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Results of the Winter 2000 Steelhead (Oncorhynchus mykiss) Spawning Survey on the Noyo River,
Californiawith Comparison to Some Historic Habitat I nformation

Prepared By Scan P.
Gallagher!

Abstract

Spawning surveys were conducted on the Noyo River from March to May 2000 to quantitatively estimate steelhead
(Oncorhynchus mykiss) populations. The spawning surveyswere intended as the recapture portion of amark-
recapture study to estimate adult populations. Adult, carcass, and redd counts and redd areas were used to estimate
adult population using the area-under-the-curve (AUC) and two redd-based methods. Information on spawning
locations and distributions aswell as scal e and tissue samples were collected. Data were also collected on Pacific
lamprey (Lamperta tridentata) and coho (0. kisutch) salmon spawning. Spawning habitat quality from historic stream
surveys was compared to habitat use during 2000. A total of 110.2 km of the Noyo River was surveyed during 2000.
Steel head redds were distributed throughout 75.8 km of the Noyo River. A total of 150 steelhead, 733 lamprey, and
six coho redds were observed. Uncertainty in redd identification was 16%. The average size of 141 steelhead redds
was 2.82 mf (S.E. = 0.2)) and ranged from 0.61 to 10.40 nt. Steelhead redd density averaged 1.68/km and ranged

from zero to 4.69. A total of 35 live steelhead and one carcass were observed. Live steelhead density averaged
0.24/km (SE. = 0.21). Area-under-the-curve population estimates were only possible for five streams due to low
numbers of adults observed and the late start of surveysthis season. Redd based steel head population estimates
ranged from 361 (T 57) to 155 (T 24.8). A total of 60 adult steelhead were observed in the Noyo River between 14
January and 29 April 2000. Steelhead average fork length was 57.4 cm (n=47, S.E. = 0.18) and ranged from 35to 75
cm. Steelhead female to male ratio was 0.71:1.00 (n=27). The majority (52%) of steelhead redds observed in the

Noyo River during 2000 were found in March. Seven streams showed an apparent decline in habitat quality, three
increased and the rest were either the same or only surveyed once previously. Live steelhead densitiesin the Noyo
River during 2000 were lower than reported for other local streamsin past years. Steelhead redd densities and life
stage timing in the Noyo River during 2000 was similar to nearby streams surveyed in previous years. The difference
in habitat quality between 1957, 1959, 1967 surveys and ratings based on steelhead spawning density during 2000
result from different survey methods, because earlier surveys salmonid spawning habitat included both coho and
steelhead, and dueto real changesin the streams over time. More information on steelhead mating systems may
improve the AUC population estimation method.

Introduction

Many populations of salmonidsin Californiaare considered at risk of extinction and are listed or are proposed for
listing under the Federal Endangered Species Act (ESA) (Higginset al. 1992, Nehlsen et al. 1991, Federal Register
1996, Huntington et al. 1996, Federal Register 2000). In response to the 1996 proposed ESA listing of steelhead
(Oncorhynchus mykiss), the State of California Department of Fish and Game (CDFG) entered a Memorandum of
Agreement (MOA) with the National Marine Fisheries Service (NMFS) in 1998 to provide improved conservation
and management of North Coast steelhead (Federal Register 2000). The MOA, in part, commits CDFG to develop
and implement a program directed at monitoring, evaluating, and adaptive management of North Coast (North Coast
Evolutionary Significant Unit-NCU) steelhead. Since 1998 CDFG has taken significant steps to implement and
expand their steelhead monitoring program (Federal Register 2000) including implementation of SB 271, changesin
harvest regulations and hatchery practices, and development of the North Coast Steelhead Research and Monitoring
Program (SRAMP). The implementation of SRAMP began in July 1999. However, in June 2000 NMFSformally

'Steelhead Research and Monitoring Program Report No. FB-01. December 2000. Philip K. Barrington Senior Biologist
Supervisor, California State Department of Fish and Game, 2030 1% Street, Suite 9, Eureka, CA 95501.



listed NCU steelhead as Threatened Species under the ESA (Federal Register 2000). The listing, by in large, is due to
the failure of the California Board of Forestry to change timber harvest regulations.

Little current information exists for the majority of steelhead stocksin Californiaand basic life history and biological
information is needed to understand the nature and character of populations (McEwan and Jackson 1996). The Eel
River isthe only stream in the NCU for which recent estimates of winter-run steelhead exist (CDFG 1998). Breeding
population size (number of reproductive adults) is an important statistic for assessing population status. Four key
parameters for assessing viable salmonid popul ations are abundance, population growth rate, population spatial
structure, and diversity (McElhany et al. 2000). The NMFS focuses on the number of adults escaping to spawn in
natural habitat and is mandated by the ESA and internal policy to focus on natural viability of salmon populations
(Busby et a. 1996).

Existing adult steelhead information for coastal Mendocino County islimited to portions of local rivers and streams
and was generally collected to examine restoration activities or coho populations. Nielsen et a. (1990) conducted
spawning surveys on 82 streamsin coastal Mendocino County and used carcass or live fish counts to estimate total
escapement and examine the effectiveness of stream restoration projects. Although they observed some steelhead, the
survey period ended in late February and their focus was on coho (0. kisutch) and chinook salmon (0. tshawytscha).
Maahs and Gilleard (1993) report the results of spawning surveysin ten watersheds during 1990-91 and seven
watersheds during 1991-1992 to examine the effectiveness of over 30 years of stream restoration in Mendocino
County. Maahs (1996, 1997) conducted spawning surveys on portions of the Ten Mile and Garciarivers and Caspar
Creek to examine the effects of arearing project (Ten Mile River) and extensive restoration (Garcia River). Maahs
(1999) presents the results of spawning surveys on portions of the Garcia River. These works provide information on
the tuning of steelhead and coho spawning yet redds are not differentiated by species and population estimates are
only made for coho. Maahs (1996) did not estimate steelhead copulations because he did not have estimates for the
number of redds produced per female nor female to male ratios. Nadig (1999) presents results of spawning surveyson
the Albion River conducted during 1992-93, 1995-96, and 1998-99. The emphasis of these surveys was coho salmon,
the survey period was between mid-December and mid-January, and few steelhead were observed. Harris (19993,
1999b) presents findings from spawning surveys on 14 and 16 Mendocino County streams, respectively, five of which
have been surveyed annually since 1991. These reports provide no information on steelhead.

The purpose of the winter 2000 spawning survey on the Noyo River was to quantitatively estimate steelhead
populations during 2000. The spawning surveys were intended as the recapture portion of a Jolly-Seber (Krebs 1989)
mark-recapture study to estimate adult populations for the Noyo River. Steelhead tagged and released in the lower
river (Neillands, In Preparation) were to be visually recaptured during the spawning surveys. Adult and redd counts
and redd areas were used to calculate adult popul ation estimates using the area-under-the-curve (AUC- Beidler and
Nickelson 1980, English et a. 1992) and two redd-based popul ation estimation methods described by Maahs (1997).
Information on spawning locations and distributions as well as scale and tissue samples were collected. Datawere

a so collected on Pacific lamprey (Lamperta tridentatd) and coho salmon redds.

Study Area

The Noyo River watershed (Fig. 1) isaforested, coastal watershed in Mendocino County, California, which drains
approximately 260.3 kn? (Table 1) immediately west ofWillits. The Noyo River flows through the coast range and
into the Pacific Ocean at Fort Bragg. The Noyo River was selected to conduct a pilot adult winter run steelhead mark-
recapture program to estimate adult abundance. The Noyo River was chosen because, 1) a significant proportion of
the watershed isin Jackson State Demonstration Forest, 2) the remainder of the watershed is primarily owned by two
timber companies, 3) CDFG operates the Noyo Egg Collecting Station (ECS) on the South Fork Noyo River,
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Fig. 1 Location of the Noyo River watershed and Mendocino County in California.

4) CDFG has conducted coho studies on the South Fork Noyo since 1986, and 5) CDFG has implemented many
different types of habitat improvement projects in the South Fork Noyo River for many years. In addition, the Noyo
River watershed is subject to several recent changesin management including no harvest of wild adult steelhead, no
artificial propagation of steelhead, and different land uses due to different landowner ownership.

The Noyo River watershed is unique in Mendocino County because approximately 19% of the basin is owned and
managed by the California Department of Forestry and Fire Protection (CDF) as ademonstration forest (the South
Fork). Other major land ownersin the basin include the Mendocino Redwood Company (the upper watershed) and
The Campbell Group (along the main stem).

Survey Segments

The Noyo River was divided into three main areas based on property ownership (Fig. 2, Table 1) The three areas
were the South Fork, the upper river and North Fork, and the main stem Noyo River below North Spur. These
segments are similar to the planning area watersheds of the California Regional Water Quality Control Board
(CRWQCB-1999) except | combined their headwaters and North Fork into the upper river and their lower Noyo and
middle Noyo into the Noyo River below North Spur

The South Fork was divided into five survey segments based on access (Fig. 2, Table 1). The five segments



Table 1. Stream name, segment name, segment abbreviation, segment drainage area, survey length, and the upstream extent of spawning observed during
steelhead spawning surveysin the Noyo River, Californiaduring 2000. Lettersin parentheses are stream segment abbreviations.

Stream Name (Abbreviation) Segment Drainage Area (km) Survey Length (km) Extent of Spawning Notes

(km)
Brandon Gulich (BG) Mouth to 2.2 km - 2.2 0 Areaincludes NFSF
Burbeck Creek (BC) Mouth to 2.1 km - 2.1 0 Areaincludes above Redwood Cr.
Hayworth Creek (HC) Mouth to 6.6 km 28.78 6.8 6.6
Kass Creek (KC) Mouth to 5.6 km 6.04 5.58 0.52
Marble Guich (MG) Mouth to 3 km - 2.9 0 Areaincludes LNF
McMullen Creek (MC) Mouth to 1.5km - 1.45 0.8 Areaincludes above Redwood Cr.
Middle Fork (MF) Mouth to 3.4 km 6.76 3.4 2.24
Noyo (NNStRC) North Spur to Redwood Creek (7.6 km) 13.66 7.62 7.62
Noyo (NaRC) Redwood Creek to Burbeck Creek (6.1km) 28.61 6.1 4.05 Areaincludes Burbeck and McMullen
Noyo (NSFNS) South Fork to North Spur (20.9 km) 57.42 20.9 20.9
North Pork Hayworth Creek (NFH Mouth to Falls (0.64 km) - 0.64 0 Areaincludes Hayworth Creek
North Fork Noyo (NFL) North Spur to Hayworth Creek (6.19 km) 17.04 6.19 6.19 Areaincludes Marble Guich
North Fork Noyo (NFU) Above Hayworth Creek (5.85 km) 11.73 5.85 4.85 Areaincludes Dewarren Creek
North Fork South Fork (NFSP) Mouth to 9.57 km 26.1 9.57 8.39 Areaincludes Brandon Gulch
Olds Creek (OC) Mouth to 4.13 km 11.36 4.13 1.72
Parlin Creek (PC) Mouth to 4.56 km 11.31 4.56 2.36
Redwood Creek (RC) Mouth to 5.84 km 13.61 5.84 3.71
South Fork (SF) Mouth to Pond (14.4 km) 27.87 14.4 5.81
Total 260.29 110.23 75.76




were: 1. the Little North Fork and Brandon Gulch, 2. Parlin Creek, 3. upper South Fork (above the North Fork South
Fork), 4. lower south Fork (Mouth to the North Fork South Fork), and 5. Kass Creek. These segments were similar to

those surveyed by Maahs and Gilleard (1993).

The upper river and North Fork was divided into eight survey segments based on access (Fig. 2, Table 1). The eight
segmentswere: 1. North Fork to Hayworth Creek including Marble Gulch, 2. North Fork from Hayworth Creek to
Dewarren Creek, 3. Middle Fork, 4. Hayworth Creek from the North Fork Noyo to Soda Creek, 5. Main stem Noyo
from Old Camp Seven to Irmuico, 6. Main stem Noyo including Burbeck Creek from Irmuico to 2" road crossing on
Burbeck Creek. 7. Olds Creek from Irmuico to 2" road crossing, and 8. Redwood Creek from mouth up 4km.

The main stem Noyo River below North Spur was divided into four survey segments (Fig. 2, Table 1). The four
segmentswere: 1. The Little North Fork Noyo, 2. The main stem North Spur to Grove including various gulches, 3.
Noyo River from Grove to the South Fork, and 4. Hayshed Gulch.

Methodsand Materials

Field Methods

In general, the methods employed by Nielsen et a. (1990) Maahs and Gilleard (1993), and Maahs (1996, 1997, 1999)
were followed for this study. Crews of two walked and snorkeled stream reaches three times from March through
mid-May 2000. Training of crews occurred during the first sampling week. The main stem Noyo River below North
Spur was sampled only once by kayak. Flows after March were too low to float this section again. Kayaks were used
to survey the North Fork from Hayworth Creek to North Spur (all three visits) and the main stem Noyo from

Redwood Creek to North Spur during the first sample period, after which flows were too low to float this segment.
Stream and air temperatures were measured and stream flows estimated daily. Tagged and untagged fish were
identified to species, counted, sized, and sexed from the banks and/or by snorkeling when observed. Carcasses were
identified to species, sex, fork length measured, and inspected for tags and marks. All redds observed were identified
to the species assumed to have constructed them, counted, the length and width measured, substrate composition
visually estimated, and locations recorded on field maps. All newly constructed redds, those without periphyton, were
measured during each visit. All redds were flagged on each visit to avoid double counting. Initially flagging was only
|abeled with date and number of redds. During latter sasmpling, to avoid confusion, flags were also labeled with the
speci es suspected of creating the nest. At the end of the spawning season some redd | ocations were geo-referenced
with GPS.

Spawning Habitat Quality and Use

Information on spawning habitat was gleaned from stream habitat surveys conducted on the Noyo River by CDFG
during 1957, 1959, and 1967 (Appendix I). These surveys were generally conducted during the summer months and
only contain comments on spawning habitat quality. From general statementsin these reports | developed a spawning
habitat rating (Table 2) for each stream or stream segment which had been surveyed each year.

| used the number of redds observed per km of stream to develop arating system of habitat use from the 2000
spawning survey information similar to that for the historic information. | divided the difference between the highest
and lowest number of redds/km observed by four to create four classifications of spawning habitat use. This data was
compared graphically with the historic data to examine trends.
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Fig. 2. Stream survey areas, stream segments, and steelhead redd distribution in the Noyo River during 2000. Circles indicate individual steelhead redds. Note:
The Little North Fork and gulches below the North Fork were not surveyed during 2000.



Data Analysis

Spawning popul ation estimates were derived from live fish observations using the AUC method (Beidler and Nickelson 1980,
English et a. 1992) and the number and size of redds as described by Nielsen et a. (1990), Maahs and Gilleard (1993), and
Maahs (1996, 1997). Uncertainty in redd counts was cal culated from observer uncertainty in species making redds as the
percentage of redds recorded on data forms as unidentified and those which the notes stated maybe another species divided by
the total number of redds. Adult stream residency for steelhead was based on observations of one spawning pair in the Noyo
River during 2000, time between capture and recapture of one fished tagged in the Noyo River during 2000 (Neillands, In
Preparation), and estimates of 14 days stream residency for steelhead from Shapovalov and Taft (1954) and was estimated at
11 daysfor use in the AUC method. Population estimates based on redd numbers and areawere multiplied by 1.41, the male
per female ratio observed this season. Population estimates based on redd area (Maahs 1996) assumed one female could make
one 5.4 nt arearedd (Shapovalov and Taft 1954), half this effort equals half afish, aquarter of the effort one quarter of afish.
Carcass-based population estimates were not possible. Survey distance and drainage area for each segment were estimated
from USGS 7.5 series quadrangle maps. Redd areawas cal culated for each species. Correlation was used to examine the
relation between the number of redds observed and drainage area and stream length. Redd densities (number per km) between
segments were compared using t-tests. Redd spatial patterns were determined using the chi-square index of dispersion (Krebs
1989) treating the survey segments as samples. Adult steelhead observed during spawning surveys, gill netting, and in
downstream traps were pooled to examine fork length, sex ratios, and life stage tuning during 2000. Male, female, and
unidentified fish fork lengths were compared using t-tests and Mann-Whitney U-test when Standard Kurtosis p-values were <
0.05.

Results

The main emphasis of this study was to recapture fish marked lower in the river and estimate adult population. No recaptures
were made during the spawning surveys. Only one carcass was observed and not observed a second time thus no carcass-based
popul ation estimates were made.

Reads

A total of 110.23 km of the Noyo River was surveyed during March 2000. A total of 89.33 km were surveyed once during
April and once during May 2000 (Table 1). Steelhead redds were found throughout 75.76 km of the Noyo River during 2000
(Table 1, Fig. 2). The chi-square index of dispersion indicated steelhead redds were randomly distributed in the Noyo River
during 2000 (X% = 11.73, n = 14). A total of 150 (:24) steelhead redds were identified during the three survey periods (Table
3). The average size of 141 steelhead redds was 2.82 nf (S.E. = 0.2) and ranged from 0.61 to 10.40 nf. Uncertainty in redd
identification was estimated at 16%. The Noyo River had on average 1.68 (*0.47) steelhead redds/km during 2000. The
number of redds per km ranged from zero to 4.69 (Fig. 3a-c, Table 3). Treating the survey segments as samples, there was a
significant differencein the number of redds per km between the upper Noyo River, which averaged 1.53 reddskm (S.E. =
2.09) and the South Fork, which averaged of 0.67 redds’km, S.E. = 0.32. (f = 8.17, n= 13:6, p =0.009). The main stem Noyo
River below North Spur was not included in this analysis because it was only surveyed once. There was no relationship
between the number of redds observed and stream reach length in the Noyo River during 2000 (Fig4a,r=0.47,n=14,p=
0.09). There was a significant relationship between the number of redds observed and drainage area m the Noyo River during
2000 (Fig. 4b, r = 0.55, n = 14, p = 0.04). With the one outlier removed (Fig. 4a) from the analysis there was a significant
relationship between the number of redds observed and reach length r = 0.61, n = 13, p = 0.03). With the one outlier removed
(Fig. 4b) fromthe analysis there was a significant rel ationship between the number of redds observed and drainage arear =
0.66, n =13, p=0.01).



Table 2. Spawning habitat descriptions for the Noyo River from 1957, 1959, 1967 stream surveys, the number of
redds’lkm during 2000, and spawning habitat quality ratings used to compare habitat over these years.

Habitat Descriptors 1957-67 Redds/km 2000 Rating
No Data - 0
Excellent, Abundant >3.51 1
Ample, Considerable, Frequent, Good, Numerous, Many 2.35-3.51 2
Fair, Fairly Numerous, Satisfactory, Some 1.18-2.34 3
Few and Scattered, Not Frequent, Minor, Not Good, Occasional, 0.1-1.17 4

Questionable, Scattered, Silted

None 0 5

The average size of six coho redds was 6.36 n, SE. = 0.37. Only six un-flagged coho redds were observed during the
surveys, five of which werein the South Fork Noyo River (Table 4). The only coho redd identified in the upper
watershed was in Redwood Creek on 4 April and was considered to be very old and indistinct.

A total of 733 Pacific lamprey redds were observed in the Noyo River between 9 March and 9 May 2000 (Table 4).

The average size of Pacific lamprey reddsin the Noyo River during 2000 was 0.24 nf (S.E. = 0.005). Lamprey redds
were found in all streamsin which steelhead redds were observed, except the Middle Fork. Only one lamprey redd was
found in the upper North Fork (Table 4). Although no steelhead redds were observed, lamprey redds were found in the
North Fork of Hayworth Creek.

Adult Steelhead

A total of 35 steelhead were observed during spawning surveys on the Noyo River in 2000 (Table 3). Only one
steelhead carcass was observed this year. Observed live steelhead density was 0.24/km (S.E. = 0.21) in the Noyo River
during 2000. Popul ation estimates based on the AUC method were only possible for five of the stream sections
surveyed in the Noyo River during 2000 (Table 3). Steelhead spawning popul ation estimates based on redd
information ranged from 155 (*24.8) to 361 (*27) between 3 March and 23 May 2000. Steelhead density from the redd
based estimates ranged from 2.04 * 0.33t0 4.76 £ 0.76 per km. The AUC and population estimates based on redd area
are very similar for three of the five stream segments in which fish observations were sufficient to produce AUC
population estimates (Table 3).

A total of 60 adult steelhead were observed in the Noyo River between 14 January and 29 April 2000. Of these, 35
were observed during spawning surveys, six were captured at the egg collecting station, six were captured in gill nets,
five were observed near gill nets, and eight were observed during downstream migration trapping. Of these fish 48
were observed in enough detail to estimate fork length. There was a significant difference between visually estimated
fork lengths (median 55.0) and handled and measured fish (median 62.5: T=539, n= 18:30, p==0.04). Therefore,

further statistical comparisons were only made for bandied and measured fish. Steelhead average fork length was
59.9cm, S.E. = 2.23 and ranged from 35 to 75 cm (Fig. 5a). Average male steelhead



Table 3. Number of steelhead redds, redds/km, live fish, live fish/km, and cal culated number of fish by stream segment for the Noyo River during March-May
2000. Numbersin parentheses are 16% uncertainty. Calculated adult numb ers assume a0.71:1.00 female to male ratio.

Stream Name Segment Number of Redds Number of O. m. Adults Observed Calculated Number of Adult 0. m.
Total Reddskm Total Number/km Area-Under- One Redd Per Two Redds Estimated by
Curve Female Per Female ReddArea
Brandon Guich Mouth to 2.2 km 0 0 0 0.00 - 0 0 0
Burbeck Creek Mouth to 2.1 km 0 0 0 0.00 _ 0 0 0
Hayworth Creek Mouth to 6.6 km 13 197 12 1.82 12.27 313 15.65 12.05
(2.08) (0.32) (5.01) (2.50) (1.93)
Kass Creek Mouth to 5.6 km 1 0.18 0 0.00 - 241 12 241
0.16 (0.03) (0.38) (0.19) (0.38)
Marble Gulch Mouth to 3km 0 0 0 0.00 - 0 0 0
McMullen Creek Mouth to 1.5km 2 133 0 0.00 _ 4.82 241 12
(0.32) (0.21) (0.77) (0.38) (0.19)
Middle Fork Mouth to 3.4 km 11 (1.76) 324 0 0.00 _ 26.5 13.25 9.24
(0.52) (4.29) (212) (1.48)
Noyo North Spur to Redwood Creek (7.6 km) 18 237 6 0.79 7.01 434 217 18.07
(2.88) (0.38) (6.94) (3.47) (2.89)
Noyo Redwood Creek to Burbeck Creek (6.1 km) 13(2.08) 213 3 0.14 3.49 313 15.65 12.65
(0.34) (5.01) (2.50) (2.02)
Noyo South Fork to North Spur (20.9 km) 9 0.43 0 0.00 _ 21.69 10.84 28.92
(1.44) (0.07) (3.47) 1.73) (4.63)
North Fork Hayworth Creek Mouth to Palls (0.64 km) 0 0 0 0.00 - 0 0 0
North Fork Noyo North Spur to Hayworth Creek (6.19 tan) 29 4.69 0 0.00 _ 69.89 34.94 20.48
(4.64) (0.75) (11.18) (5.92) (3.28)
North Pork Noyo Above Hayworth Creek (5.85 km) 16 273 6 0.97 12.15 38.56 19.28 129
(2.56) (0.44) (6.20) (3.08) (2.06
North Fork South Fork Mouth to 9.57 km 7 0.73 0 0.00 _ 16.87 843 4.22
(1.12) 0.12) (2.70) (1.35) (0.67)
Olds Creek Mouth 10 4.13 km 4 0.97 0 0.00 _ 9.64 4.82 417
(0.64) (0.15) (1.54) 0.77) (0.67)
Parlin Creek Mouth to 4.56 km 4 0.88 0 0.00 _ 9.64 4.82 5.99
(0.64) (0.15) (1.54) 0.77) (0.96)
Redwood Creek Mouth to 5.84 km 6 103 3 0.51 4.28 14.46 7.23 4.82
(0.96) (0.16) (2.31) (1.17) 0.77)
South Fork Mouth to Pond (14.4 km) 17 1.18 0 0 _ 40.97 20.48 18.07
(2.27) (0.19) (6.55) (3.28) (2.89)
Total for Noyo River March to May 2000 150 - 30 0.24 39.20 361.45 180.72 155.19
(24) (57.8) (28.91) (24.83)




Onmy Redds/km

Onmy Redks/km
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C
KC NFSP B USF PC

Fig. 3. Number of steelhead (Onmy) redds observed/km in the Noyo River during 2000. A). Upper river survey segments.
Segment abbreviations arethe same asin Table 1. B). Lower river segments. Abbreviations are the same asin Table 1, except
NCMtNSisfrom Camp Mendocino to North Spur, NGtA is Groveto Alpine, NLNFG is LNF to Grove, NSFLNF is SF to

LNF, and HtSF is from the Harbor to the SF. C). South Fork segments. Segments are the same asin Table 1, except that USF
and L SF are the South Fork above and below the NFSF, respectively.
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Table 4. Number of coho salmon (Onki) and Pacific Lamprey (Latr) redds and redds/km observed in the Noyo River during March-May 2000. Numbersin

parentheses are 16% uncertainty.

Stream Name Segment Number of Onki Redds Number of Latr Reads
Total Redds/km Total Redds/km
Brandon Gulch Mouth to 2.2 km 0.00 0.00 0.00 0.00
Burbeck Creek Mouth to 2.1 km 0.00 0.00 0.00 0.00
Hayworth Creek Mouth to 6.6 km 0.00 0.00 92.00 13.94
(14.74) (2.23)
Kass Creek Mouth 10 5.6 km 0.00 0.00 0.00
Marble Gulch Mouth to 3 km 0.00 0.00 0.00 0.00
McMullen Creek Mouth to 1.5 km 0.00 0.00 4.00 2.67
(0.64) (0.43)
Middle Fork Mouth to 3.4 km 0.00 0.00 0.00 0.00
Noyo North Spur to Redwood Creek (7.6 km) 0.00 0.00 262.00 34.47
(41.92) (5.51)
Noyo Redwood Creek to Burbeck Creek (6.1 km) 0.00 0.00 190.00 31.15
(30.4) (4.98)
Noyo South Fork to North Spur (20.9 km) 0.00 0.00 nd nd
North Pork Hayworth Creek Mouth to Falls (0.64 km) 0.00 0.00 12.00 18.75
(1.92) (3.00)
North Fork Noyo North Spur to Hayworth Creek (6.19 tan) 0.00 0.00 48.00 7.75
(7.68) (1.24)
North Fork Noyo Above Hayworth Creek (5.85 km) 0.00 0.00 1.00 0.17
(0.16) (0.02)
Norm Pork South Fork Mouth to 9.57 km 2.00 0.21 3.00 0.31
(0.32) (0.03) (0.48) (0.05)
Olds Creek Mouth to 4.13 km 0.00 0.00 3.00 0.73
(0.48) (0.12)
Parlin Creek Mouth to 4.56 km 1.00 0.22 5.00 1.10
(0.16) (0.03) (0.80) (0.18)
Redwood Creek Mouth to 5.84 km 1.00 0.17 58.00 9.93
(0.16) (0.02) (9.28) (1.59)
South Fork Mouth to Pond (14.4 km) 2.00 0.14 55.00 3.82
(0.32) (0.02) (8.80) (0.61)
Total for Noyo River March to May 2000 6,00 - 733.00
(0.96) (117.28)
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fork length was 57cm (n =8, S.E. = 3.58) (Fig. 5b). Female steelhead fork length averaged 63.8cm (n= 6, SE.=
1.93) (Fig. 5b). The average fork length of two unidentified sex steelhead was 71.1cm, S.E. = 3.33 S.E. (Fig. 5b).
Male and female fork lengths were not significantly different (t =1.50, p = 0.15). Female and unidentified sex fish
fork lengths were not significantly different (t = 1.79, p = 0.12). Male and unidentified sex fish fork lengths were
not significantly different (t = 1.83, p = 0.10). Thefemaleto maleratio of all steelhead identified to sex was
0.71:1.00. The female to male ratio of 15 captured and handled fish was 0.75:1.00.

Adult Migration and Spawning Timing

The observation frequency of adult steelhead in the Noyo River during 2000 is shown in Fig. 6a. Steelhead were
first observed in the Noyo River on 14 January 2000 when one fresh fish was captured and tagged at the ECS on
the South Fork Noyo River. Thefirst adult in spent condition was observed on 28 February when one fish was
captured in atrap on the South Fork Noyo (John Hendrix, Pers. Comm). Steelhead were last observed on 29 April
2000 when two fish were captured in adownstream migration trap in Hayworth Creek. The peak period of
steelhead observation in the Noyo River during 2000 was during mid-March (Fig. 6a). This corresponded with the
beginning of the spawning surveys.

Male steelhead were observed from 14 January to 29 April 2000 (Fig. 6b). Female steelhead were observed from
mid-February through early April 2000. Unidentified sex steelhead were first observed in late-February and last
observed in late-March (Fig. 6b).

On 4 April one 50 cm female, accompanied by one 60 cm male, was observed digging aredd in the Noyo River
just below the confluence of Redwood Creek. The redd digging process had apparently begun shortly before our
arrival. The following day a 6.6 ' redd, with two distinct pots, was observed. On 10 April the smaller fish,
presumably the femal e, was again observed on the redd. This fish was not seen again. This suggests the minimum
adult stream residency was seven days. One fish captured, tagged, and released in the lower river on 28 February
was recaptured in a spent condition near the confluence of the South Fork Noyo on 22 March. Based on these
observations adult stream residency ranged from 7 to 23 days.

Steelhead redds were observed in the Noyo River beginning in early March (Fig. 7). The majority (52%) of redds
observed m the Noyo River were found during the first spawning survey period. Thirty six percent of redds were
observed during the second spawning survey period. Newly formed redds were found in late April and early May.
Redds observed in May accounted for 18% of the total found during the entire survey period. Eight of the fourteen
segments which were surveyed three times during 2000 had new redds during the third observation period (Fig. 7).
During June, four of the eight segments which had new redds during the third survey period were surveyed again
and no new redds were found. Steelhead spawned in the Noyo River between mid-February and early May 2000.

Spawning Habitat Quality and Use

Spawning habitat quality estimated from stream surveys conducted during 1957, 1959, and 1967 is shown by

survey segment in Figs. 8a-e. Most of the streams and stream segmentsin the Noyo River were only surveyed once
between 1957-1967. Of the stream segments surveyed more than once the highest overall spawning habitat quality
rating wasin 1967. The average differencein spawning quality ratings between 1957 and 1959 was 0.31 (S.E.

=0.31, n=Il). The average difference in spawning quality ratings between 1957 and 1967 was 1.0 (S.E. =0.74, n=

10). The average difference in spawning quality ratings between 1959 and 1967 was 1.83 (S.E. = 0.54, n=6). Both
sections of the North Fork declined slightly in habitat quality between 1959 and 1967. Marble Gulch wasrated the
same all three years. Olds Creek was rated as having no spawning habitat in 1957 but by 1967 improved greatly
(Fig. 8b). The South Fork above Parlin Creek decreased in spawning habitat quality between 1957 and 1967.
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Fig. 7. Number of steelhead redds observed in each survey segment on three sampling visits during 2000. Stream
segment abbreviations are the same asin Table 1 and Fig. 3.

Spawning habitat ratings for 2000 were based on the number of redds/km (Tables 2-3, Figs. 2, 3, 8a-€). Overall,
spawning habitat quality was rated somewhat |ower in 2000 than in other years. Spawning habitat quality was
consistently higher in 1967 compared to all years (Figs. 8a-€). The average difference in spawning quality ratings
between 1957 and 2000 was-0.30 (S.E. = 0.42, n=27). The average difference in spawning quality ratings between
1959 and 2000 was-0.38 (S.E. = 0.57, n= 13). The average differencein spawning quality ratings between 1967 and
2000 was-1.7 (S.E. 0.42, n=20). Overal, 28% of the stream segments appear to have a decreasing trend in habitat
quality (Fig. 8a-€). Four of the seven stream segments showing an apparent decrease in spawning habitat were in the
South Fork Noyo River drainage (Fig. 8c). Most streams in the South Fork watershed were rated lower in 2000 than
in previous years (Figs. 8c). Although previous surveys suggested that Burbeck, Dewarren, the North Fork of
Hayworth creeks and Marble and Gulch C had spawning habitat, steelhead redds were not observed in these stream
during 2000 (Table 3, Figs. 8a, b, €). Similarly, no steelhead redds were found in the South Fork below Kass Creek
even though this segment was previously considered to have some spawning habitat.

The main stem Noyo River was only previously surveyed during 1957. We surveyed the entire main stem Noyo
River below North Spur by Kayak once during 2000. The Noyo River above North Spur was surveyed once by
kayak and twice on foot during 2000. The 1957 surveys indicated some spawning habitat below the Little North
Fork, during 2000 we did not observe any steelhead reddsin this area (Table 3, Figs. 2, 8d). Between the Little

North Fork and North Spur the habitat ratings for both years was the same. The Noyo River above North Spur had a
higher value for habitat quality during 2000.

Because access to Campbell Group's property along the main stem Noyo River was not granted, most of the gulches
on the Noyo River were not surveyed during 2000. Of those that were surveyed, the historic information suggests
varying levels of spawning habitat existed. No steelhead redds were found in these gulches during 2000
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(Fig. 8e). Of thetwo surveyed it appears that spawning habitat may have declined since 1957.

Effort

The entire Noyo River, excluding the main stem below North Spur, the Little North Fork, and some gulches was
surveyed three times during 2000. The main stem Noyo River below North Spur was surveyed once by Kayak.
Generally, two crews of two surveyed two approximately 4.85 km segments of the Noyo River each day. Two
vehicles were used each day. Segments were selected each day to maximize efficiency by coordinating drop off and
pick up or vehicle rendezvous points. Thefirst survey period required 15 days and 26 vehicle trips which is
approximately 53 people days. The first survey took 113.5 field and 52 driving hours. One vehicletrip was
approximately 86 km. The second survey period took |ess time (ten days) due to our familiarity with theterrain,
roads, and survey methods. This survey required about 32 people days and 15 vehicle trips consisting of 65.6 field
and 30 driving hours. The third survey period required five days, seven vehicle trips, and 14 people days. The third
survey took 48 field and 14 driving hours. The third survey period was much shorter due to low numbers of new
redds and low flows which meant crews went much further each day. The entire spawning survey, not counting data
analysis and report preparation time but including four days, four vehicle trips and eight people daysin Juneto GPS
redds totaled 30 days, 99 person days, and 48 vehicletrips. The entire survey took 227.2 field hours and 96 driving
hours.

Discussion
Redds

The spawning survey on the Noyo River during 2000 was not compl ete becausewe did not have accessto the Little
North Fork and many gulches below North Spur. The average size of redds identified as steelhead during 2000 was
smaller than the estimate of Shapovalov and Taft (1954). However, they only report information for one redd and
provide no estimate of the variation in redd size.

Maahs and Gilleard (1993) report February redd (assumed to be mostly steelhead) densities ranging from 8.01 to 0.18
redds’/km for eight coastal Mendocino County streams. They state that the highest density observed in February was
by coho in Pudding Creek. Maahs (1996) reports |ate season redd (assumed to be steelhead) densities ranging from
0.87 to 6.33 redds/km for Casper Creek and portions of the Ten Mile River over three seasons. Maahs (1999) reports
|ate season average redd density during 1998-99 in the Garcia River is 3.91 redds’km. L ate season redd densities
ranged from 0 to 3.21 redds’/km in the Garcia River over four years of survey data (Maahs 1999). Steelhead redd
densities observed during 2000 in the Noyo River were within the range previously reported for coastal Mendocino
County. Nielsen et al. (1990) state that November to February 1989-90 redd densitiesin the South Fork Noyo River
range between 1.01 and 11.85/km. They state the South Fork Noyo River had the highest density of 82 streams
surveyed and attribute this to coho returning to the egg station. Early season redd counts were not available for
comparison during 2000 due to the late start this year.

The spawning surveysin the Noyo River did not begin until March 2000 this season due to high flows (Fig. 9),
unfamiliarity with the terrain, equipment problems, and because this was the first year and most effort in January and
February was spent gill netting. The late start may explain the difference in redd density between the upper river and
the South Fork. Coho redds were flagged in the South Fork in December and January by NMFS crews. Reddsin the
upper watershed may have been misidentified as coho redds which were not counted in the South Fork because they
were already flagged. However, where flagging indicating coho redds were found in the South Fork by NMFS we did
not observe any redds. This suggests all early redds were flattened by high flows and that all redds observed in the
upper watershed were created after 11 February 2000, the last date of coho spawning surveysin the South Fork.
However, seven of the nine stream segmentsin the upper river had more or equal numbers of new steelhead redds
observed on the second survey, whereas most new redds in the South Fork were observed during the first visit (Fig.
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7). This suggests that steelhead may have spawned earlier in the South Fork. The South Fork is 9 km and the upper
river isover 29 km from the Pacific Ocean. Summer steelhead upstream movement is directly related to temperature,
inversely related to stream flow, and ranged from 0.1 to 12.4 km/day in the Rogue River, Oregon (Everest 1973). If
distance were the only factor the expected difference in spawning timing between the South Fork and upper river
would be on the order of oneto two days. Maahs (1997) separated survey periodsinto early (December to January)
and late (February to April) to separate coho and steelhead spawning. Furthermore, when the egg collecting station
has been run later in the season very few steelhead and no coho are captured (Alan Grass, Pers. Comm.).

Streams with larger drainage areas had more spawning because larger streams have more potential spawning areas.
Free flowing streams with larger drainage areas have more hydrological power and therefore are likely to have higher
habitat diversity (Hauer and Lamberti 1996, Richter et al. 1996, Stanford et al. 1996). In the case of steelhead

spawning in the Noyo River this appears to be the case. The one outlier in Fig. 4 isfrom the lower North Fork. This
segment had the highest number of lamprey redds (Table 4) and it islikely that confusion with lamprey redds
increased the enumeration of steelhead redds in this segment. When this data point was removed from the analysis
there was a significant relationship between stream length and the number of steelhead redds observed. Larger stream
reaches potentially have more avail able habitat and thus more redds.
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Fig. 9. Daily river discharge for the Noyo River during 1999 and 2000. Week one begins 1 January. Data from USGS
gauge # 11468500 located about 1 km above the South Fork confluence.

Pacific lamprey were observed spawning in the Noyo River between 9 March and 9 May 2000. Thereis considerable
overlap in the tuning of spawning between steelhead and lamprey. Lamprey were found in all streamsin which
steelhead were observed, except the upper North Fork. No lamprey were observed in Hayworth Creek above the
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North Fork. Both these streams have large cascade- type waterfalls which lamprey apparently cannot pass.
Further defining lamprey redd characteristics and spawning timing will improve estimates of steelhead
abundance by reducing uncertainty in steelhead redd identification. Most uncertainty in redd identification this
year was due to confusion with lamprey nests.

Adult Steelhead

Observed live steelhead density in the Noyo River during 2000 was lower than reported recently for other nearby
streams. Maahs and Gilleard (1993) report observed February steelhead densities of 0.44 and 1.11/ kmin

Pudding Creek. Maahs (1996) reports observed steelhead density in the Ten Mile River at 0.99/km and in Caspar
Creek at 0.50/km. Over the years 1995-96, 1996-97, and 1998-99 observed steelhead per km ranged from 0 to

0.31 in Caspar Creek and from 0.68 to 2.6 in portions of the Garcia River (Maahs 1999). However, the observed
live steelhead density for the Noyo River during 2000 is for the entireriver, minus the Little North Fork, whereas
previous studies focused on portions of streams known to have high spawning potential. Previous surveys were
conducted on aweekly basis, whereas the 2000 surveys had periods of up to three weeks between repeated visits.
Annual and watershed differences in water visibility likely influence the number of live fish observed. When the
adult steelhead observed per km was examined by stream reach (Table 3), the densities were within the
previously reported range.

Using mark-recapture, Boydstun (1977) estimated the steelhead population in the Gualala River to be between
3508 and 5654 adultsin 1976-77. The Gualala River drains approximately 777 knt and has 286 km of steelhead
habitat (Higgins 1998), thusit is about three tunes as large as the Noyo River. The redd-based population
estimate of 361 (* 57) adult steelhead in the Noyo River during 2000 is, considering relative stream size, still
much lower than the Gualala River estimate in the 1970's. The CDFG (1965 as cited in Busby et al. 1996)
estimated steelhead populationsin the Gualala River at 16,000 and for the Noyo River at 8,000. Thisestimateis
more than three times the number estimated in the 1970's for the Gualala. The CDFG 1965 estimate for the Noyo
is more than 22 times the high end estimate for 2000.

Redd-based steelhead population estimates for streams surveyed during the 1990's were not possible due to the
timing of the surveys and lack of information on steelhead mating systems (Maahs 1996). | used the femaleto
mal e ratio observed during 2000 in the Noyo River to calculate the number of males and females present from

the number of redds observed, based on two redds/female, and based on the redd area method (Maahs 1996). The
wide range in the population estimates from these methods suggest further refinement is needed. Uncertainty in
redd identification complicates this method.

| estimated an average stream residency for spawning steelhead of 11 daysfrom Shapovalov and Taft's (1954)
estimate of one week and observations in the Noyo River during 2000. Maahs and Gilleard (1993) found that live
fish estimates using AUC dramatically underestimated spawning populations and are very sensitive to instream
duration of adult coho. English et al. (1992) found the AUC method sensitive to variability in survey time and
observer efficiency and that estimates based on total residency time more closely predicted known population
values. | was unable to estimate a steelhead population for the Noyo River during 2000 using this method,
primarily because not enough fish were observed and the long period between surveys. Estimates of observer
efficiency and annual estimates of stream residency will improve thismethod (English et al. 1992, Irvine et a.
1992). The two stream segments for which redd based and AUC population estimates differed was likely due to
confusion with lamprey redds. These two segments had 61 % of all observed lamprey redds. The Noyo River
between North Spur and Redwood Creek had 35% of all lamprey redds observed (Table 4). The Noyo River
above Redwood Creek had 26% of all observed lamprey redds(Table 4). Both these sections are main stem
segments and are larger and cany more water than other survey segments. It is possible fish were more difficult
to detect in the main stem Noyo. Better understanding of steelhead mating systems, in stream residency,
increased familiarity with the Noyo River, and increasing the periodicity of surveys should improve the
applicahility of the AUC method for estimating steelhead populationsin the Noyo River.
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Steel head captured during 2000 were within the size range reported previously for nearby streams. Boydstun
(1977) reports the mean fork length for steelhead captured in the Gualala River during 1976-77 was 71.3 cm.
Steelhead captured in the Gualala River during 1975-76 ranged from 30 to 90 cm fork length (Boydstun 1976).
Steelhead captured in the Garcia River during 1972-73 ranged from 13 to 85 cm fork length (CDFG 1973).

In general the adult steelhead sex ratios observed in the Noyo River during 2000 were similar to those reported in
other rivers, where males outnumber females. The difference between calculated sex ratios for handled and fish
observed from the bank may be aresult of less certain identification fromthe bank or the low number of fish
captured. Erman and Hawthorne (1976) and Everest (1973) found that steelhead sex ratios had higher
proportions of malesin Sagehen Creek, Californiaand the Rouge River, Oregon, respectively. Withler (1966)
found steelhead sex ratiosto be nearly 1:1 along the Pacific Coast from Californiato British Columbia. Boydstun
(1976) found that un-spawned steelhead showed no trend in sex ratio, while females dominated spent fish
catchesin the Garcia River during 1975. Boydstun (1977) found that females vastly outnumbered malesin the
GarciaRiver during 1976 and attributed this to capture methods. Withler (1996) found that almost twice as many
female as male steelhead were caught by anglers. Everest (1973) attributes the difference in sex ratio to the fact
that females generally complete spawning and |eave streams more rapidly than males. Thisis similar to the
observation that late season capturesin the Noyo River during 2000 consisted primarily of male and unknown
sex fish (Fig. 6b).

Adult Migration and Spawning Timing

Steelhead observations in the Noyo River peaked in mid-March during 2000. The steelhead spawning runin the
Noyo River began in mid-January and extended through late-April. Spawning activity peaked in mid-March
corresponding with the beginning of spawning surveysin 2000. The migration timing of adult steelhead and
spawning activity in the Noyo River issimilar to most previous reports for nearby streams. Boydstun (1976)
reported that steelhead spawning occurred between February and April, peaked in mid-February, and that fish
entered the Gualala River between December and April 1975-76. He states that steelhead spawning in the Garcia
occurs between February and March. Nielsen et al. (1990) reported that steelhead spawning began in early
January and continued past the end of their survey in the South Fork Noyo during 1989-90. Maahs and Gilleard
(1993) observed few steelhead before February in seven coastal Mendocino County streams they studied during
1990-92. Maahs (1996, 1997) found steelhead spawning began in early January 1995 and in mid- March 1996

and peaked in mid-March during both yearsin portions of the Garciaand Ten Mile Rivers and Caspar Creek.
Spawning activity continued through mid April both years. Maahs (1999) found asimilar pattern in the Garcia
River during 1998-99. Steelhead begin their spawning run in early January and are found through April in most
yearsin coastal Mendocino County streams. However, Busby et al. (1996) state that steelhead enter Pudding
Creek in November and spawn between December and March. They show spawning and migration timing for
Caspar Creek and GualalaRiver similar to that described above.

Spawning Habitat Quality and Use

Spawning habitat quality was generally considered better in 1967 than in all other years. The stream surveysin
1957, 1959, and 1967 (Appendix |) subjectively estimated spawning habitat quality by walking streamsin late-
summer. It islikely that the difference in habitat quality between yearsis due more to differencesin the
surveyors' perception than to actual differencesin the streams. It isunlikely that differencesin late-summer flows
between the years (Fig. 10) account for differencesin habitat ratings. Many notes on the survey forms suggest
streams had been damaged by recent logging. For instance, Burbeck Creek in 1959 flowed through "virgin
redwood forest" but by 1967 had "considerable" logging damage.

The differencein habitat quality between 1957, 1959, 1967 surveys and ratings based on observed steelhead
spawning during 2000 are aresult of the survey purpose, methods, earlier surveys"salmonid spawning habitat"
included both coho and steelhead, and real changes in the streams over time. From review of the general notes
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of these surveysit appearstheir overall purpose wasto identify log jams for removal. During 2000 the purpose
was to document steelhead spawning distribution and habitat use. Historic stream surveys qualified spawning
habitat by walking them during late-summer and identifying habitat quality visually, whereas spawning habitat
use ratings were based on actual numbers of redds observed for 2000. The 1957, 1959, and 1967 surveysindicated
general salmonid spawning habitat quality. Only steelhead spawning was used to rate habitat use during 2000.
Spawning habitat in five streamsin the upper Noyo appears to have improved since 1957. The lower North Fork
flows through land owned by Charles Bellow, who has established a non profit organization committed to
preservation of the area (Perrs. Comm.). Of the seven streams showing an apparent decline in spawning habitat,
four arein the South Fork. Maahs and Gilleard (1993) state that "over meticulous' removal of wood occurred in
the South Fork and probably had a negative impact on coho production. By the early 1960's wood had been
removed from 94% of the South Fork and it's tributaries (M aahs and Gilleard 1993). Log removal continued in the
South Fork as late as 1983 (Anonymous 1983). Marble Gulch had wood removed during the 1970's (G. Bradford
Perrs. Comm). Logging activities and road building have also impacted spawning habitat in the Noyo River
(CRWQCB-1999). In 1957 Burbeck Creek was rated as having good spawning habitat. By 1959 after logging in
the watershed spawning habitat quality decreased and in 2000 no
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Fig. 10. Daily mid-July to mid-October flowsin the Noyo River flows during 1957, 1959, 1967, and 2000. Week
34ismid-August. Datafrom USGS gauge # 11468500 |ocated about 1 km above the South Fork confluence.

spawning was observed. Evidence of past logging is found throughout the Noyo River ranging from old road
crossings to roads and railroad lines going right up stream channels. Based on limited embeddedness



information the CRWQCB (1999) state that coho may have trouble spawning in al parts of the Noyo River. The
CDFG has recommended some streamsin the Noyo River for habitat improvement and conducted work on Parlin
Creek (J. Hendrix Pers. Comm.). The Noyo River watershed is under review for Total Maximum Daily Load for
sediment which, when implemented, is expected to improve conditions for salmonids (CWQCB 1999). These, as
well as other, actions should help improve spawning habitat quality in the Noyo River.

Effort

The entire spawning survey took 99 person days, 48 vehicle trips, 227.2 field hours, and 96 driving hours. This
resulted in redd distribution, redd density, redd number, adult population estimates, and provided information on
adult migration and spawning timing. Thisfirst year effort wasincreased due to unfamiliarity with the area and the
methods and the experience level of the crew. These factors are expected to decrease and thus decrease field time
next season. A longer duration and increased frequency of spawning surveyswill likely increase the amount of

time necessary to complete them next season. Visual observation of adults resultsin less precise estimates of sex
ratios and fork length distributions compared to active tagging programs. During spawning surveystissue and scale
samples were not collected.

Recommendationsfor Further Study

Therewas awide range in the estimate of adult numbers based on redd counts and the method of estimation.
Starting surveys earlier, surveying the entire Noyo River, reducing the time between surveys, and conducting
studies directed at understanding mating systems and the number and size of redds produced per female will help
reduce the variability in redd based population estimates. More information on steelhead mating systems, length of
stream residency, and estimates of observer efficiency may improve the AUC population estimation method. A
study to examine mating systems using remote sensing (i.e. video equipment) should be conducted. Setting up time
lapse video system focused on known spawning areas would greatly increase our knowledge of how many redds a
female builds, how many males accompany each female, and how long fish remain on aredd and in theriver.

There are afew highly used riffles on the lower North Fork which may provide a good setting for such astudy. As
acontrol to the cameras, back up, or in case cameras do not work, surveys could monitor these riffles for a set
number of hours aday or week and record behavior and numbers of spawners. As part of either or both of the
above approaches, radio tagging may further our understanding of mating systems. For example, do female
steelhead make more than one redd in more than oneriffle and if so how far apart are they? What istravel time
between spawning areas and the main stem and ocean?

Spawning surveys on the Noyo River should be continued in 2000-01. The surveys should be conducted in
conjunction with the proposed mark-recapture using Alaskan type marking weirs. No tagged steelhead were
visually recaptured, possibly due to the low number of steelhead captured and tagged in the lower river (Niellands
In Prep.), and the late start this year. Assuming the redd based population estimates are reasonable, | estimate
between 8.4 and 28% of the total steelhead population was observed while conducting spawning surveysthis
season. This suggests, if more fish are tagged and spawning surveys are conducted more frequently, that spawning
surveys maybe an appropriate method for the recapture portion of this effort. Spawning surveys should beginin
late-December or early-January next year and should attempt to cover coho spawning as well. It appears the entire
Noyo River can be surveyed by two crews of two peoplein about 10 working days. The interval between surveys
should be decreased to two weeks or less. Thiswill require working around large flow events and may require
additional crew members. Redds will be flagged and GPSed during each survey. Flagging will be labeled with the
GPS point number, the species suspected of making the redd, the date, and the size of the redd. Stream flows will

be determined from flow rated staff gagesin the upper river and from the Noyo Gage and percent inflow for the
lower river and South Fork. All thisinformation will be recorded on field maps and dataforms. Dataformswill be
refined to included GPS coordinates, given more areafor notes, and an additional column which gives each redd a
unique number will be added. Redd substrate data collection should be standardized to follow the methods of Platts
et a. (1983). Streamsin which no redds were observed this season should be visited at |east once next season.
Those streams found not to have redds again next season should be re-surveyed intensively every five years.
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Appendix A
Historic Stream Surveys
CDFG. 1967a. Stream survey of Burbeck Creek. Unpublished report. Region 3, California Department of

Fish and Game, Y ountville, CA.

CDFG. 1967h. Stream survey of Dewarren Creek. Unpublished report. Region 3, California Department of
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CDFG.

CDFG.

CDFG.

CDFG.

CDFG.

CDFG.

CDFG.

CDFG

CDFG.

CDFG.

CDFG.

CDFG

CDFG.

CDFG.

CDFG.

CDFG.

CDFG.

Fish and Game, Y ountville, CA.

1967c. Stream survey of Duffy Gulch. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

1967d. Stream survey of Gulch C. Unpublished report. Region 3, California Department of Fish and
Game, Yountville, CA.

1967e. Stream survey of Hayworth Creek. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

1967f. Stream survey of Kass Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

19679g. Stream survey of Marble Gulch. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

1967h. Stream survey of McMullen Creek. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

1967L Stream survey of Middle Fork Noyo River. Unpublished report. Region 3, California
Department of Fish and Game, Y ountville, CA.

. 1967j. Stream survey of North Fork Noyo River. Unpublished report. Region 3, Cdifornia

Department of Fish and Game, Yountville, CA.

1967k. Stream survey of Olds Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

19671. Stream survey of Redwood Creek. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA

1967m. Stream survey of South Fork Noyo pond to State forest boundary. Unpublished
report. Region 3, California Department of Fish and Game, Y ountville, CA.

. 1959a. Stream survey of Bear Gulch. Unpublished report. Region 3, California Department of Fish

and Game, Yountville, CA.

1959h. Stream survey of Burbeck Creek. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

1959c. Stream survey of Duffy Gulch. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

1959d. Stream survey of Kass Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

1959e. Stream survey of Marble Gulch. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

1959f. Stream survey of North Fork Noyo River. Unpublished report. Region 3, California
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Department of Fish and Game, Y ountville, CA.

CDFG. 1959g. Stream survey of North Fork South Fork Noyo River. Unpublished report. Regions,
Cdlifornia Department of Fish and Game, Y ountville, CA.

CDFG. 1959h. Stream survey of Olds Creek. Unpublished report. Region 3, California Department of Fish and
Game, Y ountville, CA.

CDFG. 1959L Stream survey of Parlin Creek. Unpublished report. Region 3, California Department of Fish and
Game, Y ountville, CA.

CDFG. 1959;. Stream survey of South Fork Noyo River. Unpublished report. Region 3, California
Department of Fish and Game, Y ountville, CA.

CDFG. 1957a. Stream survey of Alpine Creek. Unpublished report. Region 3, California Department of Fish and
Game, Y ountville, CA.

CDFG. 1957b. Stream survey of Bear Gulch. Unpublished report. Region 3, California Department of Fish and
Game, Yountville, CA.

CDFG. 1957c¢. Stream survey of Burbeck Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

CDFG. 1957d. Stream survey of Duffy Gulch. Unpublished report. Region 3, California Department of Fish and
Game, Yountville, CA.

CDFG. 1957e. Stream survey of Hayworth Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

CDFG. 1957f. Stream survey of Hay shed Gulch. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

CDFG. 19579. Stream survey of Kass Creek. Unpublished report. Region 3, California Department of Fish and
Game, Yountville, CA.

CDFG. 1957h. Stream survey of the Little North Fork Noyo. Unpublished report. Region 3, California
Department of Fish and Game, Y ountville, CA.

CDFG. 1957L Stream survey of Marble Gulch. Unpublished report. Region 3, California Department of Fish and
Game, Y ountville, CA.

CDFG. 1957J. Stream survey of North Fork Hayworth Creek. Unpublished report. Region 3, California
Department of Fish and Game, Yountville, CA.

CDFG. 1957k. Stream survey of Olds Creek. Unpublished report. Region 3, California Department of Fish and
Game, Yountville, CA.

CDFG. 19571. Stream survey of North Fork of the South Fork Noyo River. Unpublished report. Region 3,
Cadlifornia Department of Fish and Game, Y ountville, CA.

CDFG. 1957m. Stream survey of Noyo River Irmulco to Twitchell Ranch. Unpublished report. Region 3,
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CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

CDFG

California Department of Fish and Game, Y ountville, CA.

. 1957n. Stream survey of Noyo River from 1/8 mile above and below Irmulco. Unpublished report.
Region 3, California Department of Fish and Game, Y ountville, CA.

. 19570. Stream survey of Noyo River from Redwood Creek to Shake City. Unpublished report.
Region 3, California Department of Fish and Game, Y ountville, CA.

. 1957p. Stream survey of Noyo River mouth to Company Ranch. Unpublished report. Region 3,
California Department of Fish and Game, Y ountville, CA.

. 1957q. Stream survey of Noyo River North Spur to Redwood Lodge. Unpublished report. Region 3,
California Department of Fishand Game, Y ountville, CA.

. 1957r. Stream survey of Noyo River to Burbeck Creek. Unpublished report. Region 3, California
Department of Fish and Game, Yountville, CA.

. 1957s. Stream survey of Noyo River to one mile above Railroad tunnel. Unpublished report. Region
3, Cdlifornia Department of Fish and Game, Y ountville, CA.

. 1957t. Stream survey of North Fork Noyo River. Unpublished report. Region 3, California
Department of Fish and Game, Yountville, CA.

. 1957u. Stream survey of Parlin Creek. Unpublished report. Region 3, California Department of Fish
and Game, Y ountville, CA.

. 1957v. Stream survey of Redwood Creek. Unpublished report. Region 3, California Department of
Fish and Game, Y ountville, CA.

. 1957w. Stream survey of South Fork Noyo McGuire Pond to four mileswest of Parlin Creek.
Unpublished report. Region 3, California Department of Fish and Game, Y ountville, CA.

. 1957x. Stream survey of South Fork Noyo two miles downstream of Pyorre Road. Unpublished
report. Region 3, California Department of Fish and Game, Y ountville, CA.

. 1957y. Stream survey of unnamed tributary to the South Fork Noyo. Unpublished report. Region 3,
California Department of Fish and Game, Y ountville, CA.
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