USAGE OF LONER REDWOOD CREEK AND Bl G
LAGOON BY JUVEN LE COHO SALMON AND
STEELHEAD

| NTRODUCTI ON

The Redwood Creek watershed is a coastal drainage in
sout hern Marin County, California. |t covers 7.5 square
mles (PWA et al. 1994). Before discharging into the
ocean, Redwood Creek joins with its last tributary, G een
Gulch, to formBig Lagoon, an intermttent tidal |agoon
approximately 2.2 acres, and associ ated backwat er areas.
Barring uncharacteristic hydrol ogic events, Big Lagoon
is connected to the Pacific Ocean during w nter and
spring nonths and closed during the remai nder of the
year.

Hi storically, Big Lagoon was a 30-acre wetl and conpl ex
consisting of a freshwater | agoon, seasonal wetl ands,
dunes, and an intermttently tidal |agoon (PWA et al.,
1994). This historic habitat was degraded through
channel i zation, |evee construction, filling, dune
renmoval , and accel erated sedinentation (PWA et al .,
1994). The historic wetlands were |likely characterized
by enmergent vegetation such as sedges, tules, and
cattails along the periphery and open water habitats.

The existing Big Lagoon conplex harbors several sensitive
aquatic species. The California red-1egged frog (Rana
aurora draytonii), a federally proposed species, has been
found in the wetlands and backwater areas associated with
Bi g Lagoon. The western pond turtle (Cl emrys marnorata),
a federal candi date species, is known to occur in the
backwat er area of | ower Redwood Creek.

I n addition, the Redwood Creek watershed supports self-
sustai ning runs of anadronous coho sal non (Oncorhynchus
ki sutch) and steel head trout (Oncorhynchus nykiss). Both
speci es have been petitioned for listing under the
Endangered Species Act and coho salnmon in this area have
been proposed for threatened status.

Past efforts to inprove habitat quality and quantity for
aquatic animals within the Redwood Creek watershed have
resulted in reduced water diversions, elimnation of Park
Service septic systems, inproved | and managenent through
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t he reduction of grazing and cessation of |ogging, and
changes in instreamrenoval of woody materials.

I n addition, future actions are underway to further

i nprove freshwater habitat conditions for aquatic species
wit hin Redwood Creek. A mmjor restoration project,
funded by the California Departnent of Transportation and
t he Golden Gate National Park Association, is planned for
Bi g Lagoon at the mouth of Redwood Creek, in part to
benefit anadronmous fisheries (PWA et al. 1994).

| mpl enent ati on of the preferred restoration alternative
woul d enl arge and deepen Big Lagoon to its approximte

hi storic configuration.

Pur pose:

The study objectives were as foll ows:

1) To determ ne habitat use (cover type) by juvenile
sal nonids during the late-winter in Big Lagoon.

2) To estimate juvenile sal nonid abundance between | ate-
wi nter and fall in Big Lagoon and | ower Redwood
Cr eek.

| mpl enent ati on of the preferred restoration alternative
could result in the conversion of existing creek habitat
between the Pacific Way bridge and the pedestrian bridge
at Big Lagoon into an open water/freshwater marsh
habitat. Therefore, the intent of the study was to
docunment existing use of this area by coho and steel head
juveniles between late winter and fall, as well as to
docunment existing use of open water area/marsh habitat of
Bi g Lagoon. In addition, habitat features associ ated
with occurrence of juvenile coho and steel head coul d be
used to shape restoration design details.

Study Area

For the purposes of this project, |ower Redwood Creek and
Bi g Lagoon were divided into the foll ow ng sections:

1.) The area considered as "Big Lagoon" is the main
channel pool fromthe nmouth of the creek to just bel ow
the willow riparian and enmergent cattail portion
downstream of the pedestrian bridge (Figure 1). This
area changed greatly in size over the year. The habitat
is characterized by sandy bottonms with |arge concrete
rubbl e. Nearshore areas are vegetated primarily by
sedges.
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2.) The area considered “Lower Redwood Creek” consists
of the creek above the confluence with the backwater area
upstream of the pedestrian bridge at Miir Beach to bel ow
the Pacific Way bridge crossing (Figure 1). Above the
pedestrian bridge, |ower Redwood Creek is heavily shaded
by willow riparian cover. The stream habitat is

dom nated by pools with overhangi ng branches and i nstream
woody materials. A m xture of pool, flatwater and riffle
habitats extend al ong Redwood Creek between the portable
latrines in the parking lot to the Pacific Way Bri dge.

Past Wor k

Several investigators have sanpled Big Lagoon and | ower
Redwood Creek to determ ne abundances of steel head trout
and coho sal non juveniles. Between February and June of
1986, portions of |ower Redwood Creek and Big Lagoon were
sanpled with beach seines by Dr. Johnson Wang in order to
assess the inpacts of a recent oil spill on fish life
(Wang and Keegan 1987). Abundances of steel head and coho
peaked on the May and April sanpling dates respectively.
Arnol d (1971) collected 1+ coho and steel head within Big
Lagoon and | ower Redwood Creek in January 1968. No
information regarding the | ength of residence,
correlation with hydrol ogic events, or habitat use

i nformati on was obtained fromthe field.

Wrk by Dr. Jerry Smith for Philip WIlians and Assoc.
focused on the suitability of Big Lagoon and | ower
Redwood Creek as summer rearing habitat for coho and
steel head. His conpleted work mrrors observations by
Arnold (1971) and others that poor summer water quality
conditions inpair rearing by coho and steel head. In
particular, Dr. Smith found a drastic decline in

st eel head nunbers between July and October 1994 sanpli ng
periods, particularly in the lower mle of the creek
(Smith Dec. 1994).
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METHODS

The original purpose of the study was to determ ne the
use of Big Lagoon during the winter and spring of 1995 by
coho and steel head snmolts. Estimation of outnigration
usi ng beach seines was abandoned after two separate
sanpling events with beach seines (Febuary 14 and 23,
1995). No coho or steel head were captured in repeated
seinings. The seine was often stuck on rocks on the
bottom Similarly, seining by Dr. Smth (San Jose State)
al so did not capture salnonids effectively in areas with
an uneven bottom (Dr. J. Smith pers. comm, 1995).

Habitat Utilization

Based on prelimnary sanpling by el ectrofishing,
col |l ected coho and salnmon in Big Lagoon were associ at ed
with bank or rubble cover. Snorkel surveys were
conducted on March 30, 31 and April 2, 1995 to determ ne
cover type association by juvenile sal nonids during the
| ate-winter in Big Lagoon. Cover types included none,
under cut banks, cobble size materials or |arger, woody
debris, enmergent vegetation, overhangi ng vegetation, and
undercut roots. The cover type(s) within one neter of
the fish were recorded.

Physi cal Habitat | nformation

Recorded physical information included stream di scharge,
air and water tenperature, |length, area, and vol unme of
the sanpled unit. On occasions when stream di scharge was
not directly neasured, gage hei ght readi ngs were taken
fromthe nearest gage. The length of the sanpled areas
was neasured al ong the deepest portion of the channel.

W dth estimates were obtained at a m ni mum of three or
nore equi di stant | ocations. Depth neasurenments were
obt ai ned at these same | ocations. On two occasions, a GPS
system was used to map the sanpling area; area estinates
were conmputed using this GPS unit.

Fi sh I nfornation

The sanpl ed areas were snorkeled in a single pass using a
two person team Estimates based on an average of
repeat ed passes were attenpted on several occasions, but
proved difficult because of poor water clarity foll ow ng
the first pass. Recorded information included water
visibility, length class, species, and abundance. A

ri gorous calibration of snorkel estimtes wth other,
nore accurate, methods of determ ni ng abundance and
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| ength class was not conducted. However, two-pass

el ectrofishing data was collected by Dr. Jerry Smth in
Lower Redwood Creek (Section 2) two days after one

snor kel event.

Table 1: Sanpl e dates.

Sanmpl e Dat es Locati on Gear
February 14, 1995 Bi g Lagoon Beach seine
February 23, 1995 Bi g Lagoon Beach sei ne, E-
fishing (B. Cox)
March 1, 1995 Bi g Lagoon, Snor kel
Lower Redwood
March 30,31, April 2, Big Lagoon, Snor kel
1995 Lower Redwood
May 9,11 1995 Lower Redwood Snor kel
August 21, 1995 Lower Redwood Snor kel
August 23, 1995 Lower Redwood E-fishing (J.
Sm t h)
Cct ober 30, 31 1995 Bi g Lagoon, Snor ke

Lower Redwood

Per sonnel

Several people assisted in the various sanpling events

i ncludi ng Dan Howard (Cordell Banks NMS, NOAA), Maya
Khosla (VIP), Chris Mobley (NMFS), Arnie Petersen (VIP),
and Deni se Vore (NPS). NPS personnel and vol unteers
assisted Dr. Jerry Smth (San Jose State Univ.) and Bil
Cox (CDFG) during electrofishing surveys.
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RESULTS

Bi g Lagoon

Al t hough the focus of the surveys was juvenile coho

sal non and steel head, several other species were
observed. In Big Lagoon, we observed or collected (via
seines and el ectrofishing) topsnmelt (Atherinops affinis),
Paci fic staghorn scul pin (Leptocottus armatus), striped
bass (Morone saxatilus), threespine stickleback
(Gasterosteus acul eatus), steel head juveniles

(Oncor hynchus nyki ss), and coho sal non juveniles

(Oncor hynchus ki sutch).

Thr oughout the three snorkel survey dates, the densities
of coho juveniles in Big Lagoon renained relatively | ow
(Table 2). Maxi mum densities of juvenile coho (0.05
fish/nf) were observed on March 30. Flood flows or
conpetition for resources in upstream areas may have
resulted in the young-of-the-year coho observed in Big
Lagoon during the spring. Coho fry in Carnation Creek, a
coastal streamin British Colunbia, were produced in
excess of that stream s carrying capacity, causing the
seaward novenent of |arge nunmbers of fry during the
spring and sunmer (Hartman et al. 1981).

It is doubtful that juvenile coho currently utilize the
exi sting |l agoon for sumrer rearing. No juvenile coho
were present in the |ater October 31 survey. |In the PWA

report, water quality (periodic high tenperatures and | ow
di ssol ved oxygen |l evels) was deenmed unsuitable during the
sunmmer and fall for rearing. During the October survey
in Big Lagoon, |large amobunts of filamentous green al gae
and decayi ng al gae were present on the bottom sedi nents.

Al'l of the observed coho within Big Lagoon were young- of -
t he-year. The fate of the young-of-the-year coho that
entered Big Lagoon during the spring is unknown. WAdi ng
bi rds such as great blue herons were seen foraging in the
shal | ows of Big Lagoon during the spring and sunmer and

i kely consuned many a coho juvenile. It is also
possi bl e that some coho could have noved upstreamto nore
favorable rearing areas. It is nore |likely that many

were swept into the ocean follow ng stormevents where it
is doubtful that many would survive to adulthood. All of
t he young-of-the-year coho observed in March were | ess
than 35 cm Survival to adult is positively associ ated
with size; young-of-the-year coho that enter the sea in
spring or summer generally do not survive to becone

adul ts (Sandercock 1991). The threshold size for
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survival is 70-80 nm (Sandercock 1991).

Low nunbers of steel head (>1+ years) were present in Big
Lagoon during an el ectrofishing survey in February (2
smolts- 178 and 147 mm and during the March 30 and

Cct ober 31 snorkel surveys. All of the steel head were
found in the deeper water areas (approximately 1 m that
cont ai ned rubbl e cover

Lower Redwood Creek (above confl uence)

Upstream of Big Lagoon, in the | ower Redwood Creek
section, prickly sculpin (Cottus asper), coastrange

scul pin (Cottus aleuticus), and unidentified adult newts
were found in addition to threespine stickleback and
juvenil e coho and steel head.

The mai n channel pool above the confluence of | ower
Redwood Creek and the backwater does not appear to
support | arge nunmbers of juvenile coho throughout the
summer. Al though | arge nunbers of young-of-the-year coho
wer e observed during the spring, only one coho was seen
in the fall survey (Table 2). Interestingly, the surveyed
area appeared to be suitable habitat for sunmmer rearing
by coho juveniles. The main channel pools in this
section were relatively deep (range of October 31st m d-
channel depths=> 0.25 to 0.9 m wth dense overhangi ng
veget ati on and abundant instream woody debris for cover.

However, riffle areas, which are usually associated with
t he production of instream macroinvertebrates, were not
present in this area.

As with Big Lagoon, |ow nunbers of steel head juveniles
t hat have spent nore than 1 year in freshwater were
present in this area. Mst were found near the bottom
and in dense cover. It likely that the snorkel surveys
greatly underesti mated the nunbers of these steel head
because of low light conditions and behavi or patterns.

Lower Redwood Creek (above portable toilets)

Unli ke the section just downstream an interspersion of
pool, flatwater, and riffle habitats were present in this
section. Very little change in the nunmbers of coho
juveniles occurred between the May 11 and August 21 dates
(Table 2). However, densities decreased in half by the
Oct ober 31 date. Nevertheless, densities of both coho
and steel head juveniles were much greater than both Big
Lagoon and the main channel pool above the confluence.
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Spring Cover Type Association

Young- of -t he-year coho and their associ ated cover types
wer e observed on March 30,31, April 2, 1995. Seventy-
four percent of the observed young-of-the-year coho were
associ ated with emergent vegetation or overhangi ng cover
(Figure 2). Many of the 1797 coho were associated with
nore than one cover type. Although constituting a major
proportion of the available perinmeter, particularly in
Bi g Lagoon, few coho were associated with the no cover
(e.g. sandy bottons).

Tenper at ure

Wat er tenperatures were recorded for 1995 at the
pedestrian bridge to Miir Beach (Figure 1) with an Onset
St owaway data | ogger placed initially 0.75 m below the
wat er surface. tHE Average water tenperatures exceeded
18° C a fewtimes in July (Figure 3). The preferred
tenperature range for juvenile coho is 12-14° C with an
upper lethal tenperature of 25° C (Sandercock 1991).
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DI SCUSSI ON

Snor kel surveys appeared to be |less effective than

el ectrofishing estimates in determ ning the nunber of
young- of -t he-year steelhead in riffle, flatwater, and
pool s | acking cover. Two days after snorkel counts were
conducted in Lower Redwood Creek (site “Pool 27), two-
pass el ectrofishing was conducted at the same | ocati on.
Dr. Jerry Smth estimted of 54 coho/ 100 feet and 142.5
st eel head/ 100 feet. Snorkel counts produced 50 coho/ 100
feet and 78 steel head/ 100 feet. Although termed “Pool
2,7 portions of the pool contained shallow flatwater
habitat that were too shallow to snorkel effectively, yet
sufficiently deep for young-of-the-year steel head. The
efficiency of electrofishing is not adversely affected by
shal | ow water conditions. However, snorkel counts
appeared to work in habitats, such as Pool 1, that
cont ai ned conpl ex instream cover and depths that restrict
the effectiveness of electrofishing techniques. However,
many of the deep pools, particularly above the confl uence
of Redwood and the backwater area, were so well shaded

t hat detection of elusive one-two year old steel head was
difficult.

The proposed restoration project would extend the area of
presumably shal |l ow wat er habitat bordered by energent
wetl and and riparian willow habitat. It is |likely that

t he nearshore vegetated areas of the restored wetl and
woul d be heavily used during the spring by recently

energed coho. It is unclear how val uabl e open water
areas would be for coho juveniles during the sumrer.
Such areas would |ikely be shallow and | ack cover. No

coho juveniles were observed in fall snorkel counts in
Bi g Lagoon. Also, work by Dr. Jerry Smith in the pools
above Big Lagoon during the late summer/early fall in
1992 and 1993 noted very few coho and steel head juveniles
(Smith 1995).

The proposed project would also create a loss of a riffle,
flatwater, and pool sequence in Lower Redwood O eek between the
portable toilets and the Pacific Wiy Bridge that appears to be
providing rearing habitat throughout the sunmer. This area
cont ai ned hi gher densities of coho juveniles at the end of
sumer than Big Lagoon or the deep, heavily shaded pool s above
t he confluence of Lower Redwood Creek and the backwater.

Al t hough the mai n channel pool above the backwater appears to
provide little sumrer rearing habitat for young-of-the-year
coho, the areas were consistently used by one/two year-old
steel head. It is unclear how the proposed restoration of the
hi storic channel alignnent will create the heavily shaded pool s
with conpl ex cover that currently exists now.
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Al t hough the benefits of the proposed restoration project
as sumer rearing habitat for coho juveniles is unclear,
t he proposed restoration project will increase the
habitat available to other native fishes and anphi bi ans,
such as threespine stickleback and California red-|egged
frog. Yet, the nost attractive feature of the
restoration project would be the creation of suitable
habitat conditions for the endangered ti dewater goby
(Eucycl ogobi us newberryi). The proposed restoration
alternative would create shall ow, open water habitats
with fine grained sandy bottonms. Such substrates are
necessary for the establishnment of nests. Appropriate
food resources are present for the goby. Benthic

i nvertebrate surveys by PWA noted the presence of a

Cor ophi um anphi pod and ot her possi bl e goby food
resources. Also, gobies are |likely nore tol erant of

war mer water tenperatures and dissol ved oxygen |evels
than nore cold-tolerant salnonids. Also, if salinities
remain relatively | ow throughout the year, it is likely
that the tidewater goby would have a conpetitive

advant age agai nst sonme non-native gobies (e.g. yellowfin
goby) that are adapted to higher salinities.

Al t hough no tidewater gobies have been found in recent
surveys, gobies may have been extirpated earlier by

hi storic | and-use practices and water quality problens.
Because of their apparent limtations in dispersal,
recol oni zation of extirpated sites would be difficult to
achieve. Therefore, introduction of tidewater gobies
woul d be required. Any introduction of |isted species
woul d require authorization by the U S. Fish and Wldlife
Servi ce.

The benefits of establishing a population of tidewater
gobi es are prodigious. Currently, Rodeo Lagoon is the
only existing population within the greater San Francisco
region. All other sites (e.g. Lake Merritt, Aquatic Park,
Corte Madera Creek) have no reported gobies.

Est abl i shment of a viable population at Big Lagoon woul d
create an insurance policy in case natural disaster
extirpates or severely reduces the goby popul ati on at
Rodeo Lagoon. Furthernore, it would be unlikely that
devel opnent activities would significantly threaten an
est abl i shed goby popul ation. Big Lagoon is under NPS
managenent authority and nost watershed | ands are nmanaged
by either federal and state resource agencies. Finally,
a potential source of gobies, Rodeo Lagoon, is in a

near by watershed and is under NPS nmanagenent.
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