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| NTRODUCTI ON

The gravel m ning industry has been active in Sonoma County for
the past fifty years. Gravel, sand, and crushed rock (i.e., aggregate)
fromthe county have been extensively used in the construction of
hi ghways, dans, bridges, buildings, and hones of the North Bay and
North Coast regions. In 1977, aggregate sales in the county totaled
3,289,701 tons. Twenty per cent cane fromquarries, 69 per cent from
terrace pits, and 11 per cent fromthe Russian River and its
tributaries (March 6, 1979 correspondence of M chael W Manson,
California Division of Mnes and Ceol ogy, to Geg Carr, Sonoma County
Pl anni ng Division). The year of highest aggregate production was in
1973 with 4,632,980 tons (15 per cent quarries, 72 per cent terrace
pits, and 13 per cent river and tributaries). Prior to 1968, the
Russian River and its tributaries were the primary sources for gravel
and sand; from 1968 to the present, terrace pits have provided the
bul k of the supply. The heaviest mning of the river occurred in 1962
with 6 per cent fromquarries, none fromterrace pits, 92 per cent
fromthe river and 2 per cent fromits tributaries (June 12, 1978
correspondence of Manson to John C. Nel son, Sonoma County Pl anni ng
Di vi si on).

Instream mning of the river and its tributaries has declined
greatly, pronpted by increasingly strict regulations placed on the in-
dustry by county and state agencies. A nmjor factor in the decline of
instream m ni ng of gravel was the Porter-Cologne Water Quality Control
Act of 1973, which allowed the State and Regional Water Quality
Control boards to effectively control the quality of waters in
California. O direct relevance to gravel extraction was the
redefining of "waste" by the Attorney Ceneral (32 Ops. Cal. Atty. GCen.
139) to include "Changes in the physical or chem cal characteristics
of receiving waters caused by extraction of sand, gravel or other
materials froma streanbed.”

The objectives of the fisheries investigation in the aggregate
resource nmanagenent study were as foll ows:

1. Make a prelimnary survey of the major aquatic habitat types
and areas of the Russian River systemin Sonoma County
essential for fish reproduction and growth that woul d be
af fected by gravel extraction.

2. Revi ew existing literature on aquatic organisns of the
Russi an River, especially fishes, and identify any rare or
endanger ed species that m ght be present.

3. Determ ne the relationships of streamand terrestrial habitat
types to the life cycles of major aquatic species.

4. Determ ne the trophic (feeding) interactions of mgjor
aquati c speci es.

5. Predi ct possible inpacts of the gravel industry on
aquati c organi sms.



6. Determ ne any acceptabl e | evels of inpact and the devel oprent
of managenent recommendati ons to achi eve them

7. Devel op recommendati ons for continued nonitoring.

THE FI SHERIES O THE RUSSI AN R VER SYSTEM

Fi shes of the Rver and Its Estuary

The fishing resources of the Russian R ver system have been wel |
publici zed, but poorly understood scientifically. At |east 46 species of fishes
are known fromthe systemand its estuary, of which 27 species are native
(Hopkirk, 1979; Table 1). Oy one native form the Russian R ver tul eperch,
Hysterocarpus traskii pono, is endemc or peculiar to the drai nage (Hopkirk,
1974).

The native anadronous species of the Russian R ver have al ways been of
interest to man (both to the native Arerican and to the "introduced" Anerican).
Anadr onous species, or those that mgrate to sea but return to freshwater for
spawni ng, are usually nmuch | arger and sonetines, but not always, easier to catch
t han associ ated resident species. The steelhead or rai nbow trout, of worldw de
fane, king or chinook sal non, silver or coho sal non, and pi nk sal non, are known
fromthe system It was estimated in 1969 that 57,000 steel head and 5, 500 sal non
use the drainage annual |y for spawni ng and nursery grounds (Vestal and Lassen,
1969). Mich | arger nunbers undoubtedly occurred in the drainage prior to that
time; much snaller nunbers now occur. Pacific lanprey, river |anprey, white
sturgeon, green sturgeon and the threespi ne stickl eback are additional anadronous
species native to the region. Introduced anadronous species include the Arerican
shad and the striped bass.

The native non-andronous or resident species include the California brook
| anprey, western sucker, three, possibly five, species of mnnows, the Russian
R ver tul eperch, three species of scul pins, and possibly the Sacramento perch.
The latter species and the two species of mnnows nmay have been introduced into
the systemfromthe Central Valley (Hopkirk, 1974). Introduced species,
primarily adapted for warnwater, include three species of mnnows, four species
of catfishes, the nosquitofishes, two species of crappies, three species of
sunfishes, and two species of bass (Table 1).

Rough Fi sh Contr ol

The only data of any value on the fishery resources of the river was
gathered as incidental material that grew out of studies of rough fish control in
the 1950's (Johnson, 1957; PFintler and Johnson, 1958) and early 1960's (Hansen,
?1964). Chemcal treatnent of the river was acconplished by rotenoning in the
period 1952 through 1954. Fishes of the river were surveyed from 1954 to 1956.
By the summer of 1958 rough fish popul ati ons had recovered; in the fall of 1958,
118 mles of tributary streans were poi soned. During the period between 1960 and
1963, rough fish dom nance was again reported and sportsmen requested a
continuation of the control program Rather
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than attenpt a large scale program the Galifornia Departnent of F sh and Gane in
the early summer of 1963 selected ten streans for a projected five year study.
These streans were Ackerman, Forsythe, and Robi nson creeks in Mendoci no County
and Qunmm sky, Pieta, Pena, Wrm Springs, Big and Little Sul phur, and Maacama
creeks in Sonoma County. Al ten streans were studied, chemcally treated and
re-studied in 1963 (Hansen, ?71964).

Twenty years later, Johnson (1975) reflected on the earlier project:

In the planning and execution of this project no concerns
were voi ced for possible endangered aquatic resources or
esthetics; the programwas to inprove the steel head-trout
habitat. Today such a programwoul d be inconceivabl e
because all features of the environnent woul d have to be
considered, particularly in light of the Public Law of 1970
regar di ng endanger ed speci es.

Research on the dynam cs of fish populations in alotic
habi tat has provided sufficient data indicating that habitat
ni ches used by non-gane fish are not desirable for

steel head. Al so, the predator-prey relationship between
squawf i sh and steel head-trout is only one facet in
anadronous fish managenent. Therefore, the control of
squawf i sh woul d not necessarily inprove the steel head
fishery. A project to chemcally treat a whole river system
woul d be difficult to justify if the Endangered and
Threat ened Speci es Preservation Act of 1973 i s consi dered.

A five- to eight-year follow up evaluation was planned for
this program However, only cursory field surveys and creel
census data were collected for several years after the
treatment, and no | ong-termsystenatic eval uati on was nade.
Al data indicated the non-gane species of fish popul ations
repl aced the steel head much faster than anticipated. The
| ong-termeval uati on pl anned woul d have been inplenented if
manpower and resources had been avail abl e.

During the entire rough fish control study, no attenpt was apparent!|y nade
torelate nan's activities within the drainage to the succession of fish
popul ati ons. Vestal and Lassen, in 1969, although still advocating rough fish
control (p. 16), did nake reference to the activities of man (pp. 12-13).

Man is diverting water during the |l ow summer flows; he is
| oggi ng the upstreamareas; he is building roads al ong the
streans, allowing silt to go into the creeks during w nter
storns; he is changing the tenperature regi ne of waters by
hi s di versi ons and



dans, and in sone areas by his waste discharges into the
waters. This loss of habitat is the primary limting
factor for our coastal streamfishery resources.

In regard to gravel mning, Vestal and Lassen stated (p. 13):

Renoval of val uabl e spawni ng gravel s i s anot her serious
problemaffecting fishery resources in this drainage.

G avel renoval at its present rate nmay jeopardi ze the
remai ni ng steel head and sal non spawni ng areas. Possible
solutions to this probl emwoul d be to establish regul ations
on the gravel size, anount and/or areas of gravel renoval.

Al though of no great direct value in fish managenent, the rough fish
control projects provided the followi ng data on the fishery resources of the
Russi an R ver:

1. D stribution of fishes within the drai nage

2 Per cent age conposition of species wthin fish popul ations
3. Si ze ranges of fishes within the popul ati ons

4 Esti mates of standi ng crop (1963)

5 Wt er tenperature data

6. Taxonom ¢ data based on speci mens deposited at the
Cal i fornia Acadeny of Sciences in San Franci sco (these were
| ater used by Hopkirk in his research).

In the final analysis, the chemcal control of rough fishes in the Russian
R ver drai nage showed quite conclusively that much of the drai nage i s dom nated
by suckers and m nnows. Ecol ogical conditions are right for them wong for
trout and salnon. Trout were scarce then and are scarce now -- present only in
the headwater areas of tributary streans. Coexistence of trout and non-gane fish
can occur, however, but man's activities tend to change the aquatic envi ronnent
in favor of the non-gane species.

Rare and Endangered Aquatic O gani sns

The only fish endemc or restricted to the Russian Rver is the Russian
Ri ver tul eperch, Hysterocarpus traskii pono, described and naned by Hopkirk in
1974. The status of this formis at present uncertain. It definitely is not
common in the Russian R ver System Only seven specimens of this species were
seen during our investigation: four inthe nain river at Asti and three in Dy
O eek at Westside Bridge. Donald M Baltz, a graduate student at the University
of California at Davis presently finishing his doctoral dissertation on the
tul eperch, also found it to be uncomron in the
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river system Thirty-six specimens were collected by Baltz in 1977 and 1978
bet ween t he townshi ps of Hopl and and d overdal e (Baltz and Myl e, unpubli shed
M). Only 78 specimens were available to Hopkirk at the tine of his research
and 35 of the preceding had been collected in the early 1900's. n the basis
of the preceding scarcity, it nmay soon be necessary to recomend pl acenent of
the Russian R ver tul eperch on the rare and endangered list of the Galifornia
Departnent of Fish and Gane.

The tul eperch is a main channel species that mgrates into tributary
streans for the delivery of its young. The young are delivered, at least inthis
part of California, during the first week of May. The entire period from March
t hrough June, however, is a critical one for this species. Any barrier to
upstream or downstreammagration, either for the reproducing adults or for the
new y born young, woul d have an adverse effect on the future of this species.
Summer dans and sunmmer roads shoul d therefore be renmoved fromareas where this
species is known to mgrate.

A nunber of aquatic invertebrate species are endemc to the general region
Mbst of these are snall and therefore poorly known. One of the slightly nore
"visible" species that is receiving attention, because of its rare status, is the
freshwater shrinp, Syncaris pacifica. This species was not seen during the
i nvestigation.

POTENTI AL EFFECTS OF GRAVEL M NI NG ON AQUATI C ORGANI SV

Effects that could result fromgravel mning are |listed here so the reader
may have themin mnd. Each effect is discussed with reference toits actual
| evel of occurrence in a |ater section.

The renoval of gravel froma river systemcan directly or indirectly
i nfl uence the fishes and other aquatic organisns of a river system Direct
effects of gravel mning are easy to observe and docunent; indirect effects are
difficult to observe and docurment and nay take years to be realized. Hstorical
background on the aquatic organi sns and the river systemmnay al so be insufficient
to provide an accurate apprai sal of recent effects due to the activities of nan.
Seasonal changes in a river are also so great that the danage fromdry season
mning can be rapidly conceal ed by winter flood flows and natural changes in the
streanbed. Superficially, it would appear as if no damage had occurred; only
long term detail ed studies can show whether or not they have occurred.

Drect Effects

Drect effects, if allowed to occur, of gravel mning on aquatic organi sns
i nclude the foll ow ng:

1. Physi cal destruction or death of organisns due to direct
physi cal harm brought about by the instreamor inwater
extraction of gravel.

2. D rect renoval of substrate sizes necessary for
reproduction (spawni ng, nest-buil ding).

3. Drect renoval or destruction of fish habitats, especially
nursery areas.
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D version of streans and reduction of streanflow which bring
about the isolation of organisns into pools that eventually dry
up during late summer (i.e., nortality is greatly increased).

Construction of sunmer dans or roads whi ch either bl ock
upstream spawning mgration on the river or mgration into
tributaries of the river

Indirect Effects

Indirect effects of gravel mning on aquatic organi sns incl ude:

1

Rel ease of fine sedinment fromthe substrate during
i nstreamextraction or during the washi ng process
whi ch t her eby:

a) suffocates eggs and fry—either directly or by inpeding the flow of
wat er through nests;

b) prevents energence of fry fromnests;

c) clogs the gills of aquatic organi sns and t hus
causes their death;

d) fills the crevices between gravel and thus prevents
aquati c organi sns fromusing themfor cover or shelter;

e) covers gravel and other substrate types to such a
degree that they cannot be used for spawning;

f) alters the relative conposition of substrate types
so that the substrate is unsuitable for spawning;

g) alters the substrate and thereby reduces secondary
productivity (aquatic insects or other fish foods);

h) covers aquatic plants or inhibits their ability to
phot osynt hesi ze and thereby reduces prinmary productivity;

i) causes turbidity that reduces the feeding activity of
fishes and consequently, the condition of the popul ation.

Rel ease of excessive anounts of sedinent (effects |listed
above) into the river by the winter flooding of gravel
wash ponds, terrace pit ponds, sumrer roads and | evees.

Changes in the physical features of a river or of its
tributaries so that bank and streanbed erosion is in
creased.



4. Renoval of riparian or streansi de vegetation which:
a) shades and cools the water;
b) stabilizes the stream bank;

c) increases, through leaf litter, the nutrients
in the water and the productivity of streans;

d) increases, through terrestrial insects associated
with riparian vegetation, the foods available to
fishes;

e) provides cover or shelter for aquatic organi smns;

f) influences, through natural dans formed by fallen
trees, the ratio of riffles to pools.

5. Reduction of the physical space available, by the construction of
I nstream dans, roads, and | evees and the creation of ponds, for
organi sns adapted to lotic or running water habitats (i.e.,
streamor coldwater habitat is reduced or replaced by | ake or
war mwat er habitat).

Al of the preceding effects are docunented in the literature.

METHCDS
Study Sites

In surveying the mddl e reaches of the Russian Rver for study sites it
becane obvious that the river was no | onger suitable as a sumer nursery area for
sal noni ds. Thi s concl usi on was based on field observati ons, previous data
collected by the California Departnent of Fish and Gane, and sunmer water
tenperature data given in Wnzler and Kelly, 1978. Studies of the relationship
of gravel extraction to salnonids, if investigated at all, had to be conducted
el sewhere. Lower Austin Oreek, above and bel ow the gravel operation of Theseus
Canelis, was therefore selected as an additional study site. The Russian R ver
at Asti was al so considered to be a control, of sorts, to conpare wth the river
at Kaiser's South Plant. Two additional sites, deened critical, were on Dy
Qeek: at Soiland's CGenent: (peration near Wstside Bridge and downstreamat the
confluence of the creek with the Russian Rver. S x study sites were therefore
est abl i shed:

Russian River at Asti. This study site is located in Al exander Valley
adjacent to the Asti Wnery residue settling ponds (river mle 56-57). It
extends from 300 m downstream fromthe Washi ngt on Road summer crossing to 350 m

upstream
During the 1979 sumrer [ow flow period the nain wetted portion of the
stream occupi ed the extremne easternnost portion of the channel. A dessi cating

side or nursery channel was present along the west bank of the river.
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Bot h sides of the channel are alnmost continuously lined with a thin
strip of riparian vegetation (willows). During the 1979 | ow water peri od
only the east edge of the wetted portion was in contact with this riparian
cover.

No gravel extraction has occurred in this study area. It is subject to the
di sturbance of the annual construction of the Washington Road bridge in early
sumer (md-My of 1979). Construction of this road crossing included
redi stributing substratummaterials by bull dozer and di spl acing the wetted
channel fromthe west to the east bank by the construction of a gravel |evee up-
streamfromthe road crossing.

This study site was used as a | aunching point for canoei sts by a commerci al
canoe rental concern during the 1979 |ow water period. As a result nuch of the
exposed substratumin the center of the channel was accessible by and subject to
the use of a large nunber of people and private vehicles.

Russian River at Kaiser South. This study site is |ocated adjacent to
Kai ser Sand and Gravel Conpany's sout hernnost plant and Basalt Rock Conpany's
plant (river mle 25-26). It covers an area approxi mately 1500 min | ength.

During the 1979 sumrer |ow flow period the wetted portion of the
channel occupi ed the east side of the channel in the upstream40 per cent of
the study area and crossed to occupy the west side of the channel for nost
of the remai nder of the study area.

Mbst of the west bank of the channel throughout the study area is covered
with thick riparian vegetation. Oy 15 to 25 per cent of the east bank in the
study area supports riparian vegetation of significant density.

Until 1967 (?) the entire study area was subjected to annual instream
gravel extraction operations in the channel. On the adjacent floodplain gravel
extraction fromterrace pit ponds continues. A snall settling or wash water pond
was excavat ed adj acent to the Kaiser plant in the sumer of 1979 on the east side
of the wetted portion of the channel.

Dry Ceek at Soiland. This study site is located on Dy reek and ext ends
fromthe VWéstside Road Bridge to a point 100 mupstream It is adjacent to the
Reiman and Garrett Ready Mx P ant and the Heal dsburg Sand and Gravel Plant on
t he east bank.

During the 1979 low flow period the wetted portion of the stream occupied
the east side of the channel immediately upstreamfromthe bridge and crossed to
the west side downstream The study site was conpl etel y exposed by |ate August.

There is a thin but dense, continuous band of riparian vegetation al ong the
west bank of the study area. The east bank supports only scattered patches of
sparse vegetation. During the low flow period of 1979 none of the wetted portion
of the streamwas influenced by riparian vegetation. Some cover was provided,
however, by shade fromthe Westside Road Bri dge.

The entire study area has been subject to in-channel (instreamand dry)
gravel extraction for years. In-channel extraction occurred during the study
period, but only in non-wetted areas.

Dry Oeek at Mouth. This study site consists of the Russian R ver
channel at its confluence with Dry Qeek (river mle 30-31) and Dry O eek
fromthis confluence to 300 m upstream

During the low flow period of 1979 the wetted area of the
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channel occurred al ong the south bank of the channel of Dry Greek. Fromthe
confluence with the Russian Rver to a point about 100 mupstream the wetted
channel was displaced to the north bank of Dry Oreek by the Basalt Road

Qossing. The wetted portion of the Russian R ver occurred along its west bank
during the 1979 low fl ow period and included its confluence with Dry O eek.

In the study area Dry Oreek supports a thick growh of riparian vegetation
only on the south bank. There is dense riparian vegetation al so on the west side
of the river and north of the nouth of Dry Geek. In addition, the entire east
bank of the river in this study area is covered wth a thick band of riparian
veget ati on.

During the 1979 | ow water period only the south bank of the wetted portion
of Dry Oeek upstreamfromthe Basalt Road G ossing derived cover fromriparian
vegetation. Only the west bank of the river upstreamfromthe nouth of Dry Q eek
was in contact with riparian vegetation.

The study area is inpacted by the annual construction of the Basalt Road
G ossing over Dry Oreek about 100 mupstreamfromits confluence wth the Russi an
Rver. The result of this construction is the displacenent of the wetted portion
of Dry Geek (downstreamfromthe crossing) fromthe south bank to the north bank
of the channel. This is caused by the installation of culverts in the north end
of the road crossing (not in the natural channel). An additional inpact is the
excavation of a deep pond in the channel on the south side of the wetted portion
of Dry reek, downstreamfromthe road crossing. Dy Geek is isolated fromthis
pond by an articicial |levee along its south bank.

Austin Oreek above Gravel Plant. This study site is |ocated on | ower
Austin O eek and extends 100 mupstreamfromthe Bohan-Canelis Gavel M ant.

During the spring of 1979 the wetted portion of the stream decreased and
was di spl aced al ong the west bank of the channel. In the early summer of 1979 a
sumrer damwas constructed at the downstream boundary of the study area, thus
effectively transformng the creek into a |arge pond or pool in this area.

Until the construction of the summer damat this site on June 25, the
wetted portion of the streamoccurred al ong the west bank of the channel and was
covered by thick riparian vegetation over a significant portion of its area (20-
25 per cent).

This study site is subjected to the inpact of the annual construction of
sumer dans and has been for sone time (possibly over 50 years).

Austin O eek below Gavel Plant. This study siteis on lower Austin QO eek
and extends from 100 m downstream from county bri dge 20-47 to 300 mupstream
Its upstreamboundary is adjacent to the Bohan and Canelis gravel plant on the
east bank of the creek (600 Austin O eek Road).

During the summer | ow fl ow period of 1979 the wetted area of the streamin
the study area was reduced to a narrow channel (3-5 mwde) along the east bank.
An additional wetted area in the formof an isol ated i n-channel pond was created
by dredging toward the west side of the natural channel adjacent to the plant.

During the 1979 low fl ow period the east extreme of the wetted
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portion of the streamcoincided with the natural flow and upper banks of the
streamchannel and was therefore covered by thick riparian vegetation throughout
the study area. Mst of the pond was exposed and with no riparian cover.

This entire area had been | ast disturbed by gravel extraction during 1978
(Theseus Canelis, personal communication to Howard Qunni nghan). The upstream
portion of the study area is subject to gravel extraction on a yearly basis and
was di sturbed during the study peri od.

At each study site direct observations of general habitat conditions
and changes were recorded; a photographic record was al so nade.

Water Quality

Water quality paraneters neasured were dissol ved oxygen, water and air
tenperature, and turbidity. D ssolved oxygen was measured using the Wnkl er
nethod (in accordance with Standard Methods). Vater and air tenperatures were
taken wth a field (nercury) thernoneter. Turbidity sanples were collected in 6
0z. jars and analyzed in the | aboratory with a Bausch and Lonb " Spect 20"
spectrophotoneter. Triplicate turbidity subsanpl es were anal yzed at 450 nm
wavel ength and the average of three readi ngs was recorded as percentage
transm ttance.

Substrate Anal ysi s

Areview of the literature indicated that the percentage conposition of
different particle sizes in the substrate was nore inportant to spawni ng fish
than a specific particle size. 1In addition, the actual picture of the substrate
was best reveal ed when examned to at |least a depth of 6 inches. A MNeil sanpler
was therefore manufactured (after McNeil and Ahnell, 1960) to take "MNei
sanpl es" of the substratumwhi ch woul d determne the suitability of the substrate
for spawning, egg survival, and dry energence. MNeil sanples were taken in
triplicate in water depths ranging fromO0.5 to 1.5 feet and anal yzed in the
field. Sanples were sorted through a series of Tyler screens of graduated size
mesh: 22.43 mm 11.20 mm 5.61 mm 2.79 mm and 0.90 mm The portion passing
t hrough the 0.90 nm nesh was allowed to settle for 10 mnutes in graduated
cylinders before its volune was cal cul ated. For each size range vol une was
converted to per cent of total volune. The average of the triplicate sanpl es was
r ecor ded.

Aguati c Organi sns

Fi shes. Fishes were collected with a 50 foot beach seine (V nesh), a 15
foot seine (1/8" nesh), dip net, and hook and line. Each collection site was
surveyed for a nunber of biological and physical paraneters: weather, vegetation,
bott om characteristics, cover, tenperature (air and water), current velocity,
shore characteristics, distance of fshore of capture, streamw dth, depth of
capture, depth of water, and time of capture. The entire catch
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was anal yzed in the field for species conposition and size range. Subsanpl es
of each catch were preserved in 10 per cent formalin. These were | ater
neasured, wei ghted, and sexed in the | aboratory; stomachs were renoved for an
anal ysis of feeding habits.

Invertebrates. Benthic nacro-invertebrates were collected wth a dip
net and a 15 foot mnnow sei ne (1/8" nesh)(Table 2). Sanpl es were preserved
either in 75 per cent ethanol or in 10 per cent formalin and | ater anal yzed
inthe laboratory. Species were determned with the aid of a dissecting
m croscope and an estinate nade of their rel ative abundance.

MAJCR AQUATI C HABI TATS OF THE RUSSI AN R VER

Natural Aguatic Habitats

Main Stem In the freshwater section of the nain channel two naj or aquatic
habi tats can be recogni zed: pools and riffles. In the | ower bracki sh-water
section of the river, an enlarged pool or lagoon is forned by the yearly cl osure
of the river nmouth (Table 3).

Pool s of the mddl e reaches of the river are presently domnated by two
year old or nore suckers, squawfishes, and hardhead. Large carp, green sunfish,
bl uegills, and | arge and snal | nout h bass nay al so be present but in nore reduced
nunbers. CQCover or shelter for fishin the formof riparian vegetation, undercut
banks, boul ders, floating |l ogs, etc., is scarce on the mainstem Fish-eating
birds (herons, egrets) are coomonly noted by their footprints, if not actually
seen; Kkingfishers by their rachet-like call.

R ffles and runs, if deep and col d enough, could support a few trout.
Wllows, if allowed to grow, woul d provide cover. Each summer the wllows are
destroyed by the Sonona County Water Agency for flood-control purposes. Butler
and Hawt horne (1968) denonstrated experinental ly that cover becones nore
essential as trout increase in size.

The mai nstemof the river was divided by Wnzler and Kelly (1978) into
spawni ng and nursery habitats for trout and sal non. According to their survey,
one arrives at the follow ng concl usions:

1. Sunmer water tenperatures (nore than 20°CQ excl ude sal non and trout
fromthe lower 76 mles of the river with only a few exceptions
(river mles 66 and 70; Fig. VI-6 of Wnzler and Kelly).

2. Pool: riffle ratios averaged 4.8:1 on nai nstem
much greater than the 1.1 or 50:50 ratio cited in
the literature that is typical of salnonid nursery
habitat (Fig. V-4 of Wnzler and Kel ly).

Habitat requirenents for the reproduction of steel head, silver sal non, and
ki ng sal non, based prinarily on Baracco, 1977 and Wnzler and Kelly, 1978, are
summari zed in Tabl e 4.

Side channels of the Russian Rver, at least in Sonoma County, are the
shal | ow water nursery areas (usually less than one foot in depth) for non-gane
speci es. These side channel s are nuch higher in water tenperature, often
approaching air tenperature, than the
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mai n channel and are the preferred habitat of young-of-the-year suckers,
squawf i sh, roach, hardhead, and stickl ebacks. Large nmasses of fil anmentous
al gae eventual |y coat and choke the side channel if flow becones reduced and
no shade is present.

Because of controlled flows from Coyote Dam and the renoval of |arge
riparian trees, deep, tree-shaded "hol es" and ox-bow | akes are absent. These
deep hol es were undoubt edly cool refuges for col d-adapted trout and sal non. Qe
of these deep hol es was the basis of the nane of a Southern Pono village, "Sal non
Hole," that existed at the nouth of Sul phur O eek. David Peri, anthropol ogist at
Sonona State Uhiversity, has been inforned by Indians of the Heal dsburg area that
a | ake, presumably an overflow | ake, once existed in that region.

Tributaries. Sumrer water tenperatures on the nainstemare so high, at the
present time, that nursery areas for sal nonids are non-existent. Mst of the
sal moni d reproduction of the past, except for that of pink and king sal non,
probably occurred either in the tributaries or the upper reaches of the mai nstem

The tributaries of the Russian R ver can be categorized according to their
position within the river system Prinary tributaries are those that flowinto
the mai nstem secondary tributaries enter prinary tributaries; tertiary
tributaries feed into secondary tributaries.

The nost critical part of any tributary is its nouth, because through it
pass fish on their way upstreamto spawn. Sone aut hors define anadrony in a
broad sense to include any mgration into a tributary streamfor spawning. If we
follow that definition, probably 95% of our native freshwater species are
anadronous. Another inportant function of the tributary nouth, even if the
tributary dries up during the summer, is that it forns an enbaynent on the
mai nstem where water velocity is reduced and young fish and snall prey species
can seek shelter fromnai nstempredators. The roach, a small mnnow native to
the system was recorded by Pintler and Johnson (1957) as bei ng common on the
mai nstemonly around the nouths of tributaries. Even the tul eperch, a native
| i ve-bearing species, enters the mouths of tributaries to deliver its young.

Prinmary tributaries that are wthin 10 mles of the coast, such as Austin
O eek and WIlow Ceek, are cool ed by coastal fog and redwood forests and are
therefore, or once were, good salnmonid streans. Dry Greek and other intermttent
primary tributaries of the mddle reaches of the river are margi nal sal nonid
streans wth annual |y and seasonal |y fluctuating flows. In these streans we find
nost of the species found in the nainstembut of a snaller size. Sqguawish and
suckers still domnate the fish popul ation. Hopkirk (1967; 1974) naned this type
of fish community or association as the "sucker zone."

Secondary tributaries are usually pernmanent streans that are domnated by
roach ("roach zone" of Hopkirk, 1967). Vrm Springs Qeek is a good exanpl e of a
roach stream (see Hopkirk, 1979). R parian vegetation (al ders, naples, |aurels)
of ten shades 50% of the wetted streanbed. Wter tenperatures range between 70
and 75 degrees Fahrenheit during the summer. Rainbowtrout are present, but do
not domnate the fauna.

Tertiary tributaries are snmall, cold and inconsequential creeks
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of great beauty and permanence. R parian vegetation (especially wllows) is so
dense that it may be difficult to locate the water and 100% of the streamis
shaded. These are often our best streans for the spawning of resident rai nbow
Rai nbow trout fry are domnant in these streans. Wter tenperatures always
remai n | ess than 70 degrees Fahrenheit. Rancheria Geek, a tributary of Wrm
Springs Oreek, is a good exanple of the "trout zone" (Hopkirk, 1967; 1974).

Artificial Aquatic Habitats

Artificial aquatic habitats are those constructed (bul | dozed or dredged) by
man. On the Russian Rver and its tributaries, one finds during the sumer dry
period a nunber of these which disappear, either by being bul |l dozed away or by
bei ng washed away, with the onslaught of the rainy season. Terrace pit ponds and
i npoundnents | ast throughout the year and are therefore pernmanent or
sem permanent in nature.

Tenporary or "Summer" Aquatic Habitats. One of the nost perpl exing
probl ens of the Russian Rver system at least to fishery biologists, is the
sumer dans and ponds fornmed for recreational use. The Heal dsburg Recreati onal
Cam constructed in 1951, has created passage problens for shad, king sal non and
steel head during their spawning mgration (Vestal and Lassen, 1969). Summer
dans, which adversely affect sal nonids, have been constructed on Austin Greek for
al nost 70 years. Forty dans were constructed in 1972 affecting el even mles of
stream (Forester and Jones, 1973); thirty-three dans were constructed in 1978
(Alan Baracco, April 7, 1978 menorandumto Region 3 Fisheries Managenent
Super vi sor).

Al though not usually a barrier to the magration of fishes, sumer road
crossings on the mai nstemfunction as partical dans and sl ow down the flow of
water to formponds. These ponds toward the end of summer becone full of
filanentous al gae and serve as nursery areas for suckers and mnnows, in addition
to those present in the side channels. Summer road crossing ponds, simlar to
the one seen at Asti, also function as recreational ponds; conversely, dans that
formrecreati onal ponds, such as those on Austin O eek, serve as summer road
crossi ngs.

I nstream m ni ng ponds are now uncommon on the river and its tributaries.
They are formed by the action of "skimmers," bul | dozers, and drag-lines. Aerial
phot ogr aphs taken in 1976 reveal their presence on Dy O eek near \estside
Bridge. A conspicuous one is also forned by dragline every year by Basalt Rock
Conpany in the streanbed of the river at the nouth of Dry Greek. Shallow
i nstream ponds, |less than three feet in depth, are forned every sunmer by Bohan-
Canelis on Austin reek. Instreamponds accumulate silt during the extraction of
gravel . No cover is present. F shes |onger than one inch in length were absent in
t he Bohan and Canelis pond and presumably renoved by avian predators. The only
fish observed in these ponds were young stickl ebacks and roach.

Di version channels are required in Austin reek and el sewhere by the
California Departrment of Fish and Gane's "Streanbed Alteration Agreenent” to
allow for the free passage of fish around a damor any artificial obstruction of
the stream These diversion channel s are supposed to foll owthe natural channel
and be directed
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toward a bank with riparian vegetation ("Recommendati on" of Kl anpt, 1972).
During the |late sumrer, however, flow in the creek becones reduced and the
di versi on channel becones a series of interrupted pools. Fishes are able to
survive only if pools renain under the shade and cover of riparian vegetation.

Permanent or Sem pernanent Artificial Aguatic Habitats. Two naj or types of
ponds, waste water and terrace pit, are presently created by gravel operations
that mne the terraces along the river. Gavel is renoved by drag lines to form
terrace pit ponds —sone of which becone nore than a square city bl ock in size.
The gravel is trucked to the sorting plant where it is sorted, washed and st ock-
piled by size. Wsh water accumul ates in a waste water pond, the bottom and
sides of which are pure silt. Vaste water ponds are usually constructed on top
of the terrace and hopeful |y outside of the flood zone of the river. Qur studies
did not include waste water ponds or terrace pit ponds, but concentrated on the
mainstemand its tributaries. Fishes of these ponds are nostly warm water
speci es (catfish, suckers, squawish, snallmouth bass, bluegill, green sunfish)
t hat have nanaged to arrive there via flooding, construction activities,
planting, etc. Waste treatnment ponds were present, but not investigated, near
the Asti study site. Warm Springs Dam (under construction) and Goyote Damform
or wll form sizeable reservoirs on the system These were outside the scope of
study and therefore not investigated.

WATER QUALI TY PARAMETERS

The quality of the water, in relation to the needs of fishes, was briefly
anal yzed at the six study sites. Surface water tenperature, turbidity, and
di ssol ved oxygen were recorded. D ssol ved oxygen data were not significant and
therefore not included in this report.

Wat er Tenper at ur e

The nost inportant factor limting the distribution and abundance of
fishes is water tenperature. F shes orient thensel ves to or swmtoward specific
water tenperature gradients, spawn at specific tenperatures, hatch out of the egg
at specific tenperatures, and require specific tenperatures for optimmgrowh
and devel opnent .

Water tenperature requirenents for trout and sal non, based on the
literature (especially Wnzler and Kelly, 1978 and Baracco, 1977), are as foll ows
(see al so Table 4):

Passage or Mgration Upstreamfor Spawning: 7.2° to 15.5°C (45°F to 60°F)
Spawning: 5.8° to 12.8°C (42°F to 55°F)

Nursery Habitat: O to 12.5°C (32°F to 55°F) for fry; less than 20°C
(68°F) for fingerlings and adults of trout and sal non

Downstream M gration: |ess than 15°C (59°F)
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Ki ng sal non fenal es require tenperatures bel ow 13°C (55°F) during mgration
for proper devel opnent and viability of the eggs. Baracco (1977) cal cul at ed,
based on water tenperatures taken at Querneville from 1964 through 1973, that
mgration could not occur, on the average, until the mddl e of Novenber. The
precedi ng tenperature occurs usually at a tine period when the nouth of the river
is open at Jenner. Qur data is insufficient for the period of Novenber and
Decenber, but it can be seen that a dry warmw nter woul d have di sastrous effects
on king salnon (Fig. 1).

The spawni ng period of the king sal non ranges from Novenber through
January, silver salnon fromQctober or Novenber to | ate February, steel head
from Novenber through April. Water tenperatures by the mddle of March in
1979 were already in excess of the maxi numfor spawning and as a nursery
habitat for fry (Fig. 1).

Adverse water tenperatures, exceeding that required for juvenile and adul t
sal monids (20 C or 68°F), occur fromJune through Qctober (100 days) in the
mai nstem May through Cctober (180 days) in Dry Oreek, mid-My through m d-
Sept enber (120 days) in lower Austin Greek (Fig. 1). It should be noted that the
tenperature of the main channel (running water habitat) in Austin O eek was much
cool er than the summer ponds and had only 45 days of adverse water tenperatures.

Juveni | es of anadronous sal noni ds undergo a m nor et amor phosi s, referred
to as snoltification (= the devel opnent of the silvery or snolt stage), prior to
their seaward journey. Zaugg, et. al. (1972) have shown that tenperatures bel ow
15°C (59°F) are necessary for this process. Baracco (1977) cal cul ated that
tenperatures in the |lower river exceed, on the average, 15°C (59°F) after the
mddl e of April. In 1979, tenperatures exceeding 15°C began in early April on the
mainstem April 1 on Dy Oreek, and late April on Austin Geek (Fig. 1).
Shol tification and downstreammgration therefore has to occur prior to md-April
for salnmonids in nost of the system If snoltification does not occur, the young
sal noni ds have to contend with stressful, and often fatal, high summer
tenperatures in their wait for the next mgratory period.

Al though water tenperature requirements for sane of our native non-gane
speci es are inadequately known, it is obvious, based on their present abundance,
that water tenperatures throughout nuch of the systemare ideal for their growh
and reproduction —and not for sal nonids.

Turbidity

Turbidity is a neasure of the anount of inorganic and organic nateri al
i n suspension. Various met hods have been proposed for the neasurenent of tur-
bidity —all of which, at times, prove to be unsatisfactory.

A spectrophot oneter or photo-electric neter was used to neasure turbidity.
This instrunent neasures the proportion of incident light transmtted through the
wat er sanple. ne value of this nethod is that the instrument provides a readi ng
which is free fromerror of judgnent (Knight, 1950). Unhfortunately, nost of the
research and literature in water quality have not used this nethod. The Jackson
turbidinmeter is the instrument that is used by nost aquatic biologists. It uses a
standard candle as a source of light and will neasure turbidities that are
visible to the eye.

Qur neasurenents of turbidity are in terns of per cent transmttance of
light at a wavel ength of 450 nm Masurenents of turbidity inthe literature are
either in Jackson turbidity units or parts per mllion. Readings ranged from
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0 per cent transmttance with a sanpl e of gravel wash water froma seepage into
the river at Kaiser's South Plant to 100 per cent transmttance in standi ng water
of summrer ponds collected in June fromDry Oreek and Austin Oreek (Fig. 2).

Fluctuations in turbidity in the mai nstemwere rather uniformthrough
the river. Asti and Kaiser South were simlar in their patterns of turbidity
(Fig. 2).

Dy Oeek had the greatest anmount of turbidity (6 per cent transmttance at
Soi |l and on February 22). Kaiser South, on the sane day, had 27 per cent
transmttance.

Austin Oeek exhibited a great deal of variability withinits system
March 1, East Austin Greek had a per cent transmittance of 97, while the nouth of
Austin Oeek had a per cent transmttance of 69 per cent. Wether this increase
in turbidity is the result of erosion of Wst Austin Oeek, follow ng the
Cazadero Fire, or of gravel mning and other instreamalterations, wll require
addi tional sanpling.

Wth a reduction in sumrer flow fine sedinments settled out and turbidity
| evel s dropped (i.e., per cent transmttance approached 100). One notabl e
exception was the small pond that formed in the mouth of Dry Geek. Turbidity
| evel s were apparently elevated in that pond because of the swmmng activity of
tadpoles (Fig. 2). Summer turbidity | evels el sewhere were acceptabl e; water
quality inproved at the expense of the substrate and stream productivity.
Substrate |levels of fishes gradually increased (Table 5) and macro-benthic
aquatic insects decreased. Wnter turbidity |levels appear to be high and
undoubt edl y have an adverse effect on trout and sal non reproduction.

SUBSTRATE ANALYSI S

| ntroducti on

Most stream fishes require channel sedinments that have a variety of
particle sizes. This is especially true for sal noni ds which deposit their eggs in
sedinents of a particular size class (Patts, et. al., 1979). MNeil and Ahnel
(1964) denonstrated that fine sedinent particles in the streanbed reduce
permeabi ity and thus cause higher nortality of eggs and fry. Hall and Lantz
(1969) found that an increase of 5 per cent in fine sedinent snaller than 0.83 mMm
(0.033in) in dianeter in redds (= nests) decreased survival of energent silver
or coho salnon fry. P atts and Megahan (1975) di scovered that |arge increases in
fine sedinent |oads into streamchannels can create intol erabl e channel
nodi fi cations in sal nonid spawni ng ar eas.

Substrate Anal ysis

e of the "standard" problens encountered in the study of substrates is
that a uniformclassificationis not followed. The "fines" of Hall and Lantz are
not the "fines" of Platts. Each governnental agency has devised its own
classification of particles or sedinments. The term"sedi nents" has been
restricted by one researcher
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to inorganic particles less than 4 nm others use the word in a broad sense for
particles of any size category. Baracco (1977) in surveying the types of
substrates present in Dry Greek, failed to define his categories and consequentl|y
his data is difficult tointerpret. He did indicate, however, that his "snall
gravel " had a nmaxi nrumsi ze of approximately 0.15 m(6 in.). "Spawni ng gravel s"
were listed separately from"snall gravel." Duff and Gooper (1976) included fine
gravel (0.1 to 1.0 inches in dianmeter) and coarse gravel (1.0 to 3.0 inches in
di aneter) under the category "spawni ng gravels."

Because of the sieves available to us, our "fines" represent a dianeter of
| ess than 0.90 mm rather than less than 0.93 nmas defined by Hall and Lantz.
If we interpret our substrate data for May and early June (Table 5) in terns of
coho (silver) salmon per cent survival to energence (Fig. 11 of Hall and Lantz),
we arrive at the follow ng cal cul ati ons:

Russian Rver at Asti: 23%fines or 39%survival of silver sal non.

Russian R ver at Kaiser South: 29%fines or 13% survi val .

Dy eek at Soiland: 13%fines or 80% survival .

Austin Oreek above gravel plant: 17%fines or 64% survival .

Austin Creek bel ow gravel plant: 15%fines or 72% survival .

If we define "fines" in terns of Platts and Megahan (1975) as being | ess
than 4.7 nmm(for us less than 5.61 mm) with 10 to 20 per cent present for optinum
ki ng sal mon spawni ng, we find that our data indicates:

Russian Rver at Asti: 47%to 48%fi nes

Russian R ver at Kai ser South: 53%fines

The precedi ng percentages of fines are conparable to those found by Platts and
Megahan at the beginning of their study in 1966 on the South Fork of the Sal non
Rver. At that tine period, "fines" were 55% and caused dunes to formon the
channel bottomand only the tails (downstreamend) of some of the king sal non
redds remai ned exposed. A noratoriumon |ogging and road construction in the
upper SFSR drainage resulted in a decline of fines to 29% by 1974.

Van Wert and Smth (1962) stated, based on know edge of Sacranento R ver
king sal non redds, that gravel less than one inch in size may not nake up nore
than 50%of the total sanple. |If we followthat criterion, we find (using our
22.43 nmsieve as equal to one inch):

Russian R ver at Asti: 76-83%1less than one inch

Russi an R ver at Kai ser South; 82-93%1| ess than one inch

Dy Oeek at Soiland: 83-91%1I ess than one inch.
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The only conclusion one can arrive at is that our study sites | ocated on the
M ddl e Reaches of the Russian R ver and Dry Oreek no | onger have substrate
suitable for the spawni ng of king salnmon. According to data provided by
et hnogr aphers (Theodoratus, et. al. 1975), king sal non once spawned on Dy O eek.
Baracco (1977) recorded what he considered to be suitable spawni ng habitat for
king salnon at 8 transects on D'y Oreek, steel head habitat at 9 transects, and
silver salnon at 10 transects. Twenty transects were nmade in total on Dy O eek
fromthe mouth upstreamto its confluence with Warm Springs reek. These were
based on a superficial analysis of surface sedinents, rather than on cores or
McNei | sanpl es. Baracco found spawni ng-si zed gravel throughout the study area,
but noted that it dimnished in quantity bel owthe Vst S de Road bridge. Qur Dry
Qeek sanple site was at this bridge. Additional MNeil sanples are needed from
above Wst S de Bridge to fully understand the suitability of Dy Geek for the
spawni ng of sal noni ds.

Mark Wst Oreek was anal yzed for sedi nent types as a conparison to Austin
Qeek. It was theorized that it woul d be a second exanpl e of a steel head stream
Exam nation of the sedinents indicated a high percentage of |arge particles
(averaging 32 per cent) was present, nore so than at any other locality sanpl ed.
A strong correlation could be made between trout abundance and spawni ng and t he
per cent of particles over one inch in dianeter. Particles |arger than one inch
al so provide a nore appropriate type of substrate for trout foods. The nost
productive type of substrate is rubble (3 to 12 inches in dianeter; see Table 4).

The presence of large particles on the surface of the substrate does not
automatically inply a good substrate for salnonid reproduction and for sal noni d
foods. Surface particles may conceal a |large percentage of fines. It is also
possi bl e that once the fines are covered, they are nmuch nore difficult to renove
fromthe substrate by high flows. Cordone and Pennoyer (1960) al so enphasi zed
the inportance of the substrate being "loose," i.e., not bound up by clay or silt
particles. Aay particles could greatly inhibit the cleansing action of peak
flows. Many workers have enphasi zed that porosity and permeability are as
important as particle size and per cent conposition.

Pel zman (1973) recommended for streans with controlled fl ows a decreasing
flowin the spring to prevent riparian plant species frombecomng established.
Tennant (1975) and Hoppe and Finnell (1970) recommended hi gh flushing flows on an
annual basis to prevent riparian encroachnment and to renove fine naterial in
spawni ng areas. Baracco (1977) suggested that flushing fl ows nay be val uable in
preserving spawning areas if initiated on an annual basis imrediately at the
onset of controlled flows. The val ue of riparian plants in providing cover and in
cooling the water does not seemto be appreciated by the precedi ng aut hors.

SURVEY CF AQUATI C CRGAN SMb

Fi shes

Fi shes coll ected or observed during the study period are shown in
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Tabl e 6. The dom nant species, in terns of nunbers, for all of the study sites
was the Sacranento sucker. Because of its ecological role as a prinary consuner
(consurer of al gae and aquatic plants), the domnance of this species is to be
expected. The acconpanying figure (Fig. 4), borrowed from Myle (1975),
illustrates the feeding relationships in a pool of the sucker zone or comunity
(see al so Hopkirk, 1967; 1974).

Seasonal fluctuations in the nunbers of suckers are great. The annual
recruitnment or "young-of-the-year"” in the popul ati on was extrenely noticeabl e
fromApril through Septenber. Mst of these undoubted y becane the food of other
fishes (especially the squawfish) or of fish-eating birds. Large adult suckers
and carp were usually seen at Kai ser South and at Heal dsburg above the sunmer -
dam Carp were the dom nant species in terns of size.

The Sacranento squawfish, inits role as a secondary consuner of young
suckers, was the second nost numerous speci es observed.

Bluegills, green sunfish, and snal | nout h bass were not as common as mght be
expected. These species prey on young suckers and squawfish. Their prinary
habitat is large pools, or, if present, summer ponds. Johnson (1957) found the
smal | mout h bass to increase in abundance bel ow M rabel Park.

The California roach, a snmall omivorous species of mnnow that is
common inintermttent foothill streans, was seen in sone abundance in Dy
Oeek and in Austin Oeek. In the side channels of the main river, young
roach were a mnor part of the |arge school s of young suckers and squawf i sh

The steel head or rai nbow trout was seen in noderate nunbers in Austin O eek,
but rare or uncommon el sewhere (Table 6). Trout in Austin O eek becane reduced
in nunbers as the sunmer progressed. The presence of trout appears to be nore
strongly related to cold water tenperatures than with the status of the non-gane
speci es popul ations. The feeding rel ati onship of trout to suckers, as interpreted
by Myle (1975), is shown in Fig. 5. The aquatic invertebrates (mayflies,
Caddi sflies, and stoneflies) preferred by trout were noticeably absent, al ong
with trout, in areas of heavy siltation (Russian R ver at Kaiser South).

The omi vorous hardhead m nnow, a cl ose ecol ogi cal associ ate of squaw i sh
and sucker, was present in snall, but expected, nunbers at sone sites. The
har dhead prefers the warmmai n channel and | ower reaches of prinmary tributaries.

The tul eperch, discussed under the section on "Rare and Endangered Aquatic
O gani sns, " was nowhere common. Johnson (1957) found it to be uncommon duri ng
the period of 1954 to 1956. The tul eperch represented 3.0%of the catch between
ki ah and Heal dsburg and 3.5%of the catch between Mrabel Park and Duncan M| s.
During our sanpling in 1979 it represented only 0.9%of the total catch.

Scul pins were only seen on Austin Greek. i ckl ebacks were nore nunerous in
primary tributaries than in the nain river.

Aguatic | nvertebrates

Aguatic insects were nost diverse at the Asti sanpling site (Table 2)
S de channels and riffles of the nain channel revealed a healthy fauna. The
| east productive site for aquatic insects was the Kaiser South sanpling site.
A strong correl ation nust exi st
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bet ween substrate size and species diversity in aquatic insects: the |arger
the particle size, the greater the diversity. Realize though that the
preceding is valid only for streans and only for the macro-benthic insects,
such as mayflies, stoneflies, Caddisflies, danselflies, and dragonfli es.

The Oriental clamwas present in areas of heavy siltation, such as the
Russian R ver at Kaiser South. The absence of this species could be used as an
indication of a healthy, unsilted stream Qher species of nollusks were al so
present but not identified because of time restrictions.

| MPACT GF GRAVEL M N NG ON THE AQUATI C CRGAN SV OF THE
RUSSI AN R VER SYSTEM

In an earlier section we discussed the possible effects, direct and
indirect, on aquatic organisns. Let us |ook at those effects again, but this
tine in terns of the aquatic organisns of the Russian R ver system

Drect Effects

1. Physical destruction or death of organisns due to the direct effects of
gravel mning activities. This effect was not w tnessed but
undoubt edl y occurs. Because nost instream mning has been
di scontinued, the direct destruction of organisns is not as great as it
was in tines past. The construction of summer dans on Austin Ceek by
property owners probably causes the direct death of nore organi sns than
any other type of instreamactivity (see Forester and Jones, 1973).

2. Drect renoval of substrate sizes necessary for reproduction (spawni ng,
nest-building). During the dry season, gravel operators skimoff the
gravel frombars and berns. This process renoves gravel that is
appropriate for concrete (0.5 to 1.5"); particles over 2 inches are
al so taken but have to be crushed. Because spawning gravel s range in
dianeter fromO0.1 to over 6 inches, depending upon the species, it
woul d appear that gravel extraction directly renoves spawni ng gravel s
fromthe streanbed. In our studies of the substrate, |arge particles
were scarce around gravel operations. The extraction pond of Bohan-
Canelis on Austin Oreek on Cctober 5 (Table 5) reveal ed a great
reducti on (average of 2.8 per cent) in coarse particles over 22.43 nm
and a great increase (up to 69%in one sanple) in fines. The renoval of
| arger particle sizes, especially rubble, also reduces secondary
productivity (nmayflies, stoneflies, Caddisflies) or the foods avail abl e
to trout. Rubble (3 to 12 inches) and gravel (1/8 to 3 inches in
dianeter) are the preferred sedinents for these aquatic insects (see
Tabl e 4).

3. Drect renoval or destruction of fish habitats. During the past few
years, overt destruction of fish habitat has been acconplished by the
Pianbo Plant | ocated north of Geyserville
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Bridge. The nouth of GII CGeek was mned out and a new nouth and
creek channel forned upstreamfromthe pl ant. Adjacent side channel s
of the river were graded off and cleared of riparian vegetation.

The streanbed procedures used by Pianbo are typical ones. The nain
channel is redirected and constricted to expose a greater anount of
dry streanbed. The surface of the berm between channels is planed
off. Wien winter flows arrive, they tend to spread out and w den
the streanbed through bank erosion. Wth a reduction in velocity
over the extrenely w dened berm fine sedinents settle out and
accunul ate on spawni ng beds.

Every spring, Basalt Rock Conpany, a subsidiary of D |lingham
Corporation, constructs an instreampond on the river near the nouth of
Dy Geek. This pond is apparently dug in the wettable bed of the
river. FEvidence to support this hypothesis was the presence of native
non- gane speci es (roach and squawfish) in the pond. This activity may
also interfere with the downstreammgration of fishes out of Dy
O eek.

D version of streans and isolation of organi sns i nto dessicating pool s.
In Austin Ceek, the main channel was reduced by a snmall gravel |evee
to awdth of 10 feed and directed toward the shaded east side of the
streanbed. This allowed the operator, Bohan - Canelis, to extract
gravel fromthe center of the streanbed. Trout had been present in
| arge nunbers (100 plus) at the begi nning of summer in that section of
the stream As the summer progressed and fl ows becane reduced, fewer
trout were seen. No trout or large fish were seen in the instream
pond. At the end of summer, the main channel was a series of

di sconnect ed pool s, al nost conpl etely conceal ed by riparian vegetation.
Because of downgrading of the creek in that section, undercut banks
were poorly devel oped and provided little cover.

Construction of sunmer dans and roads whi ch bl ock mgration. The
construction of sunmer road crossings by gravel operators is a real
problem Summer dans and summer road crossings interrupt the mgration
of sal nonids, shad, and native non-gane species. Basalt Rock Conpany
has constructed a road across the nouth of Dry Oeek every dry season.
In 1979, the road was already in position by the 10th of May. Past
mning activities in the river that downgraded the nouth of Dy O eek,
and present road construction and i nstream pond construction have
destroyed the nouth of the creek as a fish habitat. Qher sumer
activities at the nouth of the creek (swmng, off-road vehicles,
not or cycl es) have not hel ped the fishes. Species such as the
squawf i sh, sucker, roach, tul eperch nay be prevented frommgrating
upstreamor into the nmouth of the creek. Early construction of the Dy
Creek sumrer roads, prior to the 5th of May, woul d bl ock tul eperch
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| ndi r ect

fromdelivering their young in the creek nouth. The presence of the
"summer" road into fall (present on Novenber 17 in 1978) and its manner
of renoval, by the first najor stornms of winter, cause additional
probl ens for mgratory species and for those that frequent the nouths
of tributaries.

Ef fects

1.

Rel ease of fine sedinents into the river during instreamextracti on
or during the washing of gravel. Fine sedinents can be present
either in suspension or in settled form |In suspension, fines
increase turbidity, which reduces |ight penetration (hence

phot osynt hesi s and prinary productivity), reduces visibility, and
clogs the respiratory structures of organisns. Qganisns that rely
nore on ol faction and touch (suckers, some mnnows) do better in
turbid water than those that rely on vision (trout, salnmon). In
settled form fines fill crevices between gravel, thereby reducing
the cover and surface area available for aquatic insects and young
fish, and alter the relative conposition of the substrate, thereby
decreasing the value of the substrate for spawni ng.

The substrate in the vicinity of Kaiser South had a hi gh percentage of
fines in conparison to other sanple sites. Suckers were al so extrenely
abundant, Oriental clans were common, and lotic benthic insects
(mayflies, stoneflies, caddisflies, danselflies, and dragonflies) were
essentially absent. A najor cause of the excess fines in the substrate
is the occasional rel ease of seepages of gravel wash water into the
river. On March 13, 1979, a seepage with a flowof 0.2 cfs and a
turbidity of 0%Ilight transmttance was observed. A snall wash water
pond, parallel to the wetted streamchannel and within 10 to 20 feet of
it, was present throughout the summer. Water that entered the pond
flowed in an upstreamdirection and eventual | y seeped t hrough gravel and
into the river.

Rel ease of excessive anmounts of fine sedinents into the river by the
fl oodi ng of gravel wash ponds, terrace pit ponds, summer roads, and
| evees. Huge anmounts of fine sedinents are dunped into the river if a
terrace pit pond floods or if a gravel wash pond fl oods. Ponds of the
precedi ng type accumul ate fine sediments. n February 22 of 1979, the
south pond of the Kaiser North Plant was observed wth a 50 foot break
in the | evee which had separated it fromthe river. The California
Departnent of FH sh and Gane feels that these fl ooded ponds may al so trap
upstream m grants and prevent them from spawni ng.

Fi ne sedinents are al so rel eased frominstream ponds during w nter
flooding. An old instreampond in a flood channel of the river near the
nmouth of Hop Kiln Oeek was noted during the early summer of 1979. It
could be seen that fine sedinents, probably clay, had fanned out of the
pond on its downstream side and after drying, had conpacted the
substrate.
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The water in the pond was quite turbid, indicating that a | arge
amount of fine sedinment was still present and would remain a
probl emfor nany years to cone.

Changes in the physical features of a river or of its tributaries so
that bank and streanbed erosion is increased. The past downgradi ng of
the streanbed through gravel extraction has al ready been wel |
docurented. Bank erosion is increased, as nmentioned earlier inthis
section, by the planing-off of the bermor by constricting the channel
of the river. Mst tributaries of the river in the vicinity of gravel
m ni ng have been downgraded. A prinme exanple is Hop Kiln Geek. A
si x-foot downgradi ng of the streamoccurred foll ow ng the extraction of
gravel fromthe river. Evidence in support of this recent event is
that the roots of riparian trees forma canopy four to five feet over
the bed of the creek.

The i nproper placenent and renoval of culverts in the sunmer road

across Dry Oeek allows early winter flows to be directed toward the
north bank of the creek. This results in the erosion of |arge anounts
of topsoil. A "soilberg" six feet long slunped into the creek on

January 8, 1979. The summer road itself undoubtedly contributes a
| arge anount of silt into the river.

Because of gravel mning activities, |arge pools or deep hol es are no
| onger present on the river. demVanoni, a long tine resident of the
Geyserville area, in an interviewwth Howard Qunni ngham cl ai ned t hat
at one tinme deep clear pools existed in his region of the river.
Sal non coul d be seen in these pools, sone of which were up to 25 feet
in depth and surrounded by riparian growth. A deep cold water |ayer
coul d have existed in these holes, especially if springs were present
at their bottom Wnzler and Kelly (1978) recorded the presence of a
deep pool, maxi mumdepth of 42 feet, at river mle 5  Surface water
tenperatures were 26.0°C at 20 feet the tenperature was 19.0°C and at
42 feet the tenperature was 17.5°C. Nb canopy was present. Véter at
the bottomwas slightly saline.

Renoval of riparian vegetation. The renoval of riparian vegetation
i ncreases water tenperature, remnmoves cover or shelter for fishes,
reduces the food supply (insects) for fishes, reduces the enrichnent of
the stream and on small streans, reduces the formation of pools and
riffles.

Hal | and Lantz (1969) found that the nmaxi numwater tenperature in a
coastal streamof QOegon went from16°C to 30°C fol |l owi ng the cl earcut
| oggi ng of the watershed. Maxi numdiurnal fluctuation went froml1.5°Cto
16°C.

Water tenperature data fromAustin Qeek on Septenber 7, 1979 i ndi cated
that the riparian canopy | owered the water tenperature from4° to 10°F
(1.7° to 5.6°C) dependi ng upon wat er
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depth and velocity. On other dates the effect of canopy or shade
was about the sane. A w de spectrumof water tenperatures was
recorded on Septenber 7 (air tenperature of 77°F or 25°Q):

77°F (25.0°Q): exposed, isolated shal |l ow pool forned by wheel s of
dunp trucks; water boatnen and young sti ckl ebacks present.

73.4°F (23.0°C): exposed shallow riffle bel ow sumrer pond.

72.0°F (22.2°Q: partially shaded nai n channel ; school s of
smal | roach and suckers.

71.6°F (22.0°C): exposed summer pond ("Austin C eek above gravel
plant" study site); young suckers, roach, and squawfish present;
mats of filamentous al gae cover bottomof pond and sone extent
to surface.

70.0°F (21.1°Q: exposed and isol ated i nstreamgravel extraction
pond of Bohan-Canelis; less than 3 feet deep; a few young
sti ckl ebacks seen.

68°F (20.0°C): conpletely shaded fl owing water in
di verted mai n channel ("Austin O eek bel ow gravel plant” study
site); steelhead trout, about 4 inches |ong, dead in mddl e of
channel .

66°F (18.9°C): conpletely shaded flowi ng water in diverted nain
channel , inmedi ately upstream from precedi ng; wet bank
i ndi cated entrance of spring seepage at this point; a few
trout present, one about six inches |ong.

The gravel operator, Bohan-Canelis, appears to be quite conscientious
about procedures, i.e., riparian vegetation was not renoved, side
channel was formed properly, |ong-termrecords have been kept of stream
changes. Summer recreational ponds on Austin O eek appear to be nore of
a problemin warmng the water than the gravel extraction. R parian
vegetation on Austin Oreek, and el sewhere, |owers water tenperature
provi des shade (of inportance to large trout), and, nore inportant
per haps than any other factor, provides cover or protection from
predators. Fish-eating birds are common on the Russian R ver system
Renoval of riparian vegetation, even if only a few willows, provides
fish-eating birds with inproved visibility and neans, in the final
anal ysis, fewer trout in the system

Reduction of lotic or running water habitat and its repl acenent by
lentic or standing water habitat. The construction of instream ponds,
roads, and | evees creates inpoundnents that are favorable for warmwat er
speci es (suckers,
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squawf i sh, sunfishes, basses) and poor for col dwater species (trout and
sal non) .

Kl anpt (1972) and Forester and Jones (1973) record the changes brought
about by the construction of sunmer recreational ponds on Austin O eek.
Because trout and silver sal non cannot tol erate the warmwater of the
sumrer ponds, they are forced into the greatly restricted lotic habitats
that are present between ponds. Reconmendations arrived at in 1972 are
still valid now

Al though the gravel industry does not contribute directly to the
precedi ng probl em except perhaps in the physical construction of the
dans, they do benefit fromany streamalteration that increases the dry
surface of the streanbed—the surface that under present regul ations
they are allowed to m ne.

MANAGEMENT RECOMMENDATI ONS

M ni ng Procedures

The California Departnent of Fish and Gane has prepared a list of twenty-two
recomendat i ons whi ch can be agreed upon with the operator in the alteration of
streans or | akes ("Agreenent Regardi ng Proposed Streamor Lake Alteration").
This list, if conscientiously foll owed, woul d suffice for nost gravel operations.
Unfortunately, not all operations are diligent in follow ng the reconmendati ons.
Second, an illustrated handbook of "do's" and "don'ts", conparable to that
prepared by the State Mtor Vehicle Departnent, would better enable operators to
under stand the recommendati ons of the Fish and Game Depart nent.

Qur own reconmendations are slightly nmore extrene:

1. Himnation of instreammning of sand and gravel, except for purposes
of flood control; if for flood control, it should be under the strict
supervision of the California Departnent of Fish and Game and ot her
state agencies. Small instreamoperators should be given a five-year
extension but with extraction not to exceed the anount taken in 1979.

2. Reduction and eventual elimnation, of sumrer dans and ponds.
3. Himnation of all instreamsettling ponds.

4. Himnation of all vehicular travel, except for energency or flood
control purposes, fromthe streanbeds of the Russian Rver and its
tributaries.

5. Himnation of wastewater ponds, gravel wash ponds, and eventual | y
terrace-pit ponds, fromthe natural fl oodplain
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of the river. Adequate |evees should be constructed around the ponds
that are presently being operated. Qperators not in conpliance wth
the preceding should lose their permt to operate in the county of
Sonona.

6. HBimnation of sunmer road crossings, and of any other gravel mning
activity, fromaround the nouths of tributaries for a di stance of one
mle on either side (upstreamor downstream on the river.

7. Conplete protection of any riparian forests, shrubs, etc., that now
exist along the river and its tributaries; only exception woul d be
for flood control and then, under the strict supervision of F sh and

Gane per sonnel .

Recl amation and Mtigation

G avel operators should be required to pay for the costs of any inprovenents
that are necessary to rehabilitate areas that they have mned. Terrace pit ponds
and ot her naj or changes in the | andscape, especially those that are within the
natural floodplain of the river, should be restored to their origina condition
(with vegetation indigenous to the region). Structures or nethods (I|evees,
di version channel s, etc.) shoul d be devised to direct fine sedinents, present in
ponds, nounds, whatever, away fromthe river.

QG avel operators should provide funds to nonitor the river for a ten-year
period. This study woul d include a conpl ete nappi ng, inventory, and survey of
areas that had been previously mned. State water quality stations shoul d be
established, if not already present, near areas of mning to record changes in
water quality.

An intercounty comm ssion or agency shoul d be established to deal with the
problens of the river and its watershed. Menbers should include not only
appoi ntees fromeach county, but al so nmenbers fromall of the governnental
agenci es or groups that have an interest in the natural resources of the Russian

R ver system

Moni tori ng

The 10-year nonitoring of the fisheries, if established, should include the
fol | ow ng:

1. Water quality; sanpling should be done with each sanpling
of aquatic organi sns.

2. Aguatic organisns: fishes and benthic invertebrates; sanpling
shoul d be done throughout the year wth appropriate nethods
and include sites of past mning (nmainstem tributaries,
terrace ponds, washwater ponds).

3. Size and conposition of particles in the substrate of mai nstem
and tributaries; sanpling shoul d be done throughout the year
with the aid of a McNeil sanpler and a sanpler yet to be
devi sed, that sanples a |larger area and particle size.
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4. Transects of the streanbed of the nain stemand tributari es.

a. Phot ogr aphi ¢ transects that record changes in surface
particles —made at sites of McNeil sanpling.

b. Dept h and extent of channels, at the beginning of
sumer and at the end of summer, that record changes
in the substrate, especially under bridges which form
sem per manent mnarkers.

5. Limol ogi cal studies of selected ponds that have been created
t hrough gravel extraction.

6. Recreational use of the fisheries resource.

SUMVARY

The gravel industry of Sonoma County has, since the tine period fol |l ow ng
VWrld War 11, adversely affected the quality of the Russian River and its
associ ated biota. Mjor downgradi ng of the streanbed through past mning has
renoved | arge particle sizes (needed for fish reproduction and food organi sns)
and i ncreased the percentages of "fines" in the substrate. This has greatly
reduced the quality of the sport and commercial fishery for trout and sal non;
native non-gane speci es have benefited fromthe mning and sedi nentation. Re-
noval of riparian vegetation along the river and its tributaries has increased
sumer wat er tenperatures and renoved cover necessary for trout. Qonstruction of
dans and i ncreased human denands for water during the sunmer have al so brought
about adverse summer water tenperatures.

Al though instreammning has declined, the release of fine sedinents from
terrace pit and settling ponds is a continual hazard, due to their inproper
location within the flood plain and poor |evee construction. A nunber of
recomendations are nade to protect the fishery. Mnitoring of the fisheries in
past areas of mning is advised for a 10-year period. Information is to be
gathered on water quality, aquatic organi sns, size and conposition of particles
in the substrate, streanbed characteristics, |imology of gravel mning ponds,
and recreational use of the fisheries resource.
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TABLE 1. FI SHES OF THE RUSSI AN Rl VER SYSTEM'

Fam |y Petronyzonti dae —I anpreys

Lanpetra ayresii (river |anprey) AN

L. pacifica (Coastrange brook | anprey) R N

L. tridentata (Pacific |anprey) A N
Fam |y Aci penseri dae —st urgeons

Aci penser nedirostris (green sturgeon) AN

A transnont anus (white sturgeon) A N
Fam |y A upei dae —herrings

Al osa sapi di ssina (Amreri can shad) Al

A upea pallasii (Pacific herring) E N
Fam |y Engraul i dae —anchovi es

Engraul i s nordax (northern anchovy) E N
Fam |y Gsneridae —snelts

Hyponesus pretiosus (surf smelt) E N
Fam |y Sal noni dae —trouts

Onhcor hynchus gor buscha (pi nk sal nmon) AN

QO kisutch (coho or silver sal non) AN

0. tshawytscha (chinook or king sal non) A N

Sal no gairdnerii (steel head or rainbow trout) Aor RN

S. trutta (brown trout) R 1
Fam |y Cypri ni dae —m nnows

Car assi us auratus (gol dfish) R

Cyprinus carpio (carp) R I

Hesper ol eucus synmetricus (California roach) R N

Lavi ni a exilicauda (hitch) ?1,R

M/l ophar odon conocephal us (har dhead) R N

O thodon m crol epi dotus (Sacrament o bl ackfi sh) ?1,R

Pt ychochei l us grandi s (Sacranmento squawfi sh) R N
Fam | y Cat ost om dae —suckers

Cat ost onus occi dentalis (Sacramento sucker) R N
Famly Ictal uri dae —catfishes

Ictalurus catus (white catfish) I, R

I. nelas (black catfish) ?1,R

|. nebul osus (brown catfish) I, R

|. punctatus (channel catfish) I, R

*List conpiled from
Hopki rk, 1979; Hubbs, Follett and Denpster, 1979; Myle, 1976.

anadronmous; | = introduced; E = estuari ne;

A
R =resident; N = native to Russian R ver



Tabl e 1, conti nued

Fam |y Poeciliidae -- livebearers

Ganbusi a affinis (nosquitofish) I, R
Fam |y Atherinidae -- silversides

At herinops affinis (topsnelt) E N
Fam |y Gasterostei dae —stickl ebacks

Gast erost eus acul eatus (threespi ne stickl eback) A N
Fam |y Syngnat hi dae —pi pefi shes

Syngnat hus | ept or hynchus (bay pi pefi sh) E N
Famly Cottidae —scul pins

Cottus al euticus (Coastrange scul pi n) R N

C. asper (prickly scul pin) R N

C gulosus (riffle scul pin) R N

Lept ocottus arnmatus (Staghorn scul pi n) E N

Fam |y Serrani dae —sea basses
Roccus saxatilis (striped bass)
Fam |y Centrarchi dae —sunfi shes
Archoplites interruptus (Sacranmento perch)
Lepom s cyanel | us (green sunfish)
L. nmacrochirus (bluegill)
L. mcrol ophus (redear sunfish)
M cropt erus dol om eu (snal | mout h bass)
M sal noi des (| argenout h bass)
? Ponoxi s annularis (white crappie)
P. ni gronacul atus (bl ack crappi e)
Fam |y Enbi ot oci dae —Surf perches
Cynat ogast er aggr egat a (shi ner perch)
Hyst erocarpus traskii pono (Russian R ver
Famly G obiidae —gobies
O evel andi a i os (arrow goby) E N
? Acant hogobi us fl avi manus (yel | owfi n goby) I, E
? Eucycl ogobi us newberryi (tidewater goby) E N
Fam |y Pl euronectidae —righteyed fl ounders
Platichthys stellatus (starry flounder) E N
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TABLE 2, AQUATI C | NSECTS | DENTI FI ED FROM BOTTOM SAMPLES

O der EPHEMEROPTERA (mayfli es)
Fam |y Hept ageni i dae
a nygma
Hept ageni a
| ronodes californicus
Iron al bert ae
Fam |y Baeti dae
Serrata tibialis
| sonychi a vel na
QO der CDONATA
Subor der AN SCPTERA
Fam |y Gonphi dae
Hageni us
Er pet ogonphus conposi t us

Fam |y Aeshni dae
Anax | uni us
Fam |y Libellulidae
Hel ocordul a
Pseudol eon super bus
Subor der ZYGOPTERA
Fam |y Agrioni dae
Het aeri na aneri cana
Fam |y Lestidae
Lest es ungui cul at us
Fam |y Coenagri oni dae
Chr onagri on
Anphi agri on abrevi at um
O der PLECCPTERA (stoneflies)
Fam |y Nenouri dae
| socapni a grandi s

(stream nmayflies)

Primary tributary; riffle
Primary tributary; riffle
Primary tributary; riffle
Main stream riffle
(smal | mayflies)

Primary tributary; riffle
Primary tributary; riffle

(dragonflies and dansel flies)
(dragonfli es)

(club-tailed dragonflies)
Primary tributary;
Primary tributary;
(common dar ners)

pool s

Mai n stream |entic-side channe
(ski nmer)

Mai n stream pool

Mai n stream |entic-side channe

(dansel fli es)

(broad wi nged dansel flies)
Mai n stream pool

Main stream |entic-side channe

Main stream | entic-side channe
Mai n stream pool

(spring stoneflies)

Primary tributary; riffle

riffles and pool s



Tabl e 2, conti nued

O der HEM PTERA
Fam |y Cori xi dae

(true bugs)
(wat er boat nren)

G aptocorixa californica Main stream |entic-side channel

Fam |y Naucori dae
Anbr ysus nor non
Fam |y Bel ost omat i dae
Bel ost ona fl um neum
Fam |y Nepi dae
Ranatra brevicollis
O der COLECPTERA
Fam |y Psepheni dae
Psephenus hal denmani
O der TR CHOPTERA
Fam |y Hydropsychi dae

D pl ectrona

(creepi ng wat er bugs)

Mai nstream pool and | entic-side channels
(gi ant water bugs)

Main stream |entic-side channels
(wat er scor pi ons)

Mai n streans; |entic-side channels
(beet | es)

(Wt er - penny beet | es)

Main stream riffle

(caddis flies)

(net-spi nni ng caddi sflies)

Main streamriffle;, primary
tributary-riffle



TABLE 3. MAJCR AQUATI C HABI TATS OF THE RUSSI AN R VER

Natural Aquatic Habitats
Mai nst em

Mai n Channel
Rffle

Pool
Estuari ne Lagoon
Si de Channel
Streanbed S de Channel
Fl ood Channel ("Deep Hol es,” Ox-bow Lakes)
Tributaries

Mout h

Prinmary
(conposed of main channel, side channel, riffle and pool
habi t at s)

Secondary
Tertiary

Artificial Aguatic Habitats

Tenporary or "Sunmer"
Recr eati onal Pond

Road O ossing Pond
| nstream M ni ng Pond

D versi on Channel

Per manent or Sem per manent
Waste Water Pond (Wash Water Pond)

Waste Treat ment Pond (Minicipal; Wnery)
Terrace Pit Pond
Reservoir (Pond or Lake)



TABLE 4. HABI TAT REQU REMENTS FOR THE REPRCDUCTI ON
O STEELHEAD, Sl LVER SALMON, AND KI NG SAL MO\

Upstream M grati on, or "Passage" Requirenents:

St eel head: water tenperature 45° to 60°F (7.2 to 15.5°C); m ni num
water depth 0.6 feet (0.18 nm); naxi mumwater velocity 8 feet
(2.4 m) per second; flow 75 cubic feet per second (cfs) (2.1
m/ sec)

Silver Sal non: sanme as that of steel head

King Sal non: mnimumwater depth 0.8 feet (0.24 nj); naxi num wat er
vel ocity 8 feet/second; flow 105 cfs (2.94 n¥/ sec)

Spawni ng Habi t at :

Steel head: water tenperature 42° to 55°F (5.8 to 12.8°C); mni num
water depth 0.8 feet (0.24 m), nean of 1.4 feet; water
velocity 1.27 to 3.0 feet (0.4 to 0.91 n)/sec neasured 0.5
feet (0.15 n) above streanbed; gravel averages between 0.5 to
4 inches (12.7 to 101.6 nmm) in diameter.

Silver Salmon: mninumwater depth 0.5 feet (0.15 n); water vel-
ocity 0.7 to 2.3 feet (0.2 to 0.7 n)/sec; gravel size sane as
st eel head

King Sal non: mnimumwater depth 0.8 feet (0.24 m), nean of 1.3
feet; water velocity 0.98 to 2.5 feet (0.3 to 0.7 n)/sec;
gravel size ranges between 1 and 6 in (25 to 152 mm) in
dianeter with 30%or less neasuring 6 to 12 in, 10%or |less 3
to 6 in, 50%o0r less 1 to 3 in and no nore than 50% of t ot al
sanple less than 1 in

Nursery Habitat:

Steel head: water tenperature for fry 32-55°F (0-12.5°Q); water
tenperature for downstreammagrants |less than 59°F (15°C);
maxi mumwat er tenperature |less than 68°F (20°C); m ni num wat er
depth 0.5 ft (0.15 n) for fry, usually 0.5-4 ft for juveniles;
water velocity 0.5-3.5 fps (0.15-1.1 nps) for young; m ni mum
flow 2.0 nf/sec, optinmum 3.1 ni/sec; substrate nost productive
of foods (based on Pit Rver): rubble (3-12" in dianeter)
rated 1.0 or highest, gravel 1/8-3" in dianeter) rated O.6,
silt rated 0.2, sand rated 0.1 or |owest; m ninmumcover 10% of
wettabl e area; shade preference increases with size of fish

Silver Salnmon: water tenperatures and depth simlar to those of
steel head; water velocity optimumO.7 fps; mninumflow 2.0
m/ sec; substrate as with steel head; juveniles avoid excessive
shade

*Conpiled primarily fromWnzler and Kelly, 1978 and Baracco, 1977



Tabl e 4, continued

King Sal non: water tenperatures and depths simlar to those of
st eel head and silver sal non; optimumtenperature for juveniles
rel eased fromhatchery 7.7°C +1.6°C, mnimumflow 2.9 ni/ sec,
opti mum 3.1 ni/sec (110 cfs)



Table 5 SUBRSTRA™ ~ ANALYSIS ¢ McNeIL SAMPLES

FParticle Size
Date DZAZum | DU 20mm]| DE. Llum | D27 mm| DOC.FOwsn | Fimes ; (e

ussian River (Ast:):

June 1o 23.0(17.6-31.6) 13 8 (129-14.9) 14.2(1.1—17.8) L0 (€.6-14.7) 1£.4 (2.2—1t.6)22 7(t.2-255)

!uh1 2z 7.5 (:5-20.7) (B9 (k.o 20,1} 16.4(3.3~18.6)13.6 (j2./—16 .3) (2.0 fo.C -[3.6) 206 [20.(~23.3) < 1.0

| S N B

‘ussizn  River (Kal_g__:r‘ Sowbh )

4uf 1© 72.0(3.~0.0) L4(B.- 4.6)14.3 (131 —i70) 10.4 B2~ II.4) 28. ( (.2 <3#3) 28.7(a5.7-32.6)
r.:.h1 3 (2.8G7- 6.2) 5.4 (2.1~ B,0) (6,0(13.9- (2.8) (3.5(0.6—.€) 14.1 (2.5 ~ic .4) 28.2(22.8 <32 3) 0.4
ek, 14 (8.303.L—21.5) 144 (12.3—16.2) K0 (1.9~ 15:0) lo.6(7.6 ~(2.9) B.5(6.1— I1.3) 34.8 (3.2-37.7)

l ]

ry Creelk. chsﬁsfde. Rd. Brid.:,c_) K — =
- - T

lay 3t (64 (2.2 -20.8)27.4(25 5 —308)19.8 (2.4 -233) L0 (fo .0 ~11.8) (2.3 (2.2-20.6) (3.0 (e3-16.1) <.8

'"J'"f 10 2.0 (6.8~ 1.1) (9.0(i4. 8 ~ 26.8) 20,8(7.6~2¢. 7} 4. €(3.2. ~15.2) [6.0 (0.8 ~23,3) 20.7(7.5-22.3). &.3

| ]

bustin Creele (abowc. qr‘-mﬂl P‘M‘&.)"

'ta-ut (7 8.80@.1~275)132(c.2 -280} 1.0 (0.8~ 11. t) 4.c (6.5-21.2) 244 (3.8 358)17.2(13.5-19.¢)

wie 24 B418-2a.) 12400. 2~ 23,2} t5.5(9.6 ~al. :) 12.8 (9.7 - 15.0) (5.8(z.2~ 19.3) 20.108.4—2(.8) 0.5

NN

bustin Creelk .C&dou_ aravel plonb]: e .
~ 1

I > (7 23.2.(%.3-27.4)20.0(8.9-223 13 3 (1.1~ 14.5) (2.2(12.0 = (2.0)06 (z.4 -12.9) w2 (2.2 -1¢.5)
une 24 2.5 (6.8-2726)20.7(7.8 ~29.4) 14,702 8173} l0,( (8.5 —10.) /4.0 (2.5~ 1526) I8.0 (15.6-20.3)
usg- I 122(6.5-19.3) 23.202.5—29.4) (6. | (52 1642 12,2 (1. | —12.2) LB (Ba — [3.7) 239 (12.9-3¢.2) <!.0

>c-£* § 2.8(6— 5.2) 2601~ 13.8)13.4(8.8 —12.2)13.4(8.3 ~12.Z) e (75 — 5.2} 42.0 (3.3 -¢2.2)
Pen.é )

-



Table S5 —continged -

Fardcle Sdize

Date >22. FBmm | DUH.20 mut (D5 Glmm | 2.7 um | 0. 900 | Fines

Mark. Wesé& Creek.:

Nov. 9 31.9(6.7-46.0%0.4(8.044.0) 15,0 (11.9-(8.8) (3.9(0.7 ~(2.2) 13.4 (7.3 —23.¢) 1.4 (13,0 —7.3)

S uspeude

Fine:

R



TABLE 6.

FI SHES OOLLECTED OR OGBSERVED AT Sl X STUDY S| TES

ON THE RUSSI AN R VER I N 1979

7 ;f | /_§ I {%': "/’r
/s o e

Study
Site Date
Russian 4/21 11
R ver 6/ 10 6 34 (LS)
(Asti) 6/22| 2 (L) * (LS
7/ 22 17 | 27 91
8/ 19 35 | 44 4
9/ 14 2 12 10 1
Russi an
Rver 239 ° s Y
(Kai ser
Sout h) 9/ 14 3 5 12
gy Kk 312 (S)*
(Végt 3/ 22 (1934 21 6 | 14
S d 4/ 17 3 111 11
ae 5/ 10 5 | 2 9 1
Bridge) 5/15 20 | 7 (LS) 9| (915
5/ 31 11 1
7/ 10 8 1 1 13 3
Dry
Qeek 22| 2 1 o] (s (s
5
(mouth) g7 | 4 17 |8 |33 5
Austin
O eek 3/ 29 4 20 4
(above g; 34 515 (LS)3
gravel
pl ant)
gJSt ik” 4121 | 1 (LS)
ee 6/24 | 3 (LS (LS)
(below g5 |(L914 (911 (S) 5 19
gr avel 8/ 11 (S
pl ant)
* S = school observed LS = I arge school observed
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Figure 1. Seasonal Changes in Surface Water Tenperature at
Six Study Sites on the Russian R ver Systemin 1979.
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ADULT

SQUAWFISH

JUVENILE

f

ADULT
HARDHEAD

[\
|

SQUAWFISH
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HARDHEAD

==

TERRESTRIAL INSECTS

o DRIFT

Fi gure 4.

SUCKER

- | BENTHIC INVERTEBRATES

‘\

DETRITUS
ALGAE

AQUATIC PLANTS

Feedi ng Rel ationships in a Pool of the Sucker Zone or
Community (Myle, 1975).
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Figure 5. Feeding Relationships in California Trout Streans, as
I ndi cated by Recent Research (Myle, 1975).



