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ABSTRACT

The coho salnon and steelhead trout resources in the
Redwood Creek drai nage were assessed relative to a hoste
devel opnent proposed by California Departnment of Parks and
Recreation. Rearing and spawning habitat distribution,
exi sting envi ronmnent al alterations and hydr ol ogi c
conditions were obtained from the literature. Preferred
flows for spawning and rearing were prelimnarily
I dentified using the Toe-Wdth Mt hod.

The salnon and steel head resources have declined well
bel ow historic levels due to water diversion and streanbed
alteration in the Ilower drainage. Large fish (snolt)
habitat has been drastically reduced. The hostel could
further inpact the remaining large fish habitat by
aggravating low flow conditions. Since the preferred
spawning and rearing flow - identified using the Toe-Wdth
Met hod - have | ow occurrence (less than 10% occurence for
spawning and less than 30% for rearing) even the snall
diversion rates could affect habi t at avai lability,
esPeciaIIy rearing. It is reconmended that diversion occur
only when flow exceeds the preferred levels unless a nore
definitive flow eval uation nethod indicates differently.

'Envi ronment al Servi ces Branch Administrative Report No. 84-1,
March 1984. This report was prepared as part of the Stream
Eval uati on Program

2Envi ronnent al Servi ces Branch, Sacramento, California.
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I NTRODUCTI ON

The Departnent of Fish and Gane (DFG entered into an agreenent wth
the Department of Parks and Recreation (DPR) on Decenber 27, 1982, to
devel op stream flow and fish habitat data for Redwood Creek, Marin
County, pertinent to a proposed developnent within Munt Tanal pias
State Park (Figure 1). DPR proposes to develop a hostel in the
vicinity of Kent Canyon including a water supply system which could
include diversion of wunderflow from Redwood Creek. Streanflow and
habitat requirenments of steelhead trout, Salno gairdneri gairdneri,
and coho sal non, Onchor hynchus ki sutch, resources supported by Redwood
Creek are unknown. To evaluate the potential inpact of the underfl ow
di versi on upon these resources, their requirenents and the effect of
the diversion upon the flow regi ne needed to be identified.

The steel head and sal non resources of Redwood Creek are integral to
the natural scene associated with Munt Tanalpias State Park, the
Col den Gate National Recreation Area and Miir Wods National Mnunent,
whi ch enconpass a major portion of the drainage. The steel head and
salnon runs have already reportedly dwindled well below historic
levels and it is the intent of the National Park Service (NPS), DPR
and DFG to protect these val uable resources and potentially restore it
toits fornmer |evel.

BACKGROUND

Scope of Eval uation

Initially, the agreenent between DPR and DFG called for DFG to provide
DPR with information to determne: 1) optinum flows for sunmer habitat
of steelhead and salnon; 2) stream flow at which punping from the
underflow from DPRs well would begin to reduce surface flows over
what occurs naturally; 3) critical flows that could block or limt
upstream adult mgration and downstream adult or snolt migration; and
4) the anount of over- summering habitat that could be affected by
punpi ng underflow from DPR s proposed well. Sufficient funds were not
available to allow this level of study. Subsequently, DFG prepared a
project proposal outlining two independent objectives: 1) to devel op
guantitative stream flow and fish habitat data in Redwood Creek and to
prelimnarily determine flows needed to nmintain steel head and sal non
spawni ng and rearing habitat; and 2) to determne the present status
of the steelhead and salnon populations. Cbjective 1 was to be
attained by performng a Toe-Wdth Method (TWW instream flow anal ysis
(Swift 1976, 1979) to prelimnarily identify steelhead and sal non
spawning and rearing flow needs. The TWM provides prelimnary
estimates of flow needs based upon the relationship between the
average toe-width of spawning riffles, stream discharge and spawning
and rearing habitat. Once DPR clearly identifies paraneters such as
potential watershed developnment, water needs and sources, sewage
treatment facilities, increased visitor activity and other problens
potentially adjunct to DPR devel opnent, a nore extensive, definitive
study, such as an increnental instreamflow study (Bovee 1982), nay be
needed. Additional studies would require additional funding.

Attai nment of Cbjective 2 involves popul ati on sanmpling within sel ected
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reaches of Redwod Ceek. DPR has found bjective 1 acceptable.
Acceptance of Cbjective 2 is dependent upon additional funding.

Description of the Proposed Project

Devel opmrent of the Kent Canyon Hostel is part of the general plan
prepared for the Munt Tanalpias State Park (DPR 1981). Initially,
former classroombuildings will be relocated to the park and converted
into a hostel to accommobdate 30 people. Hater for the devel opnent will
be supplied either by the Marin Minicipal VWater District (MMD) or by
expanding the existing water system to divert underflow from Redwood
Creek. The system would include 2 steel tanks to store 1.18 acre-ft.
Water woul d tentatively be diverted only during periods of high runoff
bet ween Novenmber 15 and April 15. However, DPR has applied for the
right to divert 1,830 gallons per day from Rewood Creek underfl ow.

Sewage disposal will be via a leach field which will potentially
return nost of the water to the Redwood Creek drainage.

If the initial 30-bed facility does not adversely affect Redwood Creek
drai nage, an additional 30-bed facility may be built.

DESCRI PTI ON OF THE DRAI NAGE
General Setting

The Redwood Creek drainage is situated in the coastal nountains of
sout hwestern Marin County about 10 nmiles north of San Francisco. The
dr ai nage enconpasses about 8 square mles, originating on the southern
slopes of Munt Tanmalpias (2,600-ft elevation) and entering the
Pacific Ocean at Miir Beach about 9 mles downstream Redwood O eek
begins at the confluence of Bootjack and Rattl esnake creeks (640-ft
el evation), six mles above the nouth (Figure 2). Fern Creek (180-ft
elevation, 4.2 mles above the nouth), Kent Canyon (60-ft. elevation,
2.1 mles above the nouth) and Geen Qulch (20-ft elevation, 0.3 mles
above the nouth) are the mgjor tributaries to Redwood Creek. Bootj ack,
Ratt| esnake, Fern, Spike Buck creeks and upper Redwood Creek flow
t hrough deep, V-shaped canyons formed by the rapid runoff down the
steep, rocky slopes of Munt Tanmalpias. The canyon w dens and
deposition begins to increase as the gradient |essens near Fern O eek.
Above Fern Creek, Redwood Creek flows through a fairly narrow canyon
bordered by a redwood and evergreen forest. Below Fern Creek the
canyon widens into a flat, alluvial valley (Frank Valley) which is
wide and bordered by rolling, grass and shrub covered sl opes,
interspersed with cultivated crops and eucal yptus groves. Streanside
vegetation below Fern Creek is predomnantly red alder, providing a
dense continuous canopy nearly all the way to the nouth. The final 600
to 1,000 ft of stream passes through an intertidal area and across
beach sand into the ocean.

Cimte

The climate of the Redwood Creek drainage is typically cool, wth
noderately wet wnters and cool, dry sumrers (Lehre 1974).
Precipitation increases wth elevation, annually averaging 28-30
inches at sea | evel and 48-50 inches near 2,000 ft.
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Most precipitation occurs between Novenber 1 and April 30 (85-90%,
peaking in Decenber and January (Figure 3). The cool summers are due
to the cooling influence of the ocean and sumrer fog. Sunmer
tenmperatures increase with distance from the coast and from the
i nfluence of coastal fog; the nean summer tenperature is 60-66 F at
sea level, but it is 15-20 F warner in the inland, fog free areas.
Mean w nter tenperature is 47-50 F at sea-level, but is generally
cooler on the upper slopes of M. Tamalpias and in the |ow, narrow
val | eys.

Hydr ol ogy

Over 90% of the annual runoff occurs between Novenmber 1 and April 30,
mai nly during and inmediately following precipitation (Lehre 1974). A
graph of flow duration and intensity would closely parallel a graph of
precipitation (Figure 3). This is due to 1) steep upper basins
pronoting rapid runoff, 2) shallow soil and poor perneability
resisting recharge and severely limting storage capacity, and 3) nost
precipitation falling upon previously saturated ground. Base flow is
mai nt ai ned by slow drai nage of water through the soil yielding a |ow,
yet perennial flow in the |ower drainage (below 1900-ft el evation)
Sunmer flow has not been gauged in the drainage. However, based upon
Lehre's (1974) evaluation of hydrology in the region, a sumrer flow of
about .05 cfs is estimated to occur along the bedrock courses of the
drai nage, from near Panoram c H ghway to near Spi ke Buck Creek. Sunmer
flow gradual |y disappears into the shallow alluvium bel ow Kent Canyon
becom ng intermttent, disappearing and reappearing as pools and short
fl ow ng sections where bedrock encroaches the surface.

Land Use and Devel opnent

Land use and developnent in the Redwood Creek drainage ranges from
open space recreation within Munt Tamal pias State Park and Miir Wods
Nat i onal ©Mbnunent to noderately dense residential devel opnent at Miir
Beach. Associated inpacts affecting the fishery resource include water
di version, waste water disposal, and streanbed alteration

Four wells currently divert water fromthe Redwood Creek alluvium One
owned by DPR provides donestic water to two Park residences (about 150
gal l ons per day) one operated by A Banducci provides irrigation water
to a coomercial flower farm | ocated adjacent to Redwood Creek near the
nmouth, and two owned by Seacape provide water to Mir Beach area
residents (Vollintine 1973). The diversons definitely reduce surface
water within the last mle of stream (Arnold 1971).

Waste water disposal includes donestic waste disposal to septic
systens, and agriculture waste water runoff fromthe comercial flower
farm Effluent from septic systens close to the shallow ground water

and the runoff of pesticides, have reportedly degraded water quality
during low sumer flow conditions, by entering pools and creating
noxi ous conditions (Vollintine 1973).

Identified erosion sources in the drainage include the cultivated flower
fields, logging activities in upper Kent Canyon (Arnold 1971) and trai
devel oprrent (Vol lintine 1973). None of these sources have caused recent
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damage to stream habitat - the logging occurred in the 1960's and
apparently caused severe damage at that tine.

Streanbed alteration has been nost severe in the |ower drainage.
H storically, a large, deep |agoon (Big Lagoon) persisted in the |ower
900 to 1500 ft of the stream Today, the upper part of the |agoon area
is conposed of a large, curved pool, the result of years of dredging
and building | evees and sunmer dans. The pool annually fills with the
winter runoff, and is cleaned out by bulldozers in the summer
Apparently the pool is used to collect water for irrigating the
adj acent fields, and to prevent salt water from reaching upstream to
the vicinity of the diversion. A tidal gate is built into the dam
preventing upstream novenent of tidal flow The result has been |oss
of the lagoon. Arnold (1971) also reported that grading within the
streanbed in the vicinity of the well diversion, associated with the
pool, conpletely destroyed fish habitat in 1968.

FI SHERY RESOURCE

Fishes native to Redwod Creek drainage include steelhead, coho
sal non, three-spine stickleback, Gasterosteus acul eatus, prickly
scul pin, Cottus asper, and riffle sculpin, GCottus gulosus. O her
speci es have been occasionally found in the tidal area of |ower
Redwood Creek including striped bass, Mrone saxatalis, staghorn
scul pi n, Leptocottus arnatus, and starry flounder, Pl at yi ct hys
stellatus (Arnold 1971).

Steel head and coho salnon are anadronous nenbers of the salnonid
famly. They spend their adult Ilife in the ocean, returning to
freshwater streans to spawn. Coho sal non generally enter Redwood Creek
to spawn followi ng the season's first major runoff, generally in late
Novenber, and continue to enter the stream until late February.
Steel head enter the stream and spawn between Decenber and May. Both
speci es spawn in gravel areas of the stream generally in the tail end
of pools or the head end of riffles, where water depth and velocity
are suitable. Eggs are deposited in a series of pits (i.e., redds) dug
by the adults, then covered with gravel. The eggs hatch between 80 and
120 days depending upon water tenperature. The newly hatched fry
remain in the gravel until the yolk sack - which sustains their
nutrient - needs - is absorbed. They then energe into the stream to
actively feed. After energence, the fry wusually remain in riffles
close to the spawning area. By winter, the juveniles, as they are now
called, seek habitat nore suited for their larger size, (i.e., large
pools with abundant cover) which is usually found in the | ower reaches
of small coastal streans, predomnantly in the lagoon. In this “large
fish" habitat the fish grow to between 5 and 7 inches before snolting
(a physiological change preparing the fish for life in the sea) and
mgrating to the ocean. Such snolts generally have spent 1 plus years
in the stream prior to migrating. Sonetines fish will |eave earlier
either due to the lack of large fish habitat, or due to exceptionally
rapid growth which stinulates early snolting. Fish generally do not
snolt until they are at least 4 inches l|long (Shapavolov and Taft
1954).

Smolt survival rate to spawning is directly related to the size of the

snolt at enmmgration. The larger the snmolt at mgration the greater its
survival. Thus, the nore |arge fish habitat, the nore large snmolts and the
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nore adults returning to spawn.

Coho salnmon juveniles were observed in Redwood Creek during late
sumer (1967-1968), fromthe nmouth up to the vicinity of Fern O eek,
and in Fern Creek up to the 280-ft elevation (Figure 4) (Arnold 1971).
Only young-of-the-year juveniles were found above H ghway 1; |arger
(>5 inches), older juvenile salnmon were found only in the pools bel ow
H ghway 1.

Steel head use a large portion of the drainage (Figure 5). Juvenile
steel head were observed in Bootjack and Rattl esnake creeks up to the
1900-ft elevation, and in Fern Creek up to the 400-ft elevation in
1967 and 1968 (Arnold 1971). Larger, older (>5 inches) steelhead
juveniles were observed only from the nouth as far upstream as Kent
Canyon.

Data reported by Arnold indicate that suitable spawning and small fish
(<5 inches) rearing habitat occurs throughout the drainage, from
Hi ghway 1 up into Bootjack, Rattlesnake and Fern creeks (evidenced by
the occurrence of the small juvenile steel head). However, coho sal non,
being less tenacious than steelhead during their spawning run, are
l[limted to a lower reach of the drainage by barriers which do not
i npede the steel head. Large steel head juveniles (>5 inches), however,
apparently are limted to the lower river, below Kent Canyon, where
recurrent pools <cooled by resurfacing subterrainean flow and
persistent fog provide anenable large fish habitat. GObservation of
both large and snmall, coho salnmon and steelhead juveniles in snall
pools below Hghway 1 (where a large |agoon once occurred) suggests
that the |agoon once provded critical large fish habitat, especially
for coho salnon, since large juvenile salnon were only found bel ow
H ghway 1.

FLOW REQUI REMENT EVALUATI ON
Met hods

The TWM was developed in Washington State to provide prelimnary
planning information on salnon and steel head flow needs for spawning
and rearing. lnvestigators identified a correlation between stream
di scharges and the average toe-width of spawning riffles (the wi dth of
a cross section neasured from the elevation where the streanbed and
one bank join, to the ground surface at the opposite bank), and the
spawning and rearing habitat. The nmethod is generally applicable in
streans with alluvial deposited channels, with w dths between 15 and
200 ft and maxinmum gradient from 1.8 to 4.0% (Swift 1979). Redwood
Creek between the nouth and Fern Geek generally neets these
requi renents. The TWWV does not identify migratory and flushing flow
needs nor does it relate water quality, substrate and cover paraneters
to spawning or rearing habitat needs. The TWM has |linited application
in California due to a vast variation in stream norphology. It should
be used with caution, and only as a planning aid in stream sections
which fit the stream characteristics identified by Swift (1976, 1979);
i.e., where stream norphology is alluvial, gradient is between 1.8%
and 4% and streamwidth is 15 and 200 ft.

Redwood Creek was divided into 6 reaches based upon general stream
nmor phol ogy (Figure 6). Toe-w dths were neasured at transects which
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characterized the condition within each reach (Table 1). Measurenents
were nmade in April 1983.

Critical flow requirenents for adult mgration were determ ned using
the Thonmpson nethod (Thonpson 1972). The depth of critical riffles
(i.e., wide, wuniformally shallow riffles) were neasured along a
transect following the line of |least depth at various flows. At |east
25% of the transect |length, or a continuous 10 %of its length nmust be
at least 0.6 ft deep to provide passage for coho sal non or steel head.
The low flows neeting the mnimum criteria at each riffle were
averaged for the entire stream to identify the mninum flow for
passage.

Resul ts

Reach 1 did not neet TWM criteria: norphology was not alluvial,
gradi ent was greater than 4% w dth was less than 15 ft and substrate
was boul der and bedrock. Morphology of reaches 2 through 6 was
alluvial and did nmeet the TWMcriteria.

Average toe-widths ranged from 16.5 ft in Reach 4 to 21.6 ft in Reach
3 (Table 2). Preferred salnon and steel head rearing flow accordingly
ranged from 8 cfs in Reach 4, 5, and 6, to 12 cfs in Reach 3.
Simlarly, preferred salnmon spawning flow ranged between 22 cfs in
Reaches 4, 5 and 6, and 31 cfs in Reach 3, and between 40 cfs and 55
cfs for steel head. Since average toe-widths were simlar in Reaches 4,
5, and 6, flow requirenments were also simlar. The sane relationship
was observed between Reaches 2 and 3.

Four potential critical riffles were observed between Fern Creek and
the H ghway 1 bridge (Figure 7). Thonpson criteria depth (i.e., 25% of
the transect and 10% continuous) at 4.26 cfs was only 0.375 ft, well
bel ow the mnimum required 0.6 ft. Measurenents were not mnade at any
ot her flows, however the narrow channel w dth and well defined banks
at these riffles suggested that any noderate increase in flow would
probably provide suitabl e passage.

D scussi on

The flow occurring in Redwod OCreek during the spawning season
(Novenber through April) 1is unneasured. However, wusing the data
prepared by Lehre (1974) to estimate nean daily runoff and flow
duration in Marin County streans, it is estimated that 31 cfs (i.e.,
the maxi mum preferred spawning flow for salnon) would be exceeded
about 10% of the time (Figure 8), that 22 cfs (the mninum flow
required for sal non spawning) would be exceeded about 18% of the tine
and that 25 cfs (the nmean spawning flow for sal mon) woul d be exceeded
about 15% of the time. Simlarly, a flow of 55 cfs (the mnaximum
spawni ng flow for steel head) would occur less than 4% of the tinme, 40
cfs (the mninum steel head spawning flow) would occur |ess than 7% of
the tine and 46 cfs (the nmean spawning flow for steel head) woul d occur
less than 5% of the tine. Preferred rearing flow levels of 8 cfs
(mnimun would occur less than 25% of the tinme and |levels of 12 cfs
(rmaxi mum) woul d occur less than 18% of the tine.
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TABLE 1. Characteristics of Toe-Wdth Method study reaches.
Redwood Creek, Marin County.

Reach Location Description

1 Above Fern Creek Inci sed, V-shaped canyon.
Primarily riffle with small cascades,
Boul der, bedrock, gravel.

Narrow val | ey, 100-150 ft wide.
Gentle riffles, swift runs, few
Cobbl e, gravel-no boul ders/ bedrock.

Broadened val | ey.

Pool /riffle interspersed by gravel
Large gravel, small gravel.

Broad val | ey.

Mstly pool /riffle with few runs
Large gravel, small gravel.

Broad valley.

Runs, deep pools, deep runs, short
Smal | gravel, large gravel, sand.

2 Upper Miir Wods
National Monument

3 Lower Miir Wods
National Monunent

4 Kent Canyon vicinity

5 H ghway 1 to Kent
Canyon vicinity

POPODLODTHY OTDL OTD
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TABLE 2. Summary of Preferred Spawni ng and Rearing Fl ows
for Coho Sal mon and Steel head in Redwood O eek,
Marin County, Using the Toe-Wdth Met hod.

Aver age
wi dt h Preferred rearing flows Preferred spawning fl ows
Reach ([ Dft) (cfs) (cfs)
Sal nmon and st eel head Sal non St eel head
1 DI D NOT MEET TWM CRI TERI A
2 21. 3 11 30 54
3 21. 6 12 31 55
4 16.5 8 22 41
5 16.9 8 22 41
6 16.9 8 24 44
Mean 18.6 9 25 46
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The only neasured |ow sunmer flows in Redwood Creek were 0.56 cfs at
H ghway 1 Bridge and 0.08 cfs at Pern Creek (Septenber 1974) (Lehre
1976). Lehre also estinmated the nean annual |ow flow in Redwood Creek
to be about 0.5 cfs. Steel head and sal non rearing obviously occurs at
such low fl ows, however, habitat would be significantly increased at 9
cfs.

The mininum flow for mgration of adult coho sal non and steel head over
the critical riffles found in Redwood Creek is greater than 4.26 cfs.
The mnimum required flow cannot be determned wthout nore data.
However, the mninum flow is estimted to be between 5 and 15 cfs
owi ng to the narrow, steepsided channel enconpassing these riffles.

DI SCUSSI ON AND CONCLUSI ONS

Redwood Creek supports valuable steelhead and coho sal nbn resources
which are integral, inportant conponents of the state and national
parks' environnnents. These popul ati ons have reportedly dw ndl ed bel ow
historic levels largely due to water diverisons and streanbed
alterations in the |ower drainage. These activities have reduced |arge
fish habitat primarily through the |loss of the Redwood Creek |agoon.
Further reduction in large fish habitat due to increased water
di verison, further streanbed alteration, or water quality degradation
which could result fromincreased devel opnent in the drainage would be
unaccept abl e.

The TWM evaluation results and limted hydrologic data suggest that

preferred flow for both salnon and steel head spawning occurs during a
relatively small period of time, presumably during and imediately
followng storns. Preferred rearing flows are essentially absent nost
of the year. The fish popul ati on eval uation reported by Arnold (1971),

however, indicates that considerably |lower flows can sustain spawni ng
and rearing, and that the reach below Kent Canyon is critical to the
continued survival of the salnon and steel head resources since all the
large fish habitat occurs in that reach

The proposed diversion rate of underflow from the vicinity of Kent
Canyon is unknown. |If the systenis total storage capacity (1.18 acre-
ft) were diverted over a 24 hour period, the diversion rate would be
0.6 cfs. Spawning and flushing flows during norrmal and wet years woul d
not be affected by such a diversion rate. Such a diversion during dry
years, however, could inpinge upon spawning, attraction and fl ushing
flows. In general, diversion when flows are below 25 cfs (preferred
sal non spawning flow) in Novenmber, and below 46 cfs (mean preferred

st eel head spawning flow) from Decenber through April, would decrease
spawni ng habi t at.

If the low flow diversion of 1,830 gallons per day were to occur over a
24 hour period, the diversion rate would be less than 0.01 cfs. Al though
such a low diversion rate would probably not affect low flow habitat
availability, care nust be taken to assure that the stressful conditions
acconmpanying low flows (e.g., reduced habitat, increased tenperature,

crowding, etc.) are not intensified or extended. Hence, for planning
purposes, and in order to sustain continued viability of Redwood Creek's
sal mon and steel head resources, it is assuned that diversion when flow
is less than 9 cfs (mean preferred rearing habitat flow) woul d adversely
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affect salnmonid rearing habitat availability. The actual reduction in
avai |l abl e habitat due to the proposed diversion cannot be determ ned
by the TWM If it becones necessary to quantify avail abl e habitat and
|losses at various flows, a nore precise method of instream flow
assesmment wll be needed, such as the instream flow increnental
net hod.

RECOMMENDATI ONS

1. The water supply for the proposed hostel and any further
devel opnent within Munt Tamal pias State Park should be obtained from
MMAD. This would assure protection and potentially inprove the
critical low sumer flow rearing habitat by the inportation of
addi tonal water into the basin.

2. If it is determned that underflow diverson is the only possible
wat er source, diversion should not occur when natural flow is bel ow 25
cfs in Novenber, below 46 cfs from Decenber through April and 9 cfs
from May through Cctober, unless a nore definitive study, such as an

incremental instream flow study, indicates that Iesser flows are
acceptable. No diversion shall cause an abrupt reduction fromthe flow
existing on April 1 to 9 cfs on May 1. Flow reductions should follow

the natural hydrograph to sustain any eggs or sac fry remaining within
the gravel and to avoid stranding of fish or any other nortality due
to unnatural reductions in habitat.

3. The DPR, the NPS and the DFG should work to elininate the problens
associated with the water diverions near H ghway 1. The objective of
such a project would be to reestablish the |agoon and other large fish
habitat in lower Redwod Creek to restore the steel head and sal non
runs to their historic levels. The Miir Beach residential area should
be encouraged to obtain MMAD water. The horticultural activities in
the lower drainage should be changed to elimnate activities that
affect tidal action, sumer rearing flow, mgration and water qualty.

4. DPR should install, nonitor and naintain a flow gauge capable of
nmeasuring the flow inmedi ately downstream of the proposed well. Gauge
records should be maintained by DPR and should be avail able to DFG and
other interested parties at any time. Qherwise, DPR shall provide
DFG each January 1,the records for the previous water year.
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