1994- 1995 REDWOOD CREEK SPAVWNER AND CARCASS
SURVEY

| nt roducti on

Redwood, O enmm, and Lagunitas Creeks are three coastal streans
within the Golden Gate National Recreation Area (GGNRA)
managenent area that currently support self-sustaining runs of
both coho salnon (Oncorhynchus kisutch) and steel head trout

(Oncorhynchus nykiss). Both species have been petitioned for
listing as either threatened or endangered under the
Endangered Species Act of 1973 (as anended). Nati onal Park

Service's Natural Resource Mnagenent policies require the
monitoring of natural resources wunder its stewardship "at
regular intervals to detect or predict changes. The resulting
information will be analyzed to detect changes that nay
require intervention and to provide reference points for
conparison with other, nore altered environnments."

Because these anadronous fish spend parts of their lives in
both freshwater and ocean, several factors such as ocean
productivity and |and-uses adjacent to streams mmy affect
their abundance and distribution. The nunber of returning
adults integrates factors that af f ect both ocean and
freshwater survival

Coho salnmon in Redwood Creek were the focus of spawner and
carcass surveys. Al t hough both steel head and coho are known
to use Redwood Creek, the enphasis of the spawning survey
program was on coho sal non because of their proposed listing
as threatened and a life history pattern anmenable for carcass
counts. Unlike coho sal non, steel head typically return to the

ocean follow ng spawning. Point Reyes National Seashore
shares managenent of certain GGNRA streams including Oema and
Laguni tas Creeks. A simlar spawner survey was conducted on

O ema Creek through the use of |ocal vol unteers.
The objectives of this spawning survey were:

1) To develop an index of annual escapenent of coho sal non
in Oem and Redwood Creeks for analysis of long-term
trends.

2) To gather distributional information of spawni ng coho.

3) To determ ne popul ati on characteristics of returning coho
adul ts including size, age (optional), and sex.
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4) To neasure certain hydrologic conditions related to
sal mon run.

Past Work:

| nformation regardi ng the nunber of coho sal non and steel head
returning to Miir Whods National Mnunment (MIMO) have been
collected by Mir Wods staff since 1944. Much of the
acquired information cane from anecdotal accounts. In the
wi nter of 1993, two spawning surveys by NPS staff were
conducted fromthe confluence of Cam no del Canyon and Redwood
Creek to just above Bridge 4 near the Bootjack Trail. Only 7
redds, 13 live coho salnmon (6 adults, 7 jacks), and 1 jack
carcass were detected.

Study Area Description:

Redwood Cr eek. The Redwood Creek watershed is a coastal
dr ai nage
in southern Marin County, California (Figure 1). It covers

7.5 square mles (PWA et al. 1994). Bef ore discharging into
the ocean, Redwood Creek joins with its last tributary, G een
Gulch, to form Big Lagoon at Mir Beach and associated
backwat er areas. Barring uncharacteristic hydrol ogic events,
Bi g Lagoon is connected to the Pacific Ocean during wnter and
spring nonths and closed during the remainder of the year.

According to historic records, peak streanflows may range up
to 1780 cfs at Frank Valley Road (PWA et al. 1994). Like nost
coastal northern California streams, peak flows occur during
the winter and spring with flows closely mrroring recent
preci pitation patterns. More recently, winter flows at the
tail of the drought (1992-1993) ranged from 0.005 cfs to 275
cfs at the Pacific Way Bridge (PWA et al. 1994).

The survey area lies entirely wthin lands owned by the
Nati onal Park Service, as part of the Mir Wods National
Monument and the Golden Gate National Recreation Area, and the
M. Tamal pais State Park.

In addition, the Redwood Creek watershed harbors several
sensitive aquatic species. California red-1egged frog (Rana
aurora draytoni), a federally proposed species, has been found
in the wetlands and backwater areas associated with Big
Lagoon. The foothill yellow1legged frog (Rana boyli) was
historically found in Redwod Creek, around Miir Wods.
However, recent survey efforts have not found any frogs (K
Freel, pers. comm, 1995; Ely 1993).
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Met hods:

Live and carcass counts have been chosen for use as an index
of the nunber of returning adults. Sanpling protocol
devel oped for the Redwood Creek watershed in Humbol dt County
(Redwood National Park) by Dave Anderson and others were
foll owed as closely as possible (Haux and Anderson, 1992).

Surveys woul d not have been conpleted w thout the assistance
of several people including Rob Aramayo (Garcia and Assoc.),
Shawn G llette (NPS-GGNRA), Heather King (Intern-MMO), Chris
Mobl ey (NMFS), Steve Skartvedt (NPS-GGNRA), and Denise Vore
(NPS- GGNRA) . Techni cal assistance was provided by Ma Monroe
(NPS-MUMWNO), Bill Cox (CDFG), and Dave Anderson ( NPS-RNP).

Spawni ng surveys were initiated on Decenmber 8, 1994 foll ow ng
t he breaching of the sandbar in | ate-Novenber. Surveys were
conducted at approxinmately two-week intervals and generally
required two consecutive days to conplete. | deal |y, surveys
should be conpleted within one day to prevent double counting
of fish. However, counts conpleted within two days were
consi dered acceptable because nopst coho and steelhead only
nove upstream during daylight hours (Sandercock 1991;
Shapoval ov and Taft 1954).

St udy Area.

Three survey reaches were established on Redwood Creek
totaling 6.7 km (Table 1). Surveys on Redwood Creek started
approximately 140 neters below the Pacific Way Bridge crossing
above the Miir Beach parking lot (Station 1) to 0.5 km above
bridge four in Miir Wods (Station 19, Figure 3). On Fern
Creek, surveys were conducted fromthe confluence with Redwood
Creek to the Lost Trail streamcrossing for a total of 1 km

Ceneral .

Surveys were conducted using two observers wal king upstream
carefully inspecting banks, pools and instream woody debris
for live salnonids or carcasses. Water clarity, gage heights,
air and water tenperatures were recorded during the surveys.

Wat er Tenperat ure

Three renote tenperature |oggers (Onset Instrunments, Stowaway
WI'S6- 2K) were installed at three |ocations along Redwood Creek
in January 1995: pedestrian foot bridge at Big Lagoon,
downstream of Miir Beach Conmmunity Center, and downstream of a
mai n channel debris pool near MP 2. 25.
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G obal Positioning System ( GPS)

The first two surveys were conducted using a hand held gl obal
position system (Trinble Navigation Pathfinder). The GPS unit
was used to map the creek norphol ogy, nmark the |ocations of
redds and fish, and note the location of significant features.

Due to the narrow canyon and dense overstory vegetation, no
satellite signals were detected within the Miuir Wods Nati onal
Monument reach of Redwood and Fern Creeks.

Fi sh Measurenments

VWhen live fish or carcasses were encountered, the approximte

| ocations were marked on a map using known | andmarks. For
observations of live fish, the species, sex, and fork length
were recorded. For nost live fish, lengths were estimted by
framing fish with nearby objects in the stream and then
measuri ng di stances between objects. In addition, we recorded
activity patterns of fish as either "dead," "spawning," or
"ot her."

For carcasses, scale sanples, recapture status, species
identification, fork Ilength, and sex were recorded. We
obtained fork I engths using a neasuring rod (nearest cm. For
freshly dead fish, we periodically checked sex identification
by looking for mlIt or eggs. Upon conpletion of neasurenents,
fish were marked by renoval of dorsal and/or tail fins and
returned to their original |ocations.

Redds

Redds were difficult to determne in the field. However ,
known redd sites below Miir Wuods National Mnunment were
counted and marked on maps.

Resul ts

Gener al

A total of 20 coho carcasses were recovered during the

1994- 1995 surveys. No steel head carcasses were found. Many
of the fresh carcasses were | odged within woody debris, often
in pools. Several skeletons (uncounted) were found out of
water on gravel bars or banks. One of the twenty marked
carcasses was recovered at a |ater date. Scal e sanpl es were
taken from 13 carcasses. No estimate of the adult spawning

popul ati on size was attenpted.

Mal e coho carcasses ranged in fork length from 40 to 73 cm
Femal e |l engths ranged from 58 to 67 cm Figure 4 shows the
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| engt h-frequency distribution of recovered coho carcasses.

Peak nunbers  of live coho salmon were observed in
| at e- Decenber and early January surveys (Figure 5). No coho
were observed in the February survey. However, because of

storm events that occurred after February, it is possible that
a few coho may have entered Redwood Creek after the surveys
ceased in early February. Shapovalov and Taft (1954) found
adult coho entering Waddell Creek as |ate as March.

Cbservations  of live coho salnon were not uni fornmy
di stributed throughout the study reaches. No coho or redds
were observed in the approximately 140 m of creek below the
Paci fic Way bridge, an area within the scope of the Big Lagoon
restoration project. The mnmddle reach (Stations 7-14)
typically had the highest proportion of fish (Table 2). I n
addition, the 0.76 km between Stations 9 and 10 had the
hi ghest frequency and density of observed fish categorized as

"ot her" and "spawni ng" (83 and 11 observati ons/ km
respectively). Two | arge hol ding pools were present between
Stations 9 and 10. One pool behind a debris jam had, on two
occasions, 15 and 14 fish. This pool has since been reduced

in depth and extent by sedinments and | oss of woody debris.

The downstream nost redds were |ocated between Stations 3 and
4 (Highway 1 road crossing to Miir Beach Comrunity Center
pedestrian bridge) (Figure 6).

St eel head

St eel head were not observed until the January 19-20th survey.

The maxi mum nunber of steelhead observed during a single
survey was 3. \Wiile steelhead nay start to enter at the same
time as coho sal non, steelhead entries in other streanms can
extend until md-May, a nmuch Ilonger period than for coho
sal non (Shapoval ov and Taft 1954). In addition, Shapoval ov
and Taft (1954) noted that peak entry of steel head occurred in
early March. Qur survey ended prior to the conpletion of the
st eel head spawni ng season.

Coho Jacks

Two different year classes returned to Redwood Creek for
spawni ng. The mpjority of returning adults spend one year in

freshwater and two years in the ocean. A fraction of the
returning adults spend only one year in both freshwater and
t he ocean. These precocious males (also called |jacks)

represent sal non that have spent one, rather than two, seasons
in the ocean. Based on scal e readings and | ength measurenents
of returning adults to a Santa Cruz County stream Waddel
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Creek, Shapovalov and Taft (1954) found that returning coho
less than 49 cm (fork length) were al nbst always jacks. Only
1.1% of the returning coho |less than 49 cm spent two years in
t he ocean (Shapoval ov and Taft 1954).

Using a cutoff length of 50 cm for jacks, a total of 3 jacks
in Redwood Creek were identified from coho carcasses. Thi s
represents 16 percent of the recovered coho carcasses. The
actual percentage of jacks in the spawning run may be higher.
Boydstun (1994) noted that these marked snmaller, fish were
less likely to be recaptured than the larger, older adults.

Di scussi on

Fish aging through scales or other means will be required to
confirm whet her nmost fish Iess than 50 cm spend only one year
in the ocean. Aging of coho carcasses wll also help

determ ne the percentage of coho that spent |ess than one year
in freshwater.

The percentage of returning spawners conprised of jacks can be
quite variable. The proportion of jacks returning to \Waddell
Creek ranged between 1.4 to 43.7% with an average of 16%
(Shapoval ov and Taft 1954). On the South Fork of the Eel
River, 16 to 37% of the returning coho from 1938 to 1950 were
classified as jacks, using their criteria of fish | ess than 24
inches (Murphy 1952). Additional years of data from Redwood
Creek and other streams within GGNRA will help determ ne the
proportion of jacks.

It is thought that the number of returning jacks nay be
related to the size of outmgrating snolts. Rel eases of
hatchery reared coho in a British Colunmbia stream suggested
that coho that enmgrate earlier and at a l|arger size than
average, resulted in a high rate of jack returns (Bilton et
al . 1984).

It is difficult to estimte the total nunmber of adult coho
salmon that returned to Redwood Creek to spawn. As was
menti oned before, weir counts remain the npbst accurate neans
of determning the total nunber of returning fish. Qur i ndex
met hod which uses the total nunber of carcasses for the season
has its share of problens. This assunes that factors (such as
sanpling frequency, rate of scavenging, visibility, observer
variability, and stream conditions) remin constant.

Vari ous factors can contribute to the nunber of observed fish

i ncl udi ng: current stream conditions (e.g., turbidity),
observer experience, habitat type (e.g., pools vs. riffles),
and observation nethod. In an eval uation of various measures
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of counting returning adult salnmon, counts made from wal ki ng
al ong the banks observed, on average, 20% of the fish present
(Shardl ow et al. 1987). Bank counts in their study detected
fewer fish than other nethods (rafting- 43% sw nm ng- 63%
aircraft- 85% and helicopter- 100%. However, it should be
noted that their study stream averaged 20 m in width wth
flows ranging from 2.1-12.3 cubic neters per second. Streans
within GGNRA rarely exceed 6-7 m in width and pools rarely
exceed 2 min depth. Therefore, our wal king surveys probably

approxi mates the actual nunbers of carcasses and live fish
nore closely than the walking surveys in Shardlow et al.
(1987) studies. Neverthel ess, calibration of our walking

counts should be conducted. Calibration using nore "accurate"
measures such as rafting, aircraft, and helicopter counts
woul d be inpractical on our streans due to their small size
and dense riparian vegetation. However, wal king survey counts
should be supplenented by swimm ng counts to determne the
proportion of unseen fish, particularly in areas with a high
per cent age of pools.

Shardl ow recommended several inprovenents to survey techni ques
including the use of counts along fixed Ilengths at
st andardi zed | ocations rather than counts conducted al ong the
I ength of the creek. By reducing the sanpling area, the sane
level of effort could be used to sanple fewer sites nore
frequently. This recomendati on woul d be nost appropriate for
O ema Creek, which has suitable spawning areas along a nuch
greater | ength than Redwood Creek.

Recommended survey frequencies for carcass counts range from
3-4 days (W Evans pers. comm, 1995) to 1 week (J. dase
pers. comm, 1995). W dely spaced surveys (e.g. two weeks),
such as ours, may increase the likelihood of scavengers, etc.
renovi ng carcasses.

Future efforts to inprove our spawner surveys will involve the
estimati on of observer bias as well as an attenpt to determ ne
the average residence tinme between entry of adult sal non and
deat h.

Factors Affecting Spawni ng Success

There has not been an assessnent of factors contributing to
t he spawni ng success of coho salnon and steel head (attractant

flows, instream velocity, unnatural Dbarriers to upstream
m gration, holding areas, spawning gravel quality, and general
water quality paraneters). CGenerally, sufficient freshwater

flows (tenperature and quantity) and an open bar are needed to
facilitate novement from the ocean to Redwood Creek. Because
of the absence of instream inpoundnents on Redwood Creek,
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attractant flows for salnon are generally not inpaired by

human acti ons. Al'l crossings over Redwood Creek are bridge
structures. Bridges with hardened bottons are not downcut on
the downstream side. There was concern expressed that

spawning areas in MMO occur in channelized reaches wth
narrow cross-sections may have excessively high velocities
that would inpair egg deposition (W Evans, pers. comm 1995)

Wt hin Redwood Creek, sufficient holding areas nust be present

within the creek. It is unclear how |long Redwood Creek coho
hold within the stream prior to spawning. Estimates from
studies on other streams range from weeks to even nonths
(Sandercock 1991). Typi cal hol ding areas where non-spawni ng

coho adults have been observed include flatwater with undercut
banks, deep pools, and deep water wth woody debris (Fong

pers. obs., 1995). Most of the holding areas are |ocated
downstream of MJIMO, however, high wnter flows in 1995
dramatically filled the two main holding pools wth the

greatest number of adults. Wthin the MMO section of Redwood
Creek, few deep pools exist and areas with undercut banks are
limted to areas that have not been protected wth rock
revet nent.

Late-wi nter water tenperatures from m d-January to m d-March
1995 ranged from 7.5°C to nearly 13.5°C, with daily water
tenperatures varying by as nmuch as 2°C (Figure 7). These
wat er tenmperatures are wthin range of the reported
t enperatures for coho upstream m grations (Sandercock 1991).

Water and sedinent quality are likely sufficient for spawning
and egg devel opnent. W nter water tenperatures and dissol ved
oxygen are probably satisfactory for egg devel opnent.
Sufficient gravel appears to be present throughout Redwood
Cr eek. However, a quantitative assessnment has not been
conduct ed. At two sanpling sites accessible by salnmn for
spawni ng, the percentage of gravel (3/8 to 3 inch dianeter)
ranged from 55 to 90 percent with a relatively | ow percentage
of fines (Podlech et al. 1994). Because of the "flashy"
nature of small coastal streanms such as Redwood Creek, redds,
particularly those |ocated in incised channels, may be
susceptible to scour and fill by flood events. I nf ormati on
regardi ng channel norphol ogy was collected over the summer of
1995. However, this information has not been anal yzed yet.
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