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ABSTRACT

Surveys were conducted in the Redwood Creek basin,

Humboldt County, California, from August through early

October of 1980 and 1981 to determine the quantity of

rearing habitat available for anadromous salmonids.

Species distribution and relative abundance were also

noted. In 1981 selected sample sites throughout the basin

were electrofished to examine fish densities, species and

age-class structure. In addition, physical habitat attri­

butes in the sample sections were measured.

Surveys found steelhead (SalmQ gairdneri) and

coastal cutthroat trout (~ clarki), and coho salmon

(Oncorhynchus kisutch) rearing in the watershed exclusive

of the estuary. Steelhead were by far the prominent

species in the mainstem of Redwood Creek and in tributaries

upstream of Prairie Creek. Coho salmon and cutthroat trout

were found almost exclusively in the Prairie Creek drain­

age. Steelhead also occurred in Prairie Creek but they

were not nearly as abundant in sympatry with cutthroat and

coho, as in allopatry. Allopatric steelhead populations

were dominated in numbers and biomass by young-of-the-year,

with some yearling and few older fish.

Approximately 175 km of mains tern and tributary

habitat, divided 54 to 46 percent, respectively, were found

accessible to anadromous salmonids. Salmonid distribution

and abundance in tributaries were related to stream order
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(Strahler 1957). First and second order tributaries were

inaccessible because of high gradients and small size.

waterfalls and woody debris jams were the dominant barriers

to migration in larger tributaries, blocking significant

reaches in some streams, but not having much effect over­

all. Some third and fourth order, and all fifth through

seventh order tributaries were accessible. Accessible

mainstem reaches were fifth through seventh order. Ten of

47 accessible tributary streams contained 79 percent of the

identified rearing habitat available in tributaries.

Extensive sedimentation in the mainstem and trib­

utaries exacerbated the reduced quality of rearing habitat

for juvenile salmonids during summer low-flow conditions.

Pool depth and cover at all sample si tes were rated low in

quality. Sediment accumulations at tributary mouths limit­

ed emigration and trapped fish in drying streams.

Mean numerical abundance of salmonids increased in

third through sixth order tributaries. Higher order stream

sites, up to sixth order, generally also had higher total

biomass densities. Total salmonid density was found to be

significantly correlated with stream surface area but not

to stream volume. Total salmonid biomass densities at

sample sites were generally similar to densities found by

other studies in northern California streams, although mean

densities for allopatric steelhead were on the whole lower

than mean densities for other streams.
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INTRODUCTION

Historically, Redwood Creek was considered to have

been a good producer of chinook (Oncorhynchus tschawytscha)

and coho salmon (~ kisutch), and steelhead (SalmQ

gairdneri) and cutthroat trout (~ clarki) (State of

California 1965; Fisk et ale 1966; FWS 1975; Hofstra 1983).

Redwood Creek was particularly known for the exceptional

number and size of its chinook sa~mon (Hofstra 1983).

Although little actual data exist to quantify the magnitude

of decline, it is generally accepted that anadromous

salmonid populations in Redwood Creek are considerably

smaller than at the turn of the century (State of

California 1965; FWS 1975; Hofstra 1983).

The decline of anadromous salmonid populations in

Redwood Creek has been attributed to extensive alteration

of freshwater and estuarine habitats (FWS 1975; Hofstra

1983). A combination of multiple high discharge events,

very erosive regolith, and extensive timber harvest have

resulted in considerable streambed sedimentation which has

filled pools, embedded substrates, widened stream channels,

and raised summer water temperatures resulting in the

degradation of physical rearing space through loss of

habitat diversity (Fisk et ale 1966; Nolan and Janda 1979).

The construction of flood control levees on the lower 5.3

kilometers of Redwood Creek has also greatly changed the

estuary, an important rearing and acclimation area for

1
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smolting salmonids (Larson et al. 1981; Hofstra 1983; Ricks

1985). Of the six extreme flood events that have occurred

since 1955, the 1964 flood is recognized as the event which

contributed the most to current degraded conditions (Janda

et al. 1975; Madej 1984). As recently as 1956 a California

Department of Fish and Game field survey described Redwood

Creek as an excellent spawning stream (FWS 1975). In

contrast, a survey of the mainstem and a few major

tributaries in 1966 described 64 of 84 stream miles as

"severely damaged" (Fisk et al. 1966).

A major portion of the Redwood Creek basin is

contained within the borders of Redwood National Park and

Prairie Creek State Park. Restoration of aquatic habitats

and associated fish communities was cited as a specific

goal of the Redwood National Park Watershed Rehabilitation

Plan (NPS 1981). The Plan also identified the need to

determine the existing quality of aquatic habitats and

formulate recommendations for restoring these habitats to

historic levels of productivity and diversity.

Recent articles have emphasized that effective

management of anadromous salmonid populations and their

habitats will require resource professionals to become

cognizant of ecologic interactions throughout the watershed

(Keller and Tally 1979; Naiman and Sedell 1981; Platts

1984; Hall 1984). For instance, numerous studies have

identified stream habitats which constitute a minor

percentage of all habitats, or which are only usable on a
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seasonal basis, but which contribute disproportionately to

the production of anadromous salmonids (Bustard and Narver

1975; Platts 1979; Sedell et al. 1982; Hartman and Brown

1987).

At the outset of this study existing information

about the anadromous salmonid populations and habitats of

the Redwood Creek watershed was scattered and incomplete

(CDFG no date; Briggs 1953; Dewitt 1954; USDI 1960; State

of California 1965; Fisk et al. 1966; Burns 1971; Janda et

al. 1975; Iwatsubo et al. 1976; Reeves et al. 1976; Hawkins

et al. 1983). This study was initiated to survey the

quantity and quality of anadromous salmonid rearing

habitats in the Redwood Creek watershed. The late-summer

period of annual low stream discharge was targeted for the

survey period since this is generally considered to be when

juvenile anadromous salmonids in northern California

streams are subjected to the greatest stress due to minimum

habitat availability and maximum water temperatures (Burns

1971; Denton 1974). Specific goals of this study included:

(1) Identification of important rearing areas.

(2) Identification of factors limiting physical

rearing habitat.

(3) Determination of salmonid species distribution.

(4) Comparison of juvenile salmonid densities at

selected sites throughout the watershed and

Northern California.
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STUDY AREA

Redwood Creek drains an area of 730 km 2 (282 mi 2 )

in the northern California coast range, entering the ocean

near the town of Orick in Humboldt County (Fig. 1). Basin

relief is high (1600 m/ 5300 ft), average hillslope

gradients are steep, ranging from 31 to 34 percent in the

northern and southern basin respectively, and valley

bottoms are narrow, seldom exceeding 60 m (200 ft) (Janda

et al. 1975). Basin geology is dominated by rocks of the

Franciscan assemblage which are highly susceptible to

chemical decomposition and erosion. In contrast to the

remainder of the watershed, the Prairie Creek drainage,

largest tributary to Redwood Creek with an area of 104 km 2,

exhibits gentler hillslope gradients and a regolith that is

less susceptible to erosive processes. Redwood Creek

enters the ocean as a seventh order stream, based on the

convention of Strahler (1957). Because the basin is

structurally controlled by the Grogan Fault the basin has

an unusually elongate geometry with few major tributaries

(Pitlick 1982). The trellis pattern of the drainage

network upstream of Prairie Creek results in Redwood Creek

achieving a relatively low stream order with respect to

basin drainage area, and the unusual circumstance of

Prairie Creek having a higher stream order (7th order) than

Redwood Creek (6th order) at their confluence.

4
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Basinwide climate is greatly influenced by its

proximity to the ocean with distinct regional differences

evident between the northern/coastal one-third and the

southern/inland two-thirds of the basin (Janda et ale

1975). The northern basin has mild winters and short,

warm, dry summers with frequent fog. The southern basin

has mild winters and hot, dry summers with infrequent fog.

Air temperatures recorded near Orick ranged from 20.5 0 C to

34.6 0 C (69 0 F to 95 0 F) in July (mean maximum values) and

from OOC to 2.7 0 C (32 0 F to 37 0 F) in January (mean minimum

values) (Janda et al. 1975). Inland, the drainage basin

has somewhat higher summer and lower winter temperatures

than along the coast.

Annual precipitation, mostly in the form of rain,

averages 200 cm (80 in) basinwide with most occurring from

November through April (Janda et ale 1975). Consequently,

stream discharge varies considerably with seasonal

differences in precipitation. Base flow discharge usually

occurs from late-summer through early-fall. Streams with

drainage areas of less than 2.6 km 2 (1 mi2 ) are often

intermittent or dry during the base flow period (Janda et

ale 1975). Conversely, streams in the basin are subject to

severe flooding in winter. Discharge records for Redwood

Creek at Orick over the 31-year period spanning water-years

1954 through 1984, report an average discharge of 31 m3/s

(1,094 cfs) with mean daily low discharges less than 1 m3/s

(35 cfs) and mean daily flood discharges in excess of 255
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m3/s (9000 cfs) occurring in most years of record (USGS

1954-1984). Six flood events in excess of 1273 m3/s

(45,000 cfs) have occurred during this 31-year period.

Historically, 82 percent of the drainage basin was

covered in dense coniferous forests (Best 1984). Climax

vegetation in the northern basin was dominated by coast

redwood (Seguoia sempervirens)/Douglas fir (Pseudotsuga

menziesii) forests. The southern basin was dominated by a

mixed Douglas-fir/hardwood forest community. Within the

past 50 years, 81 percent of these' forest lands have been

harvested (Best 1984). The 18 percent of the watershed not

in coniferous forest is divided equally between oak­

woodlands and prairie grasslands.

Land use in the basin has been dominated by timber

harvest activities. Some cattle grazing also occurs on

private lands. As of 1978, with the last expansion of

Redwood National Park, approximately 40 percent of the

watershed, concentrated at the northern end, is state and

national parklands established to protect virgin stands of

coast redwood forest.

Geology, physiography, climate, and land use have

combined in the basin to produce some of the most rapidly

eroding, non-glaciated terrane in North America (Janda and

Nolan 1979). For example, a mean annual suspended sediment

discharge in excess of 3000 tons per square kilometer was

recorded for Redwood Creek at Orick in 1975 (Janda and

Nolan 1979). Suspended sediment discharge rates in the
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late 1960's and early 1970's were considered to be at least

seven times greater than the natural erosion rate (Varnum

and Ozaki 1986). Suspended sediment discharge has

decreased significantly since 1978, apparently reflecting a

reduction in hillslope erosion (Varnum and Ozaki 1986). A

large decline in timber harvest activities as well as a

decrease in major storms since 1975 may in part be

responsible (Varnum and Ozaki 1986).

Fish fauna of the basin is typical of northern

California coastal streams (Dewitt 1964; Moyle 1976).

Salmonid species include coast cutthroat trout, winter and

summer runs of steelhead/rainbow trout, coho salmon, and a

fall run of chinook salmon. Both trout species exhibit

resident as well as anadromous life histories within the

watershed (Dewitt 1964; Moyle 1976; CDFG no date). Other

freshwater species reported for the watershed, or observed

during this study, include prickly sculpin (Cottus asper),

coastrange sculpin (Cottus aleuticus), Humboldt sucker

(Catastomus occidentalis humboldtianus), three-spine

stickleback (Gasterosteusaculeatus), Pacific lamprey

(Lampetra tridentata), and possibly, Pacific brook lamprey

(1~!!!~tra pacifica).

Prairie Creek Fish Hatchery, operated by Humboldt

County, is located on Lost Man Creek near its confluence

with Prairie Creek. During this study the hatchery

operated fish traps on both Prairie and Lost Man Creeks to

capture upstream migrating chinook and coho salmon and



9

steelhead adults. The trap on Prairie Creek did not span

the entire creek and was removed during periods of high

flow. Therefore, anadromous salmonids had access to the

Prairie Creek watershed upstream of the hatchery. The trap

on Lost Man Creek spanned the entire stream but this too

was removed during high flow events. Two dams constructed

expressly for hatchery operations were located on Lost Man

Creek. The upstream dam was a migrational barrier for

adult salmonids depending on species and discharge. The

downstream dam was not considered 'a barrier to migration.



METHODS

Most of the field work for this study was conducted

in 1980 and 1981, although some information was gathered in

subsequent years (see Appendixes A and B). Field data were

collected, for the most part, during the period of minimum

stream discharge from August through early October. Survey

objectives were to identify, quantify, and describe the

anadromous salmonid rearing streams in the Redwood Creek

watershed. Surveys concentrated on the larger (third order

and higher) tributary and headwater reaches of Redwood and

Prairie Creeks since these areas were expected to be more

important as rearing habitat. Based on the initial

surveys, representative stream reaches were selected for

further sampling to describe spatial microhabitat

components and associated juvenile salmonid populations.

Stream Surveys

Salmonid Accessibility and Use

Tributaries were surveyed to locate barriers to

anadromous salmonid spawning migration and thereby

delineate habitat available for juvenile rearing. For each

stream reach information was collected on migrational

barrier type and location, fish species occurrence,

relative abundance, and age-length data, and approximate

stream discharge.

10
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When possible, a backpack mounted direct-current

electroshocker (Model no. BP-2, Coffelt Electronics Co.,

Inc., Englewood, Colorado) was used to detect the presence

or absence of salmonids upstream of a suspected barrier.

The electroshocker was heavy, unwieldy, and difficult to

transport in steep terrain or on multi-day trips to remote

locations and therefore was not always suitable for use.

The electroshocker was also most effective in relatively

shallow water less than approximately one meter in depth.

When the electroshocker was not available or appropriate,

dip nets and direct observation were used.

Resident trout species have been reported to occur

in the reaches upstream of anadromous fish barriers in

several of the basin's tributaries (CDFG no date). Early

in the study I noted that suspected resident salmonids were

secretive, less abundant, and apparently dominated by

yearling and older fish. Known anadromous populations were

dominated by young-of-the-year fish which were far more

numerous and less wary than older fish. In the event that

salmonids were found upstream of a suspected barrier these

cues were considered when deciding whether the fish

belonged to an anadromous or resident population.

Location of suspected migrational barriers was

determined by identifying man-made or natural topographic

features and relating these to 1:24,000 (7.5') U.S.

Geological Survey (USGS) topographic maps of the watershed.

Stream distances were measured with a map wheel. When an
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obvious landmark was not present, barrier location was

estimated in the field by pacing the distance from the

barrier to an identifiable location on the stream or by

comparing the time required to hike an unknown length of

stream with the travel time for a known stream length of

similar terrain. These latter two methods were expected to

be only rough approximations of the actual distance and no

estimate of accuracy or precision was determined.

Although most of the reported migrational barriers

and stream survey information were' personally observed in

the field, information from other sources (Reeves et al.

1976; Hofstra pers. comm.; CDFG no date; Warren pers.

comm.) was also included to provide a more complete

characterization of the watershed.

General abundance and distribution of salmonid

species throughout the watershed were noted. The

electroshocker, a small beach seine, a dipnet, and direct

observation with mask and snorkel were used to capture or

observe fish.

Salmonid relative abundance per meter of stream

length was rated subjectively based on field observations.

Since a quantitative measure was not applied, stream

reaches were placed in broad ranges of abundance as

follows:

none = 0 fish observed

one = single fish observed
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few = less than 0.5 fish per linear meter of

stream

some = 0.5-2.0 fish per meter

many = 2.0 or more fish per meter

Mean salmonid relative abundance was compared

between stream orders. Abundance ranks were assigned whole

values of zero through four, e.g. zero equals none and four

equals many. Mean relative abundance for each stream order

was determined by summing the abun?ance ranks for each·

stream in which fish were observed, over all species, and

dividing by the number of streams.

Juvenile steelhead and cutthroat trout were sampled

to determine age-length relationships and population age

structure in the basin. For trout of varying size, fork

length was measured to the nearest millimeter and scales

were collected to determine age from the left dorsal

surface beneath the dorsal fin. Scales were compressed

between glass microscope slides and magnified with a

microfiche reader in order to count annuli (Jearld 1983).

Stream Character

To gain a better understanding of flowing water

habitats a variety of classification schemes have been

developed (e.g. Huet 1959; Kuehne 1962; Pennak 1971). The

approach which seems to have achieved the most widespread

use among fishery scientists is the stream order

classification system (Kuehne 1962; Harrel et ale 1967;
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Whiteside and McNatt 1972; Lotrich 1973; Platts 1979;

Barila et al. 1981). This method was originally developed

by geomorphologists as a means of describing the physical

characteristics of a given stream reach within a drainage

network (Horton 1945; Strahler'1957).

This study used stream order as a means of comparing

the existing condition of stream reaches throughout the

Redwood Creek watershed. But the use of stream order is

not without problems (Hughes and Omernik 1981). For

instance, streams of a given order in an area of certain

geology, topography, and climate are likely not comparable

to a stream of the same order in a dramatically different

area. Stream order has also not been applied consistently

by researchers since there is no one accepted standard for

setting a first order stream. In addition, variable map

quality and scale may result in inconsistent order

designation between adjoining maps for the same area. For

these reasons and more, the use of stream order to compare

streams in different regions has been considered

inappropriate (Hughes and Omernik 1981). However, within a

watershed or region in which geology, topography, and

climate remain relatively constant, and order is designated

in a consistent manner, then comparison of stream

characteristics by order would appear to have application.

Stream order, watershed area, stream channel

gradient, and stream location were determined or measured

on 1:24,000 USGS topographic maps. Stream orders were
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determined following the convention of Strahler (1957).

First-order streams were defined as the smallest

crenulations identifiable on 1:24,000 topographic maps.

Watershed areas were either those reported by Pitlick

(1982) or were measured in an identical manner by tracing

the outline of a watershed from the topographic maps onto

mylar sheets and measuring with a polar planimeter. Stream

channel gradient was defined for this study as the ratio of

change in elevation to linear distance (meter per meter).

To facilitate comparison between streams, tributary

gradients were determined for stream sections, between one

and two kilometers in length, located at or near their

confluence with the mainstem of Redwood or Prairie Creeks.

Tributary location is the distance measured along Redwood

Creek from its mou th to the conf 1uence of the tr ibutary, in

km. The general aspect of a tributary basin was also

noted.

Discharge for most of the surveyed streams was

estimated in their lower reaches using a timed-float method

(Robins and Crawford 1954). The width, depth, and length

of a flowing, uniform stream section were measured using a

meter stick and calibrated rope. Water velocity was

estimated by measuring the time required for a floating

object, usually a small stick obtained on site, to pass

through the stream section. Three float-timings were

averaged to determine velocity.
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Site-Specific Sampling

Twelve sites throughout the drainage basin were

selected for quantitative sampling of stream microhabitat

features and associated salmonid populations (Figs. 3-5) •

Sample site streams and identifying abbreviations are as

follows:

Prairie Creek = PRA Lacks Creek = LKS

Streelow Creek = STR Mill Creek = MIL

Little Lost Man Creek = LLM TOss-up Creek = TSP

Tom McDonald Creek = TMC Lake Prairie Creek = LKP

Emerald Creek = EMD Minon Creek = MIN

Panther Creek = PTR Redwood Creek = RWD

At each site a sample section approximately 50

meters in length was selected in accordance with three

criteria: (1) the section was downstream from any potential

barrier to migration, (2) the section could be effectively

electrofished, and (3) the section contained habitat

features (e.g. riffles, pools, and cover types)

representative of the stream in which it was located and

still meet criteria 1 and 2. Sample section lo~ation in

the smaller streams was measured directly with a meter tape

from the downstream end of a section to the confluence of

the stream with Redwood or Prairie Creeks. For these

latter sites, section location was estimated and measured

on the topographic maps.

To measure and quantify stream habitat, transects

were placed at five meter (m) intervals along the length of
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Figure 2. Tributaries and Sites Sampled in the Northern
Third of the Redwood Creek Basin, Humboldt
County, California, 1981.
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the section ~nd perpendicular to the thalweg. Wetted

stream width was measured at each transect to the nearest

fifteen centimeter (cm) interval. At 30 cm intervals along

the transect, depth was measured to the nearest 0.5 cm and

instream cover features were counted and described.

Instream cover for juvenile salmonids was evaluated based

upon criteria similar to those used by Nickelson et al.

(1980).

Stream surface area and volume were calculated for

each sample section. The distance between adjacent

transects was multiplied by the mean width of those

transects to obtain a subsection area. The sum of all

subsection areas within a section constituted surface area.

Section volume was the sum of the area of each subsection

multiplied by the mean depth for that subsection. Mean

depth of a subsection was the grand mean of the depths

measured at the adjacent transects which delimited a

subsection.

Frequency of occurrence of depth and cover within

each section was tabulated by category. Depth categories

included the intervals 0.5 to 15.0 em, 15.5 to 30.0 em,

30.5 to 45.0 cm, and 45.5 cm or greater. Cover attributes

were placed in one of five categories; cutbanks,

overhanging vegetation, woody debris, rock overhang, and

surface turbulence (Table 1). Points along a transect with

depths less than 0.5 cm, e.g. emergent sand bars or rocks,

were not included in the tabulation.
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Table 1. Criteria For Evaluating Instream Cover For
Juvenile Anadromous Salmonids Following Nickelson
et al. 1979.

Cover Types:

1) Undercut streambanks

2) Overhanging riparian vegetation

- near water surface

3) Boulders or bedrock outcrops

- submerged or emergent

4) Woody debris

-logs, limbs, root wads

5) Surface turbulence

- stream bottom is not visible but water velocity
is not excessive, greater than approximately 2
feet per second

Cover Qualifiers:

- A depth of more than 5 cm must be associated with a
cover feature.

- Cover feature must be within 15 cm of point of
evaluation on transect.

- Cover refers to areas that would presumably be used
as refuges from predation and for resting.
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Stream discharge for each section was measured

using the mid-section method (Buchanan and Somers 1969).

Stream width and depth were measured with a meter tape and

calibrated stream wading rod, respectively. Mean column

water velocity was measured with a pygmy mechanical current

meter (Model no. 625, Teledyne-Gurley, Troy, New York).

Stream channel gradient was calculated by dividing

elevation change by the length of stream over which the

elevation change was measured. The angle of the difference

in elevation between two points was measured to the nearest

0.5 degree with a clinometer. A meter tape was used to

measure distance between points. The actual change in

elevation was calculated using standard trigonometric

functions for a right triangle. Gradient was determined

for each sample section, from upstream to downstream end,

and for the reach extending from the downstream end of the

section to the confluence of the stream, with the exception

of reaches downstream from the Redwood and Prairie Creek

sites.

Juvenile salmonid populations at each site were

estimated using an equal-effort catch removal method

(Youngs and Robson 1978). Block nets were placed at each

end of a section to prevent emigration or immigration

during sampling. A backpack DC battery-powered

electroshocker was used to stun fish for capture. Fishing

effort consisted of the time required to complete a

sampling pass through a section. To maintain constant
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sampling effort, electroshocker voltage was not varied

between passes and all passes were conducted in

approximately the same elapsed time. Voltage settings

ranged between 250 and 350 V depending on the site. Two or

three passes were conducted in each section. A third pass

was conducted if the second pass collected more than half

the number of fish, of a given species, caught in the

initial pass. Salmonid population estimates and confidence

intervals were calculated using either the equations of

Seber and LeCren (1967) or Moran-Zippin (Zippin 1958;

Youngs and Robson 1978), depending on whether two or three

sampling passes were conducted at the site.

Captured fish were kept in buckets until the end of

a sampling pass. MS-222 (Tricaine Methanesulfonate) was

used to anesthetize fish to facilitate handling. All

captured fish were counted, and lengths and volumes were

measured. Fork lengths were measured to the nearest

millimeter (mm). Fish volumes were measured to the nearest

0.5 milliliter (ml) with a graduated cylinder. Volume was

used as a facsimile for weight to avoid the problems

associated with transportation and use of a balance at

remote sample sites. The California Department of Fish and

Game (CDFG) uses this method regularly and has developed

weighting factors for transforming volume to weight for

various species (Villa pers. comm.). For salmonids the

Department assumes a one to one relationship between

milliliters of volume and grams of weight.
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To verify the CDFG assumption for volume and

weight, steelhead trout were captured at accessible

locations along lower Redwood and Prairie Creeks, and their

respective weights and volumes were measured. The

resulting regression equation, where r is the predicted

weight of a fish, in grams, and x is the measured volume in

milliliters was as follows:

r = 1.03x, r 2 = 0.962, 82 d.f.

The regression was forced through the origin since,

presumably, a fish with no volume also has no weight. The

regression verified the CDFG assumption for Redwood Creek,

therefore I converted measured volume directly to weight,

assuming a one to one relationship.

Biomass of salmonids at a site was calculated by

multiplying the estimated number of fish by the mean weight

of all fish captured. Biomass was calculated separately

for age groups and species. The biomass density of

salmonids at each site, in grams per meter squared, was

calculated by dividing the calculated biomass by the

measured surface area.

Pearson product-moment correlation coefficients and

tests of significance were calculated using standard

equations (Sokal and Rohlf 1981). A logarithmic

transformation was performed on data for mean young-of-the­

year (y-o-y) trout length and y-o-y trout sample site

biomass density prior to calculating the correlation

coefficient for those values.



RESULTS

Stream Surveys

Physical Description of Tributary Streams

One-hundred-three tributary streams in the Redwood

Creek watershed were surveyed, including the major

tributaries to Prairie Creek (Appendix A). Most effort was

expended on larger tributaries, i.e. third order and

higher, since these streams contained most of the tributary

habitat accessible to anadromous salmonids.

Thirty streams of first and second order were

surveyed (Fig. 5). These represented an uncounted, but

presumably small percentage of all first and second order

streams directly tributary to mainstem Redwood Creek based

upon Horton's law of stream numbers which states that

"... the numbers of stream segments of each order form an

inverse geometric sequence with order number" (Strahler

1964). No first or second order tributaries to Prairie

Creek were considered significant enough to survey. Forty­

one, 79, and 100 percent of the third, fourth, and fifth

order streams, respectively, in the watershed were

surveyed. Only one sixth order tributary, Lost Man Creek

in the Prairie Creek watershed, was identified and

surveyed.

Prairie Creek downstream from its confluence with

May Creek was ranked as a sixth order stream and became

25
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seventh order at its confluence with Lost Man Creek.

Redwood Creek became a sixth order stream at its confluence

with Lacks Creek and did not achieve seventh order rank

until its confluence with Prairie Creek. This illustrates

one of the potential problems in classifying streams by

order since Redwood Creek at its juncture with Prairie

Creek was, in all other respects, the dominate stream

course with a much greater drainage area, length, channel

width, etc. The ranking of Redwood Creek as a lower stream

order than Prairie Creek resulted from the trellis pattern

of its drainage network, as opposed to the dendritic

pattern of Prairie Creek (Kuehne 1962).

Despite the inconsistent relationship in stream

order between Redwood and Prairie Creeks, the relation

between physical characters and tributary stream order, on

the whole, throughout the drainage basin was consistent

with the relationships described by Strahler (1957) who

noted that "... on the average, if a sufficiently large

sample is treated, order number is directly proportional to

size of the contributing watershed, to channel dimensions,

and to stream discharge at that place in the system." For

Redwood Creek tributaries I found that mean watershed area

and mean summer base discharge increased, while mean

channel gradient decreased, with increasing stream order

(Figs. 6-8).
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Barriers to Migration

One-hundred-ten barriers to migration were

identified within the basin (Figs. 9-11). The number of

barriers exceeds the number of tributaries surveyed because

of barriers found on tributary branches. Barriers were

categorized into four main types: woody debris jams,

bedrock waterfalls, high gradient reaches, and drainage

culverts underneath roadways.

Surveys did not identify barriers for all streams

(Fig. 12). First through third order streams were often

not extensively surveyed because of limited habitat

quantity and quality. Surveys of fourth through sixth

order streams were sometimes limited by time constraints.

Only in a few instances, however, did a significant length

of accessible habitat (greater than 0.1 km) in a stream

remain unsurveyed.

Woody debris jams formed barriers in approximately

17 percent of the tributaries surveyed (Fig. 12). Eighty-

five percent of woody debris jams were located on third

order and larger tributaries (Fig. 13). Debris jams were

usually associated with past logging activities since

debris accumulations often contained sawn logs; wer~

located adjacent to, or downstream from, logged slopes; and

incorporated logging equipment, especially choker cables.

Waterfall barriers occurred in only 11 percent of

the tributaries surveyed (Fig. 12), but all occurrences

were in third order and larger tributaries (Fig. 13). It
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is possible that some of the smaller waterfalls, e.g. May

Creek in the Prairie Creek watershed, may be passable given

the right flow conditions. Others, however, were quite

formidable; e.g. Coyote, Garrett, and Devils Creeks, and

were probably impassable at any flow. The Devils Creek

waterfall occurs only 0.3 km upstream from the confluence

with Redwood Creek and blocks most of the tributary from

access to anadromous salmonids.

High gradient reaches were by far the most common

barrier type, occurring in almost 41 percent of the

tributaries surveyed (Fig. 12). Gradients were most

important as barriers in smaller streams. Seventy-one

percent of the streams in which gradient formed a barrier

to migration were third order or smaller (Fig. 13).

Road culverts were barriers in three streams in the

basin, accounting for approximately three percent of the

tributaries surveyed (Fig. 12). Two of the culverts were

located on county road crossings in Redwood Valley (bounded

by Lacks and Minor Creeks), and one was associated with an

old logging road within Redwood National Park. In each

instance the culverts were located on third order or

smaller tributaries and were not considered to be barring

fish from significant lengths of upstream habitats (Fig.

13) .

Two small darns constructed on Lost Man Creek in

conjunction with Prairie Creek County Hatchery operations

did not fit into the four main barrier categories. The
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first of these dams is located approximately 0.3 km

upstream from the confluence with Prairie Creek, is 0.76 m

in height (dam crest height above water surface elevation

of pool below dam), and is not considered a major

impediment to adult salmonid migration (Anderson pers.

comm.). The second darn, located 0.9 km upstream of the

first, is over 1.5 m in height, has a relatively long

sloping face, and is apparently a major impediment to

migration, especially for chinook and coho salmon. Surveys

conducted during this study found steelhead and cutthroat

trout juveniles but no salmon upstream of the second dam.

Further, spawning and carcass surveys have found salmon

extensively using the reach upstream of the first dam but

not the second. The higher dam is no longer used by the

hatchery and is scheduled for removal (Anderson pers.

corom. ) .

A bedrock waterfall migrational barrier was reported

for the Redwood Creek mains tern at a location just upstream

of the confluence with Snowcamp Creek at river kilometer

(RK) 96.0 (Janda et al. 1975). Surveys by this study

between Snowcamp Creek and Pardee Creek, the latter

entering the mains tern at RK 91.3, found several massive

woody debris accumulations with extensive volumes of

sediment stored behind them. It was quite possible that

one or several of these debris jams acted as a barrier to

migration, and they certainly would at low discharge.

Although rainbowjsteelhead trout were found upstream as far
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as SnowcampCreek, it is unknown whether these were

resident or anadromous fish. For the purpose of

quantifying accessible mainstem habitat the barrier

location identified by Janda et ale (1975) was used. It is

likely, however, that at least in years of minimal

discharge during adult migration, that these debris

accumulations define the upstream limit of anadromous fish

in the mainstem.

The accumulation of sediment in Redwood Creek at the

mouths of tributaries was found in many instances to be a

block to emigration of fry and juvenile fish during low

flows. Where this occurred, surface flow from the

tributary ceased when it entered the Redwood Creek channel,

apparently as a result of sub-surface percolation through

the sediment. This condition was far more common for lower

order tributaries with 54, 46, and 5 percent of accessible

third-, fourth-, and fifth-order tributaries, respectively,

affected. This condition did not occur in the Prairie

Creek drainage.

Accessibility of Tributaries by Anadromous Salmonids

None of the first and second order streams surveyed

contained any significant amount of rearing habitat (Fig.

14). Some of the first and second order streams directly

tributary to Redwood Creek had a short accessible reach

near their confluence. None of these streams, however, was

accessible for more than a tenth of a kilometer, the

minimum distance identified. Further, many of these
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streams were dry or had very low flows. Even those with

water had insufficient flow to reach all the way to Redwood

Creek during the low flow period. Finally, none of these

streams contained fish at the time they were surveyed.

Overall, these streams contribute little, if any, to summer

rearing habitat in the watershed.

All of the tributary rearing habitat identified in

the watershed occurred in third order streams or greater.

The transition between accessible and inaccessible

tributaries occurred at the third order rank. Thirty-five

percent of the third order streams surveyed were considered

accessible (Fig. 14). In contrast, 92 percent of the

fourth order streams surveyed had measurable access while

all fifth and sixth order streams were accessible to some

extent (Fig. 14).

The mean distance of accessible habitat increased

with stream order (Fig. 15). Therefore, increases in

access also coincided with increased watershed area (Fig.

16), and decreased stream gradient (Fig. 17). No stream

with a watershed area less than 0.9 km 2 or a gradient

higher than 0.37 m/m was identified with any accessible

habitat greater than 0.1 km, the shortest distance recorded

(Appendix A). Of those 10 tributaries with more than 1 km

of accessible habitat, none had a watershed area less than

6.8 km2 or a gradient higher than 0.11 m/m (Appendix A.)

(Fig. 18).



._--- .._._-,- ._~------ ---------------- ---·--·---~1

5

N=1

0 MEAN
4

+ MEAN+SO

'i; <> MEAN-SO
~

3
tI)
tI)
UJ
U ...
u
«
~« 2UJ
a: N=20t-
tl)

1

o n=6 n=23

n=26

1 2 3

STREAM ORDER

4 5 6

Figure 15. Mean and Standard Deviation of Length of Stream Accessible to Adult
Anadromous Salmonids in Tributaries, Segregated by Stream Order, Redwood
Creek, Humboldt County, California, 1980-81.



B...,.----------------------------------.

o

o

o
o

y = -0.14 + 0.14x, r 2 = 79.6, 101 d.f.

o

o
O_..iiIiIlBK3,.---.------r-----,-----,-----r----,----,-----i

4

2

6

en
en
UJ
u
u
~

o 10

Figure 16. Rdull Rnadromous Salmonid Access in Tributaries in Relation to Watershed
Rrea, Redwood Creek, Humboldt County, California, 1980-81.



8-.---------------------------------------,

o
-

6 -

-
o o

(J)
(J)
w
u
U
<t

4 -

0

00
-

0

00 0
2-

0
0

0
0- 0 8 000 00

0 8 8°§0 00
0

0 -
I~ I

0 0.1

o
8 0 0 0 8 0o nQ_n_g=_ ~ ~ _

I L..I~IL..I~ ........ ~L..I~~T~- T

0.2 0.3

GRADIENT (METER/METER)

I

0.4

Figure 17. Adult Anadromous Salmonid Access in Tributaries in Relation to Stream Channel
Gradient, Redwood Creek, Humboldt County, California, 1980-81.



40

UJ
UJ
W
U
U
<

30

20

10

o

45 %
-

-

-

-
21 %

-

-
9 %

- 6 %
4 % 4 % 3 %

I I I
3 %

2 " 2 % 1 %I I I I I I I I I
I I I I I I I I I I I

PRAIRIE LACKS MINOR COYOTE BRIDGE PNTHER TOM Me EMRLD BRDFD TOSSUP OTHERS

TRIBUTARIES

Figure 18. Oislribulion of Accessible Habital Among Tribulary Streams, Redwood Creek,
Humboldt Counly, California, 1980-81.



46

Much of the accessible tributary rearing habitat in

the watershed was concentrated in a minor percentage of

tributaries. Of the 47 accessible tributaries surveyed, 10

(19 percent) contained 79 percent of the habitat (Table 2)

(Fig. 18). Prairie Creek and its tributaries contributed

the greatest share by far with 45 percent of accessible

tributary habitat and 21 percent of all accessible habitat

in the watershed.

Of all accessible rearing habitat in the watershed,

the mainstem of Redwood Creek contained 54 percent, while

tributary streams contributed the other 46 percent (Table

3). For comparison purposes, the mainstems of Redwood and

Prairie Creeks were divided into their component order

segments in Table 3 since mainstem habitats changed

dramatically along their lengths. Sixth order reaches

dominated all other stream ranks with 52 percent of all

rearing habitat, most of which occurred in the mainstem of

Redwood Creek (Table 3). If only tributaries were

considered (including mainstem Prairie Creek), then fifth

order streams were dominant, also with 52 percent of the

total (Table 3).

Distribution and Abundance of Anadromous Salmonids

Steelhead trout were the most widespread and

numerous species in the watershed. Of all tributaries in

which salmonids were found, steelhead were absent from only

a few Prairie Creek tributaries (Table 2). In contrast,

anadromous cutthroat trout and coho salmon apparently were
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Table 2. Hierarchy of Tributaries With Habitat Accessible
to Anadromous Salmonids in the Redwood Creek
Basin, Humboldt County, California, 1980-81.

Stream

Prairiea

Lost Man

Access (km)
- ~-~

(36 . 1:t-'( 18 . 9+)b

4.7+

Stream
Order

7

6

Species/
Abundance

st/f,ct/s,co/sc

st/f,ct/s

Little Lost Man

Brown

Streelow

Godwood

Boyes

Skunk Cabbage

May

Lacks·

Minor

Coyote

Bridge

Panther

Tom McDonald

Emerald

Bradford/
Up. Panther

TOSS-Up

Lupton

Garrett

Noisy

Minon

McArthur

3.2

2.2

2.1+

2.1

1.4

0.9+

0.6

7.3+

4.7+

3.6+

3.2

2.8+

2.1

1. 8+

1.6

1. 2+

0.9

0.9

0.8

0.8+

0.8

4

4

5

4

4

4

5

5

5

5

5

5

5

4

5

5

4

5

5

5

5

st/s,co/f

ct/?,co/?

st/f,ct/s,co/f

st/s,ct/s

st/?,ct/?

ct/s

ct/f,co/f

stirn

stirn

st/m,co/x

st/m

stirn

st/s,co/x

st/f,ct/f

st/f

st/m

st/s

st/s

st/f

st/s

st/s,et/f
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Table 2. Hierarchy of Tributaries With Habitat Accessible
to Anadromous Salmonids in the Redwood Creek
Basin, Humboldt County, California, 1980-81.
(continued)

Stream

Karen

Gunrack

High Prairie

Sweathouse

Lake Prairie

Copper

Elam

Pilchuck

Emmy Lou

Captain

Wiregrass

Windy

Molasses

Squirrel Tail

Cashmere

Garcia

Mill

Devils

Snowcamp/
Smokehouse/
Twin Lakes

Forty-Four

Pardee

Simon

Access (km)

0.8+

0.8+

0.7

0.6

0.5

0.5

0.5

0.5

0.4

0.4

0.4

0.4+

0.4

0.4+

0.4

0.4

0.4

0.3

0.3

0.3

0.3

0.3

Stream Species/
Order Abundance

5 st/s,co/x

4 st/f,ct/f

5 st/s, ct/s

4 st/f

4 st/s

4 st/s

5 st/f

4 st/f,co/x

4 st/f

4 st/f

4 st/f

4 st/f

3 st/s

3 st/f

4 st/f

4 st/f

3 st/s

5 st/s

5 st/f

5 st/s

4 st/f

4 st/f
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Table 2. Hierarchy of Tributaries With Habitat Accessible
to Anadromous Salmonids in the Redwood Creek
Basin, Humboldt County, California, 1980-81.
(continued)

Stream Species/
Stream Access (km) Order Abundance

Cut-off Meander 0.3+ 3 st/f

Beaver 0.3 3 st/f

Bond 0.2 4 st/s

Slide 0.2+ 4 stlf

Dolason 0.2+ 4 st/f

Roaring Gulch 0.2 3 st/f

Jena 0.2+ 3 stlf

Miller 0.1 4 st/s

Santa Fe 0.1 3 stlf

Xmas Prairie 0.1+ 3 none

a Prairie Creek tributaries listed
b + = further access upstream, terminal barrier not found
c Species: Abundance:

st = steelhead trout x = single fish
ct = cutthroat trout s = some
CO = coho salmon ? = unknown



Table 3. Accessible stream Habitat for Anadromous Salmonids In the Redwood Creek Basin,
Humboldt County, California, 1980-81.a,b,c

Tributaries
Prairie Creek

Redwood Cr Watershed
Order Mainstem Mainstem Tribs Other All Tribs 00 Total 00

3 0.0 0.7 0.0 2.4 3. 1 (4) 3. 1 (2)

4 0.0 5.7 9.8 9.3 24.8 (31) 25.2 (14)

5 5.7 5.5 2.7 32.7 40.9 (51) 46.6 (26)

6 85.2 2.0 4.7 0.0 6.7 (8) 91.9 (52)

7 5.1 5.0 0.0 0.0 5.0 (6) 10.1 (6)

Total 96.0 18.9 17ij2 44.4 80.5 176.5
00 (54) (_11~ (1) (25) (46)

/

a stream distance in kilometers ~ (,. (

b most applicable to steelhead trout
c mainstems by component order, tributaries by ultimate order

l1'I
o
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limited in distribution. Outside of Prairie Creek and its

tributaries, very few cutthroat or coho were found (Table

2). Because of their morphological similarities it is

possible that some cutthroat fry may have been

misidentified as steelhead progeny. However, the absence

of only slightly larger, and easily identifiable, juvenile

cutthroat suggests that their presence was probably not

often overlooked.

Although chinook salmon occur in the watershed, as

expected, none were found by any of the surveys. Fall-run

chinook in California streams spend little time rearing in

up-river areas (Moyle 1976) and studies by McKeon (1985)

and Larson (1987) found that all naturally spawned juvenile

chinook in the Redwood Creek watershed apparently migrate

to the estuary well before the data collection period of

this study.

Percentage salmonid species occurrence tended to

increase with stream order (Fig. 19). Inaccessability

probably played the greatest role in the use of lower order

streams by salmonids, whereas habitat conditions gained

greater influence in higher order streams.

Stream order had a greater influence on relative

abundance since the largest tributaries tended to have the

largest salmonid populations. The electroshocker, in

shallow water (less than 1 meter), and mask and snorkel, in

deeper water (greater than 60 ern) were found to be the most

effective for determining abundance. In many instances
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observation of fish from the stream bank was sufficient to

categorize abundance. Mean relative abundance values

increased from zero for first and second order streams, to

a value of 5.0 for Lost Man Creek, the lone sixth order

tributary (Fig. 20). By definition, higher order streams

tend to have larger channels and greater discharge than

lower order streams (Strahler 1957). ,Therefore, this

abundance measure does not recognize that streams which

vary in order, with identical abundance ranks, may have

different fish densities. In addition, abundance values

were most representative of downstream reaches for

tributaries with access exceeding 0.5 km. Tributaries with

more accessible habitat had more variable fish densities

with the greatest densities usually occurring in downstream

reaches, where most spawning habitat occurred, and

decreasing with distance upstream.

Study Sites

Site Characterization

Since all sample sites were the same length,

differences in surface area and volume are reflective of

channel cross-section and discharge at each site (Table 4,

Appendix B). Mill Creek was the only third order site

sampled and had the smallest wetted surface area and volume

measured. Conversely, Redwood Creek the only sixth order

site, had the greatest surface area measured, two and one­

half times that of Mill Creek, and one of the greater
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Table 4. Select.ed Physica 1 Stream Data From 12 Sit.es In t.he Redwood Creek Basin,
Humboldt County, California, 1981.

Watershed Gradient Surface Mean Mean
Site Order Area site dnstrm Flow Area Volume Depth Widt.h

a b c d e f 9
Prairie 4 8.5 0.02 37.9 216.6 31.1 14.2 3.8

Streelow 5 7.5 <0.01 0.01 66.6 194.6 37.5 17.7 4.0

litt.le lost. Man 4 10.2 0.04 0.02 5.1 204.4 14.6 7.7 3.9

Tom McDonald 5 18.0 0.01 0.01 47.3 185.2 34.4 18.4 3.5

Emerald 4 7.8 0.04 0.06 5.7 176.6 12.6 6.8 3.3

Pant.her 5 15.4 0.04 0.09 58.9 171. 5 20.9 11.8 3.2

lacks 5 44.0 0.04 0.03 15.6 243.7 31.6 12.4 4.7

Mill 3 3.5 0.06 0.06 9. 1 104.2 5.8 5.5 2.0

Toss-up 5 6.8 0.04 0.04 8.2 130.7 11.9 8.1 2.5

Minon 5 11. 1 0.05 0.08 2.8 116.8 8.6 7. 1 2.3

Lake Prairie 4 8.8 0.07 O. 11 46.4 248.1 21.8 9.5 4. 1

Redwood 6 66.9 0.03 18.4 261.1 30.7 11.5 4.9

a upst.ream of sit.e, square kilomet.ers d square met.ers
b st.ream gradient. wit.hin sample sit.e and e cubic met.ers

downstream to confluence, met.er per met.er f cent.imeters
c near sample site, in Ii t.ers per second 9 met.ers U1

U1



56

volumes, over five times that of Mill Creek. The Streelow

Creek site had the greatest measured volume and discharge,

as well as the lowest site gradient.

Percentage depth greater than 15 cm varied from

only four percent at Mill Creek to 59 percent at Streelow

Creek (Fig. 21). Only half- of the sites had any depths

greater than 45 cm, and even in these streams the amount of

habitat this deep was limited. Tom McDonald Creek had the

greatest amount with nine percent of its total over 45 cm

depth.

Frequency of fish cover elements at each site

ranged from a total of 7 (6 percent) at Lake Prairie Creek

to 26 (22 percent) at Prairie Creek (Fig. 22). Cover

associated with large rocks and boulders was by far the

most common overall. Only at Prairie, Streelow, and

Emerald Creeks were other individual cover types as, or

more, common.

Salmonid Populations

Scales from a limited sample of 68 trout (59

steelhead, 9 cutthroat) of selected sizes from throughout

the basin were analyzed and three age classes were found

(Fig. 23). Length-frequency of steelhead trout captured

during site sampling also suggests that three age classes

occur (Fig. 24). Fish less than 90 mm fork length (mm FL)

were considered young-of-the-year (0+). Steelhead greater

than 90 mm FL were deemed yearling or older (1+ and 2+). A

great deal of overlap in size ranges occurred between age



100 -.-------------------------------------,

80

w
(!)

< 60I-
Z
W
U
a:
w
a.

~ 40 --{...-~...."
H
en

20

DEPTH CATEGORIES: c==J 15-30CM

IS:SJ 30-45CM

~ >45CM

PRA STR LLM TMC EMD PTR LKS MIL
SAMPLE SITES

TSP MIN LKP RWD

Figure 21. Percentage Depth Composition of Sample Sites, Redwood Creek, Humboldt County,
California, 1981. See Methods Text for Site Identification.



"'- ..- "~--_.._-- -_.._~-- . _.-•.,------ .... ,_.. ~.~-~----_.._-_. --_..-....--_.~-

1.. \

40
COVER TYPES: rs=sJ CUTBANK ~ OVERHANGING VEGETATION

c=J ROCK IZZI WOOD

30 ~ SURFACE TURBULENCE

22% PERCENT OF SITE
--1 / BY SURFACE AAEA 1B%«
t-
o 16%t-

w
> 20H 19%t-
«
--1
:::J
~
:::J
u 17%

9%
10 10% 16% 15%

6%

PRA STA LLM TMC EMD PTA LKS

SAMPLE SITES

MIL TSP MIN LKP AWD

Figure 22. Cover Type Frequency at Sample Sites with Percentage of Cover by Surface Area
Noted, Redwood Creek, Humboldt County, California, 1981. See Methods Text
for Site Idenlification.

l1'I
(X)



20

CJ 0+

lS:SJ 1+

15 ~ 2+

>­uz
W
::l 10a
w
a:
LL

5

55-75 75-95 95-115 115-135 135-155

LENGTH (MM)

155-175 175-195 195+

Figure 23. Age-Length Relationship of Steelhead and Cutthroat Trout Captured in Mainste.
and Tributaries, Redwood Creek, Humboldt Coun~y, California, 1980-81.

111
\0



266 528 297 173 48

~ -----_.---.~.,....._.._--.
. _.- .._- __.. __ _-- -... . _-,.~..-.' ._._~._.,' ._"--. -,,_. -. -~'_-.- •..,",

·"A'S

30

20

>­u
z
W
::J
CI
W
a:
I.L

10

o

r-- .--- ~ r-- .--

-
-

-
- .-----

- .-----

- -
-

-

-
.--

-
.--

- r--

-

- .--

- Iln 11
I I , I I I I I I . I

20 40 60 80

LENGTH (MM)

100 120 140

(MIDPOINT OF INTERVAL)

160 180 200

Figure 24. Length Frequency of Steelhead Trout Captured at Sample Sites, Redwood Creek,
Humboldt Count.y, California, 1981.

0\
o



r
!

I
I

I
!

61

groups and the 90 mm cut-off length appeared to present the

best compromise and also generally agreed with results from

another study of Redwood Creek (Larson 19B7) as well as

information reported for juvenile steelhead trout in other

northern California streams (Burns 1971,1972; Hamilton

1983). Although fish captured at the sample sites were not

aged, those longer than 90 mm FL probably consisted almost

entirely of fish in their second (1+) or third (2+) years

of life. The relative contribution of older age classes to

the population were not definable based on the sample site

length-frequency data, therefore they were treated as a

single group in comparisons. Neither this study or that by

Larson (1987) found steelhead juveniles in Redwood Creek

with more than 3 years of stream residence. Shapovalov and

Taft (1954) in their study of Waddell Creek found that most

steelhead trout emigrated prior to completing their third

year of freshwater residence.

Cutthroat trout and coho salmon were not often

captured. As a result, the age-size relationship and

population age structure for these species are less

certain. All captured coho juveniles were presumed to be

young-of-the-year fish (Fig. 25). Coho salmon spend but

one year rearing in freshwater prior to out migration in

the southern part of their range (Shapovalov and Taft 1954,

Moyle 1976). Anadromous coastal cutthroat trout adults

migrate and spawn coincident with winter steelhead, and

juvenile cutthroat in Oregon streams appear to grow at
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approximately the same rate as steelhead found in Redwood

Creek (Sumner 1962, Lowry 1965). I assumed that juvenile

cutthroat in the basin grew at the same rate as juvenile

steelhead in their first few years of life prior to

downstream migration. Therefore, 90 mm FL was also used to

separate 0+ from older cutthroat.

Trout less than approximately 70 mm FL proved

impossible to distinguish by species in the field using

morphological characters. Therefore, captured trout less

than 90 mm FL in streams with known sympatric populations

were combined in the young-of-the-year age class. Trout

larger than 90 mm FL were easily identified to species by

morphological characters. Based upon the lengths of the

smallest sea-run cutthroat captured in other studies

(Sumner 1962, Lowry 1965), I assumed that none of the

cutthroat captured in this study had yet migrated to salt

water (Fig. 26).

Steelhead trout occurred at all sample sites while

cutthroat trout and coho salmon were only found at the

Prairie and Streelow Creek sites (Table 5; Appendix C). At

Prairie and Streelow Creeks, cutthroat (1+ and older) and

coho dominated steelhead trout both in numbers and biomass.

Steelhead populations for all sites were dominated by

young-of-the-year fish. Only at Streelow Creek did

yearling trout represent greater than 15 percent of the

steelhead population by number. With the exception of

Panther Creek, the biomass of young-of-the-year steelhead
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Table s. E~timates of Numbers and Biomass for Juvenile
Anadromous Salmonid Populations at 12 Sites in
the Redwood Creek Basin, Humboldt County,
California, 1981.

Site

Prairie

Species

st/cta

st
ct
co

Age .!!Q.:.

O+b 28
1+ 1
1+ 8
0+ 38

Numbers
CI pet

37
1

11
51

Biomass
total pet

67 c 17
14 4

155 39
160 40

Streelow

Little
Lost Man

Tom
McDonald

Emerald

Panther

Lacks

Mill

Toss-up

Minon

Lake
Prairiee

st/ct
st
ct
co

st
st

st
st

st
st

st
st

st
st

st
st

st
st

st
st

0+
1+
1+
0+

0+
1+

0+
1+

0+
1+

0+
1+

0+
1+

0+
1+

0+
1+

0+
1+

0+
1+

8
3

15
10

74
6

24
2

21
3

91
16

289
12

91
3

262
5

98
4

23
3

+ 8

+ 70

+ 15

+ 42

+ 10

22
8

42
28

92
8

92
8

88
12

85
15

96
4

97
3

98
2

96
4

88
12

56
34

385
88

163
55

137
35

86
49

218
325

549
227

191
35

498
160

137
60

51
41

10
6

68
16

75
25

80
20

64
36

40
60

71
29

84
16

76
24

69
31

55
45

Redwood st 0+ 633 + 52 97 1266 82
st 1+ 20 3 282 18

~ st = steelhead; ct = cutthroat; co = coho
0+ = young of the year, 1+ = yearling and older

c total biomass = estimated number X mean weight (grams)
d Confidence Intervals: pop. <50 = no est.;

pop. 50-200 = 90%CI; pop.>200 = 95%CI (see Zippin 1958)
e equipment failure, numbers and biomass are total captured
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also exceed~d that of yearling fish at all sites. Due to

malfunction of the electroshocker at the Lake Prairie Creek

site, capture effort was not consistently applied or equal

between passes, therefore a population estimate was not

calculated.

Biomass densities were calculated for all salmonids

at each site (Fig. 27). Separate densities were also

calculated for young-of-the-year and juvenile (1+/2+)

trout, and coho salmon. Total densities were highest at

Redwood Creek and lowest at Emerald Creek. Total density

at Redwood Creek was over 7 times that at Emerald Creek,

most of the difference was attributable to young-of-the­

year densities. Juvenile trout densities were highest at

Streelow Creek and lowest at Tom McDonald Creek. Of the

two streams where coho were found Prairie Creek had a

higher density than Streelow Creek. Note that juvenile

trout density was much higher at Streelow Creek than

Prairie Creek.

Pearson product moment correlation coefficients

were calculated to examine the relationship between

salmonid biomass density and measures of habitat area at

all sample sites with the exception of Lake Prairie Creek.

The calculated r value for the correlation between biomass

density and stream surface area was significant at the 95

percent confidence level (r = 0.602, d.f. = 9, P = 0.05).

The correlation coefficient for biomass density and stream

volume was not significant (r = 0.422, d.f. = 9, P = 0.05).
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The ~orrelation between size of young-of-the-year

salmonids, represented by mean length, and salmonid density

was also calculated. A significant negative correlation

was found (r = -0.630, d.f. = 9, P = 0.05).
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DISCUSSION

Species Distribution

As in past surveys of Redwood Creek, I found steel-

head trout to be the most widely distributed and abundant

salmonid rearing over the summer in the basin (CDFG no

date; Iwatsubo et al. 1976) (Fig. 19) (Table 5). However,

steelhead were noticeably less abundant, and in some in-

stances absent, in reaches of Prairie Creek and its trib-

utaries that were occupied by cutthroat trout, or cutthroat

and coho salmon (Table 2). In contrast, cutthroat trout

and coho salmon were uncommon outside of the Prairie Creek

system (Table 2).

The distribution of steelhead and cutthroat trout

in the Redwood Creek watershed was strikingly similar to

that reported by Hartman and Gill (1968) for British

Columbia streams. That study found cutthroat predominated

in smaller watersheds or low gradient reaches which mean-

dered through meadowlands. Steelhead, on the other hand,

predominated in streams with larger watersheds (>120 km 2),

mainstem reaches, and streams with steep gradients. In

streams where both species occurred, they found that cut-

throat were predominant in small tributaries and headwaters

while steelhead occurred in the lower reaches and mainstem.

Although cutthroat have been found throughout the

watershed (Dewitt 1954; CDFG no date; and this study), they

69
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were most abundant in Prairie Creek and its tributaries

(Table 2), and apparently always have been (CDFG no date).

Much of Prairie Creek and many of its tributaries have the

small channels or low gradient slough-like reaches de­

scribed above. Tributaries outside of the Prairie Creek

basin were generally larger and steeper when compared by

order, and they were dominated by steelhead. In addition,

surveys conducted during this study along the mains tern of

Redwood Creek, upstream from the confluence of Prairie

Creek, found only steelhead trout.

The distribution of anadromous cutthroat in the

basin, exclusive of Prairie Creek, was somewhat confused by

the reported occurrence of resident cutthroat populations

in the upstream reaches of tributaries. The effectiveness

of some migrational barriers undoubtedly has changed from

year to year and anadromous cutthroat progeny will appar­

ently coexist with resident populations, therefore suspect­

ed resident cutthroat may in fact be the progeny of anad­

romous adults (Michael 1983). Resident rainbow trout were

also reported to occur in the watershed, upstream of an

anadromous fish migrational barrier in Devil's Creek (CDFG

no date).

In contrast to the stream type and reach segrega­

tion displayed by cutthroat and steelhead trout, coho salm­

on often occur in the s arne stream reach with ei ther of

these trout species, although they do segregate by habitat

type (Hartman 1965; Glova 1984). This study found few coho
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outside of the Prairie Creek stream system, although

individual~ were widely distributed in the lower half of

the basin. Past Department of Fish and Game surveys (CDFG

no date) have reported apparently significant coho

populations in the larger tributaries upstream of Prairie

Creek. For instance, a survey of Lacks Creek in July of

1953 found "many" steelhead, coho, and chinook juveniles.

More recent surveys in 1966 and 1975 report only the occur­

rence of steelhead. A survey of Panther Creek in June of

1975 reported "numerous" coho and steelhead juveniles.

Minor Creek was al so a stream in which runs of II salmon II

were found, but the species of salmon were not identified.

The California Fish and Wildlife Plan (State of California

1965) implied that upstream tributaries greatly contributed

to coho habitat in the basin.

Coho salmon have been considered far less abundant

than chinook salmon and steelhead trout in the basin in

recent decades (USDI 1960; State of California 1965), but

they may have been far more numerous historically (Janda et

ale 1975). Since the mid-1960's the escapement of wild and

hatchery produced adult coho returning to Oregon coastal

rivers and the lower Columbia River has declined

(Scarnecchia and Wagner 1980, McGie 1981). Increased

hatchery production of coho smolts in Oregon and

Washington, beginning in the early 1960's led to subsequent

increases in fishing pressure and harvest by ocean troll

fisheries along the entire coast (Fry 1975; Scarnecchia and
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Wagner 1980}. Biologists have also suggested that reduc-

tions in coho abundance may be due to density-dependent

mortality resulting from reductions in coastal upwelling

combined with large releases of hatchery reared smolts

(McGie 1981, Nickelson 1983).

Returns to Prairie Creek Fish Hatchery declined

dramatically during the '70s and early '80s (Hofstra 1983),

reflecting the coastwide downward trend in overall escape-

ment (Scarnecchia and Wagner 1980; PFMC 1981; GAO 1983).

In light of this information it appears likely that over-

all coho escapement to the basin, especially that of

naturally spawned fish, was greatly reduced prior to this

survey.

The condition of freshwater habitats certainly also

plays an important role in the production of coho salmon

(e.g., Reiser and Bjornn 1979, McMahon 1983, Johnson 1984).

Janda et ale (1975) speculated that coho salmon may have

been more negatively affected than other anadromous species

by increased sediment loads in the Redwood Creek basin.

They attribute the possible advtrse impacts to; (1) the

timing of coho spawning, resulting in a greater suscepti-

bility of coho spawn to gravel-transporting floods, and,

(2) channel aggradation, which resulted in the filling of

pools that are preferred summer rearing habitats of coho.

The straying of returning hatchery reared fish may, in

part, have been responsible for the, relatively stronger

showing of coho in the Prairie Creek system. Generally,
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Prairie Creek has also not been subject to the extensive

sedimentation that has occurred in the remainder of the

basin (Janda et ale 1975).

Access

The quantity of accessible spawning and rearing

habitat within the watershed likely varies by fish species

because of physical abilities, run timing, and habitat

requirements. For instance, adult steelhead trout have

been reported to be faster swimmers and able to sustain

higher swimming speeds over a longer period of time than

other anadromous salmonids (Reiser and Bjornn 1979). A

possible case in point was a woody debris jam that occurred

on Bridge Creek, tributary to Redwood Creek within the

National Park. Prior to intentional modification by the

Park Service, this debris jam was known to be a barrier to

upstream passage of chinook salmon but not steelhead trout.

It was not known whether the differential access was be­

cause of the unique physical abilities of steelhead or the

timing of the run occurring coincidently with increased

streamflow which allowed steelhead to circumvent the bar­

rier (Narver 1971).

Accessible habitat may also not be used because of

species requirements with respect to substrate composition,

water depth and velocity, and other associated factors

(Briggs 1953; Reiser and Bjornn 1979). It appears the

accessible habitat total identified in this study was most
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relevant for steelhead trout, based upon the distribution

of juvenile fish. To accurately define the accessible

habitat for different species in the watershed would be

difficult because of poor visibility that often occurs

during the high water periods when anadromous adults are

migrating and spawning, limitations on access to remote

locations during the spawning period, and underuse of suit­

able habitats by reduced populations.

Barriers to Migration

Elimination of access to historic habitats has been

one of the major causes of reduced anadromous salmonid

production in the Pacific Northwest (PFMC 1979). Dam

construction has been by far the greatest cause of habitat

loss in California rivers and streams, although northcoast

waterways have been impacted by dams to a lesser extent

than those of the Central Valley (PFMC 1979).

The Prairie Creek Hatchery dams on Lost Man Creek

are the only permanent dams that are known to have been

constructed within the Redwood Creek basin. Temporary

gravel dams are constructed annually during the summer on

the mainstem of Redwood Creek to impound water for

recreational use. During this study most temporary dams

were found within the reach between the confluence of Lacks

Creek at RK 45.3 and the Lupton Creek confluence at RK

72.3. These dams may impede the migration of summer-run

steelhead trout since none of the dams observed had any

provisions for fish passage. Temporary dams are removed in
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the fall prior to the onset of the rainy season and as such

miss the migration periods of most anadromous salmonids in

the basin.

Timber harvest and road construction have been the

two land use practices in northern California most likely

to result in the creation of migrational barriers, and both

have been particularly common in the Redwood Creek basin

(Best 1984). The accumulation of slash and larger logging

debris in streams can form impassable woody debris jams

(Chamberlin 1982). Road construction, often associated

with timber harvest, may cause migrational barriers when

stream crossings have not been designed to allow fish

passage (Yee and Roelofs 1980).

Most woody debris jams were located on third order

and larger tributaries (Fig. 13). Woody debris tends to be

randomly distributed in first and second order streams

since they usually do not have the power to mobilize large

organic material (Keller and Tally 1979; Pitlick 1981).

Debris jams were often associated with past logging activi­

ties. Debris jams may be modified by major discharge

events; however, jams which incorporate large redwood logs,

can be very persistent stream features (Keller and Tally

1979).

The amount of potentially usable anadromous salmon­

id habitat that occurs above debris jams in the watershed

was not quantified. Studies by Sedell et ale (1984) on

Oregon streams found that, although access may be
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significantly affected on individual streams, on a wa­

tershed basis, debris jams limited fish access to but a

minor percentage of usable habitat. Based on their loca

tion in the tributaries surveyed, woody debris jams do not

significantly limit access in the Redwood Creek watershed

either, although some larger tributaries, such as Bridge

Creek, do have reaches greater than 1 km in length that are

blocked by apparently impassable woody debris jams.

Road culverts were uncommon barriers in the basin.

Those that were found occurred on small streams and did not

block access to significant stream reaches (Fig. 13).

Stream gradient and bedrock waterfalls, migrational bar­

riers of geologic rather than human origin, were more

common than woody debris jams or road culverts. Excessive

stream gradient and bedrock waterfalls together accounted

for 71 percent of all barriers identified (Fig. 12).

Excessive gradients were most common in smaller

order streams although most tributaries upstream of Prairie

Creek have relatively steep gradients reflecting the steep

inner gorge along Redwood Creek throughout much of the

basin (Janda et al. 1975). Seventy-one percent of the

streams in which gradient formed a barrier to migration

were third order or smaller (Fig. 13). Stream gradient has

long been recognized as an important factor in the distri­

bution of fishes (Trautman 1942; Burton and Odum 1945; Huet

1959; Hocutt and Stauffer 1975), although previous studies

concentrated on its effect upon stream habitat character
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rather than ~tream access. Overall, gradient was probably

the single most important factor affecting anadromous sal­

monid access in the Redwood Creek basin.

Many studies have examined fish distribution with

respect to stream order. Of those which used order

designation criteria similar to this study (Kuehne 1962;

Whiteside and McNatt 1972; Lotrich 1973; Platts 1979), all

found fish species using first and second order streams.

However, those studies reported mean stream gradients for

first order streams that ranged from 0.5 to 10 percent,

compared to the 30+ percent gradients measured for the

lower sections of first and second order tributaries in the

Redwood Creek basin.

All waterfall barriers occurred in third order and

larger tributaries (Fig. 13). Most waterfalls occurred

well upstream on tributaries, and as with most debris jams,

on the whole did not block a major percentage of

potentially usable habitat. The major exception was the

waterfall on Devils Creek which blocked access and use of

all but 0.3 km of that fifth-order stream.

Quantification and Distribution of Habitat

The California Fish and Wildlife Plan (State of

California 1965) reported that the Redwood Creek basin

contained 110 (177 km) and 112 (180 km) accessible stream

miles for coho salmon and steelhead trout, respectively.

Accessible habitat identified in this study totaled 176.5

km (Table ,3). With the addition of remaining unsurveyed
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areas; third and fourth order tributaries and the upper

reaches of larger tributaries such as Minor and Lacks

Creeks, the total accessible habitat reported for this

study is in close agreement with the State Plan. The Fish

and Wildlife Plan (State of California 1965) did not

identify the amount of habitat attributable to the mainstem

or individual tributaries.

The total distance of accessible habitat was

slightly greater in the mainstem (54 percent) than in

tributary streams (46 percent) (Table 3). First and second

order streams directly tributary to the mainstem or to

accessible reaches of tributaries upstream of Prairie Creek

were not accessible to any fish species because of their

steep gradients. There may have been some second order

tributaries in the Prairie Creek watershed that were

accessible to juvenile salmonids, but if so they were few,

and so small that they would be of little significance.

Platts (1979) examined fish distribution in first

through fifth order Idaho streams. He found resident

salmonids in first and second order streams but only third

though fifth order streams provided spawning and rearing

habitat for anadromous salmonids. In the Redwood Creek

basin, only third order and larger tributaries were found

to be accessible (Fig. 14), but 86 percent of the

accessible tributary habitat was in fifth order and larger

streams (Table 3). Nine of the 10 tributaries with the

most accessible habitat were fifth order and higher (Fig.
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18). All accessible mainstem habitat was also fifth order

and higher (Table 3).

Late-Summer Rearing Space

Limits on space have been cited as one of the most

important factors affecting salmonid densities in streams

(Reiser and Bjornn 1979). The late-summer period of low

stream flow has generally been considered to be when

habitat availability is most constrained, and conditions

most stressful, for salmonids rearing in California coastal

streams (Burns 1971; Denton 1974). Increased flows during

the summer low flow period have been related to increased

survival of stream rearing salmonids (Havey and Davis 1970;

Scarnecchia 1981). Rearing space in Redwood Creek

tributaries was affected both by natural low flows and

reduced habitat diversity caused by aggradation of

sediment.

Low Stream Flows

Lower order streams tend to be intermittent or dry

during low flow periods (Whiteside & McNatt 1972; Lotrich

1973; Tramer 1977; Platts 1979) and those in the Redwood

Creek watershed were no exception (Janda et al. 1975).

Surveyed first and second order streams had little or no

flow, and even some third and fourth order tributaries had

no measurable discharge (Fig. 7). Only in fifth and higher

order tributaries did all streams have measurable

discharge. During surveys in 1980, most of the Redwood
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Creek mainstem upstream of Pardee Creek was also dry.

The detrimental effect of low streamflow on the

quality and quantity of salmonid rearing habitat is widely

recognized and most contemporary salmonid habitat rating

indices incorporate measures of baseflow conditions and/or

habitat quantity and quality in one form or another (e.g.,

Bovee 1978; Binns and Eiserman 1979; Nickelson et al.

1979). Habitat Suitability Index (HSI) Models developed by

the u.s. Fish and Wildlife Service for rainbow (Raleigh et

al. 1984) and cutthroat trout (Hickman and Raleigh 1982),

and coho salmon (McMahon 1983) include several space

variables as components. Rainbow and cutthroat trout HSI

variables for the juvenile lifestage (1+ and older)

included pool abundance and quality, abundance of cover for

resting and predator avoidance, and baseflow volume (Figs.

28 and 29). The coho salmon HSI model for young-of-the-

year included pool abundance and size, and abundance of

instream cover (Fig. 30).

Both trout habitat indices for the juvenile life

stage (ages 1+ and older) use pool class rating as a

variable (Fig. 28). Based on depth and cover frequencies

observed at each of the sample sites (Figs. 21 and 22), no

site had a pool class suitability rating above 0.3 on a

scale of 0 to 1. A rating of less than 0.4 indicates low

habitat quality for a given variable and identifies it as a

probable limiting factor (Hickman and Raleigh 1982; Raleigh

et al. 1984). Proportion of pools of sufficient size (Fig.
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• First-class pool: Large and deep. Pool depth and size are suffi­
cient to provide a low velocity resting area for several adult
trout. More than 30% of the pool bottom is obscured due to depth,
surface turbul ence, or the presence of structures, such as logs,
debris piles, boulders, or overhanging banks and vegetation. Or,
the greatest pool depth i s ~ 1.5 min streams S 5 m wide or ~ 2 m
deep in streams> 5 mwide.

• Second-class pool: Moderate size and depth. Pool depth and size
are sufficient to provide a low velocity resting area for a few
adult trout. From 5 to 30% of the bottom is obscured due to surface
turbulence, depth, or the presence of structures. Typical second­
class pools are large eddies behind boulders and low velocity,
moderately deep areas beneath overhanging banks and vegetation.

Third-class pool: Small or shalloW' or both. Pool depth and size
are sufficient to provide a low velocity resting area for one to a
very few adult trout. Cover, if present, is in the form of shade,
surface turbul ence, or very 1imi ted structures. Typi ca 1 thi rd-cl ass
pools are wide, shallow pool areas of streams or small eddies behind
boulders. The entire bottom area of the pool is visible.

Figure 28. Pool Class Rating Variable From Rainbow and
Cutthroat Trout Habitat Suitability Index
Models (Hickman and Raleigh 1982; Raleigh et
al. 1984).
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Figure 29. Percentage of Instream Cover, Percent Low-flow
Pools, and Average Annual Base Flow Variables
From Rainbow and Cutthroat Trout Habitat
Suitability Index Models (Hickman and Raleigh
1982; Raleigh et al. 1984).
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Figure 30. Percentage Low-flow Pools, proportion of Pools
with Sufficient Size and Canopy, and Percent
Cover Variables From the Coho Salmon Habitat
Suitability Index Model (McMahon 1983).
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30) and total percentage of pool area during the low flow

period (Figs. 29 and 30) also would have received low

suitability ratings at all sample sites.

Percentage instream cover present at the sample

sites based upon the criteria of Nickelson et ale (1979)

would have been rated at generally high suitability levels

for trout at most sites (Fig. 29). However, Nickelson et

a1. (1979) consider a minimum depth of 5 cm as sociated with

a cover feature to be sufficient, while the trout HSI

models consider 15 cm to be the minimum depth necessary.

Cover for coho salmon would have been rated at low

suitability levels regardless of the depth criteria (Fig.

30).

Of interest and potential relevance to the Redwood

Creek basin, is the role that extensive timber harvest may

have had in the reduction of low flow period discharge.

Timber harvest has typically been found to cause increased

runoff in logged areas due to decreased evapotranspiration

and interception of precipitation (Chamberlin 1982).

However, a study in Oregon found that clear-cut logging in

a small watershed resulted in significantly decreased

discharge during the low flow period (Harr 1980). The

cause of the decrease has been tentatively attributed to a

reduction in fog or cloud interception, i.e. "fog drip", by

the forest canopy. A study conducted in the Eel River

basin (Azevedo and Morgan 1974), which reported fog drip

measurements up to 42.5 cm (16.7 in.) under an 18-meter

-
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Douglas-fir tree suggests that fog drip may be a

significant contributor to stream flow in some Redwood

Creek tributaries during the late-summer and early-fall.

It is hard to imagine that the removal of many acres of 200

to 300-foot tall trees has not had some effect upon fog

drip interception, especially in those sub-basins nearest

the coast.

Stream Sedimentation

The tremendous volume of sediment that was

deposited in the main channel of Redwood Creek as a result

of the 1964 flood event has not appreciably decreased,

although it has been redistributed further downstream

(Madej 1984). Total recovery from this aggradational event

is likely to require more than one-hundred years (Madej

1984). Extensive sedimentation also persists in the

tributaries of the watershed (Pitlick 1982).

For the most part, the majority of sediment stored

in tributaries occurs in their lower (downstream most) half

(Pitlick 1982), coincidently where most accessible

anadromous salmonid habitat occurs (Figs. 9-11). Past

reports have documented' the effects that extensive

sedimentation has had upon anadromous salmonid habitats

(Dewitt 1964; Fisk et ale 1966; Janda et al 1975; Nolan and

Janda 1979), including channel widening, change in

substrate composition, and filling of pools. This study

also found that sedimentation continues to degrade physical

habitat for rearing salmonids.
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Sedimentation exacerbates habitat reduction during

naturally occurring low-flow conditions. Quality and

quantity of pool habitat was obviously limited at many

sites, especially those outside of the Prairie Creek

watershed (Figs. 21-22, and 28-30). Unstable stream banks

do not provide cutbank or overhanging vegetation cover and

sediment accumulations bury woody debris (Fig. 22). All

are considered to be quality rearing habitat features, and

all were limited in streams outside of the Prairie Creek

drainage.

Sediment aggradation at the mouths of tributaries

that blocked fish emigration during low flows may have been

detrimental to fry and juvenile survival (Appendix A).

Fish that remained in these streams risked increased

mortality from predation as flows decreased, and certain

death in the event that streamflow became intermittent or

ceased (Tramer 1977). Steelhead/rainbow trout fry are

apparently able to reduce territory size in response to

crowding (Hartman 1965, Rimmer 1985), unlike coho salmon

(Chapman 1962). Therefore, trout may be more likely to

remain in streams as flows decrease and perhaps become

trapped. Resulting high fish densities may also be

reflected in lower growth rates (Rimmer 1985). Data from

this study showed a significant negative correlation

between size (mean length) of young-of-the-year (age 0+)

trout and their density. However, dates of emergence at

the sites were not known and may have greatly influenced
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the relationship between fish size and density since

streams with larger fry may have simply had earlier

spawners.

Salmonid populations

Stream surveys and site sampling found that mean

total numerical and total biomass densities of salmonids in

tributaries and upper mainstem reaches generally increased

with stream order (Figs. 20 and 27). Unfortunately,

inadequate sampling did not allow for comparisons of

tributaries with all mainstem reaches.

Platts (1979) found increased densities of total

fish numbers with increases in order, and Lotrich (1973)

found increases in both total numbers and biomass densities

of fish with increasing stream order. The former study was

conducted on the South Fork of Idaho's Salmon River, where

chinook salmon and rainbow trout were the most abundant

species, whereas the latter study occurred on the Clemons

Fork, a warmwater stream in eastern Kentucky.

Platts (1979) also found that fourth and fifth

order reaches together contributed 75 percent of the fish

standing stock in the study area. Although a total

percentage can not be determined using the data gathered

for this study, based upon length of tributary reach per

order (Table 3) and mean relative abundance of salmonids

per order (Fig. 20) it appears that fifth order reaches

make the greatest contribution to the number of salmonids
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in tributary streams with at least 51 percent of the total.

Fourth and sixth order reaches make smaller but likely

significant contributions to total numbers, while third

order reaches support the least number of fish overall.

The contributions of lower Prairie Creek and most

of the Redwood Creek mainstem to fish production in the

basin were not evaluated by this study. Dewitt (1954)

sampled a 779-ft section of lower Prairie Creek and found

only 0.71 salmonids per linear meter. Based upon limited

observations by this author and others (Keller and Hofstra

1983) much of the mainstem of Redwood Creek has spotty

distributions of salmonids during the summer low flow

period and the population estimates for the upper mainstem

sample site are probably only representative of a limited

area.

Burns (1971) in a study of northern California

streams, found total salmonid density to be significantly

correlated with measures of stream surface area and volume.

For sample sites in the basin I also found a significant

correlation between surface area and total salmonid

densities, but that did not hold for stream volume (see

Results). Although the correlation coefficient calculated

for salmonid density and stream surface area may have been

significant, it was barely so, and not nearly as strong as

the relationship found by Burns (1971).

Several explanations may account for the weakness

or lack of correlation. For instance, stream sites may
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have been greatly underseeded, and therefore not at

carrying capacity. As a result of his studies, Burns

(1971) rejected the hypothesis that most northern

California streams reach carrying capacity during the

summer low flow period. Another explanation may be that

neither surface area, nor volume, adequately describe

habitat availability when habitat quality has been

degraded. Two streams could have similar wetted surface

areas but much different values for cover, depth, -and other

regulating factors. Gorman and Karr (1978) also noted that

as stream flows are reduced, fish are forced into habitats

that they would not otherwise select. In addition,

steelhead populations, and perhaps cutthroat as well, may

not respond to changing habitat conditions in the same

manner as coho salmon (Hartman 1965), which are apparently

more sensitive to fish densities and habitat change

(Chapman 1962).

Biomass densities of al10patric populations of

steelhead trout (Fig. 31) and sympatric populations of

steelhead, cutthroat, and coho salmon (Fig. 32) estimated

by this study were compared with allopatric and sympatric

population densities from other studies around northern

California (Table 6). A visual comparison of the means and

standard errors for biomass densities suggests that Redwood

Creek anadromous salmonid populations are probably not too

different from those in other northern California streams.

Although, it is interesting to note that in light of the
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Table 6. S~udies Conduc~ed in Nor~hern California S~reams Repor~ing S~anding S~ock of
Sympatric and Allopa~ric S~eelhead Trout and Coho Salmon Popula~ions.

----~... - _. - ----_._-._-----_._-- .-......- --~---_ .._,. -- -_..._--._-~------- .-------- .._-----

1+ ~rou~ coho

a
Range of S~anding S~ock

Au~hor(s)

Burns 1971

S~ream/Loca~ion

b
Godwood Cr.,
Humbold~ Co.

Mon~h

July

0+ ~rout

0.12-0. 14 0.37-0.43 0.34-1.1

~o~al

0.84-1.67

N. Fk. Caspar Cr., Oct.
Mendocino Co.

0.70-1.03 0.43-0.58 0.15-0.81 1.61-1.94

Li~~le N.FK. Noyo Oc~.

R., Mendocino Co.
b

Bummer Lake Sep~. 1.33-2.88
Cr., Del Nor~e Co.

Burns 1972

S.Fk. Yager Cr.,
Humbold~ Co.

N.Fk. James Cr.,
Mendocino Co.

Aug.

Oct.

1. 02-1. 84 1. 83-2. 38

1. 84-2. 54

0.72-2.07

0.09-0.49

2.94-4.22

c
6.5

c
0.93-2.41

3.66-4.93

S.Fk. Caspar Cr., Oc~.

Mendocino Co.
0.49-1.71 0.21-0.52 0.55-0.81 1.49-3.04

Cross 1975

S.Fk. Yager Cr.,
Humbold~ Co.

Singley Cr.,
Humbold~ Co.

Aug.

Sept.

1. 34-2.26 0.41-1. 35 1. 75-3. 61

c
7.6-12.4
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Table 6. Studies Conducted in Northern California Streams Reporting Standing Stock of
Sympa~ric and Allopatric Steelhead Trout and Coho Salmon Populations.
(cont i nued)

Range of Standing Stock
Author(s) Stream/Location Month 0+ trout 1+ trout coho total

c
Harper 1980 Jacoby Cr., Aug. , 0.1-3.8 4.6-9.3

Humboldt Co. Oct.

Hamilton 1983 Nooning Cr., Aug. , 2.67-6.7 0.0-3.75 3.07-8.14
Humboldt Co. Sept.

d
Barnhart 1983 Browns Cr., Sept. 0.17-3.14 1. 99-6. 78 2.72-7.77
et al. Trinity Co.

d
Brock 1986 Red Cap Cr., Sept. 2.22-4.03 1.28-2.15 4.37-5.31

Humboldt Co.

Pennington 1986 Manzanita Cr., Sept. , 0.64-1.05 0.54-2.18 1.2-2.89
Trinity Co. Oct.

d c
Hassler 1986 Canyon Cr., Sept. 0.87-2.46 0.0-4.59 0.3-10.2
et al. Trinity Co.

a grams per meter squared
b cutthroat trout also present
c trout biomass not separated by age class; Hassler et al. separated some but not all

samples
d studies evaluated effects of stream habitat improvement projects; only pre-treatment

or control section data used
\0
W
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degraded conditions in the basin, and considering the HSI

models (Hickman and Raleigh 1982; McMahon 1983; Raleigh et

ale 1984), the mean allopatric steelhead density of 1+ and

older fish for Redwood Creek sites appeared noticeably

smaller than the mean for other northern California streams

(Fig. 31). In contrast, juvenile trout populations in

sympatry had higher mean biomass densities at Redwood Creek

sites than in other northern California streams (Fig. 32).

However, the two sites where sympatric trout and coho

populations were measured were two of the better sites,

with respect to physical habitat quality, that were

sampled.

A more rigorous statistical analysis to detect any

differences between salmonid densities in Redwood Creek

versus other streams seemed unwarranted and inappropriate

because of; (1) the small sample sizes collected for

Redwood Creek, (2) varying data collection methods between

studies, (3) widely separated sampling periods between

studies, and (4) the variation in population estimates at

each site that was not reflected in density values. High

variability, both spatially and temporally, in stream

salmonid populations is well recognized and often confounds

the detection of less than catastrophic population changes

in a reasonable study period (Burns 1971; Pella and Myren

1974; Lichatowich and Cramer 1979; Hall and Knight 1981).
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Management Recommendations

This study provides information that can be used to

guide future management decisions and rehabilitation

efforts at the National and State Parks and other

properties throughout the watershed. Perhaps the greatest

utility of this study is to document baseline conditions

against which the success of the rehabilitation efforts for

anadromous fish populations can be judged.

The Prairie Creek drainage is already recognized as

a unique feature of the Redwood Creek basin because of its

topography, regolith, and extensive undisturbed old-growth

redwood forests. Stream surveys revealed the importance of

the Prairie Creek drainage to coastal cutthroat trout and

coho salmon populations in the watershed. Future

management actions should seek to minimize disturbances in

this drainage basin to protect these salmonid populations.

The undisturbed reaches of Prairie"Creek reaches should

also be looked to as a model for future instream

rehabilitation measures in other Redwood Creek tributaries.

Prairie Creek contains habitat features such as cutbanks,

overhanging vegetation, and woody debris that were likely

common and important features in other tributary streams

prior to extensive logging and stream sedimentation.

Although summer rearing habitat appears to be the

obvious limiting factor to salmonid populations, the often

neglected role of winter habitat in many Redwood Creek

tributaries may also be of concern, especially for

--
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steelhead trout in the upper drainage basin. Steelhead

trout have been shown to seek out deep pools with cover

elements during periods of low temperature (Bustard and

Narver 1975). Unstable streams with a paucity of such

habitats may prove to be more detrimental to fish survival

in winter than summer. Future fisheries investigations in

the watershed upstream of the estuary should look more

closely at the relative contribution of selected mainstem

reaches to summer rearing habitat and over-winter survival

by steelhead trout. In addition, as part of the watershed

rehabilitation program being conducted by the National Park

Service, monitoring studies should be following changes in

habitat as well as fish populations.

If anything, this study should confirm that ongoing

rehabilitation efforts in Redwood National Park aimed at

stabilizing hillslopes and reducing sediment input to

streams are probably the best use of monies for

rehabilitating fish habitats upstream of the estuary. It

does not appear that there are any fish migration barriers

worth the effort or expense at this time to remove or

modify in the bas in. The key would seem to be to improve

existing habitats in downstream areas before introducing

fish to upstream areas of equal condition and questionable

need.

Any instream rehabilitation work that is performed

specifically for anadromous salmonids should concentrate on

the larger fifth and higher order streams identified.
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These streams should provide the greatest opportunity for

success with greater seeding by adults and more potential

habitat, i.e. larger stream size, higher low flows, and

greater accessibility.
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Appendix A. Selected Measurements and Field Observations of Tributaries In the Redwood
Creek Basin, Humboldt County, California, 1980-81

a Skunk Little Streelowl
STREAM Prairie Cabbage Lost Man Lost Man (Wolf) May/(Mae)

b
DATE 10/3-6/81 10/84 10/12180, 10/11-12/80 9128-30/81 NS

9/24-27/81
c

LOCATION E 5.1 W 6.2 E 9.8 E 10. 1 W 11.7 E 12.1
d

ORDER 7 4 4 6 5 5
e

AREA 104.0 6.0 10.2 32.2 7.5 5.0
f

GRADIENT 0.01 <0.01 0.03 0.01 0.01 0.02
~ (18.9) (1. 6) (1. 4) ( 1 • 9) (2.0) 0.6)
......
0 9

DISCHARGE 38 (1981) noest 5 <1980 234 67 <1981> 51 (983)
h

ACCESS MS/7-5.0, 0.9/+ 3.2/1 MS/6-4.3/I MS/5-1. 3 0.6/III
6-2.0, NFI/4-0.4/+ NF/4-0.4/I
5-5.5, NF2/4-NS WF/4-0.4/+
4-5.7,
3-0.7/VI-----1 I '0 ~ I.{ '""-

SPECIES MS/4-st/f, ct/s st/s, MS-st/s, MS-st/f, ct/f,
ct/s, co/f ct/f ct/s, co/f
co/s NF1-st/f, co/f

ct/s NF-ct/s
NF2-? !4F-ct/s

J
M(1,2),N,0 B,L(2), L<1,2,4), L(2,3,4),COMMENTS L(I,2,4), 0

M(l),N M(I,2),0 M(4),N,O,K 0,MO,5)



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM Godwood Boyes Brown HT Hayes McArthur

DATE 10/9/80 NS NS 8119/80 8/19/80 8/4180

LOCATION W 14.8 E 14.9 E 17.6 E 6.6 E 7.3 W 8.9

ORDER 4 4 4 3 3 5

AREA 4.7 5.2 4.9 1.0 1.5 9.9

GRADIENT 0.01 0.01 0.05 0.29 0.22 0.08
(2.1) (1. 2) (1. 4) (1. 0) (1. 1) <1.8)

DISCHARGE 55 noest 20 int dry 170

ACCESS 2. IIVI MS/4-1.1 MS/4-0.6 MINIIV MIN/IV 0.8/IV
NF/3-0.2/III NF/3-1.6/I
SF/3-0.1/I SF/3-NS

SPECIES st/s, MS-sb'? MS-ct/s st/f, none st/s,
ct/s ct/? coIf, co/x ct/f

NF-? NF-ct/s
SF-? coIf

SF-?

COMMENTS 0 L(4),0, M(1,5),0, 0(0.8), A B,K,L(1),
M( 1) L(2) He) M(3)

I-'
I-'
I-'



Appendix A. Selecled Measuremenls and Field Observalions of Tribularies in lhe Redwood
Creek Basin, Humboldl Counly, California, 1980-81 (conlinued).

Oscar
STREAM Elam Gans Soulh Chris Larson LC Cloguel

DATE 8/4/80 9/21/80 9/21/80 9/21/80 9/21/80 9/21/80

LOCATION W 10.4 E 11.3 E 12. 1 E 12.4 W 12.8 E 13.6

ORDER 5 2 2 4 2 3

AREA 6.5 1.2 1.2 1.8 0.3 3.0

GRADIENT 0.09 0.29 0.24 0.24 0.25 0.18
(l .2) (1. 2) 0.1) (1. 4) <1.1) (1. 2)

DISCHARGE 76 inl 4 7 low 2

ACCESS 0.5/1 NA/IV ~lIN/VI MIN/VI MINIV MINIVI

SPECIES st/f none none none none none

COMMENTS L( 1) A,C A,C A,C A A,C



Appendix A. Selec~ed Measuremen~s and Field Observa~ions of Tribu~aries in the Redwood
Creek Basin, Humbold~ Coun~y, California, 1980-81 (continued).

•



Appendix A. Selec~ed Measuremen~s and Field Observa~ions of Tribu~aries in ~he Redwood
Creek Basin, Humbold~ Coun~y, California, 1980-81 (con~inued).

STREAM Bridge GH 17 Dolason G GH 15.3 Airs~rip

DATE 8/83 8/30/80 8/30/80 8/29/80 8/29/80 8/29/80

LOCATION W 23.4 W 24.0 E 24.7 E 25.0 IJ 25.7 E 26.3

ORDER 5 3 4 3 1 2

AREA 29.5 1.2 2.2 2.0 0.2 1.1

GRADIENT 0.02 0.28 0.26 0.29 0.33 0.25
(2.2) (1. 3) (1. 2) <1.1) (1. 2) <1.2)

DISCHARGE noest noes~ int dry low low

ACCESS 3.Z/1 NA/IV 0.2/+ MINIIV MINIVI MINIIV

SPECIES st./m none st/f none none none

COMMENTS B,J(o),K, A C,D(0.1), A A A
L<1,2),
M(Z)

I



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt Count~, California, 1980-81 (continued).

STREAM GH 15.1 GH 15 GH 14 GH 13 Slide GH 11

DATE 8/29/80 8/29/80 8/29/80 8/29/80 8/29/80 8/29/80

LOCATION W 26.6 IJ 27. 1 W 27.2 IJ 27.5 E 27.7 W 27.8

ORDER 2 2 2 1 4 2

AREA 0.9 0.4 0.3 O. 1 3.1 0.6

GRADIENT 0.32 0.35 0.32 0.31 0.25 0.30
(1. 3) 0.2) (L 3) ( 1.1> (1. 2) (1.4)

DISCHARGE low low low low 2 int/2

ACCESS MIN/IV MIN/IV MIN/IV MIN/VI 0.2/+ MIN/IV

SPECIES none none none none st/f none

COMMENTS A A A A C,D(0.03), A,C

........
U1

. "~'



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humbold~ County, California, 1980-81 (continued).

STREAM GH 10 GH 8 Childs GH 7.2 GH 7.1 GH 7

DATE 8/29/80 8/29/80 8/29/80 8/29/80 8/29/80 8/29/80

LOCATION W 28.1 W 28.2 E 28.5 W 28.9 W 29.1 W 29.3

ORDER 1 1 2 2 2 2

AREA 0.3 0.2 0.7 0.4 0.5 0.6

GRADIENT 0.32 0.32 0.32 0.30 0.32 0.28
(1. 3) 0.3) (1. 3) (1. 4) <1.3) (1. 4)

DISCHARGE low 1 dry low low 9

ACCESS NA/IV MINIIV MIN/VI NA/IV NA/IV MINIIV

SPECIES none none none none none none

COMMENTS A A A A A A

..........
0\

II



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM Maneze GH 5 GH 4 Copper GH 3 Elf

DATE 8/28/80 8/28/80 8/28/80 9/20/80 8/28/80 8/28/80

LOCATION E 29.4 W 29.8 W 30.3 E 30.8 W 31.2 W 31.4

ORDER 3 1 2 4 2 ·2

AREA 0.8 0.4 0.5 7.4 0.6 2.0

GRADIENT 0.30 0.30 0.30 0.12 0.33 0.26
(1. 3) (1. 3) (1. 3) (1. 2) 0.2) (1. 5)

DISCHARGE low 2 int 10 4 5

ACCESS NAIl MIN/IV MIN/VI 0.5/IV NA/IV MIN/II

SPECIES none none none st/s none none

COMMENTS A A A B, C, C A
0(0.05),
He)



------- ------~----~---------- ---------, ---,-,_.- -----.---,------------------------------------ ------------------

Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (conlinued).

STREAM Lyon Devils Coyote Joplin NP 1 Panther

DATE 8..... 28 .....80 8.....23..... 80 9.....3/80, 8..... 27/80 8..... 27 ..... 80 8 ..... 26 .....80,
8/13 ..... 81 8..... 14,29-

30..... 81

LOCATION E 32.3 W 33.5 E 35.3 W 37.5 W 37.7 W 39.1

ORDER 3 5 5 3 2 5

AREA 0.6 18.0 20.4 1.8 0.6 15.4

GRADIENT 0.37 0.06 0.06 0.30 0.30 0.06
0.4) (1. 9) (1. 7) (1. 2) (1. 2) <1.3)

DISCHARGE dry 80 42 noest:. noesl 42(1980),
59(1981)

ACCESS MIN ..... VI 0.3/III MS .....5-3.1 ..... MIN ..... IV MINIIV MS ..... 5-2.4,
III 4-0.4 ..... +

SF .....3-0.4 ..... II
NF/4-0.1/+

SPECIES none st/s MS-st/m none none MS/5-st/m,
SF-st .....s, 4-sl ..... f

co ..... x
NF-st/f

COMMENTS A B,H,K, B,I(e) A A H,N
M( 1) ..........

(X)



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

K:.;.a:::.;r:....e:..:n-=-- L~e~e~_STREAM

DATE

Garrett

9/4/80

Lacks Stover

9/18-19/80, 8/21/80
9/2-4/81

8/21180 8/21/80

Roaring
Gulch

8/21/80

ORDER 5

AREA 10.8

GRADIENT 0.11
<1.5)

DISCHARGE 14 46(1980), low
16<1981 )

5 3

44.0 2.3

0.03 0.21
(1.9) (1.5)

5 3

7.9 1.3

0.06 0.27
(1.3) (1.6)

34 14

E 51.4

3

1.8

0.37
<1.2)

1

W 50.0W 49.4E 46.4E 44.9E 41.9LOCATION

ACCESS 0.9/111 7.3/+ NA/V MS/S-0.6 MIN/III
NF/4-0.1/+
SF/4-0.1/+

o. 2/II I

SPECIES stls stlm none MS-st/s, none
co/x

NF-none
SF-st/x

stlf

COMMENTS B, H B,H,l(2),N A B,H A C,H,J(e)



Appendix A. Selec~ed Measuremen~s and Field Observa~ions of Tribu~aries in ~he Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM Garcia Cashmere Beaver Pilcnuck Mi 11 Molasses

DATE 8/15/80 8/12,15/80 8112/80 8/16/80 8/5180, 8/16/80
9/9-10/81

LOCATION W 53.3 W 53.5 E 54.9 W 57.0 E 57.3 E 58.0

ORDER 4 4 3 4 3 3

AREA 3.5 3.6 2.1 4.5 3.5 4.4

GRADIENT 0.16 0.16 0.16 0.13 0.13 0.11
(1. 1) 0.1) (1. 1) (1. 3) (1. 3) (1.6)

OISCHARGE 141 39 1 7 17(980) , 11
9 (1981)

ACCESS 0.4/1 0.4/111 0.3/V 0.5/111 0.4/1 0.4/11

SPECIES s~/f st./f s~/f s~/f, s~/s s~/s

colx

COMMENTS B,H 1(0) B,C,H,1(o) B,C N H,1(o)

....
tv
o

I



Appendix A. Selec~ed Measuremen~s and Field Observa~ions of Tribu~aries in ~he Redwood
Creek Basin, Humbold~ Coun~y, California, 1980-81 (con~inued).

STREAM Toss-up Wireqrass Minor loin San~a Fe Swea~house

DATE 8/5/80, 8/5/80 8/13-14/80 8/15/81 8/15/81 9/24/80
9/4-6/81

LOCATION W 59.2 W 61.6 E 62.6 W 64.1 W 65.3 E 66.4

ORDER 5 4 5 3 3 4

AREA 6.8 4.8 33.6 2.4 2.1 4.1

GRADIENT 0.11 0.17 0.04 0.24 0.20 0.16
(1. 3) 0.6) (2.0) 0.5) (1.2) (1.5)

OISCHARGE 35( 1980), 7 85 noest. noest. <1
8 (1981>

ACCESS 1.2/+ 0.4/111 4.7/+ MIN/VI O.l/IV 0.6/IV

SPECIES s~/m s~/f st./m s~/x s~,f s~,f

COMMENTS C,H,N H,I(o) B,H C, He) C,O(O.1>,
H

I



Append ix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM

DATE

LOCAT ION

ORDER

AREA

GRADI ENT

DISCHARGE

ACCESS

SPECIES

COMMENTS

Captain

9/24/80

E 69.0

4

5.3

0.09
( 1.1>

1

0.4/1V

stlf

C,0(0.3),
H

Lupt:on

8/22/80

W 70.0

4

13.5

0.08
0.2)

37

0.91111

stls

B,H

Fern
Prairie

8/22/80

W 72.2

3

2.0

0.24
0.3)

noest

MINIIV

none

A

TO

9/10/80

E 72.9

2

0.2

0.38
(0.7)

int

MINIIV

none

A,C

Christmas
Prairie

9/10/80

W 73.5

3

1.6

0.23
(1. 4)

1

0.1 /V I

none

C,D(O.1),

Windy

9/10/80

E 74.1

4

4.6

0.05
0.4)

int

0.41+

st./x

C,H

I



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM

DATE

LOCATION

ORDER

AREA

GRADI ENT

DISCHARGE

ACCESS

SPEC I ES

COMMENTS

Jena

9/10/80

W 74.7

3

0.9

0.21
(1. 4)

noest

0.2/IV

stlx

C,O(O.1),
H

T4

9/10/80

E 75.4

2

0.5

0.06
( 1.1)

dry

MINIIV

none

A

T5

9/10/80

W 75.4

2

0.4

0.24
(1. 1)

dry

MINIIV

none

A

T6

9/10/80

E 75.9

2

0.3

0.30
(0.9)

dry

MINII

none

A

Noisy

9/9/80

W 76.9

5

16.4

0.13
(1. 3)

99

0.8/IV

st/f

B,H

Squirrel
Tail

9/9/80

E 77.2

3

4.3

0.11
(1.5)

int

0.4/+

stlf

C,0(0.2),
H

I



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

STREAM

DATE

LOCAT I ON

ORDER

AREA

GRADIENT

DISCHARGE

ACCESS

SPECI ES

COMMENTS

Emmy Lou

9/9/80

E 77.9·

4

6.7

0.21
0.3)

int

0.4/1

st/f

TA

9111/80

W 78.6

1

0.4

0.35
(0.7)

dry

MINIVI

none

A

Cut-off
Meander

9/11/80

E 79.8

3

2.4

0.30
(1.3)

int.

0.3/+

st/x

C

Cool
Spring

9111/80

W 80.3

3

3.0

0.26
0.5)

37

NA/IV

none

Six Rivers

9111/80

W 81. 3

3

3.2

0.26
0.4)

35

MIN/IV

st/f

TZ

9112/80

E 81.5

2

0.3

0.41
(0.9)

dry

MINIIV

none

A

I



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt County, California, 1980-81 (continued).

G_u-,-n_r_a_c_k AyresSTREAM

DATE 9/12/80 9/12/80

High
Simon Prairie

9/12/80 -8/19/81

Bradford,
Lake Upper-

Minon Prairie Panther

8/26/81, 8/21/81, 8/20/81
9/1S-16/81 8/24-26/81

DISCHARGE int dry

ACCESS MS/4-0.5 NA/IV
EF/3-MIN/IV
NF/4-0.3/+

ORDER 4 3

AREA 6.1 0.9

GRADIENT 0.08 0.31
(1.2) (1.5)

4 5

8.8 16.S

0.11 0.10
(1.6) (1.2)

46 (1981) MS-S,SF-9,
NF-l

O.S/II MS/5-0.8
SF/S-O.SI

IV
NF/4-0.31

IV

E 90.3IJ 88.0

0.8/+

E 87.3

S

11.1

0.10
(1. 8)

3 (1981)noest

0.7/11

W 84.9

5

14.3

0.14
(1.4)

0.3/11

E 84.6

4

4.5

0.13
(1. 5)

1

IJ 83.4E 83.4LOCATION

SPEC I ES MS-st/f, none
ct/f

NF-st/x

st/f st/s,
ct/s

st/s st/s MS-st/f
SF-st/f
NF-st/f

COMMENTS C,H A C, B, H
0(0.03),
He)

L(2),N B,J(e),N B,H

I



Appendix A. Selected Measurements and Field Observations of Tributaries in the Redwood
Creek Basin, Humboldt Coun~y, California, 1980-81 (continued).

9/26/80 -9/26/80 9126180

Last Gasp Marquette Timbo

9/26/80 9/25/80

Snowcamp,
Smokehouse,

Powerline Twin Lakes

He)

O.3/IV

in~/l

s~/f

W 96.0

5

8.2

0.26
(1.7)

none

A

dry

MIN/IV

W 95.3

3

1.7

0.26
<1.3)

MINIIV

low

A

none

W 94.4

2

1.0

0.35
(1. 1)

MINIIV

A

low

none

W 94.2

3

2.1

0.33
(1. 2)

MINIIV

A

low

none

E 93.8

4

4. 1

0.19
( 1. 4)

none

A

dry

MINIIV

Debris
Torrent

9/30/80

W 92.3

2

0.5

0.33
(1. 4)

0.3/IV

stlf

B,F,J(o)

Pardee

9/30/80

W 91.3

4

8.1

0.19
(1. 3)

45DISCHARGE

ACCESS

SPECIES

COMMENTS

STREAM

DATE

LOCATION

ORDER

AREA

GRADIENT

I



Appendix A. Footnotes.

a
STREAM: Stream name or identification.

b
DATE: Date(s) of survey, sampling. NS indicates that no survey was conducted by the

author on that stream and reported information is from other sources. See comments
below.

c
LOCATION: Stream location, identified by side of basin, East or West, and distance of

stream confluence from mouth of mainstem Redwood Creek, in kilometers.
d

ORDER: Stream order (Strahler 1957). First order streams are the smallest identifiable
crenulations on 1:24000 USGS topographic maps.

e
AREA: Drainage area, in square kilometers.

F
GRADIENT: Stream channel gradient, meter per meter, near confluence with mainstem

Redwood Creek. Value in parentheses is distance of stream over which change
in altitude was measured, in kilometers.

9
DISCHARGE: Estimated stream discharge, in liters per second; 28.32 liters equals 1 cubic

foot.

noest =discharge not estimated
low - flow continuous but too low to estimate (probably less than one liter

per second)
int - intermittent flow (isolated pools and runs)
dry - no flow

I



Appendix A. Footnotes (continued).

h
ACCESS: Approximate length of stream, in kilometers, per stream segment,that is

accessible to anadromous salmonids and the type of barrier(s) limiting migration
to adult fish.

Format: segment/order-access/barrier

NA = stream not accessible to anadromous salmonids
MIN =minimal access; less than 100 meters
+ = unknown length of accessible habitat upstream of area surveyed
NS = not surveyed

Stream segments: MS = mainstem, NF = North fork, SF - South Fork, etc.

Barrier Types: I - woody debris Jam-
II - bedrock/boulder waterfall-

III - gradient-
IV - road culvert-
V - stream sIze very small-

VI - terminal barrier not identified-
1

SPECIES: Anadromous salmonid species found and their approximate abundance per meter of
stream length.

Format: segment/order-species/abundance

Species: Abundance:
none - no salmonids found x - single specimen found- -
st - steelhead t.rout f - few (less than .5 fish per meter)- -
ct - cutthroat trout s - some (from .5 to 2 fish per meter)- -
co - coho salmon m - many (more than 2 fish per meter)- - .....

? - unknown ? - unknown t-.J- - (X)

I



A --
B --
C --
0 --
H --
I --

J --

K --
L --

.~ -

Appendix A. Foo~no~es (con~inued).

j
COMMENTS: Selec~ed abserva~ians and na~es regarding surveyed ~ribu~aries.

Survey reslricled la stream reach near canfluence with Redwoad Creek,lillie or no
apparenl rearing patential.
Potential barrier(s) downstream of terminal barrier.(e.g. at different flow regimes)
Stream did not connect with Redwood Creek during periods of low discharge due to
sediment aggradation.
Stream intermittent ar dry in lower reach, continuous stream flow resumes (x)
kilometers upstream from confluence with Redwood Creek.
Density of salmonids decreased with distance ups~ream.

No salmonids found upstream of terminal barrier.
Method: (0) = observation. .

(e) =electrafishing.
Salmonids found upstream of terminal barrier; suspected ta be resident papulation.
Me~hod: (a) = observation

(e) = elec~rofishin9

Reported resident salmonid populatian ups~ream of terminal barrier.
Non-salmonid fishes faund in tribu~ary:

(1) - sculpins (Cottus spp.)
(2) =Pacific lamprey (ammocoetes)
(3) =Pacific brook lamprey
(4) = three-spine stickleback

M - Addilional source(s) of information:
(1)-CDFG stream surveys
(2)-Hofstra pers. comm.
(3)-Pi~lick 1982
(4) -Reeves et a I. 1976
(S)-Warren pers. comm.

N - Discharge and species abundance values supplemen~ed wi~h 1981 sample si~e data.
o - Prairie Creek Tribu~ary.

p - Reported migrational barrier upstream of area surveyed.
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Appendix B. Physical Slream Characlerislics al 12 Siles in lhe Redwood Creek Basin,
Humboldt Counly, California, Sampled in 1981.

Walershed Gradient Surface
Stream Date Sile Order Area site dnslrm Flow Area

a b c --d e
Prairie 10/3-6/81 15.2 4 8.5 0.02 37~9 216.6

St.ree I ow 9/28-30/81 0.3 5 7.5 <0.01 <0.01 66.6 194.6

Liltle Lost Man 9/24-27/81 0.8 4 10.2 0.03 0.02 5.1 204.4

Tom McDona I d 9/11-13/81 0.3 5 18.0 0.01 <0.01 47.3 185.2

Emerald 9/21-23/81 0.3 4 7.8 0.03 0.05 5.7 176.6
~

w
Panther 8/29-30/81 O. 1 5 15.4 0.03 0.07 58.9 171. 50

Lacks 9/2-4/81 0.8 5 44.0 0.03 0.02 15.6 243.7

Mi 11 9/9-10/81 0.2 3 3.5 0.05 0.05 9. 1 104.2

Toss-up 9/4-6181 0.2 5 6.8 0.03 0.03 8.2 130.7

Minon 9/15-16/81 O. 1 5 11. 1 0.04 0.05 2.8 116.8

Lake Prairie 8/24-26/81 O. 1 4 8.8 0.05 0.09 46.4 248.1

Redwood 9/17-18/81 88. 1 6 66.9 0.02 18.4 261. 1

a distance from slream confluence in kilometers d liters per second
b upstream of sample site, in square kilometers e square meters
c meter per meter

I



Appendix B. Physical St.ream Charact.erist.ics at. 12 Sit.es in t.he Redwood Creek Basin,
Humboldt Count.y, California, Sampled in 1981 (cont.inued).

Widt.h Dept.h Frequency Cover Frequency
St.ream mean range Volume 0-15 15-30 30-45 >45 n cb ov ro wd t.b

--f g h 1 J
Prairie 3.84 2.85-5.05 31.1 . 71 29 16 2 118 8 9 2 7 0

St.reelow 4.05 2.70-6.20 37.5 53 41 35 1 130 7 3 0 10 0

Lit.t.le Lost. Man 3.90 2.10-5.05 14.6 74 22 1 0 97 0 3 11 2 2

Tom McDonald 3.50 2.10-5.35 34.4 50 27 20 9 106 0 0 6 2 0

Emerald 3.32 1. 35-5. 20 12.6 77 11 1 0 89 0 1 4 4 0

Pant.her 3.16 1.10-4.65 20.9 75 31 12 2 120 0 0 5 3 3

Lacks 4.69 2.20-6.15 31.6 87 40 12 5 144 0 1 19 0 3

Mi 11 2.03 1.00-2.60 5.8 54 2 0 0 56 0 2 5 1 1

Toss-up 2.47 1.30-3.20 11.9 55 14 1 0 70 0 2 10 0 0

Minon 2.26 1. 10-3.25 8.6 48 11 1 0 60 0 0 9 0 0

Lake Prairie 4. 1 1 2.30-6.10 21.8 80 21 0 7 108 0 0 7 0 0

Redwood 4.95 3.25-6.05 30.7 78 52 6 0 136 0 0 24 0 1

f met.ers J wat.ered point.s only, cb - cut.bank,
g cubic met.ers ov - overhanging veget.ation,-
h wat.ered point.s only, in cent.imet.ers ro - rock overhang, wd =woody debris,- ~

1 number of wat.ered point.s per sit.e t.b - wat.er surface t.urbulence (.oJ-
~
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Appendix C. Length and Weight Data for' Juvenile Anadromous
Salmonids Captured at 12 Sample Sites in the
Redwood Creek Basin, Humboldt County,
California, 1981.

Stream

Prairie

Sp.

st/cta

st
ct
co

Age

O+b
1+
1+
0+

n

24 c

1
8

32

Length
mean SD

d58.2 11.4
110.0
116.6 21.5

65.9 8.9

range

43-86

95-155
53-86

Weight
mean SD

2.4e 1.6
14.5
19.4 11.6
4.2 1.6

Streelow

Little
Lost Man

Tom
McDonald

Emerald

Panther

Lacks

Mill

Toss-up

Minon

Lake
Prairie

Redwood

st/ct
st
ct
co

st
st

st
st

st
st

st
st

st
st

st
st

st
st

st
st

st
st

st
st

0+ 7
1+ 3
1+ 7
0+ 7

0+ 71
1+ 6

0+ 19
1+ 2

0+ 20
1+ 3

0+ 85
1+ 15

0+ 205
1+ 10

0+ 79
1+ 3

0+ 209
1+ 5

0+ 90
1+ 4

0+ 23
1+ 3

0+ 529
1+ 15

81.3
98.0

125.4
83.7

52.4
93.3

76.5
111. 0

67.3
111. 0

56.0
118.2

52.0
116.6

53.2
101. 0

53.1
139.4

46.9
110.0

53.8
111. 0

53.1
105.1

4.8
8.5

19.5
7.3

9.4
2.9

7.6
22.6

6.5
20.1

12.8
24.6

9.9
21.8

12.6
3.5

10.1
27.2

8.6
17.4

11.3
18.5

9.8
13.1

73-89
90-107

103-150
72-93

34-71
90-98

64-89
95-127

52-76
97-134

30-84
91-185

30-84
94-164

31-78
97-103

33-88
113-169

31-67
95-127

39-87
93-130

34-87
92-127

7.0
11.5
25.7
8.8

2.2
9.2

5.7
17.8

4.1
16.3

2.4
20.3

1.9
18.9

2.1
11.8

1.9
32.0

1.4
15.0

2.2
13.8

2.0
14.1

1.2
2.8

10.8
1.9

1.2
0.5

1.5
8.8

1.1
8.4

1.5
13.8

1.2
12.8

1.4
0.6

1.2
16.3

0.8
7.0

1.7
9.8

1.2
6.0

a st = steelhead; ct = cutthroat; co =coho
b 0+ = young of the year; 1+ = yearling and older
~ total number captured and measured

fork length, in millimeters
e in grams, converted from milliliters (see Methods)


