of-basin stocks may bring disease with them.
Noyo River coho salmon are known carriers of bacteria kidney disease (BKD), a
horizontaly transmitted (fish to fish) disease (Post 1987) that resultsin the loss of
norma liver and kidney function, severdly limiting surviva (Kaetori et d. 1989).
Widespread use of Noyo River stock may have resulted in interbasin BKD transfer
(Higgins et d. 1992). Bacterid kidney disease is now present at Warm Springs
Hatchery. Though the origin of the BKD a Warm Springs Hatchery is unknown, Noyo
River coho are the suspected carrier as they were used to establish a source stock at
the hatchery. Out- of-basin stocks may aso lack immunity to localized diseases and/or
grains. If these introduced fish spawn with locally adapted or native stocks, dl fish
may suffer decreased immunity to localized diseases (Higgins et d. 1992).

The growing body of evidence from the Russan River and other systems
suggedts that hatchery operations have been counterproductive, damaging the very
resource they were attempting to augment. While Warm Springs Hatchery and CVFF
have achieved some production success, the presence of hatchery fish may have
masked or contributed to the worsening condition of the native or adapted stocks.
Behaviord adaptations to the basin's specific hydrology, morphology, and dimate
patterns are at risk of being lost or suppressed. The decade-long attempt of the Warm
Springs Hatchery to replicate evolutionary processes and create locally adapted stock
for chinook and coho saimon has had limited success. Planting steelhead smolts at
ingppropriate times or dengties may have resulted in Sgnificant competition with or
predation on naturaly spawned samonids. Disease has been spread by interbasin
trandfer, and immunity to drainage-specific diseases may have been weakened.
Hatcheries have gradudly changed their methodology as these problems have become
gpparent, but it is clear that hatchery supplementation can never be viewed as a
replacement for natural production. The present function of hatcheries should be to
provide refugia, maintaining loca reproductive populations while habitats and
systems undergo restoration (Stickney 1994).
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Table 3.6-1: Basin origins and planting totals for rescued chinook salmon, coho

salmon, and steelhead planted into the Russian River.

RESCUED STEELHEAD
RESCUE LOCATION YEARS FISH TOTALS
RUSSAN RIVER 1939,44,49-50,55-72 4,598,912
EEL RIVER 1939,42,49-50,58-61,65 189,562
NORTH COAST 1942-45 1,646,746
TOTAL 6,435,220
RESCUED CHINOOK
RESCUE LOCATION YEARS FISH TOTALS
EEL RIVER 193 2,382
TOTAL 2,382
RESCUED COHO
RESCUE LOCATION YEARS FISH TOTALS
RUSSIAN RIVER 1963.68-71 76.524
NORTH COAST 194 60,510
TOTAL 137,034
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Table 3.6-2: Number of steelhead planted into Russian River which were progeny of Warm Springs

Fiscal
Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996*
TOTAL:

Hatchery or Coyote Valley Fish Facility.

Warm Springs Hatchery Progeny Coyote Valley Fish Facility Progeny
Fry o Smolts Fry Smolts
460,056 0
362,136 53,380
226,710 102,622
444,850 124,146
314,520 148,830
426,917 212,365
1,316,469 235,413
646,279 224,963
578,780 233,979
347,447 212,769
111,326 243,881
1,182,663 341,181
145,809 1,737,362
1,116,076 924,205
637,835 495,762 70,424 92,133
178,385
8,496,258 5,290,858 70,424 92,133

* Data for 1996 are incomplete
a Fry are defined as fish smaller than 20 per pound.
b Smolts are defined as fish larger than 20 per pound.




Table 3.6-3: Basin origins and planting totals for hatchery chinook salmon,
coho salmon, and steelhead planted into the Russian River.

HATCHERY STEELHEAD

SOURCE STOCK YEARS FISH TOTALS
RUSSIAN RIVER 1959,81-95 14,770,143
EEL RIVER 1914-19,21-23,58-59,72 4,900,843
MAD RIVER 1975-76,78-79,81 324,101
PRAIRIE CREEK 1927 249,000
SAN LORENZO CREEK 1973 83,350
SCOTT CREEK 1911 433,458
UNKNOWN 8,934,122
WASHOUGAL (WA) 1980-81 270,360

TOTAL 29,965,377

HATCHERY CHINOOK

SOURCE STOCK YEARS FISH TOTALS
RUSSIAN RIVER 1985,87-90,92-95 476,765
EEL RIVER 1982,84,86-89 171,537
KLAMATH RIVER 1955-56 1,000,000
MAD RIVER 1953 9,250
SACRAMENTO RIVER 1956,59-60,62-64 3,283,295
SILVER KING CREEK 1982-83 70,000
UNKNOWN 2,265,292
WISCONSIN* 1982-86 1,337,624

TOTAL 8,613,763
* Originated from Green River, WA.
HATCHERY COHO
SOURCE STOCK YEARS FISH TOTALS
RUSSIAN RIVER 1983,85-95 632,972
ALSEA RIVER (OR) 1972 58,794
EEL RIVER 1987,90 25,112
KLAMATH RIVER 1975,81-83,86-88 451,370
NOYO RIVER 1970,72-74,82-84,86-91 563,651
SOOS CREEK (WA) 1978 8,420
UNKNOWN 403,340
TOTAL 2,143,659
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Figure 3.6-1: Number of steelhead planted and rescued into the Russian River and the corresponding

percent contributed from local returns and out-of-basin sources.
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Figure 3.6-2: Basin origins for steelhead planted into Russian River from 1911 to 1995 and corresponding percent of total.



Millions of Fish Planted

Percent of Planted Fish

@ Progeny From Basin Returns B Progeny From Out-of-Basin —— Plant

3

225

075 |

100

60 [

20 |

R P PP B R PP P
o ) g O o o g
RN SN I N S LN - - - N S
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a 15,000 planted in 1881.
b 2,382 rescued between 1930 and 1939.
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Figure 3.6-5: Number of coho salmon planted and rescued into the Russian River and the corresponding
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Figure 3.6-7: Number of brown and rainbow trout planted into the Russian River. (Rainbow trout are
domestic brood stock not intended to supplement anadromous returns. All rainbow trout
planted after 1958 are into the East Fork Russian River. All data compiled from CDFG
records.)
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3.7 Other Implicated Causes

Dams, habitat loss, flow and temperature changes, dtered species
composition, morphologica changes, ocean conditions, and hatcheries are mgjor
impacts to salmonidsin the Russan River. These are not, however, the only factors
impacting sdlmonids. Other human activities-agriculture, timber harvest,
urbanization, unprotected water diversons, and fish harvest-chronicaly and
cumulaively impact the Russan River, dl contributing to sdmonid decline.

Agriculture has impacted the Russan River since the late nineteenth century.
By 1900, most land near the Russian River was dready under cultivation (Jones
1993). Early agriculture filled in doughs and side channels, and removed riparian
vegetation. These practices continued until the late 1940's when few wetlands
remained (Florsheim and Goodwin 1993). During thistime, the river valey was
leveled and creeks were channdlized, dtering drainage and increasing runoff.
Agriculturd operations removed riparian vegetation, smdl in-channd idands, and
gravel barsto increase arable acreage and achieve flood control. Since European
Settlement in the basin, an estimated 70 to 90 percent of the Russian River riparian
habitat has been logt (Circuit Rider 19944). Vegetation removal and channel
destabilization accelerated erosion. In response to increased erosion, bank
stabilization messures began in the 1850's and continued as cultivated acreage
increased. Stabilization measures increased channd straightening which expedited
channel downcutting. In addition to changing river morphology, agriculturd practices
decreased water qudity by reeasing fertilizers and pesticides into the river
(Horsheim and Goodwin 1993). Enrichment from manures was dso a problem where
barns and livestock were close to streams.

Urbani zation has had profound effects throughout the watershed. Devel opment
encourages gravel harvest from stream beds and aso increases water withdrawal .
Initidly, as urban centers develop, thereis an influx of sediment into streams from
eroson. Once rapid building is complete, large areas of concrete and asphdt increase
and concentrate runoff, increasing flooding and stream bank erosion (Florsheim and
Goodwin 1993). Roofs dramaticaly increase the impervious area, adding more repid
runoff. Roads may pose the greatest threat of urbanization to streams. Road
construction and unpaved roads cause sgnificant direct sediment input to streams.
Poorly designed road cuts frequently result in mgjor dippage. Many road designs
channdlize natura stream courses, and al roads increase runoff (Meehan 1991).

Since 1900, human population in the Russan River basin has increased
rapidly. In 1950, there were 65,000 people in the basin, while in 1980 there were
215,800 people. Estimates predict 346,000 people in the basin by 2000 (COE 1982).
Asthe population in the basin expands, demand for gravel and water increases
proportionately. As a consequence, stream channels are atered and habitat degraded,
ether directly or through cumulative negative impacts to the river system. As easier
sites are exhausted, more margind areas are brought into production. Utilization of
these Sites often requires increased levels of habitat disruption. Stream pollution
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increases with higher human dengty, degrading water qudity for both people and
wildlife (Florsheim and Goodwin 1993). Tributaries suffer from channdlization,
rerouting, and pollution; many urbanized Russan River tributaries no longer support
sdmonid populations.

Timber harvest has had amgor influence on the Russian River basin. The
redwood forests of the lower 20 river miles were heavily logged near the turn of the
century and again after World War 1l (Reynolds 1991). Tributary watershedsin the
western hills of the basin were aso periodicdly harvested, though their timber
reserves were not as extensive as those of the lower river. During pesk timber harvest
periods, logging practices were largdly unregulated. Hilldope and streambank erosion
was accelerated by tractor logging on steep dopes, clearing of riparian zones, and
logging road congtruction. The eroded sediments ended up in streams, silting gravels,
diminishing invertebrate populations, and generaly reducing spawning and rearing
habitat (Reynolds 1991). Additiondly, riparian canopy loss often eevated stream
temperatures and diminished nutrient and invertebrate inputs from the riparian zone.

"Conversgon’, the harvesting of timber, burning what remained, and preventing
re-growth through heavy grazing pressure, was and remains a commonly espoused and
followed practice in the Russan River basin. For example, 90 percent of the Dry Creek
watershed redwood and Douglas fir forests were transformed to other habitat types
(COE 1973). This conversion to other vegetation types and the fragmentation of the
remaining conifer forests likely reduced saimonid populations. Botkin et a. (1995)
found that, in Oregon, steelhead and chinook populations were larger in conifer forests
than in brush and grasdand habitats. Furthermore, forest fragmentation Satisticaly
correlated with diminished steelhead and chinook populations. They concluded that
forest conditions were amgor factor controlling sdmonid abundance. Habitat
converson will continue to impact sdmonids aslong as habitats are held at their
altered successiond levels.

Ancther form of timber harvest existed in the Russan River basin which may
have impacted the fisheries. Entire stands of trees were removed and reduced to
charcod, then trangported by rail to population centersin the San Francisco Bay Area.
During a period believed to pesk in the 1920's and 1930's, considerable pressure was
put on oak and madrone forestsin the hills between Cloverdae and Ukiah. Based on
artifact and remnants recovered, one ranch north of Hopland owned by Macomb King
(persond communication) was the Site of at least nine charcoad camps. Mr. King stated
that he remembered the whole area being severely cut over. Oneridge, Largo Ridge,
was completely cleared of dl madrones at least twice in his memory. The implications
for impacts from hardwood harvest are Smilar to those for coniferous timber harvest.
Roads and siltation, loss of riparian habitat, and changesin nutrient cycling dl have
the potentia to cumulatively impact the fisheries resources.

Unprotected water diversonsin the Russan River can impact young samonids.
Y oung fry are easly drawn into water pumps (entrained) or become stuck againgt the
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pumps screened intakes (impinged). California Department of Fish and Game policy
datesthat dl intakes will be screened where sdmonids are present. Criteriafor screens
date they will have a pressed wire mesh with openings of 5/32 inches or lessand an
approach velocity to that mesh of less than 0.33 feet per second (Jones, CDFG,
persona communication). A 1991 survey between Lake Mendocino Drive near Ukiah
and the Highway 101 bridge south of Hopland found 63 pumped diversions, eight with
proper screen size but unacceptable approach velocities, 51 with improper screens, and
four with no screens at al (CDFG, unpublished data). Unscreened or inadequately
screened diversons predominate on the Russan River. On the Sacramento River
system, screening issues are of great concern because juvenile salmonids are present

al year (Vogd and Marine 1991). The Russan River stuation isless critica since
juvenile sdmonids are present primarily in the spring months. During this period,
pumping isintermittent with the primary uses being frost protection and early

irrigation. Thisis not to imply that no problem exists. During afrost event, most

pumps would run Smultaneoudy, presenting a cumulative withdrawa of large
proportions. Any juvenile outmigration occurring & this time could experience
significant loss.

In-river sport fishing has directly impacted spawning and rearing sdmonid
populations. Throughout the twentieth century, the Russian River has been a popular
angling sream. The winter sedlhead run was internationaly famous, and its proximity
to the San Francisco Bay Area made the Russan River accessible to millions of people
(Prolysts 1984). With the advent of improved transportation networks, angling
popularity intensified, and loca economies benefited from the recregtiond trade. As
the number of anglersincreased, however, steelhead populations decreased, escaating
harvest pressure when fish numbers were low. Only limited catch data are available,
but a declining trend is evident. From the 1930's to the 1950's, anglers caught many
sted head, more than 15,000 in 1936. Under exceptionally favorable conditions in
1957, they caught approximately 25,000. By 1971/72, however, angler harvest had
dropped to gpproximately 5,000 fish. By the 1980's, angler success had diminished to
the point that fish derbies were no longer held in Mendocino County (Prolysts 1984).

Extremdy low sdmon and stedhead populations observed in the early 1990's
stimulated concern about angler harvest of adults in the Russan River and other North
Coagt streams. Concern was most stronglly directed at the diminishing populations
supported by natural spawning. Angler pressure has been shown to have a sgnificant
impact on aready depressed salmonid populations. These small populations can
sudtain little or no harvest (Cramer et d. 1995). Annud harvest estimates for adult
seelhead in Cdliforniarange from 12 to 56 percent of the species population, with
greater proportions taken in more southerly watersheds. A higher proportion of small
samonid escapements are caught in Cdifornia streams during low water years. On the
Ed River, stuations often occur where discharge is sufficient to attract adult salmonids
upstream, but inadequate to alow passage into tributary streams (SEC, unpublished
data). These fish concentrate in pools as they wait for high flows, making them easy
targets for anglers. The same situation occurs on the Russian River. Concerns about
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overharvest contributed to the 1995 closure of the maingem Ed River to fishing (CDFG
1994) but no smilar action has been proposed for the Russian River.

Juvenile salmonid populations are dso affected by freshwater harvest.
Subgtantial numbers of yearling sedhead are caught by anglers who call them "trout'.
A sudy of the Big Sur River found that the mgority of emigrating wild juvenile
steelhead were caught before they made it downstream (Cramer et a. 1995). In the
Russan River basin, tributary fishing is prohibited, yet harvest of "trout” (juvenile
steelhead) remains a sSgnificant source of loss for some rearing stedlhead populations.
Tributaries in urban areas, such as Ukiah, are especidly vulnerable as anglers are
often uninformed or unconcerned about regulations.

Ocean harvest is asgnificant source of sdmonid loss (Cramer et d. 1995). In
addition to targeted harvest, oceanic sdmonids are taken unintentionaly during
harvest of other types of fish (bycatch), or are taken through high seas drift net
fishing. Both bycatch and drift net fishing are suspected of affecting oceanic sdmonid
populations, but impacts are difficult to quantify (Higginset d. 1992).

Many anthropogenic factors impact sdmonids. Individudly, the factors may
not be sgnificant, but cumulatively they are formidable. Watersheds, for example, are
affected by nearly dl human endeavors. An impact in one area manifestsitsaf
throughout the watershed. Samonid recovery requires lessening of al impacts,
including seemingly minor ones. Community cooperation is necessary to protect
entire watersheds, not just streams or foredts, if asamonid fishery isto remain viable.
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MEASUREMENT UNI TS CONVERSI ON TABLE with (abbreviations)

APPROXI MATE CONVERSI ONS (see f oot note)

METRI C TO ENGLI SH
LENGTH 1 millineter (my) = 0. 03937 inches (in)
1 nmeter (M = 3.281 feet (ft)
DI STANCE 1 kil ometer (km = 0.6214 niles (m)
AREA 1 hectare = 10,000 sg. neters * 2.471 acres (ac)
VCOLUME 1liter (1) 0.2642 gal lons (gal)
1liter (1) 0. 03531 cubic feet
1 hectare-neter 8.107 acre-ft (ac-ft)
VELOO TY 1 kil onet er/ day = 0. 6214 | es/ day
|l CHT 1 gram(g) = 0. 03527 ounces (0z)
1 kil ogram (kg) = 2.2046 pounds (Ib)
TEMPERATURE ( FORMLLA) °C ("F- 32) X5/9
ENGLI SH TO METRI C
LENGTH 1 inch (in) = 2.540 centineters (cn
1 foot (ft) « 0.3048 neters (m
DI STANCE 1mle (m) = 1.6093 kil oneters (km
AREA 1 acre (ac) « 43,560 sq. feet * 0. 4047 hectares (ha)
VCOLUME 1 gallon (gal) = 3.785 liters (I)
1 cubic foot = 7.48052 gallons = 28.32 liters
1 acre-ft - 43,560 cubic feet = 0.1234 hectare neters
VELQO TY 1 nmle/day = 1. 6093 ki |l onet er s/ day
VI GHT 1 ounce (0z) = 28.349 grans (Qg)
1 pound (Ib) 0. 4536 kil ograns (kg)
TEMPERATURE ( FORMULA) °F = (9/5 °0Q + 32

M SCELLANEQUS

1 cfs * 448.8 gallons/ m nute = 26,930 gal | ons/ hour
1 cfs * 1 acre-inch/hour * 2 acre-feet/day
1 gallon water * 8.337 pounds

* Tabul ated English units (inches, mles, and °F) are approxinate

cal cul ations from correspondi ng exact nmetric values.

FOK LENGHS STREAM VATER or AlR
DI STANCES TEMPERATURES
o™ I N WEIYE o o
35 14 T 5
36 |14 2 1.2 -4 1025
37 15 3 1.9 -3 26
38 |15 4 2.5 -3 27
39 15 5 3.1 -2 28
40 16 6 3.7 -2 29
41 16 g ‘518 -1 30
42 17 . -1 31
43 |17 9 5.6 0 32
44 |17 10 6.2
1 33
45 |18 11 (6.8
46 18 12 7.5 1 34
’ 13 8.1 2 35
47 19 14 8. 7 5 36
48 119 15 |9.3 3 37
49 19 16 10
50 |20 17 11 3 38
51 20 18 11 4 39
52 20 19 12 4 40
54 21
55 22 22 14 2 ig
56 292 23 14
57 22 24 15 7 44
58 23 25 16 7 45
59 23 26 16 8 46
27 |17 s | a7
60 |24 28 |17
61 |24 29 |18 9 | 48
62 |24 30 19 9 49
63 25 31 19 10 50
64 25 32 20 11 51
65 |26 33 |21 11 | 52
66 26 34 21 12 53
67 |26 35 22 12 54
68 27 36 22 13 55
69 |27 gg %3 13 | 56
70 28 39 24 14 57
71 28 20 55 14 58
72 28 41 25 15 59
el EE| R
L 43 (27 17 | 62
75 |30 44 27
Tl | fEE ) ] )
18 65
79 31 j; gg 19 66
80 |31 19 | 67
81 32 49 30
82 39 50 31 20 68
83 33 51 32 21 69
52 32 21 70
84 |33 53 |33 53 | 43
AEENENL NN IE
23 74
88 35 56 35 24 75
89 |35 57 |35 24 | 76
90 35 58 36 25 77
91 36 59 37 26 78
27 80
94 | 37 61 |38
27 81
95 37 62 39 o8 82
3? 32 63 |39 28 | 83
98 39 64 40 29 84
99 | 39 65 40 29 85
100 | 39 66 |41 301 8
101 | 40 67 |42 31 | 88
102 | 40 68 42 32 89
103 41 69 43 32 90
104 | 41 70 43 33 91
105 | 41 71 44 33 92
106 | 42 72|45 34 | 23
73 45 34 94
107 | 42 74 46 35 95
el | d 8] | E |8
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110 | 43 37 98
37 99
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