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SUMVARY

Redwood Creek, Marin County, California is a noderately to heavily
i npacted stream that has been degraded by sedi mentation, channel
nodi fications, renoval of organic material, seepage from septic
systens, agricultural and donestic runoff, |agoon nodification,
and renoval of water for commercial and donestic uses. While all
t hese effects have inpacted the streanis fishery resources, the
nost i nmediate threat is water withdrawal. Renoval of water from
the stream system directly affects the nunber of fish that can
return as spawning adults in two ways. First, by reducing the
stream fl ow so that water depths are too shallow to allow upstream
m gration and, second, by reducing the wlune and quality of
juvenile fish habitat. The area of the creek npst affected by
wat er renmoval at this time is the area bel ow Miir Wods Nati onal
Monunment. This is the area that historically produced the |argest
nunber and size of salmonid snolts. During our survey
approximately 1.25 mles of this critical rearing habitat was
totally dry, and another 0.75 mle was seriously degraded, the
direct results of water withdrawal. State and Federal agencies,
| ocal communities and |andowners nust work together to ensure
adequate water remains in the creek during sunmer |ow flow periods
for juvenile fish survival and growth. Persistent degradati on of
summer rearing habitat for juvenile sal nonids, or maintaining the
status quo, will result in the continued |ong-term decline of
adult sal non and steel head returns to Redwood Creek.



Survey of Sal nonid Fish and Their Habit at
Redwood Creek, Marin County, California

| NTRODUCTI ON

On Septenber 19, 1988, the Superintendent of Gol den Gate Nati onal
Recreation Area (GGNRA), requested the assistance of Redwood
Nati onal Park staff in initiating a survey of the aquatic
resources in GGNRA' s Redwood Creek. Specifically requested were
an eval uation of spawning and rearing habitat, a prelimnary
inventory of fish, and recommendati ons on nethods of restoration
of the Redwood Creek estuary.

During the first week of October 1988, ecol ogist Terry Hofstra,
fishery biologist David Anderson, and biol ogical technician Bob
Coey, all of Redwood National Park, conducted a survey of Redwood
Creek in GGNRA, Marin County, California. The creek flows through
Mui r Wbods National Monument and M. Tamal pais State Park.

BACKGROUND

The fishery resources of Redwood Creek, Marin County, California
have been of particular interest for many years. In Miir Wods
Nat i onal Monunent coho or silver sal non, Oncorhynchus ki sutch and
steel head trout, O. nykiss (previously Sal no gairdneri) (Kendal
1988), are considered a special part of the park's resource
(Hershey 1973). However, conpared to historical accounts, the
present day popul ations of these fish are severely reduced. The
need to determ ne the cause(s) of the decline was identified by
Nati onal Park Service managers over 20 years ago. In 1966, a
Resource Study Proposal (attached) was prepared by Donal d Reeser
(then a park naturalist, now Superintendent of Hal eakal a Nati ona
Par k) that stated:

The anadronous fish of Miir Wods are an integral part of
the natural scene. Miir Wods is one of the very few
natural areas near a |arge center of popul ation that
provi des thousands of people an opportunity to observe
the interesting spawning activities of the sal non and
steel head. ... An adequate fish census has never been
conduct ed on Redwood Creek, therefore we have |limted
knowl edge of any |ong range popul ation trends. The few
superficial signs that we do have are indicative of a
general decline in fish nunbers.

As a result of M. Reeser's recommendations, a contract study was
conducted by Sonoma State College for the National Park Service.



The study report was conpleted in 1971 (Arnold 1971). Since
t hen, several surveys and nenp reports have periodically been
conmpl eted by the California Departnent of Fish and Gane
concerni ng Redwood Creek.

GENERAL SETTI NG

For a description of the Redwood Creek watershed, climte, and
hydr ol ogy, see Snider 1984.

FI' SH LI FE HI STORI ES

Both coho (silver) sal non and steel head trout are found in
Redwood Creek. They are nenbers of the salnmonid famly, spending
their adult life in the ocean and returning to their natal
freshwater streamto spawn. Steel head may spawn nore that once
but silver salnon all die after spawning. |In Redwood Creek,
adult coho generally return fromthe ocean in the fall follow ng
the winter's first rains. Upstream m gration of adults to
spawni ng areas may occur from | ate Novenber through January.

St eel head generally enter the streamlater, fromlate Decenmber
t hrough May. The eggs of both species are buried in nests called
redds excavated by the adult fish in gravel stream bottons. The
eggs incubate in the streamfor a variable period dependi ng on
wat er tenperature, but averaging 30 to 60 days for coho and 60 to
90 days for steel head. After hatching, the young fish are
referred to as alevins or sac fry, as they have not yet

conpl etely absorbed the yolk sac of the egg. The young fish
remain "buried" in the redd until the yolk sac is absorbed,

wher eupon they m grate up through the gravel and into the water
colum. After enmergence fromthe gravels, the young fish, now
referred to as fry, may remain close to the spawning area, in
riffles along stream margins, in shallow pools, and in backwater
ar eas.

As the fry grow in size, their habitat requirenments become nore
restrictive. That is, they require deeper pools and areas of

abundant food resources. It is in this "rearing" or "nursery"
habi tat where juvenile fish, nowreferred to as parr, find
conditions favorable for increased growth. 1In a diverse stream

system rearing habitat is not spatially renpoved | ong distances
fromthe spawning site. However, in many coastal streans where
sumer stream flows are low, fish nove downstreamto find the
requi red deep water areas. Studies have shown that the snmaller a
fish is when it enters the ocean, the less its chances of
surviving ocean residence and returning as an adult to spawn.
Therefore, the rearing phase of a salnonid's life cycle is



particularly inmportant. Coho generally spend one full year as
rearing juveniles and steel head spend fromone to four years. In
Redwood Creek, it is likely that many steel head fry | eave as one-
year - ol ds.

Fol l owi ng the rearing phase, anadronous sal nonids, now call ed
"smol ts", undergo the physiol ogical changes required to live in
the ocean. This process is called snoltification and is
primarily a function of size. Again, the larger the size of the
snmolt at mgration to the ocean, the greater its chances of
survival. M nimm size for successful parr-snolt transformation
Is approximtely 100 mm for coho sal non (McMahon 1983). The
greater the availability of rearing habitat, the greater the
nunber of snmolts produced and the greater the potential nunber of
fish surviving ocean residence to return as adult spawners.

METHODS

Sanmpling Stations

Redwood Creek was surveyed by wal king from upstream of the Miir
Wbods/ M. Tanml pais State Park boundary near the confl uence of
Spi ke Buck and Redwood Creeks, to its nmouth at Muir Beach, a

di stance of approximately 4.5 mles (7.2 km. The purpose of
this initial survey was to make a prelimnary eval uati on of

exi sting creek conditions and determ ne | ocations of sanpling
sites.

Arnold (1971) divided the streaminto five areas (Areas | through
V) for purposes of sanpling (Figure 1). W |ocated our stations
within each of these areas to facilitate conparisons of data.
However, we had only four stations because the stream section
corresponding to Arnold's Area |, was totally dry during our
sanpling period. All stations were selected to be reasonably
representative of the aquatic habitat avail able to sal nonids.
Figure 2 shows the |ocations of our sanpling sites. Station 1, a
40 meter reach in Miir Whods is |ocated 52.7 neters downstream
fromthe second foot bridge (above the kiosk) and corresponds to
Area IV of Arnold (1971). Station 2, a 31 neter reach, is

| ocated upstream of Miir Wbods, inside M. Tanmal pais State Park,
just above the 200 foot contour and before the Eastwood/ Bootjack
trail intersection. It corresponds to Area V of Arnold (1971).
Station 3, a 31.85 nmeter reach is | ocated downstream of Miir
Wbods, at the 80 foot contour, in M. Tamalpais State Park. It
corresponds to Area IIl of Arnold (1971). Station 4, a 29.9
meter reach, was |ocated just upstreamof the U S. Hi ghway 1
bri dge bel ow the 80 foot contour (approximtely 60 feet). It



corresponds to Area Il of Arnold (1971). (See photographs).

On upper Redwood Creek, four additional |ocations were sanpled to
eval uate the presence and upstream di stribution of fish species;
Station A at the 280 foot contour, Station B at the 380 foot
contour, and Stations C and D at the 600 foot contour. Stations
A, B, C, and D were all located within Area V of Arnold (1971).
VWil e no other stations were established, Fern Creek and the
pool s adjacent to the Miir Beach parking |lot were al so

el ectroshocked.

Fi sh Sanmpli ng

Fi sh sampling was conducted to provide a general evaluation of
fish rearing habitat as the potential Iimting factor to sal nonid
production. At each station, fish were captured with a 12 Volt
DC battery backpack el ectroshocker. At sanpling Stations 1

t hrough 4, the upstream and downstream ends of each reach were
bl ocked with nets and a nultiple pass renoval nethod was used to
estimate fish nunbers. Fish nunbers were cal cul ated using the
maxi mum | i kel i hood estinmate forrmula (Van Deventer and Platts
1983) and McroFish 2.2 software (Van Deventer and Platts 1985).
Captured fish were anesthetized with MS-222 (tricaine

met hanesul fonate), identified to species, and | ength and wei ght
nmeasured to the nearest 1.0 nmmand 0.1 g, respectively. Length
measured for sal nonids was fork |l ength, and for scul pin, total

l ength. Scale sanples were collected fromrepresentative fish.
The water surface area and vol unme of each station were estinated
usi ng cross section wi dths, depths, and reach |length. Bionmass of
each section was determ ned from average fish weights nmultiplied
by estimated fish nunbers. Biomss or nunber of fish per
standard unit (meter, meter? nmeter®) was estimated by dividing
bi omass by standard unit.

Fish condition factor (K) was cal cul ated as: K = Wx 100, 000
LS
where W= weight in grams and L = length in mlIlineters.

The backpack shocker was al so used at Stations A, B, C, and D,
Fern Creek, and the Miir Beach pools to evaluate the presence
and/or limts of fish species distribution. At these |ocations,
f ew measurenments of individual fish were taken, and only a
speci es' presence or absence was noted.

Differences in fish |l engths and condition factors (K) anong
stations were tested using analysis of variance, Bartlett's test
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for honpgeneity of variance, and Student-Newran-Keuls multiple
range tests where appropriate. Data were |og-transformed where
non- honogeneous vari ances were encountered. The Kruskal-Vallis
anal ysis of variance was used to determne differences in fish
| engt hs anong stati ons where data were nonparanetric. Analysis
of covariance was used to test the significance of differences in
sl opes of cal cul ated regressi on equations anong sites. All
statistical tests were conducted using the Statistical Package
for the Social Sciences (Norusis 1988).

Water Quality Sanpling

Water quality data were collected at Stations 1 through 4 and at
the Miir Beach pool. Parameters neasured were water tenperature

(°C), conductivity (nmhnos) , salinity (o/oo0) , dissolved oxygen
and pH. Measurenents were taken with portable instrunents.

Sampl i ng Dat es

On Qctober 4, the lower 4.5 mles (7.2 km) of Redwood Creek were
surveyed by wal ki ng.

On October 5, Stations 1 and 2 were electroshocked to estimate
fish popul ations. Water quality data were collected at Stations
1 and 2. Further upstream Stations A, B, C, and D were

el ectroshocked to determ ne extent of anadronous fish

di stribution.

On October 6, Stations 3 and 4 were el ectroshocked to estinmate

fish popul ations. Water quality data were collected at Stations
3 and 4. Fern Creek and the Miir Beach pools were el ectroshocked
to determ ne extent of anadronous fish distribution.

On Cctober 7, RNP personnel visited Miuir Wods National Mnunment
office to talk with enpl oyees about Redwood Creek and revi ew park
files for pertinent docunents and data from previ ous studies.

RESULTS

During the general survey conducted on October 4, a decrease in
surface water flow was observed as we proceeded downstream on
Redwood Creek until isolated stagnant pools were encountered.

| sol at ed pools were first observed in the Monunment adjacent to
the | ower parking lot. Marked flow reducti ons were apparent
bel ow t he confluence of Kent Canyon Creek and Redwood Creek.
Approximately 1.25 mles (2 km of the |lower creek was dry, from
bel ow the Muir Beach community punp station and heather farmto
t he horse pasture by the Muir Beach parking lot. No water was



flowing into the ocean from Redwood Creek. Pools of stagnant
wat er were found where historically a | agoon once existed. The
| ower nost pools were adjacent to the Miir Beach parking | ot.

Fish found in the survey of Redwood Creek were coho sal non,
Oncor hynchus ki sutch, steelhead trout, O. nykiss, scul pin,

t hreespi ne stickl eback, and rockfish. Only coho, steel head, and
scul pin were found upstream Scul pin, stickleback and the
juvenile rockfish were shocked in the beach pools. No sal nonids
were found in this area. Crayfish and pacific giant sal amander
| arvae were observed in upper Redwood Creek.

The distribution of species encountered during our study is
presented in Table 1.

Fish length and wei ght data are presented in Table 2. Popul ation
statistics are found in Appendix A Since the enphasis of our
study was on sal nonids, sculpin data are included for infornmation
only. No detailed analysis or interpretation of these data are
i ncl uded.

Generally, the nean length of fish increased at each downstream
site. Only juvenile fish were el ectroshocked. One adult

steel head (fork length 55 cm in poor condition was observed in a
| ower Redwood Creek pool. It was probably a stranded runback

Fi sh nunbers, biomass per unit streamlength, and fish condition
factors are presented in Tables 3 and 4, respectively.

St eel head | ength and age (from "readi ng" scal es) data are
presented in Table 5 and Figure 3.

Water quality paraneters were neasured for Stations 1 through 4,
and at the Miir Beach pool (Table 6). Water tenperatures ranged
from12.5 °Cto 14 °Cin areas with flowng water. A tenperature
of 17 °C was neasured in the Miir Beach pools and 12 °C at Fern
Creek. Dissolved oxygen was | owest in the two downstream
stations where flow was | ess. In the stagnant | agoon pool s,
water clarity was very poor. These pools | ooked eutrophic.

DI SCUSSI ON

Water Quality

Except for the Miir Beach pool, neasured stream tenperatures were
within the preferred tenperature range reported for rearing

sal noni ds (Beschta et al. 1987). Those preferred ranges are 11.8
- 14.6 °C for coho salmon and 7.3 - 14.6 °C for steel head. The
upper lethal tenperatures are 25.8 °C and 24.1 °C for rearing



coho and steel head, respectively. The tenperature recorded at
the Muir Beach pool was 17 °C. Arnold (1971) reported a | agoon
tenperature of 17 °C in 8/06/68. Tenperature does not appear to
be limting the production of fish resources in Redwood Creek.
For salnmonids in freshwater, dissolved oxygen |evels above 7.84
ppm are ideal (Davis 1975). At 6.00 ppm the initial signs of

di stress occur, and at 4.16 ppm a large proportion of the
popul ation is affected. Dissolved oxygen val ues nmeasured at the
upstream sites, Stations 1 and 2, were well above ideal |evels.
It was further downstream where conditions degraded, at Stations
3 and 4. The | ack of oxygen at the | ower stations was nost

i kely due to poor aeration resulting fromlow surface water
flow. Fish were present but in | ow nunbers.

Val ues of pH were low at Stations 1, 3, and 4. It is difficult
to explain the | ow pH val ues we nmeasured. Low pH may be due to
hi gh bi ochenm cal oxygen demand (BOD) of the water, coupled with
| ow reaeration capacity and reduced plant activity in the stream
In previous studies (Vollintine 1973), pH was within the nornal
range even though seepage from sewage treatnment systens (high
BOD) was entering the creek. Qur |ow nmeasurenments may have been
due to an equi pment mal functi on.

Fi sh

Table 1 presents fish distribution data. Those trout encountered
at Stations A (above a log "stored sedinent" jam), B, C, and D
were believed to be resident rainbow steel head trout. Station D
represents the upstreamlimt of our survey but not necessarily
the upstream|limt of trout distribution. Tinme limtations
prevented us from surveying farther upstream No coho were
encountered at or upstreamof Station A on Redwood Creek. This
is probably due to what is believed to be a natural barrier to
all upstreamfish mgration | ocated approximtely at the 280 f oot
contour of Redwood Creek. In Fern Creek, coho sal non and scul pin
wer e shocked at the 220 foot contour, and at the 350 foot contour
coho and a single steel head were found. The previously reported
upstream|limt of coho utilization of Fern Creek was the 280 foot
contour (Arnold 1971). Tinme |limtations prevented our surveying
farther upstreamin Fern Creek, but a natural falls barrier
apparently exists at approximately the 400 foot contour (Ma
Monr oe, personal communication). This barrier would represent
the upstream|limt to anadronmous fish use of Fern Creek. Above
this barrier, resident trout are likely to exist.

Table 2 presents |length and wei ght data for fish captured at
Stations 1 through 4. For both coho sal nron and steel head trout,
average fork | ength and weight increased fromupstreamto



downstream stations. A simlar relationship has been noted in
previ ous surveys (Arnold 1971, Dept. of Fish and Gane 1976 and
1984). A nmultiple range conpari son showed coho fork | engths were
significantly (p = 0.05) larger at stations 3 and 4 than at
stations 1 and 2. (Table 7). Steelhead were significantly (p =
0.057) larger at station 4 than at station 2 but no other
statistically significant differences existed for steel head anpbng
sites.

A straight line relationship exists between |ength and wei ght of
fish captured in Redwood Creek (Table 8). There were no
significant differences in the slopes of the straight |ine
equations for coho or steel head anong different stations. It nmay
be argued that the larger fish at downstream stati ons had
emgrated to these |ocations as they grew in size and their

habi tat requirenments becanme nore restrictive. That is, they
noved to areas of better habitat. However, one recent study
(Dol l of f 1987) indicates that nost juvenile coho sal non do not
preferentially nmove anong different habitat types but tend to
remain at the sites of their original, post-energence
distribution. |Indeed, because of the intermttent nature of
Redwood Creek, m gration of juvenile coho sal non between

di fferent habitat areas would be inpossible except early in the
sunmer season. In either case, significantly larger fish were
found at the downstream sanpling stations. These data suggest

t he habitat that can produce, or is nost suitable to | arger size
rearing salnmonids, is found in the | ower portions of Redwood
Creek, from near our Station 3, downstream Unfortunately,
nearly half of the large fish habitat (that area downstreamfrom
t he MBCSD punp station to the mouth of the creek) has been
entirely elimnated by water w thdrawal s and | agoon nodification.

Arnold also found that the larger fish occurred in the downstream
portions of the creek with the | argest found bel ow the MBCSD punp
station. This area was totally dry during our study. O her
reports have noted the increasing frequency of large fish habitat
occurring in dowstream | ocations (Fish and Gane 1976 and Sni der
1984)

Condition factor (K) may be used to conpare the general
condition, fatness, or well being of fish (Bagenal and Tesch
1978) and is based on the assunption that the heavier a fish is
at a given length, the better its condition. Mean condition
factors for fish captured in Redwood Creek are found in Table 4.
There were no significant differences in condition factors for
coho or steel head anong stations.
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Fi sh popul ati on estimates (Appendi x A) and average wei ghts (Table
2) were used to calculate fish nunmbers and bi onass per stream
unit as found in Table 3. These cal cul ati ons show decreasi ng
nunmbers of coho per unit streamlength in the downstream
direction acconpani ed by an increase in biomss per unit stream
length. This is somewhat different than the trends found by
Arnold. He found the greatest nunbers and |argest fish in
downstream areas near our Stations 3 and 4. From 11 seining
sites within these areas, 577 coho and 290 steel head juveniles
were exam ned in COctober 1968. It is doubtful this many rearing
juveniles existed in the entire stretch of stream bel ow Miir
Wbods during our sanpling period.

As illustrated by Table 5 and Figure 3, we sanpled three age

cl asses of steel head, 0+, |+, and 2+. Scal es analysis indicate
that 99 mm was the cutoff size between 0+ and 1+ fish, and that
154 mm was the cutoff between 1+ and 2+ fish. These data are
simlar to those found in 1979 (Fish and Gane) of 97.5 mm for O-
f, and 150 mm for 1+ steelhead. The majority (90% of steel head
captured were 0+ fish, young of the year.

Stream Habi tat Observati ons

Conspicuous in its absence from Redwood Creek is | arge woody
debris. That is, the linbs, branches, and trees that fall into a
stream from the adjacent forest. Organic debris such as this
serves several functions. Catchnents are created where inorganic
and organic sedinment are stored. Water quality and quantity are
i nfluenced. Organic material increases physical streamdiversity
by creating pools, gravel beds, and cover, all critical in the
life histories of many vertebrate species, including anphi bians,
mammal s, and fi sh.

Aquatic communities in the Pacific Northwest evolved in "debris-
rich" environments associated with and characteristic of
unmanaged coni ferous forest streans. Species devel oped
adapt ati ons which enable themto maxi m ze production in
hydraulically conpl ex channels where debris is abundant. Large
woody debris bi omass neasured in unmanaged redwood forest streans
of northwest coastal California shows an average | oading of 16 to
134 kg/ nf (Bisson et al. 1987). Organic |oading depends upon
average channel width, with w der channels having | ower organic
| oadi ng values. While we did not attenpt to neasure debris

| oadi ng in Redwood Creek, it is extrenely |ow and not what would
be expected of an unmanaged old growth redwood forest stream
system of the size of Redwood Creek. Debris renoval has been an
accepted managenent activity at Miir Whods Nati onal Mnunent
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Monunment since the 1930's and apparently is the cause of the |ow
| evel of organic debris |oading. Renoval of organic debris from
Redwood Creek has reduced the conplexity and quality of the
stream environment as habitat for aquatic organisns. Undoubtedly
this has contributed to the decline in fishery resources that
have occurred in Redwood Creek.

Stream bank stabilization structures were constructed al ong
Redwood Creek in Miir Whods in the 1930's. These structures have
severely reduced the natural processes of stream bank erosion and
channel downcutting (Hagans and Weaver 1988). Stream bank
erosion is one process whereby gravels, used for salnonid
spawni ng, enter the stream Therefore, the availability of
spawni ng gravel has been reduced by stream stabilization
structures. Future stormevents could result in downstream
transport of sediment which form gravel beds. Since the
avai l ability of gravel has been reduced, the long termresult nmay
be a reduction in quantity of sal nonid spawning habitat. This
possibility is increased by the absence of organic debris which
can provi de storage areas for gravels used for spawning.

Bel ow Muir Wods, the streamsuffers fromwhat appears to be above
normal | evels of sedinment in the channel. Perhaps this is the
result of damage to the stream that acconpani ed | oggi ng which
occurred in the 1960's (Snider 1984). It is also likely that the
increased sedinent load in the creek is the result of water

wi t hdrawal s. Renoving water fromthe stream reduces water
velocities, volunes, and the ability of the streamto transport
sedinment. Therefore, sedinment is deposited in these | ocations and
wll only be flushed away during higher than average fl ood fl ow
events. Above normal |evels of sedinment comng into the creek
have been reported as recently as 1986 (file nmeno), but no current
information exists regardi ng degradation of water quality from
ot her sources. Agricultural use of fertilizers and pesticides,
seepage from septic systens have al so been reported to degrade
water quality in the | ower part of the creek.

Qur observations indicate a partitioning of the streamwth
respect to anadronous sal nonid spawning and rearing habitat. Most
of the coho sal non and steel head spawni ng habitat occurs in
upstream areas within the boundaries of Miir Wods Nati onal
Monument while nost of the large fish rearing habitat occurs
downstream of the Monument. This relationship had been noticed in
earlier surveys (California Departnment of Fish and Game 1976).
Above the Monunment boundaries, gravel abundance and quality
probably limts the nunbers of successful spawners to steel head
and very few salnon. Rearing habitat wi thin the Monunent has been
greatly reduced by renoval of organic debris although the
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"best" rearing habitat historically was probably found bel ow t he
Monunment. Sone spawning gravels are also avail able below the
Monument however these areas are inpacted by increased |evels of
fine sedi nent.

Dewat eri ng of Redwood Creek

The lower 1.25 mles of Redwood Creek was dry during our sanpling
period. The dry reach was bel ow the punps of the Miir Beach
Community Services District (MBCSD) and the heather farm The
i sol ated pools and intermttent surface flow extending
approximately 0.75 mle i medi ately above the punps are al so
probably the result of water table draw down around the punp
sites, i.e. a cone of depression. (W also observed no flow
entering the creek from Kent Canyon). A State Water Resources
Control Board neno (Laudon 1988) states the punped withdrawal is
of streamorigin. The result is the |owering of the water table
bel ow t he stream gradi ent and | oss of all aquatic habitat in the
|l ower 1.25 mles of Redwood Creek. In a stream where 90% of the
annual runoff occurs between Novenber 1 and April 30 (Snider
1984), dewatering of the stream may be a frequent occurrence,
especially in dry years.

The result of dewatering is the |oss of inportant aquatic

habi tat, especially coho salnon rearing habitat. The Depart nment
of Fish and Gane (Snider 1984) estinmated preferred sumrertime
rearing flows for coho sal non and steel head trout in Redwood
Creek to be approximately 8 cubic feet per second. Whether these
vol unes of flow were ever typical of sumrertime Redwood Creek
conditions is unknown. Flow neasured in Redwood Creek at the

| ower Frank Valley bridge on Septenber 4, 1988, one nonth before
our study, was 0.064 ft/sec (Vicki Ozaki, personal

conmuni cation). Sumer flows neasured in | ower Redwood Creek by
Lehre in August and Septenber 1974 were 0.56 ft3 sec and 0.31
ft3/ sec respectively. The differences in flows neasured in 1988
and those neasured in 1974 may be due to increased w thdrawal of
wat er for donestic and commercial use. Wthdrawal of water can
al so affect the upstream m gration of spawni ng adults by reducing
the depth of water over riffles that fish nust negotiate and
therefore making it nore difficult to swimupstream (Snider
1984). Also, withdrawal could reduce the duration of migrational
fl ows needed by returning sal non and steel head, as well as the
downstream passage of adult steel head after spawning.

Reduced water flows inpact not only the quantity of habitat but
al so influence water quality. Reduced flows Iimt aeration and
directly reduce |l evels of dissolved oxygen. |In areas where
septic seepage and agricultural runoff of fertilizers and
pesticides occurs, these problems are conpounded.



13

Lagoon

Recent studies of small west coast streans have denonstrated the
i nportance of estuaries, or |agoons, as rearing habitat for
juvenile salnonids. In northern California, Redwood Nati onal
Park studies of the Redwood Creek estuary {Hofstra 1983) have
shown | arge nunbers of steel head trout and Chinook salnon utilize
the estuary during the summer as juvenile rearing habitat. By
provi di ng an area where increased growth may occur, the
summertine |agoon that forms at the nouth of the creek provides
critical habitat in the life history of Redwood Creek sal noni ds.
Even when the creek mouth remains open during the sumrer, fish

voluntarily remain and utilize the estuary. Historic accounts
i ndicate the | agoon used to provide summer habitat for coho
sal mon as well. However, since the construction of flood control

| evees and channelization the needed backwater areas that would
have been used by coho have nostly been elimnated. Steel head
also utilize small coastal estuaries, or |agoons, for sunmertinme
rearing (Hofstra unpublished data, Zedonis and Barnhart 1988).
O her small coastal streans studied in San Mateo County to the
south (San Gregorio Creek) have shown sumer steel head
utilization and increased growth in the | agoons. Cenerally, the
| arger the snolt, the greater its chances of survival in the
ocean and therefore the greater the chance of it returning as an
adult to spawn.

It is the |ower reaches of small coastal streans that provide
nost of the habitat necessary for a productive anadronous fish
resource (Snider 1985) and it is this portion of Redwood Creek
t hat has been nost inpacted. It is likely the |agoon and

associ ated | ower streamreaches that historically existed at the
mout h of Redwood Creek provided excellent rearing habitat for
coho sal non and steel head trout. Even when extrenely | ow sumrer
flows or drought conditions existed, rearing habitat for juvenile
sal noni ds was probably available in the | agoon. The |agoon

t herefore provided an area that was al ways available to fish.
However, the functioning of this area as a viable part of the
overall watershed has been |l ost by elimnation of sumrer stream
flows through water w thdrawal for commercial and donestic uses,
alteration of circulation patterns, dredging, construction of

| evees, dikes, and a parking |lot, and degradation of water

qual ity through agricultural and donestic devel opnent and runoff.

CONCLUSI ONS

Redwood Creek is a noderately to heavily inpacted stream
Upstream of Miir Wbods, |ogging and sedi nentation have i npacted
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the creek. Wthin the Monument, renoval of organic material from
t he stream and bank stabilization have reduced avail abl e habitat.
Fart her downstream | oggi ng, sedinentation, agricultural
activities, water withdrawals, use of fertilizers and pestici des,
and | agoon nodification have inpacted the quality, quantity and
di versity of aquatic habitat.

The results of our limted study, and those of previous

i nvestigations, indicate that the nost critical factor presently
limting salnonid production in Redwood Creek is rearing habitat
for larger juvenile fish. Habitat alterations in Redwood Creek
have resulted in a spatial separation of spawning and rearing
habitat that probably did not exist historically as it does
today. Mbst anadronous fish spawni ng probably occurs within the
boundari es of Miuir Wbhods Nati onal Mnunent, while nost |arge fish
rearing habitat occurs downstream Low summer stream fl ows
appear to prevent novenment of fish to these higher quality
rearing areas. Nevertheless, over half of the large fish habitat
i n Redwood Creek has been totally elimnated by water

wi t hdr awal s.

In spite of these abuses, anadronmous fishery resources still
exi st. Continued habitat degradation, domestic and agricultura
wat er withdrawal, and poor |and use practices, however, my
soneday elim nate coho sal non and steel head from Redwood Creek
entirely.

RECOMVENDATI ONS

1. The major threat facing the aquatic resources of Redwood
Creek is withdrawal of water for donestic and comrercial uses.
Efforts should be directed toward elimnating all illegal water
wi t hdrawal s presently occurring. Total volunme of w thdrawal
presently occurring (legal and illegal) should be estimted, and
the possibility of extending rnunicipal water supplies to al

| andowners in the valley should be investigated. Any further
decreases in streamflows will have serious negative effects to
aquatic resources, therefore, GGNRA should contest all new
applications for water rights on Redwood Creek and request that
an I nstream Fl ow I ncrenmental Methodology (I FIM study be
conducted to quantify the fishery inpacts that would result from
addi tional water w thdrawals.

2. The aquatic habitat of Redwood Creek has been degraded by
renmoval of large organic material. Physical features and habitat
conponents that were present in the old growh forest are no

| onger present. These physical features should be restored. The
practice of routinely renoving organic material fromthe stream
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shoul d be discontinued. Consideration should be given to
restoring stream features and diversity by adding | arge organic
mat eri al back to the active stream channel where feasible.

3. A cooperative managenent plan or agreenent with the State
Departnent of Parks and Recreation and Department of Fish and
Game shoul d be devel oped for Redwood Creek. Such an integrated
and cooperative approach to nmanagenment would facilitate
restoration and protection of the creek.

4. A long-termresource nonitoring plan to collect data that
can be used in identification of problenms and resource trends
shoul d be devel oped and i nplenmented. Such a plan would specify
resources to be nonitored, permanent nonitoring |ocations,
schedul es, responsibilities, etc. The techniques used should be
st andar di zed and repeatable fromyear to year. They could

i nclude juvenile fish popul ati on estimates and growth nonitoring
in established sites, spawni ng-carcass-redd surveys in stream

i ndex reaches, yearly low flow stream surveys and water quality
nmonitoring. These regularly collected basic resources inventory
data woul d be invaluable in identifying inpacts and assessing
long-termtrends in resource quality.

5. A plan for restoration of the |ower creek and | agoon should
be devel oped. Restoring the |lagoon will once again nmake
avail abl e inportant fish rearing habitat and will restore a

uni que conponent of the overall watershed with its attendant
bi otic community.

6. Stream fl ow gauges should be installed at several |ocations
wi t hin Redwood Creek. Specific |ocations should be determ ned
after hydrol ogic consultation and in cooperation with the
Depart nment of Parks and Recreation and Departnment of Fish and
Gane.

7. Total areas of stream habitat should be quantified by
conducting a basinwi de habitat inventory follow ng the procedures
of Hankin and Reeves (1988). This is a relatively inexpensive
procedure and woul d provide a basi nwi de perspective of habitat
types and | ocations. It would also provide a quantified basis
for future nmonitoring and eval uating restoration efforts.

8. An historical investigation of Redwood Creek shoul d be
conducted. This could include interviews with long tine
residents, copying of their old photos as they relate to the
creek and historic |and use, and a review and anal ysis of al
avai lable literature and docunents that pertain to Redwood Creek
This kind of information would help define restoration goals.
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STEELHEAD TROUT
Redwood Creek, Marin County
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Figure 3. Length-frequency histogram and age of juvenile
steel head trout determ ned from aged scal es,
Redwood Creek, Marin County, October 1988.
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TABLE 1. Distribution and percentages of species present for
el ectrofi shed sections of Redwood Creek, Marin County, California,
Cct ober 1988.

Fi sh
Locati on COHO  STEELHEAD TROUT SCULPI N
Redwood Cr eek
Station D (600 ft contour) X
Station C (600 ft contour) X
Station B (380 ft contour) X
Station A (280 ft contour) X
Station 2 (200 ft contour) X (7% X(56% X (38%
Station 1 (150 ft contour) X (21% X (9% X (71%
Station 3 (80 ft contour) X (16% X(36% X (48%
Station 4 (60 ft contour) X (5% X(77% X (18%
Fern Creek
350 foot contour X X
220 foot contour X X X
Beach Pool s X

(a few stickleback and juvenile rockfish were also found)
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TABLE 2. Mean | engths (mm and weights (g), their standard
deviations (S.D.) and ranges, and nedian |lengths (mm of fish
el ectroshocked at study sites in Redwood Creek, Marin County,
California, COctober 5-6, 1988.

CCOHO SALMON

Mean Mean
Locati on No. FRKL* S. D. Medi an Range W (g) S.D Range
Station 2 3 60.3 3.1 61 57- 63 2.6 0.5 2.1 - 3.1
Station 1 26 63.6 6.1 62.5 54- 78 3.3 1.0 1.7 - 6.0
Station 3 11 79.4 6.6 80 68- 90 6.5 1.6 3.7 - 9.1
Station 4 1 83 - 83 5.1 - —
STEELHEAD TROUT

Mean Mean
Locati on No. FRKL? S.D. Medi an Range W (g) S.D. Range
Station 2 25 58.1 16.0 61 41-114 3.2 3.0 0.9 -15.3
Station 1 11 64.5 26.5 56 38-114 4.3 4.4 0.8 -13.6
Station 3 25 61.4 17.2 57 43-120 3.5 3.6 0.4 -18.0
Station 4 16 78.1 33.0 72 49-154 7.9 10.2 1.5 -32.7
SCULPI' N

Mean Mean
Location  No. TL® S.D. Range No. W (g) S.D Range
Station 2 16 56.1 16.7 30-85 17 3.5 1.9 1.1 - 8.4
Station 1 83 55.0 14.6 25-125 41 2.7 3.7 0.3 -23.9
Station 3 33 77.4 34.6 40-157 33 11.0 15.7 0.8 -56.5
Station 4 4 75.8 37.5 40-112 4 8.3 8.3 0.8 -17.1
a. FRKL = Fork length (nmm

b. TL = Total length (mm
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TABLE 3. Fish nunmbers and biomass (g) per streamlength (n), water
surface area (nf), and water volune (n¥) for study sites on Redwood
Creek, Marin County, California, October 5-6, 1988.

Locat i on No. / m No. / nf No. / n? g/ m g/ nf g/ n?
COHO
Station 2 0.10 0. 03 0.43 0. 25 0. 08 1.14
Station 1 0. 65 0. 16 1.08 2.15 0.52 3.58
Station 3 0. 35 0.12 0. 60 2. 26 0. 84 3.95
Station 4 0. 03 0.01 0. 07 0.17 0. 08 0. 38
STEELHED
Station 2 0.81 0. 25 3.61 2.54 0. 80 11. 40
Station 1 0. 30 0. 07 0.50 1.30 0. 29 2.17
Station 3 0.78 0. 29 1.37 2.74 1.02 4,79
Station 4 0. 80 0. 35 1.80 6. 32 2.79 14.13
SCULPI N
Station 2 0.77 0. 24 3.47 2.04 0.64 9.13
Station 1 2.23 0.54 3.71 5.93 1.44 9. 88
Station 3 1. 26 0.47 2. 20 13. 83 5.12 24. 17
Station 4 0.13 0. 06 0. 30 1.11 0.49 2.48

TABLE 4. Mean condition factors (K) and standard deviation (S.D)
of fish collected in Redwood Creek, Marin County, California,
Oct ober 5-6, 1988.

Locati on COHO STEELHEAD SCULPI N
Station 2 1.21 (0.27) 1.43 (0. 41) 2.0 (0.96)
Station 1 1.26 (0. 21) 1.24 (0.37) 1.1 (0.23)
Station 3 1.28 (0.08) 1.23 (0. 25) 1.4 (0.24)
Station 4 0. 89 — 1.22 (0.22) 1.3 (0. 16)




T-5

TABLE 5. Age and fork length data derived from scales of
steel head trout electrofished from Redwood Creek, Marin County,
California, October 1988.

Fork length (nm Age Fork length (nmm Age

79 0+ 109 1+

81 0+ 114 1+

83 0+ 114 1+

83 0+ 120 1+

85 0+ 123 1+

85 0+ 143 1+

88 0+ 153 2+

99 0+ 154 1+

174 2+

TABLE 6. Water quality paraneters neasured at Redwood Creek,
California on Cctober

County,

Marin

6, 1988. Paraneters were water
tenmperature (°C), dissolved oxygen (ppn), salinity (Q/oQ), specific

conduct ance (upnmhos at 25°C), and pH.
Tenp- Di ssol ved
Locati on Ti me erature xygen Salinity Sp. Conductance pH
(°0O (ppm (0/00)  (unhos @25 °C)
Station 2 0929 13.0 10.1 0.0 — 7.2
Station 1 0840 13.0 10. 2 0.0 235 6.3
Station 3 1440 13.5 5.9 0.0 225 6.0
Station 4 1710 13.0 0.9 -2.8 0.0 255 6.1
Beach pool 1830 17.0 — 0.0 535 - -

TABLE 7. Site differences (p=0.05)

in coho salnmon fork length (mm.

Station

Station
Station

Station

A WL DN

Station 2

Station 1
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TABLE 8. Length - Weight relationships of juvenile sal nonids
el ectroshocked in Redwood Creek, Marin County, California, Cctober
5-6, 1988. The equation is W= a L®, and when expressed as

log W= 1log a + b log L, gave a straight line relationship. (X =
l og length and Y = | og wei ght).

Locati on Length — Wei ght Rel ationship r?ag; df
COHO

Station 2 Y= -0.65 + 0.60 X 0 2
Station 1 Y= -4.32 + 2.68 X 66. 9 25
Station 3 Y= -4.97 + 3.04 X 93. 6 10
Station 4 one fish captured

STEELHEAD

Station 2 Y= -4.07 + 2.55 X 83.5 24
Station 1 Y= -4.29 + 2.64 X 92.9 10
Station 3 Y= -5.04 + 3.06 X 87.7 24
Station 4 Y= -4.20 + 2.61 X 98.5 15
SCULPI N

Station 2 Y= -2.74 + 1.85 X 96. 0 15
Station 1 Y= 4.47 + 2.72 X 91.5 38
Station 3 Y= -4.72 + 2.93 X 98. 3 32
Station 4 Y= -4.66 + 2.88 X 99.4 3




APPENDI X
(Fi sh Popul ation Estinmate Statistics)



Stream  REDWOOD CREEK STATION 1 ( MUMO)
Speci es: COHO

Renmoval Pattern: 21 5

Total Catch = 26

Popul ati on Estinmate = 26

Chi Square = 0.673
Pop Est Standard Err 1.154
Lower Conf Interval = 26. 000
Upper Conf Interval = 28.377
Capture Probability =0. 839
Capt Prob Standard Err =0. 093
Lower Conf Interval =0. 648
Upper Conf Interval =1. 030

The popul ation estimate | ower confidence interval was set equa
to the total catch. Actual cal cul ated | ower ClI was 23.623

Stream  REDWOOD CREEK STATION 1 ( MUMO)
Speci es: STEELHEAD TROUT

Renoval Pattern: 7 4

Total Catch =11

Popul ation Estinate =12

Chi Square = 0.677
Pop Est Standard Err = 2.732
Lower Conf Interval = 11. 000
Upper Conf Interval =18. 033
Capture Probability = 0. 647
Capt Prob Standard Err = 0. 248
Lower Conf Interval = 0.099
Upper Conf Interval = 1.195

The popul ation estimate | ower confidence interval was set equa
to the total catch. Actual calculated |ower Cl was 5.962

Stream REDWOOD CREEK STATION 1 ( MUMD)
Speci es: SCULPIN

Renpval Pattern::: 66 18

Total Catch = 84

Popul ati on Estinate = 89

Chi Square = 0.115
Pop Est Standard Err = 4. 060
Lower Conf Interval = 84.000
Upper Conf Interval = 97. 067
Capture Probability = 0.750
Capt Prob Standard Err = 0. 068
Lower Conf Interval = 0.614
Upper Conf Interval = 0. 886

The popul ation estimte | ower confidence interval was set equa
to the total catch. Actual calculated | ower Cl was 80.933.



Stream REDWOOD CREEK STATION 2 ( MUMWO)
Speci es: COHO

Renoval Pattern: 2 1

Total Catch = 3
Popul ation Estimate = 3
Chi Square = 0. 381
Pop Est Standard Err = 0.745
Lower Conf Interval = 3. 000
Upper Conf Interval = 6. 207
Capture Probability = 0. 750
Capt Prob Standard Err = 0. 373
Lower Conf Interval = -.854
Upper Conf Interval = 2.354

The popul ation estimte | ower confidence interval was set equa
to the total catch. Actualcalculated |ower ClI was -0. 207

Stream  REDWOOD CREEK STATION 2 ( MUMD)
Speci es: STEELHEAD TROUT

Rermoval Pattern: 20 5

Total catch - 25
Popul ati on Estimate = 25
Chi Square = 0.725
Pop Est Standard Err = 1.133
Lower Conf Interval = 25. 000
Upper Ccnf Interval = 27. 442
Capture Probability = 0.833
Capt Prob Standard Err = 0. 097
Lower Conf Interval = 0.634
Upper Conf |nterval = 1.033

The popul ation estimte | ower confidence interval was set equa
to the total catch. Actual calculated | ower CI was 22.558.

Stream  REDWOOD CREEK STATION 2 ( MUMO)
Speci es: SCULPIN

Renoval Pattern 10 7

Total Catch = 17

Popul ati on Estimate = 24

Chi Square = 0. 249
Pop Est Standard Err = 11. 274
Lower Conf Interval = 17. 000
Upper Conf Interval = 47. 326
Capture Probability = 0. 447
Capt Prob Standard Err = 0. 283
Lower Conf Interval = -.138
Upper Conf Interval = 1.032

The popul ation estimate | ower confidence interval was set equa
to the total catch. Actual calculated | ower Cl was 0 674.



Stream  REDWOOD CREEK STATION 3 ( MUMO)
Speci es: COHO

Renmoval Pattern: 9 2

Total Catch = 11

Popul ati on Estinate = 11

Chi Square = 0. 242
Pop Est Standard Err = 0.704
Lower Conf I nterval = 11. 000
Upper Conf Interval = 12. 569
Capture Probability = 0. 846
Capt Prob Standard Err = 0.138
Lower Conf Interval = 0.538
Upper Conf Interval = 1.154

The popul ation estimate | ower confidence interval was set equa
to the total catch. Actual calculated | ower Cl was 9.431

Stream REDWOOD CREEK STATI ON 3 ( MMO)
Speci es: STEELHEAD TROUT

Renmpval Pattern: 22 3

Total Catch = 25

Popul ation Estinate = 25

Chi Square = 0.163
Pop Est Standard Err = 0. 668
Lower Conf Interval = 25. 000
Upper Conf Interval = 26. 379
Capture Probability = 0. 893
Capt Prob Standard Err = 0.073
Lower Conf Interval = 0. 742
Upper Conf Interval = 1.043

The popul ation estimte | ower confidence interval was set equa
to the total catch. Actual calculated |ower Cl. was 23.621

Stream  REDWOOD CREEK STATION 3 (MO
Speci es: SCULPIN

Renpval Pattern: 22 11

Total Catch = 33

Popul ati on Estinmate = 40

Chi Square = 0.175
Pop Est Standard Err = 7.599
Lower Conf Interval = 33.000
Upper Conf Interval = 55,372
Capture Probability = 0.569
Capt Prob Standard Err = 0.165
Lower Conf Interval = 0.236
Upper Conf Interval = 0.902

The popul ation estimate | ower confidence interval was set equa
to the total catch. Actual calculated |ower Cl was 24.628
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Stream  REDWOOD CREEK STATION 4 ( MMO)
Speci es: STEELHEAD TROUT

Renoval Pattern: 10 7

Total Catch = 17
Popul ation Estimate = 24

Chi Square = 0. 249
Pop Est Standard Err = 11. 274
Lower Conf Interval = 17. 000
Upper Conf Interval = 47. 326
Capture Probability = 0. 447
Capt Prob Standard Err = 0. 283
Lower Conf |nterval = -.138
Upper Conf Interval = 1.032

The popul ation estimate | ower confidence interval was set equal
to the total catch. Actual calculated | ower CI was 0.674.
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STATION 1
Downstream view from top of Station 1.

Note absence of organic debris in
the channel.

October 5, 1988

STATION 1
Downstream view from near top of
Station 1.

October 5, 1988

STATION 1
Upstream view from near bottom of
Station 1.

October 5, 1988

NOTE: There are no photographs
of Station 2.




STATION 3

Downstream view from top of Station 3.
Note bedload in channel and slack
water conditions.

October 6, 1988

STATION 3

Downstream view from near top of
Station 3. Note bedload in channel
and slack water conditions.

October 6, 1988

STATION 3
Upstream view from near bottom of
Station 3.

October 6, 1988




STATION 4
Upstream view from bottom of Station 4.
Note bedload conditions.

October 6, 1988

STATION 4
Undercut bank near middle of Station 4

October 6, 1988

STATION 4

Downstream view from near top of
Station4. Note bedload conditions
and slack water conditions.

October 6, 1988




Juvenile steelhead trout (top) and
juvenile coho salmon (bottom)
captured at Station 3.

October 6, 1988

Stranded runback steelhead trout
found just above Station 3.

October 6, 1988

One of the few pools found on the
creek, just upstream of Station 3.
This is where we found the runback
steelhead trout.

October 6, 1988.
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Memorandum
To: Superintendent, Redwood N.P.
From: Superintendent, Golden Gate N.R.A.

Subject: Survey of Redwood Creek

W request the assistance of your staff in initiating a survey of
t he aquatic resources in GGNRA' s Redwood Creek. The two years of
dr ought have brought the opportunity to neasure lowflow limting
factors that are critical to the evaluation of the Coho sal non
habitat in the stream The anadronous fish that use the stream
have not been inventoried nor has the habitat been eval uated at
the |l evel needed for nmaki ng managenment deci sions.

Terry Hofstra and a small crew could cover the needed area in
approxi mately four days. The creek is approximately 10 mles

| ong and has good access through its length. Wthin the four
days we anticipate an eval uation of spawning and rearing habitat
as well as a prelimnary inventory of the fish. W also hope to
be advi sed on sone nmethods for restoring the Redwood Creek
Estuary and how such a restoration woul d enhance natura

di versity.

Your group at Redwood N.P. has been invaluable to us this year.
Your staff deserves the highest comrendation for its thorough
wor k, hel pful attitude and continued professionalism Thank you
very much for all of your assistance!
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