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CONVERSION FACTORS

For readers who prefer to use International System of units rather than inch-
pound units, the conversion factors for the terms used in this report are
listed below:

Multiply By To obtain

acre 0.4047 hm? (square hectometer)

ft (foot) 0.3048 m (meter)

ft/mi (foot per mile) 0.1894 m/km (meter per kilometer)
ft3/s (cubic foot per second) 0.02832 m3/s (cubic meter per second)
inch 25 .4 mm (millimeter)

mi (mile) 1.609 km (kilometer)

mi? (square mile) 2.590 km? (square kilometer)

To convert degrees Fahrenheit (°F) to degrees Celsius (°C):
°F = 1.8°C + 32

Additional abbreviations:

c0l/100 mL (colony per 100 milliters)

g/m? (grams per square meter)

inverts/m2 (invertebrates per square meter)
mg/L (milligrams per liter)

mL (milliliter)

organisms/mm? (organisms per square millimeter)



AQUATIC BIOLOGY OF THE REDWOOD CREEK AND MILL CREEK DRAINAGE BASINS,
REDWOOD NATIONAL PARK, HUMBOLDT AND DEL NORTE COUNTIES,

CALIFORNIA

By Rick T. Iwatsubo and Robert C. Averett

ABSTRACT

A 2-year study of the aquatic biota in the Redwood Creek and Mill Creek
drainage Dbasins of Redwood National Park indicated that the aquatic
productivity is low.

Densities of coliform bacteria were low except in Prairie Creek, a tribu-
tary to Redwood Creek, where a State park, county fish hatchery, grazing land,
lumber mill, and scattered residential areas are potential sources of fecal
coliform bacteria.

Benthic-invertebrate data indicated a diverse fauna which varied consid-
erably between streams and among stream sections. The abundance of benthic
invertebrates appeared to decrease as the size of streambed sediments de-
creased. Spring densities were frequently several orders of magnitude lower
than autumn densities. Functional group analysis of the benthic-invertebrate
data indicated collectors were dominant. Nonparametric statistical tests
revealed significant differences (0<0.0l1) in mean diversity and similarity-
index values of benthic invertebrates collected from drainage basins being
logged and control tributary basins in the Redwood Creek basin. Noteworthy
findings include: (1) benthic invertebrates rapidly recolonized the streambed
following a major storm, and (2) man-caused disruption or sedimentation of the
streambed during low flow can result in drastic reductions of the benthic-
invertebrate community.

Seven species of fish representing species typically found in northern
California coastal streams were captured during the study. Nonparametric
statistical tests indicate that condition factors of steelhead trout were
significantly larger (a<0.05) at sampling stations with less shading,
regardless of drainage basin land-use history.



Periphyton and phytoplankton communities were diverse, variable in densi-
ty, and dominated by diatoms. Periphyton rates of accrual were low because of
shading from the dense forest canopy. The phytoplankton community was domi-
nated by detached periphytic algae. The variability of the periphyton and
phytoplankton communities could not be directly related to differences in
land-use history of the basins sampled.

Seston concentrations were extremely variable between stations and at
each station sampled. The seston is influenced seasonally by aquatic produc-
tivity at each station and amount of allochthonous material from the terres-
trial ecosystem. Time-series analysis of some seston data indicated larger
and sharper peak concentrations being flushed from a logged drainage basin
than from a control drainage basin.

INTRODUCTION

Redwood National Park, in northwestern California, was created on
October 2, 1968, when Congress enacted Public Law 90-545, which states that
the park was established in order to "...preserve significant examples of the
primeval coastal redwood (Sequoia sempervirens) forests and the streams and
seashores with which they are associated for purposes of public inspiration,
enjoyment, and scientific study...." The coast redwoods are the tallest trees
on earth. The first, second, third, and sixth tallest trees in the world are
located on alluvial flats along Redwood Creek. These trees and the associated
vegetation and wildlife provide an area of esthetic and recreational enjoyment
for park visitors. Coast redwood is a soft, colorful wood that is highly
resistant to decay and insect infestation; thus, in areas surrounding Redwood
National Park, coast redwoods have been and are being harvested commercially.

At the time of the study, 10 and 50 percent, respectively, of the
Redwood Creek and Mill Creek basins were in Redwood National Park (fig. 1).
Limited Federal control is exercised on land-management practices upstream

from the park boundaries. The parklands have recently been expanded by
48,000 acres in the Redwood Creek basin, including all the basins upstream to
Copper Creek and Devil's Creek. In addition, a 36,000-acre Park Protection

Zone was established by Public Law 95-750 (fig. 2). This =zone includes
Coyote, Panther, and Lack's Creeks, and within these drainage basins the
Secretary of the Interior has additional responsibility to insure that land-
use practices will not have detrimental influences on downstream park
resources.
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At the time of the study, large areas of private timberland were upstream
from parklands and created many land-use and park-management problems. Major
concerns were the potential impact of timber harvest and associated road
construction on landslide mass movement, fluvial erosion and deposition of
sediment, water temperature, chemical quality, and aquatic biota. These
problems were most acute in the half-mile wide and 7-mile long Redwood Creek
corridor at the south end of the park (fig. 2). The majority of the terrain
upstream from the corridor is naturally unstable and has been undergoing
intensive timber harvest (Janda, 1975a). The dominant method of logging in
recent years has been the clearcutting of adjoining harvest units that are
several hundred acres in size and removing the fallen timber by downhill
tractor vyarding. During the study period, timber-harvest practices were
modified in accordance with recent changes in California State forest practice
regulations and by cooperative agreements between the National Park Service
and adjacent private landowners. These changes in timber-harvest practices
include alternate harvest units, reduction in harvest unit size, and use of
uphill-cable yarding techniques (Iwatsubo and others, 1976).

Directly after the establishment of Redwood National Park, the National
Park Service initiated a series of studies designed to assist in understanding
land-management options for the protection of park resources. Stone and
others (1969) were the first to make these studies and recommended an 800-ft
buffer zone along the perimeter of the park. A special task force reviewed
the Redwood Creek land-management problem and stated that management actions
were needed upstream from the proposed 800-ft buffer zone (Richard C. Curry,
written commun., 1973). In addition, the task force suggested that the
National Park Service, in cooperation with the U.S. Geological Survey, make
studies to provide data needed in formulating management activities related to
the preservation of park resources (Janda and others, 1975b). On August 16,
1973, the National Park Service authorized a 3-year data-collection program by
the Geological Survey; this was begun in September 1973. To date, results of
the data collected have been released in several testimonials and reports:
Woods (1975), Janda (1975a, 1975b, 1976, 1977a, 1977b), Janda and others
(1975a, 1975b), Averett and Iwatsubo (1975), Lee and others (1975), Nolan and
Harden (1976), Nolan and others (1976a, 1976b), Iwatsubo and others (1975,
1976), Harden (1977), Harden and others (1978), and Bradford and Iwatsubo
(1978).

Purpose and Scope

The aquatic fauna and flora are vital parts of Redwood National Park.
These organisms are important ecologically in the stream environment. Recog-
nizing the importance of aquatic organisms, the National Park Service and the
U.S. Geological Survey began a study designed to describe the aquatic biota in
the Redwood Creek and Mill Creek basins in relation to Redwood National Park
and to assess the possible effect on the aquatic biota of land-use activities
upstream from park boundaries.

Bacteria, benthic invertebrates, fish, periphyton, phytoplankton, and
seston samples were collected during the study. The study period began in
September 1973 and continued through September 1975. Because of streamflow
conditions and timing with periods of maximum aquatic productivity, the major-
ity of the biological data were collected during the receding-flow periods of
spring and the low-flow periods of summer and early autumn.
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DESCRIPTION OF STUDY AREA

Redwood Creek

The Redwood Creek basin (fig. 2) covers 282 mi2 in the northern Coast
Range of California. The basin is characterized by high relief, steep and
unstable slopes, and narrow valleys. The basin is elongated north-
northwesterly and is about 63 mi long and 4% to 7 mi wide. The overall drain-
age pattern is trellised; however, some tributary drainage basins display a
dendritic pattern. The altitude ranges from sea level at the mouth to
5,300 ft at the upstream end of the basin. Relief is about 2,000 ft in the
north and greater than 3,000 ft near the head of the basin. Average hillslope
gradients range from 31 percent in the northern quarter to 34 percent in the
southern quarter of the drainage basin. Flood plains along Redwood Creek are
discontinuous and seldom exceed 200 ft in width except for areas between Minor
Creek and Mill Creek, near the mouth of Lack's Creek, and near Orick.

Janda and others (1975b) have described seven distinct reaches of the
Redwood Creek stream channel (table 1). The tributaries to Redwood Creek show
stream-channel characteristics comparable to reach 7 of Redwood Creek. Tribu-
tary channel gradients are steep; average gradients range from 250 to
1,500 ft/mi. Streambed materials are extremely variable in size and range
from large blocks of bedrock to fine sand and silt. Pebbles and cobble gravel
are the most prevalent materials. Small streamside slides and gullies are
common. Numerous debris accumulations and large blocks of colluvium in the
downstream end of many tributaries restrict the upstream migration of anadro-
mous fish. Logging-related barriers to anadromous fish are less abundant. In
streams draining recent timber-harvest areas, coarse logging debris has accu-
mulated on preexisting channel obstructions (Janda and others, 1975b). Many
tributaries are intermittent in their lower reaches during low-flow periods of
summer and early autumn, and fish habitat often is restricted to pooled areas.
In perennial streams, riffles and undercut banks provide additional habitat
for fish.
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TABLE 1.--Morphological features of seven distinct

[From Janda and

Reach Channel gradient Streambank
Number Location Distance Re:::;?ig;e::aT?;:;Stem R ft/m; be?§;12§é5ed Streambed materials
(mi) ange verage (percentage)
7 Head of_basin to mouth 4.5 None. 125-1,000 550 64 Subangular to subrounded cobble and
of Twin Lakes Creek boulders, angular blocks several
tens of feet in diameter. Trapped
sediments behind log and debris
jams are the only alluviated
sections of this reach.
6 Mouth of Twig Lakes 14.5 Redwood Creek above 34-50 83 62 Cobble gravel composing most of the
Creek to Highway 299 Highway 299 bed material and colluvium less
abundant than reach 7.
S Highway 299 to mouth 16 24 56 Cobble and boulders less abundant,
of Lacks Creek ::::gg: g:::: ::a;e:luedLake smaller in diameter and more
Valloy Bridee WO rounded than in upstream reaches.
ReduoodyCreekgat Lower End There is an increasing amount of
Redwood VAITey w pebbles and fine sediments.
4 Mouth of Lacks Creek to 9 Redwood Creek above 19-30 22 52 Materials are slightly larger than
mouth of Copper Creek Panther Creek in reach 5. Alluvium consists of
Redwood Creek above a mixture of actively transported
Copper Creek round cobble and boulder gravel,
and a lag component consisting of
large angular blocks of bedrock.
3 Mouth of Copper Creek 2 - Acti ed alluvi -
Redwood Creek below C 31-38 35 68 ctively transport alluvium con
to south park Creek W LOPper sists of mostly pebble and cobble;
boundary Redwood Creek at South however, a lag component of large
Park Boundary blocks of bedrock is present but
not as prominent as in adjacent
reaches.
2 South park boundary to 1 None. (High 47 >50 Between large blocks of bedrock,
end of gorge irregular) material consists of sandy pebble
and cobble gravel.
1 End of gorge to Pacific 16 8-40 11 141 Mostly pebble sand and sandy pebble

Ocean

Redwood Creek below Harry
Wier Creek

Redwood Creek above
Tom McDonald Creek

Redwood Creek above
Miller Creek

Redwood Creek below
Oscar Larson Creek

Redwood Creek below Elam
Creek

Redwood Creek above Hayes
Creek

Redwood Creek below Hayes
Creek

Redwood Creek Estuary

gravel; however, coarse pebble and
cobble gravel are prevalent in the
upper section of this reach.

TExclusive of the last 4 miles of channel which is rock-lined levies for flood control.
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reaches of the Redwood Creek stream channel

others, 1975b]

Log and debris accumulation

Streamflow

Nursery area for fish

Natural barrier to anadromous fish
at downstream end of reach,
created by accumulation of
angular blocks of sandstone

several tens of feet in diameter.

Thirty log and debris jams up-
stream creating falls from 50 to
100 ft.

Eighteen log and debris jams--only
one is large enough to effi-
ciently trap sediments.

Several large accumulations of
log and other wooden debris;
however, no barrier to anad-
romous fish is created.

Small and few in number.

Several large accumulations of
log and debris occur on large
blocks of bedrock.

Large accumulations of log and
debris occur; however, they
do not create any barriers to
anadromous fish.

Intermittent during late summer
and early autumn.

Perennial.

Perennial .

Perennial.

Perennial.

Perennial.

Perennial.

Limited by flow and pool areas.

Few and limited to pool areas created
by eddies behind large blocks of
bedrock and accumulation of organic
debris.

Some large nursery pools occur in the
steep, rocky section above Minor
Creek and in the incised meanders.
Otherwise, pools are nearly non-
existent.

Nursery pools are associated with the
large blocks of bedrock.

Nursery pools are associated with the
large blocks of bedrock.

Large nursery pools are associated
with large blocks of bedrock.

Nursery pools are sparse and created
by eddies behind large blocks of
bedrock, fallen trees, and in the
incised meanders.

13



Redwood Creek enters the Pacific Ocean just west of Orick (fig. 2). The
estuary at the mouth of Redwood Creek is small and restricted by stream chan-
nelization (fig. 3). A small tributary enters the Redwood Creek estuary from
the north, and remnants of the original Redwood Creek channel, prior to chan-
nelization, enter from the south. During low-flow periods of summer and early
autumn, the mouth of Redwood Creek is usually closed to the Pacific Ocean by
an emergent sandbar. The first autumn freshet usually opens the passage to
the ocean and allows anadromous fish to begin their upstream migration. Local
fishermen sometimes open the mouth before the autumn rains. Salmonids that
enter the estuary prior to autumn rains cannot migrate upstream because of the
low flow and are vulnerable to fishermen. In addition to fishermen, local
ranchers sometimes open the mouth of Redwood Creek to alleviate backwater
flooding of pastures.

OCEAN

PACIFIC

poO LINE 3 :

0 400 800 1200 1600 2000 FEET
l 1 l 1 l 1 l 1 I 1 I

FIGURE 3.--Redwood Creek estuary and sampling stations.
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The saltwater gradient of the Redwood Creek estuary was described by
Bradford and Iwatsubo (1978). During the winter and spring, the discharge of
Redwood Creek is high enough to prevent saltwater from entering the estuary.
With the decrease in discharge during the summer, saltwater enters the estu-
ary, and a salt-wedge estuary, as described by Pritchard (1967), is formed.

The dominant geologic unit of the Redwood Creek basin is the Franciscan
Complex (Strand, 1962 and 1963). The east side of the Redwood Creek basin,
upstream from Prairie Creek, is underlain by virtually unmetamorphosed
Franciscan sedimentary rocks such as graywacke sandstone, mudstone, and con-
glomerate. The soil profile developed on this side of the drainage basin
includes the Hugo, Kneeland, Melbourne, Mendocino, and Tyson soil series. On
the west side of Redwood Creek, the drainage basin is underlain by mostly
medium-gray, well foliated quartz-mica schist, quartz-mica-feldspar schist,
and quartz-graphite schist. These schists have weathered mostly to the Orick,
Masterson, and Sites soil series (Iwatsubo and others, 1975). A transition
zone exists between the unmetamorphosed sedimentary rocks of the east side of
the drainage basin and the schists of the west side. Sheared rocks in this
zone (Grogan, South Fork Mountain, Bald Mountain, and numerous small cross
faults) are the parent material for the Atwell soil series, which is extremely
unstable and susceptible to landslides.

The northern part of the Redwood Creek basin has a coastal Mediterranean
climate which is characterized by mild winters and short, warm, dry summers
with frequent fog due to the proximity of the Pacific Ocean. The southern
part of the basin has an interior Mediterranean climate with mild winters and
hot, dry summers with infrequent fog (Critchfield, 1966).

Precipitation in the Redwood Creek basin is greater than that usually
associated with a Mediterranean climate. Rantz (1969) has estimated a basin-
wide precipitation total of 80 inches per year. Orographic influences cause
extreme local variations in precipitation quantities (Janda and others,
1975b). Average annual rainfall ranges generally from 70 inches at Orick to
100 inches or more at Board Camp Mountain near the head of the basin (Iwatsubo
and others, 1975). Nearly all the precipitation in the Redwood Creek basin is
rain. Snow occasionally falls at altitudes higher than 1,750 ft but has
little effect on annual runoff.

Air temperatures are generally mild throughout the year. In the northern
part of the basin, mean monthly temperatures range from 60°F in August to
about 44°F in January (Janda and others, 1975b). In the southern part of the
basin, temperatures are less influenced by the Pacific Ocean. The mean
maximum-minimum temperatures range from about 95°F in July to about 32°F in
January.

Streamflow is variable along the main stem of Redwood Creek, with highest
flows occurring between November and April and lowest flows between August and
October. Three continuous-recording gages are located on Redwood Creek
(fig. 2). At the time of the study, Redwood Creek near Blue Lake station,
with 8 years of recorded data, had a maximum discharge of 12,200 ft3/s and a
minimum of 2.7 ft3/s. Redwood Creek at South Park Boundary, with 5 years of
recorded data, had maximum and minimum discharges of 33,000 and 4.5 ft3/s,
respectively. Redwood Creek at Orick, with 24 years of recorded data, had
maximum and minimum discharges of 50,500 and 9.3 ft3/s (U.S. Geological
Survey, 1975).

15



The overall quality of water in the Redwood Creek basin is excellent.
Dissolved-solids concentrations in samples ranged from 25 to 139 mg/L.
Nitrogen and phosphorus concentrations are generally too low to support nui-
sance algal growths. However, nitrogen and phosphorus concentrations are high
enough to support modest algal growths, especially in the main stem where
insolation is high (Bradford and Iwatsubo, 1978).

Vegetation in the Redwood Creek basin is diverse (Janda and others,
1975b). Along the lower flood plain of Redwood Creek and near the estuary,
Sitka spruce (Picea sitchensis ) is the dominant tree. Coast redwoods and
associated vegetation dominate the remaining forest areas in the northern part
of the basin. Overstory conifers associated with the coast redwoods include
Douglas fir (Pseudotsuga menziesii), western hemlock (Tsuga heterophylla),
grand fir (Abies grandis), and Sitka spruce. Hardwood trees associated with
the coast redwoods include tanoak (Lithocarpus densiflorus), madrone (Arbutus
menziesii), big leaf maple (Acer macrophyllum), California bay (Umbellularia
californica), and red alder (Alnus rubra). Understory vegetation of the
coastal redwood forest includes oxalis (Oxalis oregana), sword fern
(Polystichum munitum), hazel (Corylus cornuta), rhododendron (Rhododendron
macrophyllum), azalea (Rhododendron occidentale), dogwood (Cornus nuttallii),
salal (Gaultheria shallon), and black and red huckleberry (Vaccinium ovatum
and V. parviflorum). In higher and drier parts of the basin, Douglas-fir
forests are dominant and the coast redwoods are restricted to moist flood
plains and terraces adjacent to streams. Near the headwaters, white fir
(Abies concolor) and incense cedar (Libocedrus decurrens) are abundant.
Blackoak (Quercus kelloggii), giant chinquapin (Castanopsis chrysophylla),
Oregon white oak (Quercus garryana), canyon live oak (Quercus chrysolepis),
vine maple (Acer circinatum), and poison oak (Rhus diversiloba) are locally
abundant.

In April 1975, 65 percent of the Redwood Creek basin was cutover timber-
land. Old-growth forests covered 20 percent of the basin, and prairies,
woodland, and brush covered the remaining 15 percent (Janda and others,
1975b).

Mill Creek

The Mill Creek basin covers 37 mi? and is a major tributary to the Smith
River (fig. 4). The basin is characterized by high relief and steep terrain
that is more stable than that in the Redwood Creek basin. The shape of the
Mill Creek basin, although nearly circular, is slightly elongated in a north-
erly direction. The overall drainage pattern is dendritic; however, some
parts of the basin display a weakly trellised pattern. The altitude of the
basin ranges from 70 ft at the mouth to 2,330 ft at Childs Hill. Stream-
channel gradients are nearly regular and moderately steep. Some local irregu-
larities in gradient are associated with organic debris accumulations. The
average channel gradient for both West Branch and East Fork Mill Creek is
about 240 ft/mi. The average channel gradient for the entire drainage basin
is 130 ft/mi. The hillslopes of the basin are characterized by straight or
convex profiles and steep gradients, with slopes frequently exceeding
50 percent. Mill Creek and its major tributaries have broad flat valley
bottoms that abut the steep hillslopes. The main channel of Mill Creek down-
stream from the confluence of the west branch and east fork is rockwalled, and
streambed materials consist primarily of sandy pebble and cobble gravel
(Iwatsubo and others, 1976).
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The Mill Creek basin is mostly underlain by unmetamorphosed sandstones of
the Franciscan Complex. Outcrops of metamorphic rocks occur along the east
side of the north-northwest trending South Fork Mountain fault (Strand, 1963).
Serpentine and peridotite crop out along the basin boundary between Mill Creek
and South Fork Smith River. Ridges along the northeastern part of the basin
- are capped by marine deposits of Miocene age, and unnamed alluvial gravels of
late Cenozoic age crop out along ridge crests in the southern and central
parts of the basin. Rocks in the Mill Creek basin are not as pervasively
fractured and sheared as comparable rocks in the Redwood Creek basin. The
rocks have weathered to the Melbourne and Josephine soil series, which are
more cohesive than the Hugo soil series formed from comparable sandstone in
the Redwood Creek basin (Iwatsubo and others, 1976).

The Mill Creek basin has a coastal Mediterranean climate characterized by
large quantities of winter rainfall, mild winter temperatures, and short, warm
summers with frequent fog. Rantz (1969) estimated that the annual rainfall on
the drainage basin ranges from 80 to 90 inches. Mean maximum and minimum
temperatures recorded near Crescent City range from 66°F in July to 37°F in
January (U.S. National Oceanic and Atmospheric Administration, 1974-75).

Vegetation in the Mill Creek basin is primarily a coast redwood and
Douglas-fir forest with understory species similar to those found in the
Redwood Creek basin. Coast redwood groves dominate the vegetation on flood
plains, low terraces, and adjacent hillslopes along stream channels. In the
Bald Hill area, Jeffrey pine (Pinus jeffreyi), Douglas fir, and grass wood-
lands grow on soils derived from serpentine and peridotite. In 1974, about
49 percent of the basin consisted of old-growth forest, 30 percent recently
logged area, 19 percent advanced second-growth forest, and 2 percent natural
prairie and cleared area (Iwatsubo and others, 1976).

Streamflow in the Mill Creek basin is variable, as in the Redwood Creek
basin, with highest flows occurring between November and April and lowest
flows between August and October. At the time of the study, Mill Creek near
Crescent City (the only station with a continuous recorder), with less than
2 years of recorded data, had a maximum discharge of 4,460 ft3/s and a minimum
discharge of 2.5 ft3/s (U.S. Geological Survey, 1975).

The quality of water in the Mill Creek basin is excellent. Dissolved-
solids concentrations in samples ranged from 21 to 49 mg/L. Nitrogen and

phosphorus concentrations are generally too low to support nuisance algal
growths (Bradford and Iwatsubo, 1978).

SAMPLING STATIONS AND METHODS

Sampling Stations

Biological data were collected at 54 sampling stations, 50 in the Redwood
Creek basin and 4 in the Mill Creek basin (figs. 2, 3, and 4). A brief des-
cription of the sampling stations and types of aquatic organisms collected was
given in Iwatsubo and others (1976) and is in table 2. The sampling stations
were chosen on the basis of size of drainage area, location in reference to
Redwood National Park, geology, and history of land use. The drainage basin
of each sampling station has been categorized (table 2) according to its
history of land use or as a Redwood Creek main-stem or estuary station.
Land-use categories are control (limited activities of man in the basin),
regenerating after being logged, and presently being logged.
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Methods

Biological assessments were made for bacteria (fecal coliforms and fecal
streptococci), benthic invertebrates, fish, periphyton, phytoplankton, and
seston. All biological samples were collected during the study period,
September 1973 through September 1975. All techniques and methods used in the
study conformed with those described by Slack and others (1973). Most of the
aquatic organisms were collected during the receding-flow periods of spring
and the low-flow periods of summer and early autumn. High streamflow limited
winter sampling to the collection of bacteria and seston.

Water samples for bacterial analysis were collected in sterilized glass
containers. The membrane-filter incubation method was used to determine
bacterial colony density. Bacteria were retained on 0.45-micrometer pore-size
membrane filters.

Benthic invertebrates were collected with a Surber sampler in the stream
or with an Ekman dredge in the Redwood Creek estuary. Benthic invertebrates
from the 1973 samples were separated from detritus in the field with the use
of forceps. Invertebrates from 1974 and 1975 samples were separated from
detritus in the laboratory by the floatation technique described by Anderson
(1959). Identification and enumeration of benthic invertebrates were made by
using selected taxonomic references.?!

Fish were collected by using either a 50-foot straight seine with a
0.25-inch mesh opening at a depth of 5 ft, or a backpack electrofishing unit.
Tricaine methanesulfonate was wused to anesthetize the fish prior to
identification and determination of length and weight (salmonids only).

Periphyton were collected on artificial substrates made of clear acrylic
strips measuring 4 inches by 18 inches. Substrates were generally given 8 to
10 weeks for periphyton colonization before removal. Identification and
biomass analysis were done in the laboratory.

Water samples for phytoplankton analysis were collected in l-liter poly-
ethylene bottles and preserved with Lugol's solution. Phytoplankton were
identified and enumerated by the inverted microscope method.

Water samples for seston analysis were collected in 2-liter polyethylene
bottles, chilled to 39.2°F, and brought to the field laboratory for analysis.
The glass-fiber filter method was used to determine total and organic
concentrations of seston.

1Borror and DeLong (1971); Edmondson (1959); Edmunds and others (1963);
Gaufin and Tarzwell (1952); Jewett (1960); Johannsen§(1969); Mason (1973);
Pennak (1953); Ross (1944); Smith and Carlton (1975); Usinger (1956).
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TABLE 2.--Descriptions of sampling

Station description Drainage basin Average
stream Stream
Average gradient  order
Number and name Latitude Longitude Area (mi2) altitude (ft/mi)
(ft)
-- Redwood Creek above 40°54'03"  123°48'33" 65.9 -- -- 5
Highway 299 bridge
11481500 Redwood Creek near 40°54 122" 123°48'51" 67.7 3,030 165 S
Blue Lake
11482020 Redwood Creek at Redwood 40°57'48"  123°50'20" 96.0 2,780 142 5
Valley Bridge, near
Blue Lake
-- Redwood Creek at Lower 41°03'00"  123°52'20" 123 -- -- 6

End, Redwood Valley

11482120 Redwood Creek above 41°05'21"  123°54'23" 150 2,500 99 6
Panther Creek, near Orick
11482140 High-Slope Schist Creek 41°07'25"  123°56'51" .53 1,720 1,552 2
near Orick
-- Redwood Creek above Copper 40°08'53"  123°56'00" 177 -- -- 6
Creek, near Orick
11482160 Copper Creek near Orick 41°08'58"  123°55'53" 2.78 1,920 951 4
-- Redwood Creek below Copper 41°09'02"  123°55'59" 180 -- -- 6

Creek, near Orick

11482190 Slide Creek near Orick 41°10'19"  123°56'49" 1.16 1,810 1,351 3

11482200 Redwood Creek at South 41°10'19"  123°56'55" 185 2,310 98 6
Park Boundary, near Orick

11482210 Bridge Creek near Orick 41°11'32"  123°58'52" 11.6 1,520 318 4

11482220 Redwood Creek above 41°11'50"  123°59'30" 202 2,250 85 6
Harry Wier Creek, near
Orick

11482225 Harry Wier Creek, near 41°11'53" 123°59'32" 2.96 1,390 766 4
Orick

-- Redwood Creek below Harry 41°11'50"  123°59'40" 205 -- -- 6

Wier Creek, near Orick

-- Redwood Creek above 41°12'25"  124°00'26" 206 - - 6
Tom McDonald Creek,
near Orick

11482230 Tom McDonald Creek 41°12'16"  124°00'53" 6.86 1,360 370 4
near Orick
-- Redwood Creek below 41°12'28"  124°00'41" 213 -- — 6
Tom McDonald Creek,
near Orick
11482240 Fortyfour Creek near 41°13'15"  124°00'44" 3.09 920 552 3
Orick
== Redwood Creek above 41°13'41"  124°00'37" 218 = == 6
Miller Creek, near
Orick
11482250 Miller Creek near Orick 41°13'54"  123°59'30" .67 1,520 1,093 3
11482260 Miller Creek at mouth, 41°13'46"  124°00'36" 1.36 1,370 1,057 3
near Orick
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stations for aquatic biota

History of land use“

Canopy (percentage of area)

Streambed (Estimated Biological Basin
compositionl 2 sampling3 Logged since Logged prior Virgin and classification
percentage) e
establishing to estab- advanced
park lishing park second growth
Small cobble, gravel, ) BI -— - - Main stem
sand, and silt
Small cobble, gravel, 30 B,BI,S <5 >55 40 Main stem
sand, and silt
Cobble, gravel, sand, <1 B,BI,F,S <5 >60 35 Main stem
silt
Small cobble, mainly 5 BI -—- - -- Main stem
gravel, sand, some
silt
Cobble, gravel, sand 10 B,BI,S <5 >60 35 Main stem
Boulders, cobble, 98 BI,S - -- 100 Control
some gravel, sand
Cobble, gravel, sand <1 BI,F -- -- - Main stem
Cobble, gravel, much <1 BI,F,S 20 30 50 Being logged
sand, silt
Some boulders, mainly <1 BI - - - Main stem
cobble, gravel,
sand
Cobble, gravel, sand, 95 BI 30 40 30 Being logged
silt
Cobble, some gravel, 5 B,BI,P,,P,,S <5 65 >30 Main stem
sand
Cobble, little gravel, 3 BI,F,PI,PZ,S 21 55 24 Being logged
sand, silt
Small cobble, mainly S B,S S 60 35 Main stem
gravel and sand,
some silt
Cobble, little gravel, 95 B,BI,F,PI,PZ,S 40 -- 60 Being logged
sand silt
Small cobble, mainly 3 BI,F -- - - Main stem
gravel and sand,
some silt
Small cobble, gravel, S BI - - -- Main stem
sand
Few boulders, cobble, S0 BI,F,S 6 80 14 Being logged
some gravel, sand,
silt
Cobble, sand 5 BI — o - Main stem
-- -- s 20 75 S Being logged
Small cobble and 5 BI -- -- -- Main stem
gravel, sand, silt
Small cobble, gravel, 70 B,BI,P;,P,,S 90 -- 10 Being logged
sand, silt
Small cobble, gravel, 85 B,BI,F,P;,P,,S 77 -- 23 Being logged
sand, silt
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TABLE 2.--Descriptions of sampling

Station description Drainage basin Average
stream Stream
Average gradient  order
Number and name Latitude Longitude Area (mi2) altitude (ft/mi)
(ft)
11482270 Bond Creek near Orick 41°14'02"  124°01'14" 1.37 920 727 3
11482280 Cloquet Creek near Orick 41°14'42"  124°00'37" 1.14 1,250 1,161 2
-- Redwood Creek below 41°15'23"  124°00'33" 225 -- -- 6
Oscar Larson Creek,
near Orick
11482300 Elam Creek near Orick 41°15'49"  124°01'29" 2.49 1,040 474 3
-- Redwood Creek below Elam 41°15'52"  124°01'27" 229 -- -- 6
Creek near Orick
11482310 McArthur Creek near Orick 41°16'31"  124°01'42 3.73 950 249 3
11482320 Low-Slope Schist Creek 41°16'53" 124°01'49" .19 875 1,276 2
near Orick
-- Redwood Creek above Hayes 41°17'19" 124°01'42" 235 -- -- 6
Creek, near Orick
11482330 Hayes Creek near Orick 41°17'24" 124°01'36" .58 940 1,250 3
e Redwood Creek below Hayes 41°17'30" 124°01'49" 236 -- -- 6
Creek, near Orick
-- Redwood Creek above 41°18'00"  124°02'55" 237 -- -- 6
Prairie Creek, near Orick
-- Prairie Creek near Orick 41°18'01"  124°02'57 39.7 -- -- --
11482450 Lost Man Creek near Orick 41°19'06" 123°59'15" 3.97 1,400 547 4
11482460 Larry Damm Creek near 41°19'46" 124°00'46" 1.87 470 498 3
Orick
11482468 Little Lost Man Creek 41°19'20"  124°01'10" 3.46 1,440 398 4
at Site No. 2, near
Orick
11482470 Little Lost Man Creek 41°19'42"  124°01'29" 3.64 1,270 349 4
near Orick
11482475 Geneva Creek near Orick 41°19'36"  124°01'53" .08 520 1,280 2
11482480 Berry Glen Creek near 41°18'59"  124°02'17" .40 710 1,379 2
Orick
11482500 Redwood Creek at Orick 41°17'18"  124°03'27" 278 1,810 71 6
411734 Redwood Creek Estuary 41°17'34"  124°05'13" 282 -- -- --
124051301 Site 1A, near Orick
411734 Redwood Creek Estuary 41°17'34"  124°05'13" 282 -- -- --
124051302 Site 1B, near Orick
411734 Redwood Creek Estuary 41°17'34"  124°05'13" 282 -- -- --
124051303 Site 1C, near Orick
411734 Redwood Creek Estuary 41°17'34"  124°05'18" 282 -- -- --
124051801 Site 2A, near Orick
411734 Redwood Creek Estuary 41°17'34"  124°05'18" 282 -- -- --
124051802 Site 2B, near Orick
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stations for aquatic biota--Continued

History of land use"

Canopy (percentage of area)

Streambed (Estimated Biological Basin
composition! percentage) 2 sampling® Togged since Logged prior Virgin and classification
establishing to estab- advanced
park lishing park second growth
-- -- S 27 - 18 Being logged
Small cobble, gravel, 60 BI 55 -- 45 Being logged
sand, silt
Small cobble, mainly 5 BI -- -- - Main stem
gravel and sand,
silt
Small cobble, gravel, 90 BI,S 40 30 30 Being logged
sand, heavily coated
with oxidized mate-
rial
Few cobbles, some S BI -- - -- Main stem
gravel, mainly
sand
- -- S 30 45 25 Being logged
-- -- S -- -- 100 Control
Large cobble, gravel, <1 BI,F,P1 -- - - Main stem
sand
Cobble, gravel, sand, 85 B,BI,P;,P2,S -- 4 96 Control
silt
Cobble, gravel, mainly <1 BI,F -- - -- Main stem
sand
-- -- B - -- -- Main stem
. o B e = o _—
Cobble, little gravel, 60 B,BI,P;,P,,S -- 87 13 Regenerating
sand, silt
= e S = 70 30 Regenerating
Cobble, gravel, sand, 60 B,BI,P;,P,,S -- 6 94 Control
some silt
Cobble, gravel, sand, 40 BI,F,S -- 8 92 Control
silt
Small cobble, gravel, 95 BI,S -- 100 -- Regenerating
sand
— . S = 100 - Regenerating
- <1 B,P,,S 10 50 40 Main stem
Sand, silt <1 BI - - -- Estuary
Sand, silt <1 BI,P; -- - -- Estuary
Sand, silt <1 BI -- -- -- Estuary
Sand, silt <1 BI - - - Estuary
Sand, silt <1 BI,P, - -- - Estuary
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TABLE 2.--Descriptions of sampling

Station description Drainage basin Average
stream Stream
Average gradient  order
Number and name Latitude Longitude Area (mi2) altitude (ft/mi)
(ft)
411734 Redwood Creek Estuary 41°17'34"  124°05'18" 282 -- -- =

124051803 Site 2C, near Orick

411732 Redwood Creek Estuary 41°17'32"  124°05'18" 282 -- -- -
124051801 Site 3A, near Orick

411732 Redwood Creek Estuary 41°17'32" 124°05'18" 282 -- - -
124051802 Site 3B, near Orick

411732 Redwood Creek Estuary 41°17'32" 124°05'18" 282 -- - =
124051803 Site 3C, near Orick

11532602 West branch Mill Creek 41°42'11"  124°06'04" 6.90 1,060 340 5
below Red Alder Camp-
ground, near Crescent City

11532610 East Fork Mill Creek 41°43'51"  124°05'20" 16.1 =1,190 =235 6
near Crescent City

11532620 Mill Creek near Crescent 41°44'32"  124°06'06" 28.6 940 145 6
City

11532630 Mill Creek at Mouth 41°47'29"  124°05'01" 37 810 130 6

near Crescent City

1Subjective field observations.

2Streambed exposure to direct sunlight at each station was influenced by deciduous riparian vegetation.
3B=bacteria; BI=benthic invertebrates; F=fish; Py=periphyton; Pz=phytoplankton; S=seston.

“History of land use as of August 1975.

History of land use as of December 1974.

AQUATIC BIOLOGY
Bacteria

Bacteria can serve as biological indicators for assessing the sanitary
quality of water. The presence of fecal-coliform and fecal-streptococcal
bacteria indicates recent fecal-waste contamination by warm-blooded animals.

The California State Water Resources Control Board has established water-
quality objectives for the bacteriological quality of surface water in the
North Coast Region. For water-contact recreation (swimming and wading), the
median fecal-coliform concentration should not exceed 50 co0l/100 mL, based on
a minimum of 5 samples for any 30-day period. In addition, no more than
10 percent of the total sample during any 30-day period shall exceed 400 col/
100 mL (California State Water Resources Control Board, 1975). At this time,
there are no specific water-quality objectives for fecal-streptococcal
concentrations in surface water.

Bacterial densities in the Redwood Creek and Mill Creek basins were low
(table 3). One exception was Prairie Creek, a tributary to Redwood Creek.
Most of the bacterial results, however, were based on less than ideal colony
counts, which occur when the number of bacterial colonies on a membrane filter
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stations for aquatic biota--Continued

Canopy

History of land use
(percentage of area)

Y

Streambed (Estimated Biological Basin
composition! ercentage) 2 sampling? Logged since Logged prior Virgin and classification
P & establishing advanced
park lishing park second growth
Sand, silt <1 BI -- -- Estuary
Sand, silt <1 BI -- -- Estuary
Sand, silt <1 BI,P; -- -- Estuary
Sand, silt <1 BI -- -- Estuary

Logged Advanced Prairie or Virein
as of second cleared ar§a5
1974 growth area
Cobble, large gravel, 50 B,BI,P;,P;, 39 17 0 44 Being logged
sand s
Cobble, gravel, sand 60 B,BI,P;,P,, =48 =1 4 =47 Being logged
S
Some boulders, cobble, 40 B,BI,F,Py, 38 20 3 39 Main stem
gravel, sand P,,S
Cobble, gravel, sand 55 B,BI,S 30 19 2 49 Main stem

fall outside the range of 20 to 60 colonies per filter for fecal-coliform
bacteria and 20 to 100 colonies for fecal-streptococcal bacteria (Slack and
others, 1973).

Fecal-coliform and fecal-streptococcal bacteria densities in the Redwood
Creek basin ranged from <1 to 220 and <1 to 750 co0l/100 mL, with mean densi-
ties of 16 and 49 col/100 mL. At Redwood Creek main-stem stations, fecal-
coliform and fecal-streptococcal bacteria densities ranged from <1 to 47 and 1
to 280 col/100 mL, with mean densities of 13 and 35 co0l/100 mL. Bacterial
densities of selected tributaries to Redwood Creek ranged from <1 to 220 col/
100 mL for fecal-coliform bacteria and from <1 to 750 col/100 mL for fecal-
streptococcal bacteria, with mean densities of 21 and 70 col/100 mL. The
largest bacterial densities for fecal-coliform and fecal-streptococcal bac-
teria (220 and 753 co0l/100 mL) were in water samples collected at Prairie
Creek. Several potential sources of bacterial contamination in Prairie Creek
include a state park, county fish hatchery, grazing land, lumber mill, and
scattered residential areas in the drainage basin. Excluding Prairie Creek,
bacterial densities in the selected Redwood Creek tributaries ranged from <1
to 30 col/100 mL for fecal-coliform bacteria and from <1 to 190 col/100 mL for
fecal-streptococcal bacteria, with mean densities of 5 and 22 col/100 mL.

In the Mill Creek basin, fecal-coliform and fecal-streptococcal bacteria

densities ranged from 3 to 18 and 4 to 21 col/100 mL, with mean densities of
10 and 10 co0l/100 mL.
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TABLE 3.--Summary of fecal-coliform and fecal-streptococcal bacteria data

[In computations, <l colony/mL was counted as 1 colony/mL]|

Station name

Bacteria (colonies per 100 mL)

Fecal coliform

Fecal streptococcal

No. No.
Range Mean Samples Range Mean Satipl s

Redwood Creek nr Blue Lake 1-28 14 5 3-24 12 4

Redwood Creek at Redwood Valley <1-22 9.5 4 8-52 29 4
Bridge nr Blue Lake

Redwood Creek above Panther Creek 4-47 19 4 8-280 110 3
nr Orick

Redwood Creek at South Park <1-8 32 6 2-26 10 5
Boundary nr Orick

Redwood Creek above Harry Wier == 1.0 1 == L1 1
Creek nr Orick

Harry Wier Creek nr Orick <1-9 3197 3 4-190 7.3 3

Miller Creek nr Orick 6-30 18 2 <1-16 8. 2

Miller Creek at Mouth nr Orick <1-2 155 2 3-11 1 2

Hayes Creek nr Orick == 10 . -- 6. 1

Redwood Creek above Prairie Creek 8-29 18 A =5 3 2
nr Orick

Lost Man Creek nr Orick <1-1 1.0 2 <1-6 3., 2

Little Lost Man Creek at site no. 2 <1-4 2.7 3 1-9 8. 3
nr Orick

Prairie Creek nr Orick 22=220 120 2 11-750 380 2

Redwood Creek nr Orick 4-46 2411 6 6-160 54 5

West Branch Mill Creek below Red == 3.0 1 - 4. 1
Alder Campground nr Crescent City

East Fork Mill Creek nr — 7.0 1 -- 133 1
Crescent City

Mill Creek nr Crescent City == 18 1 == 4. 1

Mill Creek at Mouth nr Crescent City -- 13 1 S 21 1

All Redwood Creek stations <1-220 16 43 <1-750 48 39

Redwood Creek main-stem stations <1-47 13 28 1-280 35 24

Redwood Creek tributary stations <1-220 21 15 <1-750 70 15

Redwood Creek tributary stations <1-30 5.4 13 <1-190 22 13
(Prairie Creek excluded)

All Mill Creek stations 3-18 10 4 4-21 10 4




Benthic Invertebrates

Benthic invertebrates are the community of animals without backbones that
live in or on the bottom of lakes and streams. Because benthic invertebrates
are found in specific types of habitat and are sensitive to water-quality
changes, they often have been used as biological indicators of the quality of
the aquatic ecosystem (Hynes, 1964 and 1970, and Cummins, 1973).

The taxonomic classification and enumeration of benthic invertebrates
collected from the Redwood Creek and Mill Creek basins (figs. 2, 3, and 4)
have been reported by Iwatsubo and others (1975, 1976). The benthic-
invertebrate community was extremely diverse and was composed of 150 taxa
(table 4). Of these, 144 benthic-invertebrate taxa were identified from
samples collected at Redwood Creek main-stem (above the estuary) and tributary
stations, 30 taxa were identified from Redwood Creek estuary samples, and
67 taxa were identified from samples collected at Mill Creek basin stations.
Of the 150 taxa identified from the samples, 79 were found only in Redwood
Creek main stem and tributaries, 4 were found only in Redwood Creek estuary,
and 2 were found only in the Mill Creek basin. Sixty-five were common to both
drainage basins.

Taxonomic Composition

Benthic invertebrates classified in the phylum Annelida (segmented worms)
composed 1 percent of the total number of benthic invertebrates collected
during the study (table 5). Two classes of annelids, Oligochaeta and Poly-
chaeta, were collected from the Redwood Creek basin. Oligochaeta (aquatic
earthworms) were collected at nearly every station sampled. Aquatic oligo-
chaetes occupy a niche similar to that occupied by terrestrial species and
obtain their food by ingesting mud and organic detritus. Most aquatic oligo-
chaetes are found in the mud substrates of lakes and slow-moving or stagnant
pools of streams; however, they are also commonly found in cold mountain
streams (Pennak, 1953). Polychaeta (polychaete worms) were found at only two
sampling stations in the Redwood Creek estuary and represented less than
0.1 percent of the benthic invertebrates collected during the study. Poly-
chaetes are more abundant in estuaries than in freshwater communities and
occupy a niche similar to that of the oligochaetes (Reid, 1961). In the Mill
Creek basin, aquatic oligochaetes were the only annelids collected, and they
represented 0.8 percent of the total number of benthic invertebrates collected
from the drainage basin.

Phylum Arthropoda (jointed-legs) represented 98.3 percent of the benthic
invertebrates collected. Three classes of phylum Arthropoda were identified
from the samples: Arachnoidea (spiders, ticks, and mites); Crustacea (crabs,
shrimps, scuds, and sow bugs); and Insecta (insects).

Acari (water mites) were the only members of the class Arachnoidea sam-
pled and represented 9.9 percent of the total benthic invertebrates collected
during the study. Acari were abundant and occurred at every sampling station
in the Redwood Creek and Mill Creek basins. Water mites occupy a vast range
of habitats (hot springs, ponds, stagnant pools, and turbulent mountain
streams); however, they are known to be especially abundant among heavy
growths of aquatic vegetation (Borror and Delong, 1971, and Pennak, 1953).
For example, at Copper Creek, an extensively logged drainage basin with abun-
dant periphytic growth, 15,000 Acari per square meter were collected during
the autumn 1975 sampling period.
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Crustaceans (class Crustacea) occurred only in samples from the Redwood
Creek basin and composed 17.9 percent of the total benthic invertebrates
collected. Corophium (estuarine scud) was the dominant crustacean and repre-
sented 98.4 percent of the class; it was found only in the Redwood Creek
estuary. Corophium are primarily tube-dwelling omnivores and a major source
of food for fish in estuarine environments (Pennak, 1953, Kelly, 1966, and
Smith and Carlton, 1975). The remaining 1.6 percent of the crustaceans col-
lected during the study were represented by Anisogammarus and Stygobromus
(freshwater scuds), Exosphaeroma (aquatic sow bug), and an unidentified group.

Insects (class Insecta) were the dominant class of arthropods and com-
posed 70.5 percent of the total benthic invertebrates collected. Ten orders
of insects were identified from the samples collected: Coleoptera (beetles);
Collembola (spring tails); Diptera (two-winged flies); Ephemeroptera (may-
flies); Hymenoptera (wasps); Lepidoptera (butterflies and moths); Neuroptera
(dobsonflies and fishflies); Odonata (dragonflies and damselflies); Plecoptera
(stoneflies); and Trichoptera (caddisflies).

In the Redwood Creek basin, insects composed 68.6 percent of the benthic

invertebrates collected. Diptera was the dominant order, containing
22.0 percent of the benthic invertebrates from the basin, and was followed by:
Ephemeroptera (17.7 percent); Coleoptera (13.2 percent); Trichoptera

(11.3 percent); Plecoptera (4.3 percent); and Collembola, Hymenoptera, Lepi-
doptera, Neuroptera, and Odonata (<0.1 percent for each order). Exclusive of
the estuary, the predominant insects were: Emphemeroptera (23.6 percent);
Diptera (23.1 percent); Coleoptera (17.6 percent); Trichoptera (15.1 percent);
Plecoptera (5.7 percent); Odonata (0.1 percent); and Collembola, Hymenoptera,
Lepidoptera, and Neuroptera (<0.1 percent for each order).

In the Mill Creek basin, insects composed 91.1 percent of the benthic
invertebrates collected. Ephemeroptera was the dominant order, containing
51.3 percent of the benthic invertebrates from the basin, and was followed by:
Diptera (22.2 percent); Plecoptera (9.6 percent); Coleoptera (4.2 percent);
Tricoptera (3.7 percent); Collembola (0.1 percent); and Hymenoptera and
Odonata (<0.1 percent each).

The taxonomic composition of the insects from the Redwood Creek basin
(exclusive of the estuary) and Mill Creek basin differ in that Redwood Creek
had larger percentages of Coleoptera (17.6 v. 4.2 percent) and Trichoptera
(15.1 v. 3.7 percent); Mill Creek had larger percentages of Ephemeroptera
(51.3 wv. 23.6 percent) and Plecoptera (9.6 v. 5.7 percent). In addition,
Lepidoptera and Neuroptera were in Redwood Creek basin samples but not in the
Mill Creek basin samples.

Benthic invertebrates representing phyla Mollusca (snails and clams),
Nematoda (roundworms), and Platyhelminthes (flatworms) were collected in the
Redwood Creek basin. Of these three phyla, Nematoda were the most abundant
(especially in the estuary) and represented 0.7 percent of the invertebrates
collected. Nematodes are highly adaptable organisms from an ecological and
physiological standpoint (Pennak, 1953). For example, the same species may be
found in tropical as well as alpine aquatic environments. In marine sedi-
ments, nematodes may be the most abundant metazoan present (Smith and Carlton,
1975). In the Mill Creek basin, mollusks and nematodes represented less than
1 percent of the total number of benthic organisms. Platyhelminthes were not
in the Mill Creek basin samples.
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TABLE 4.--Taxonomic list and occurrence of benthic invertebrates

PHYLUM
CLASS
Order
Family
Sub-family
Tribe
Genus

Sub-genue

ANNELTDA
OLIGOCHAETA (aquatic earthworms)
POLYCHAETA (polychaete worms)
Nereidae
Neanthee

ARTHROPODA
ARACHNOTDEA
Acari (=Hydracarina)
CRUSTACEA
Amphipoda (scuds)
Corophiidae
Corophium
Gammaridae
Anisogammarus
Stuaobromus
Isopoda (aquatic sow bugs)
Sphaeromidae
Erosphaeroma
Unknown
INSECTA
Coleoptera (beetles)
Dytiscidae
Agabinus
Agabus

Elmidae
Ampurrizie
Heterlimmius
Limmius
Narpus
Optioservus
Ordobrevia
Zaitsevia
Unknown

Gyrinidae
Gurinue
Hydraenidae (=Limnebiidae)
Rydraena
Lirmebius
Ochthebius
Hydrophilidae
Anacaena
Berosus
Cymbiodyta
Helophorue
Rudrochus
Loccobius
Paracymus
Unknowm
Hydroscaphidae
Rudroscapha
Psephenidae
Acneus

Eubrianar
Ptilodactylidae
Anchyctets
Staphylinidae
Bmplenota
Thinusa
Collembola (spring tails)

Redwood Creek drainage basin Mill Creek
drainage
Main stem and gaeh
tributaries Estuary basin
X X X
X
X X X
X
X
X
X
X
X
X
X
X X
X
X
X X
X X X
X
X X
X X X
X X
X X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X X
X
X X
X
X X X
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TABLE 4.--Taxonomic list and occurrence of benthic invertebrates--Continued

PHYLWM
CLASS
Order
Family
Sub-family
Tribe
Genus

Sub-genue

Diptera (two-winged flies)

Blephariceridae
Blepharicera
Ceratopogonidae (=Heleidae)
Lohopogon
Besszia
Poreipomyia
Palpomyia
Unknown

Chironomidae
Chironominae
Chironomini
Tanytarsini
Orthocladiinae and Dismesinae
Thienemamniella
Other genera
Tanypodinae
Dixidae
Dolichopodidae
Empididae
Ephydridae
Muscidae
Psychodidae
Maruina
Ptychopteridae
Rhagionidae
Atheriz
Simuliidae
Stratiomyidae
hus
Tabanidae
Tanyderidae
Protanyderus
Tipulidae
Antocha
Dicranota
Gonomyia
Rexatoma
Limmophila
Limonia
Ormosia
Pedicia
Tipula
Ulomorpha
¥nknown
Ephemeroptera (mayflies
Baetidae
Baetis
Centroptilum
Ephemerellidae
Frhemerella
Heptageniidae
Cinyama
Cinvamula
Epeorus
Iron
Ironodes
Ironoveis
Reptacenia
FRhithrogena
Leptophlebiidae
Paraleptophlebia
Stphlonuridae
Ameletus
Isomychia
Tricorythidae
Tricorythodes
Hywmenopters (wasps)
Mymaridae
Anaorus
Patasson
Lepidoptera (butterflies, moths)
Pyralidae
Pararcyractis
Neuroptera (dobsonflies, fishflies)
Corydalidae
Dysrmicohermes
Sialidae
Sialie
Odonata (dragonflies, damselflies)
Coenagrionidae
Fyponeura
Gomphidae
Erpetogomphus
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Redwood Creek drainage basin Mill Creek
Main stem and dralzage
tributaries Estuary basin
X
X
X X X
X X
X X
X
X X X
X X X
X X X
X X X
X X X
X X X
X X
X X X
X
X X X
X
X
X X
X
X X
X
X X
X
X
X
X
X
X X
X
X
X X
X
X
X X X
X X
X X
X
X X
X X
X X
X X
X X X
X X
X X X
X X
X
X
X X
X
X
X
X
X
X



TABLE 4.--Taxonomic list and occurrence of benthic invertebrates--Continued

PHYLUM
CLASS
Order
Family
Sub-family
Tribe
Genus

Sub-genus

Erpetogomphus
Gomphuse
Octogomphus
Ophiogomphus
Plecoptera (stoneflies)
Chloroperlidae
Alloperla
Hastaperla
Kathroverla
Paraperla
Nemouridae
Capnia
Leuetra
Megaleuctra
Nemoura

Perlomyta
Unknown

Peltoperiidae
Peltoperla
Perlidae
Acroneuria
Perlodidae
ITsogenus
JTeoperla
Pteronarcidae
Pteronarcue
Trichoptera (caddisflies)
Sericostomatidae
Sericostoma
Brachycentridae
Micrasema
Calomoceratidae
Heterovlectron
Goeridae
Hydroptilidae
Budroptila
Neotrichia
Ochrotrichia
Oxyethira
Unknown
Hydropsychidae
Arctopsuche
Cheuwmatopsyche
Pydropsyche
Parapsvche
Unknowm
Lepidostomatidae
Lenidostoma
Leptoceridae
Oecetis
Limnephilidae
Dicosmoecus
Neophylax
Neothrermma
Oligophlebodes
Pyenopsuche
Radema

Unknown
Philopotamidae
Wormaldia
Psychomyiidae
Polycentropus
Undonown

Rhyacophilidae
Agapetus
Glossosoma
Protoptila
Rhyacophila

Unknown

MOLLUSCA
GASTROPODA (snails)
Ancylidae

Lanx
Bythiniidae (=Bulimidae)
Paludestrina
Planorbidae

NEMATODA (roundworms)

PLATYHELMINTHES
TURBELLARIA (free-living flatworms)
Tricladida
Planariidae
Polycelie

Redwood Creek drainage basin Mill Creek
Main stem and drainage
tributaries Estuary basin
X
X
X
X X
X X X
X
X
X X
X X
X X
X
X X X
X
X
X X
X X
X X
X X
X
X X
X X
X
X
X X
X
X X
X X
X
X
X X
X X
X X
X
X X
X
X X
X X
X
X
X
X
X
X X
X X
X
X
X X
X X
X X
X
X
X X
X
X X X
X X
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TABLE 5.--Percentage taxonomic composition of the total number of benthic invertebrates collected from the
Redwood Creek and Mill Creek basins

Percentage taxonomic comrmsition1

Taxonomic classification

Redwood Creek drainage hasin ~~ Mill Creek Redwood Creek
PHYLUM o Main stem, . -
Class Main stem and tributaries deainage and Mill Creek
Order tributaries Estuaryv and estuary basin drainage basins
ANNELIDA 1.2 0.6 1.0 0.8 1.0
ARTHROPODA 98.8 96.5 08.2 99.1 98.3
Arachnoidea 13.4 0.4 10.1 8.0 9.9
Crustacea gsl 76.9 190.5 0.0 17.9
Insecta 85.3 19.2 68.6 91.1 70.5
Coleoptera 17.6 0.2 13.2 4.2 12.8
Collembola <nN.1 <0.1 <0.1 0.1 <0.1
Diptera 23.1 18.9 22.0 22.2 22.0
Fphemeroptera 23.6 0.1 17 .7 51.3 20.5
Hvmenoptera <0,1 0.0 <0.1 <0.1 <0.1
Lepidoptera <0.1 0.0 <0.1 0.0 <0.1
Neuroptera <0.1 0.0 <0.1 0.0 <n.1
Odonata 0.1 0.0 <0.1 <0.1 <0.1
Plecoptera 5.7 0.1 4.3 9.6 4.7
Trichoptera 15.1 0.0 11.3 3.7 10.6
MOLLUSCA <0,1 0.0 <0.1 <0.1 ’ 2l
NEMATODA <0.1 2.9 n.7 <0.1 0.7
PLATYHELMINTHES <0, <0.,1 <0 .1 0.0 <n.1

|.
|
‘.

lsummation of the underlined phylum percentage figures equaled 100 percent prior to rounding.



Variations of Benthic-Invertebrate Numbers

The variations in the number of benthic invertebrates collected during
the study primarily reflected seasonal changes (table 6). Benthic-
invertebrate data from the 1973 samples should not be compared with the 1974
and 1975 data because different techniques were used to separate benthic
invertebrates from sample detritus. As previously discussed, the inverte-
brates from the 1973 samples were sorted from sample detritus in the field;
whereas the 1974 and 1975 samples were sorted in the laboratory. Field sort-
ing resulted in a lower number of benthic invertebrates reported for each
sampling station.

The number of benthic invertebrates collected from the Redwood Creek
basin during autumn 1973 were quite variable. Along the Redwood Creek main
stem, the number of benthic invertebrates collected ranged from 330 to
3,600 inverts/m?. Redwood Creek above Panther Creek had the largest number of
benthic invertebrates collected (3,600 inverts/m?); whereas Redwood Creek
below Elam Creek had the smallest number collected (330 inverts/m2). The
number of benthic invertebrates collected from Redwood Creek tributaries
ranged from 90 to 4,400 inverts/m?. Samples from Little Lost Man Creek (con-
trol drainage basin) had the 1largest number of benthic invertebrates
(4,400 inverts/m?); whereas Miller Creek at Mouth (logged drainage basin) had
the smallest number (90 inverts/mZ).

In 1973, samples were collected after the first major storm of the winter
in order to assess the effect of the storm on benthic-invertebrate densities.

On October 23, 1973, 6.18 inches of rain was recorded at the Orick
Prairie Creek precipitation station just north of Orick, Calif. (U.S. Nation-
al Oceanic and Atmospheric Administration, 1973). Stream discharges at Redwood
Creek near Blue Lake, at South Park Boundary, and at Orick peaked at 5,070,
10,800, and 16,200 ft3/s, respectively, on October 23, 1973 (U.S. Geological
Survey, 1974). Because of increased water discharge, benthic-invertebrate
samples could not be collected from the Redwood Creek main-stem stations after
the October 1973 storm; however, six tributaries were resampled. The results
indicated a marked decrease of benthic invertebrates in the samples collected
after the storm. Percentage decreases ranged from 24 at Hayes Creek to 93 at
Little Lost Man Creek and averaged 64. Streams with the control-basin classi-
fication (Hayes Creek and Little Lost Man Creek) that were resampled after the
October 23, 1973, storm had a mean decrease of 58 percent in the number of
benthic invertebrates collected. Streams with the logged-basin classification
(Harry Wier Creek, Tom McDonald Creek, and Miller Creek at Mouth) had a mean
decrease of 61 percent. Lost Man Creek was the only stream with the
regenerating-basin classification that was resampled following the storm, and
it had an 8l-percent decrease in the number of benthic invertebrates.
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The variations in the number of benthic invertebrates collected from the
Redwood Creek basin in 1974 and 1975 primarily reflected seasonal changes
(table 6). Benthic-invertebrate samples were collected in the spring of each
year after high winter streamflows had subsided. The invertebrates in these
samples represented individuals that were able to overwinter, as well as a few
recently hatched individuals. During autumn, when streamflows were lowest,
benthic-invertebrate samples were collected again. The invertebrates col-
lected during the autumn sampling represented those organisms that had grown
and not emerged throughout the summer and included the additional individuals
from newly hatched eggs. At almost every sampling station, autumn samples
contained larger numbers of benthic invertebrates than did the spring samples.

Bridge Creek and Harry Wier Creek were the only two streams that had
greater numbers of benthic invertebrates per sample during spring than during
autumn sampling (1975). Just prior to the collection of autumn samples at
Bridge Creek, an input of sediment into the stream was caused by the removal
of logging and assorted debris upstream from the sampling station and on
timber company property (Steve Veirs, written commun., December 24, 1975).
Extensive sedimentation of the streambed in autumn was observed in the sam-
pling area as compared to the condition of the streambed during spring sam-
pling. The autumn 1975 samples collected at Bridge Creek contained only
22 inverts/m?; whereas the spring samples contained about 1,400 inverts/m?.
At Harry Wier Creek, autumn 1975 samples contained 1,000 inverts/m?; whereas
spring samples contained 1,100 inverts/m?. This slight decrease in the number
of benthic invertebrates per square meter in autumn may be related to an
increase in sedimentation of the streambed between spring and autumn sampling.
The source of sediment may have been the construction of a road approach to a
bridge upstream from the sampling station.

Spatial variations in the number of benthic invertebrates collected from
the Redwood Creek main stem (excluding estuary) during spring 1974 and 1975
were low (table 6). There was little difference between the number of benthic
invertebrates collected from the upstream and downstream reaches of Redwood
Creek. 1In contrast, the autumn 1974 and 1975 samples showed a wide variation
in numbers of benthic invertebrates collected from the Redwood Creek main
stem, ranging from 8,300 to 50,000 inverts/m2.

In March 1975, a major storm in the study area resulted in flood dis-
charges and attendant degradation and aggradation of the streambeds in the
Redwood Creek basin. The peak discharge for Redwood Creek at Orick of
50,200 ft3/s nearly equaled the record flood peak discharge of 50,500 ft3/s
on December 22, 1964. The number of benthic invertebrates collected in the
samples during spring 1975 was low and similar to the number in spring 1974
samples, when the peak winter discharge reached 24,800 ft3/s. The benthic-
invertebrate density in Redwood Creek samples significantly increased by
autumn 1975 sampling. This dramatic increase in benthic invertebrates follow-
ing a major spring storm illustrates the ability of the benthic-invertebrate
community to recolonize a stream. Benthic-invertebrate densities in Redwood
Creek tributaries showed similar responses in recolonization following the
March 1975 flood. However, benthic-invertebrate densities were more variable
than in the Redwood Creek main stem. Samples collected from the tributaries
in autumn 1975 contained greater numbers of benthic invertebrates than did
spring 1975 samples, except for Bridge Creek and Harry Wier Creek, both of
which were previously discussed.
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Benthic-invertebrate densities were variable in their seasonal and spa-
tial patterns in the Redwood Creek estuary during spring and autumn of 1974
(table 6). The number of benthic invertebrates per square meter was greater
in autumn than in spring. Spatial patterns showed that during spring the
number of benthic invertebrates was greater, on the average, in the original
Redwood Creek channel (fig. 3, line 3, natural stream channel) than in the
channelized Redwood Creek (fig. 3, lines 1 and 2). During autumn sampling,
the distribution pattern was reversed.

During 1974, seasonal variations in the number of collected benthic
invertebrates from the Mill Creek basin were similar to those of the Redwood
Creek basin (table 6). Benthic-invertebrate densities were greater during
autumn sampling than during spring sampling. As in the Redwood Creek basin,
the benthic invertebrates collected during spring from the Mill Creek basin
probably represented those invertebrates that were able to overwinter in the
stream, while the benthic invertebrates collected in autumn represented the
invertebrates that had grown and not emerged throughout the summer and
included additional organisms from eggs that had hatched since spring.

Spatial variations of benthic-invertebrate densities in the Mill Creek
basin are difficult to assess because of the limited number of samples col-
lected. The data indicate, however, that the West Branch Mill Creek below Red
Alder Campground had the highest densities during 1974 spring and autumn
sampling, whereas the East Fork Mill Creek station had the lowest densities.
The Mill Creek main-stem station, located just below the confluence of the
west branch and east fork of Mill Creek, had intermediate densities relative
to the invertebrate densities of the two upstream stations. The Mill Creek at
Mouth station was sampled only during the spring and had a benthic-
invertebrate density similar to the East Fork Mill Creek station.

Functional Groups

The functional group concept, as presented by Cummins (1973, 1974),
describes a stream ecosystem in terms of the ecological function of the ben-
thic invertebrates. Cummins classified benthic invertebrates into four major
functional groups based on feeding mechanisms: (1) shredders, which reduce
coarse particulate organic matter (CPOM) greater than 1 mm in diameter, such
as leaves, twigs, bark, and flowers, into fine particulate organic matter
(FPOM) less than 1 mm in diameter; (2) collectors, which feed on FPOM (espe-
cially fecal matter excreted by the shredders); (3) grazers (scrapers), which
feed on periphyton; and (4) predators, which feed on other animals in the
stream. In addition to these four major functional group categories of
Cummins (1974), six other groups were established for this study, based on
feeding mechanisms (Merritt and Cummins, 1978, and James R. Sedell, oral
commun., 1976): (1) collector-grazer; (2) collector-predator; (3) collector-
shredder; (4) grazer-shredder; (5) micro-predator; and (6) unknown. Cummins'
(1974) functional group scheme was initially designed for northeastern
streams. He noted a similarity between detritus processing, however, in New
Hampshire (Fisher and Likens, 1973) and Oregon (Sedell and others, 1973)
streams.
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TABLE 6.--Number of benthic invertebrates in samples collected at the
Redwood Creek and Mill Creek stations

[Number of individuals per square meter]

1973 1974 1975
After first

Station name Autumn storm Spring Autumn Spring Autumn
Redwood Creek above Hwy 299 1,400 -- 310 50,000 -- --
Redwood Creek near Blue Lake 1,900 -- 250 22,000 590 33,000
Redwood Creek at Redwood
Valley Bridge near Blue Lake 3,200 -- 280 34,000 -- --
Redwood Creek at Lower End
-Redwood Valley 830 -- 190 15,000 -- --
Redwood Creek above Panther
Creek near Orick 3,600 -- 370 35,000 -- EE
High Slope Schist Creek near
Orick 180 -- 970 2,200 1,100 1.200
Redwood Creek above Copper Cr. -- -- 180 29,000 s =
Cooper Creek near Orick 1,800 -- 1,500 38,000 1,200 51,000
Redwood Creek below Copper Cr. 1,300 -- -- —— == e
Slide Creek near Orick 610 - 1,400 7,700 -- e
Redwood Creek at South Park
Boundary near Orick 740 - 430 13,000 910 39,000
Bridge Creek near Orick 980 -- 1,100 9,500 1,400 22
Harry Wier Creek near Orick 320 110 1,800 3,800 1,100 1,000
Redwood Cr. below Harry Wier Cr. 450 —= 430 17,000 - -
Redwood Cr. above Tom McDonald Cr. - - 420 15,000 560 19,000
Tom McDonald Creek near Orick 1,400 380 1,200 9,300 600 8,200

Redwood Cr. below Tom McDonald Cr. 380 -- -- — = -

Redwood Creek above Miller Creek 450 -- 420 12,000 -- --
Miller Creek near Orick -- 200 4,400 5,500 6,000 13,000
Miller Creek at Mouth near Orick 90 52 580 2,300 1,200 4,500
Cloquet Creek near Orick 520 -- 3,500 10,000 -- --
Redwood Creek below Oscar Larson

Creek 1,100 e 990 21,000 - --
Elam Creek near Orick 440 -- 1,000 1,300 -- --
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TABLE 6.--Number of benthic invertebrates in samples collected at the

Redwood Creek and Mill Creek stations--Continued

1973

1974

1975

After first

Station name Autumn storm Spring Autumn Spring Autumn
Redwood Creek below Elam Creek 330 -- 670 15,000 1,100 8,400
Redwood Creek above Hayes Creek - -—- 2,000 34,000 960 8,300
Hayes Creek near Orick 150 120 1,200 14,000 5,000 9,200
Redwood Creek below Hayes Creek 720 -- -- -- -- ==
Lost Man Creek near Orick 530 100 1,000 7,000 4,100 6,300
Little Lost Man Creek at Site #2
near Orick -- - 4,100 15,000 6,900 26,000
Little Lost Man Creek near Orick 4,400 290 4,200 -- - =
Geneva Creek near Orick -- -- 1,800 -- -- ~
Redwood Creek Estuary Line 1A
near Orick = o 2,800 o= 2 s
Redwood Creek Estuary Line 1B
near Orick -- -- 2,300 79,000 -- ==
Redwood Creek Estuary Line 1C
near Orick . -- 1,700 == 2 i
Redwood Creek Estuary Line 2A -- -- 15,000 -- = =
near Orick
Redwood Creek Estuary Line 2B
near Orick -- -- 1,900 68,000 -- --
Redwood Creek Estuary Line 2C
near Orick e - 1,100 = 2l S
Redwood Creek Estuary Line 3A
near Orick - - 11,000 e Lt e
Redwood Creek Estuary Line 3B
near Orick -- - 2,900 45,000 -- '
Redwood Creek Estuary Line 3C
near Orick -- -- 26,000 -- e 2
West Branch Mill Creek below Red
Alder Campground near Crescent
City -- -- 21,000 36,000 -- ==
East Fork Mill Creek near
Crescent City -- -- 5,500 5,800 -~ -
Mill Creek near Crescent City -- -- 7,800 13,000 -- ==
Mill Creek at Mouth near Crescent
City -- -- 5,900 -- -- --




A list of the functional group categories for the benthic invertebrates
collected during the study is given in table 7. This list is based on the
best information available at the time of writing. Most of the placement of
the benthic invertebrates into functional group categories was taken from
Cummins (1973, 1974) and James R. Sedell (oral commun., 1976); however, other
sources of benthic-invertebrate life histories, such as Usinger (1956), Hynes
(1970), and general entomology texts, were used. Although some benthic inver-
tebrates can be classified in different functional group categories at dif-
ferent life stages, no attempt was made to determine these different func-
tional roles. Another limitation in using the functional group concept is
that the functional role of many benthic-invertebrate species has not been
determined. As additional studies are made and more taxonomic and life his-
tory information becomes available, the functional group concept will
doubtlessly become a more meaningful tool in the evaluation of ecosystems.

Despite the limitations pertaining to classifying benthic invertebrates
into functional group categories, the functional group concept is useful in
assessing a stream environment in terms of size and habitat stability for the
benthic-invertebrate community.

The functional group percentages of the benthic invertebrates collected
from the Redwood Creek and Mill Creek basins are shown in table 8. The major-
ity of the benthic invertebrates collected during the study were of the
predator, micro-predator, collector, and collector-predator categories.

In the Redwood Creek basin, spatial and seasonal changes in percentage
composition of the benthic-invertebrate functional groups occurred (table 8).
Along the Redwood Creek main stem during spring 1974 and 1975 sampling, the
predator category was the dominant functional group; however, downstream from
the Redwood Creek below Elam Creek station (estuary included), the collector
category was the dominant functional group. In the downstream direction of
the Redwood Creek main stem, the number of predators collected at each sam-
pling station remained relatively the same, whereas the number of collectors
increased (table 8). The Redwood Creek at South Park Boundary station was the
only exception in the upstream area where the benthic -invertebrate samples
were consistently dominated by collectors rather than predators.

During autumn sampling of 1974 and 1975, the collector category was the
dominant functional group of the benthic invertebrates collected at the sam-
pling stations along the Redwood Creek main stem (estuary included). The
predator category was the second most abundant functional group.

Benthic-invertebrate samples from the Redwood Creek tributaries during
both spring and autumn revealed that the collector category was the dominant
functional group (table 8). Unlike the upper reaches of the Redwood Creek
main stem, dominance by the predator functional group during spring sampling
rarely occurred in the tributaries. The abundance of the shredder functional
group was low. Seasonal variations in the percentage composition of the
functional groups for Redwood Creek tributaries were minimal. Percentages of
grazers, however, increased from spring to autumn sampling as algal production
increased. There were only small differences between percentage composition
of the functional groups of benthic invertebrates collected from logged and
unlogged tributary drainage basins.

37



The collector functional group dominated the benthic-invertebrate samples
collected from Redwood Creek estuary during spring and autumn 1974, with
percentages greater than 90 at every sampling station (table 8). The high
percentages of collectors probably were related to the type of food and
streambed substrates. Corophium and chironomid larvae were the most numerous
collectors. Percentages of predator and micro-predator groups were larger
than the other remaining functional groups of benthic invertebrates collected
from the estuary.

The functional grouping of benthic invertebrates from the Mill Creek
basin was more consistent with the functional grouping in Redwood Creek tribu-
taries than with the Redwood Creek main stem (table 8). The reason for this
consistency of functional groups between Mill Creek and Redwood Creek tribu-
taries was similarity of environmental factors such as streambed stability and

percentage of streamside canopy. The collector category was the dominant
functional group in every benthic-invertebrate sample collected from the Mill
Creek basin and was followed by the micro-predator functional group. The

largest seasonal percentage increases of grazer, collector-grazer, and micro-
predator functional groups occurred at the Mill Creek near Crescent City
sampling station. As in the Redwood Creek Dbasin, there was a low
concentration of benthic invertebrates in the shredder functional group.

Diversity of Benthic Invertebrates

The diversity index was calculated for each benthic-invertebrate sample
collected during the study from the following equation (Wilhm and Dorris,
1968):

_ s _n, n,
d = -En—' log2 _Il_ (l)
i=1
where d = diversity index,
n. = number of individuals per taxa,

total number of individuals, and
= total number of taxa in the sample of the community.

7}
|

The diversity index is a mathematical expression that can be used to
assess the variety of organisms found in a sample and includes both the number
of taxa and the distribution or equability of individuals among the various
taxa. The results of the diversity-index equation are used only as relative
values. A sample with a low diversity-index value indicates that the composi-
tion of the sampled community contains few taxa, whereas a sample with a high
diversity-index value indicates that the sampled community contains a large
number of taxa.
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TABLE 7.--Functional group categories for benthic invertebrates collected from the Redwood Creek

and Mi1T Creek basins

List of taxa!

Functional group

lother taxonomic levelj; P = Phylum; C = Classy F = Family; SF = Subfamily; T = Tribe; SG = Subgenus.
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category Order Family Genus
Micro-Predator Acari - -

Predator Coleoptera Dytiscidae Agabue
Coleoptera Dytiscidae Bidessus
Coleoptera Dytiscidae Deronectes
Coleoptera Dytiscidae Derovatellus
Coleoptera Dytiscidae Oreodytes
Coleoptera Gyrinidae Gyrinus
Diptera Ceratopogonidae Bezzia
Diptera Ceratopogonidae Palpomyia
Diptera Chironomidag. Tanypodinae (SF)
Diptera Dolichopodidae =
Diptera Empididae -

Diptera Rhagionidae Atheriz
Diptera Tabanidae -
Diptera Tipulidae Dicranota
Hexatoma
Lirmophila
Pedicia
Hemiptera Corixidae =
Hemiptera Saldidae Toscytus
Neuroptera Corydalidae Dyamicohermes
Neuroptera Sialidae Stalis
Odonata Coenagrionidae Hyponeura
Odonata Gowmphidae Erpetogomphus
Odonata Gomphidae Gomphue
Odonata Gomphidae Octogomphus
Odonata Gomphidae Ophiogomphus
Plecoptera Chloroperlidae Alloperla
Plecoptera Chloroperlidae Hastaperla
Plecoptera Chloroperlidae Paraperla
Plecoptera Perlidae Acroneuria
Plecoptera Perlodidae Isogenus
Plecoptera Perlodidae Isoperla
Trichoptera Leptoceridae Oecetis
Trichoptera Psychomyiidae Polycentropus
Trichoptera Rhyacophilidae Rhyacophtla

Collector Annelida (P) Hirudinea (C) Pigeicolidae (F)
Annelida (P) Oligochaeta (C) -

Annelida (P) Polychaeta (C) Neanthes
Amphipoda Corophiidae Corophium
Amphipoda Gammaridae Antsogammarus
Amphipoda Gammaridae Stygobromus
Isopoda Sphaeromidae Exosphaeroma
Coleoptera Elmidae Ampumizis
Coleoptera Elmidae Heterlimnius
Coleoptera Elmidae Limnius
Coleopters Elmidae Narpus
Coleoptera Elmidae Optioservus
Coleoptera Elmidae Ordobrevia
Coleoptera Elmidae Zaitsevia



TABLE 7.--Functional group categories for benthic invertebrates collected from the Redwood Creek
and Mill Creek basins--Continued

List of taxal

Punctional group

category Order Family Genus
Coleoptera Hydraenidae Hydraena
Coleoptera Hydraenidae Limnebius
Coleoptera Hydraenidae Ochthebius
Coleoptera Hydrophilidae Anacaera
Coleoptera Hydrophilidae Berosus
Coleoptera Hydrophilidae Cymbiodyta
Coleoptera Hydrophilidae Helophorus
Coleoptera Hydrophilidae Hydrochus
Coleoptera Hydrophilidae Loccobius
Coleoptera Hydrophilidae Paracymus
Coleoptera Hydroscaphidae Hydroscapha
Coleoptera Psepheridae Acneus
Coleoptera Psepheridae Eubrianax
Collembola - -
Diptera Ceratopogonidae Atrichopogon
Diptera Ceratopogonidae Foreipomyia
Diptera Chironomidae Chironomini (T)
Diptera Chironomidae Tanytarsini (T)
Diptera Orthocladiinae (SF) Thienemanniella
Diptera and Diamesinae (SF) Other genera
Diptera Dixidae -
Diptera Ephydridae -
Diptera Muscidae -
Diptera Psychodidae Maruina
Diptera Ptychopteridae -
Diptera Simuliidae -
Diptera Stratiomyidae Euparyphus
Ephemeroptera Baetidae Baetis
Ephemeroptera Baetidae Centroptilum
Ephemeroptera Heptageniidae Cinygma
Ephemeroptera Leptophlebiidae Paraleptophlebia
Ephemeroptera Siphlonuridae Ameletus
Ephemeroptera Siphlonuridae Isonychia
Ephemeroptera Tricorythidae Tricorythodes
Plecoptera Nemouridae Capnia
Plecoptera Nemouridae Leuctra
Plecoptera Nemouridae Megaleuctra
Plecoptera Nemouridae Perlomyia
Trichoptera Philopotamidae Wormaldia
Nematoda (P) - -
Platyhelmninthes Planariidae Polycelis
Shredder Coleoptera Ptilodactylidae Anchycteis
Diptera Tanyderidae Protanyderus
Tipulidae Antocha
Gonomyia
Limonia
Ormosia
Tpula
Ulomorpha
Plecoptera Peltoperlidae Peltoperla
Pteronarcidae Pteronarcys
Trichoptera Brachycentridae Micrasema
Calomoceratidae Heteroplectron
Goeridae -

10ther taxonomic levely P = Phylum; C = Class; F = Family; SF = Subfamily; T = Tribe; SG = Subgenus,
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TABLE 7.--Functional group categories for benthic invertebrates collected from the Redwood Creek
and Mill Creek basins--Continued

List of taxa!

Functional group

category Order Family Genus

Trichopters Limnephilidae Dicosmoecus
Trichoptera Limnephilidae Neophylax
Trichoptera Limnephilidae Neo thremma
Trichoptera Limnephilidae Oligophlebodes
Trichoptera Limnephilidae Pycnopsyche
Trichoptera Limnephilidae Radema

Grazer Diptera Blephariceridae Blepharicera
Lepidoptera Pyralidae ngmctia
Trichoptera Rhyacophilidae Agapetus
Trichoptera Rhyacophilidae Glossosoma
Trichoptera Rhyacophilidae Protoptila
Gastropoda (C) Ancylidae Lanx
Gastropods (C) Bythiniidae Paludestrina
Gastropoda (C) Planorbidae =

Collector-Grazer Ephemeroptera Heptageniidae Cinygmula
Ephemeroptera Heptageniidae Epeorus
Ephemeroptera Heptageniidae Iron (SG)
Ephemeroptera Heptageniidae Ironodes (SG)
Ephemeroptera Heptageniidae Ironopsie (SG)
Ephemeroptera Heptageniidae Heptagenia
Ephemeroptera Heptageniidae FRhithrogena

Collector-Predator Coleoptera Staphylinidae Bmplenota
Coleoptera Staphylinidae Thinusa
Ephemeroptera Ephemerellidae Ephemerella
Plecoptera Chloroperlidae Kathroperla
Trichoptera Sericostomatidae Sericoetoma
Trichoptera Hydropsychidae Arctopsyche
Trichoptera Hydropsychidae Cheumatopsyche
Trichoptera Hydropsychidae Hydropsyche
Trichoptera Hydropsychidae Parapsyche

Collector-Shredder Plecoptera Nemouridae Nemoura
Trichoptera Lepidostematidae Lepidostoma
Trichoptera Hydroptilidae Hydroptila
Trichoptera Hydroptilidae Neotrichia
Trichoptera Hydroptilidae Ochrotrichia
Trichoptera Hydroptilidae Oxyethira

Unknown Isopoda Unknown -
Coleoptera Elmidae Unknown
Coleoptera Hydrophilidae Unknown
Diptera Ceratopogonidae Unknown
Diptera Unknown =
Hymenoptera Mymaridae Anagrus
Hymenoptera Mymaridae Patasson
Plecoptera Nemouridae Unknown
Trichoptera Hydropsychidae Unknown
Trichoptera Hydroptilidae Unknown
Trichoptera Limnephilidae Unknown
Trichopters Psychomyiidae Unknown

lother taxonomic levelj P = Phylum; C = Classj F = Family; SF = Subfamily; T = Tribe; SG = Subgenus.
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TABLE 8.-- ions srcentages \ 4
Functional group percentages of the total number of benthic invertebrates collected from the Redwood Creck and Mill Creek basins

Functional group

tation Name Date Predator Micropredator Collector Shredder Grazer Collector- Collector- Collector- Grazer- Unknown Individuals
grazer predator shredder shredder per m?
Redwood Creek 10- 3-73 12.0 5.6 58,1 0.0 0
; 2. . : . o5 4
above Highway 299 5- 8-74 56.6 2.6 27.8 .0 0 13 g 122 0.3 0.8 0'3 l';(l)g
9-18-74 2.8 : -4 A . ) )
8.9 40.3 4 A 39.6 .0 w7 .0 50,000
Redwood Creek 10- 3-73 8.7 83 3911 8 4
near Bluallake 5. 8-74 0.2 6.3 = ~0 - 8.7) 35S .0 .0 1:7 1,900
= 5 1.2 | ) 32 .0 .0 1.2 250
9-18-74 2.6 10.0 28.8 1 7 ¢ ' 0C
‘ . 9.5 48.2 0 <;1 .0 22,000
5-27-75  16.3 17.0 12.4 0 5 ’
9-14-75 o 50 75.6 -2 oS 52.8 ) .0 .0 590
% 5 . 5 5 23 14.9 <.1 22 .0 33,000
Redwood Creek at 10- 3-73 3.4 8.0 79:3 1
Redwood Valley 5- 8-74  48.0 20.3 21.0 1.8 7': if ;; <0 -0 -4 3,200
Bridge near 9-18-74 2.0 11.8 60.0 2 T A : - i o 280
Bine Daks 2 i 23.8 .0 1l .0 34,000
Redwood Creek at 10- 3-73 6.3 S 66.1
1 : 2 . 0 .
Lower End 5- 8-74  36.1 24.7 32.0 5 ' ‘S’ 2: 10_8 g .0 .8 830
Redwood Valley 9-18-74 283 17 y : 5 ; -0 -0 190
-9 42.3 <7, 14.9 3 215 0 o .1 15,000
Redwood Creek 10- 1-73 2.1 Dud 81.0
y v c L2
e R % ey r g 1.2 9.0 .0 72 .8 3,600
Creek near 9-19-74 2.6 11.8 67.7 <. 9 7 5 o 5 i o
Oritk . . 15.9 .0 <] .0 35,000
High Slope Schist 10- 2-73  33.0 23 37.5 2 3
BEiek nenr Cabek gl o = 4‘;'5 h.g 2.3 1.9 4.5 4.0 .0 2.3 180
9-22-74 % 5 19-1 46'0 . .0 11:3 3 1.3 .0 .0 970
i s . & 3.9 1 2.8 2.0 2.0 .0 .6 2,200
5-30-75 33.2 10.2 34.2 3.4 0 i <
9-18-75 238 Koo 25 i . 123 37 3.1 .0 .0 1,100
: . 2 8.1 5.4 6.0 .0 .0 1,200
Redwood Creek 5- 9-74 56.4 2.8 28.7
¥ % o 157
above Copper 9-19-74 1.9 21.7 61.6 3 1'2 - & L 0 =0 180
ot d 5 RIS <, 1 .8 .0 29,000
Copper Creek 10- 4-73 1.1 6.1 85.0
- . . . o )
ke Desek £ G5 T & g ; 2 71.5 3.2 1.8 .0 4 1,800
. : i .0 2758 S 7 .0 0 1,500
9-19-74 2:0 16.0 49.2 5 2 ‘ ;
5-28-75 . i R B .2 2 29.9 1.1 1.0 <.1 38,000
s gl e Sxh fz ]40 -2 2.4 0 .0 .0 1,200
* .0 %2 4.9 22 1.0 0 51,000
Redwood Creek 10- 4-73 5.6 5.7 71:.,C
below Copper : 12 3 0 6.3 9.5 0 0 .5 1,300
Creek
Slide Creek 10- 1-73 11.6 1.1
e Tl P e ‘ 2;2 2 .7 2.5 17 .7 4.8 .0 .0 610
9-13-74 10.0 5’3 7770 1 i) 12 S2 §.9 6.2 .0 .0 1,400
X 2.1 4.9 <.1 .0 7,700
W VS DU DR V. WL VNN SN RN W RGN Wl W WA —— i —— e o S — - — — -
Redwood Creek at 10- 1-73 1.6 3.9 69.6 1.5 1..5 5.3 16.1 9 .0 0. 740
South Park Boun- 5- 9-74 29.7 23.4 32.6 0 .0 5.6 6.3 74 .0 a7 430
dary near Orick 9-13-74 2.7 18.6 59.8 | 2.0 .5 16.1 <.l il .0 13,000
6- 3-75 23.5 23.0 41.8 7 5.6 ) 5.5 .0 .0 .0 910
9-15-75 1.3 4.9 84.8 2 1.6 Gl 6.2 ol .8 .0 39,000
Bridge Creek 9-25-73 3.4 14.3 58.2 0.0 0.4 3.7 18.6 1 | 0.0 0.4 980
near Orick 5-13-74 15.7 4.4 74.7 2 9 2.5 1.5 7 .0 .0 1,100
9-16-74 4.6 10.2 68.3 <5l 5 2:1 4.2 1 9.0 .0 9,500
6- 1-75 11.3 3.4 83.5 2 0 .0 .4 1ed .0 w0 1,400
9-16-75 50.0 +0 50.0 0 0 .0 0 0 30, .0 22
Harry Wier Creek 9-26-73 28.2 .0 41.5 3.4 6.8 11.1 3.4 5.6 .0 .0 320
near Orick 10-31-73 26.6 .0 16.5 0 L7 12.8 36.7 o .0 .0 110
5-13-74 15.5 Tk 62.3 2 .0 8.1 557 < 1o | .0 +0 1,800
9-16-74 8.4 249 74.6 0 1.0 W o 2 6.1 <.l .9 3,800
6- 1-75 20.8 a7 58.8 3 .0 7.6 6.3 5.5 ) .0 1,100
9-16-75 3.5 21.6 67.1 0 559 1l 1.9 2.9 ) .0 1,000
Redwood Creek 9-26-73 5.8 5.6 85.9 9 .0 9 <9 .0 .0 .0 450
below Harry 5-13-74 29.0 41.8 17.9 .0 .0 .0 10.7 7k .0 <0 430
Wier Creek 9-16-74 6.7 17.8 68.2 ) 2.0 <i 1 3129, <.1 "9 <0 17,000
Redwood Creek 5-14-74 56.1 45 29.5 1.4 55 2.8 5.0 .0 .0 2 420
above Tom 9-24-74 5.4 22.7 5752 4 951 .0 3.8 <.1 1.1 <zl 15,000
McDonald Creek 5-30-75 38.6 15:7 24.6 .0 9.8 .2 1141 0 .0 .0 560
9-16-75 8.1 12.0 66.7 ) 3:4 <.l 7.8 Szl 1.8 .0 19,000
Tom McDonald 9-27-73 6.2 1.5 54.3 6.4 10.7 6.4 1231 1.5 .0 .8 1,400
Creek near Orick 10-31-73 12.5 .0 S1.9 &9 15.8 4.7 10.1 1:0 .0 1.0 380
5-14-74 11.8 7.8 58.1 ) 0 15.4 4.5 1.9 %0, .0 1,200
9-24-74 545 17.2 60.0 .8 153 553 4.3 5.2 +5 .0 9,300
5-30-75 23l 18.3 44.6 1.8 .0 787 1.8 27 .0 .0 600
9-16-75 3.1 2.2 68.0 3.6 287 8 8.6 11.1 .0 .0 8,200
Redwood Creek 9-27-73 6.8 .0 91.0 0 141 0 LAl 0 0 .0 380
below Tom
McDonald Creek
Redwood Creek 9-27-73 5.4 21.2 63.2 7.4 0 1.6 .0 .0 .0 9 450
above Miller 5-14-74 731 6.4 12.4 ¥ 4 1152 74 il ol .0 .0 420
Creek 9-17-74 5.6 12.6 7252 a2 1.2 <1 7.9 <.1 w2 <l 12,000
Miller Creek 11- 2-73 159 .0 12.4 4.0 35S 3545 21.4 1) .0 2.0 200
near Orick 5-10-74 5.5 | 75.9 4 .0 4.6 i R 12 .4 .0 .0 4,400
9-17-74 79 3.1 61.9 3 2.6 4.4 9 181 .0 .8 5,500
5-31-75 2.8 o7 44.3 <, Xyl 59, 2l 45.0 .0 .0 6,000
9-21-75 2.0 1.0 62:5 0 o2 ) B 4.4 28.3 .0 .0 13,000
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TABLE 8.--Functional group percentages of the total number of benthic invertebrates collected from the Redwood Creck and Mill Creek basins--Continued

Functional group

Station Name Date Predator Micropredator Collector Shredder Grazer Collector- Collector- Collector- Grazer- Unknown Individuals

grazer predator shredder shredder per m?

Miller Creek at 9-27-73 35.6 0 27.8 4.4 4.4 7.8 20.0 .0 0 .0 90
Mouth near 10-31-73 .0 +.0 36.6 .0 .0 7878 50.0 7.7 0 .0 52
Orick 5-14-74 36.9 6.5 26.0 +0 O 20.2 3.6 6.8 0 .0 580
9-17-74 10.6 9.6 66.6 1 .0 1.8 5.4 5.8 1 .0 2,300
5-31-75 14.7 4.0 56.1 S5 .0 6.4 L4 17.4 0 +0 1,200
9-21-75 545 195 70.1 v .0 1.6 15.0 5.9 0 .0 4,500
Cloquet Creek 9-27-73 12:3 .8 42.9 0 4.2 23.3 11.0 5.6 .0 .0 520
near Orick 5-14-74 11.4 9l 58.9 2 2 7.0 .0 9,2 +0 .0 3,500
9-21-74 6.2 4.5 7229 1.4 1.9 1. 251 9.3 .0 0 10,000
Redwood Creek 9-28-73 8.1 6.6 78.6 0.0 3.8 0.4 0.6 0.4 0.0 1.6 1,100
below Oscar 5-15-74 52.6 751 31.¢6 133 .5 1.6 5.0 .0 .0 3 990
Larson Creek 0-21-74 4.4 22.4 64.6 3 .6 2 545 <.1 1.9 0 21,000
Elam Creek near 9-28-73 14.9 .0 51.0 .0 .9 26.4 9 5.7 +0) .0 440
Orick 5-15-74 13.4 9.9 60.5 3 1.6 2.1 5.3 6.9 .0 .0 1,000
9-21-74 14.1 13.1 70.9 70 2 0 8 8 0 0 1,300
Redwood Creek 9-28-73 19.1 10.9 56.7 8.8 2.1 .0 1.2 .0 0 1.2 330
below Elam Creek  5-15-74 28.2 8.5 565 ) 6 158, 3.6 =1 0 3 670
9-21-74 6.8 20.6 63.8 Al ) <l 3%l S | 4.6 <l 15,000
5-29-75 42,2 13.1 23.1 <l 73 1.0 12.8 2 Coml 0 1,100
9-19-75 11.0 15.4 50.2 <.1 1.8 45 20.7 <81 2 0 8,400
Redwood Creek 5-15-74 12.4 7.0 7333 3 2 2.5 4.3 T 0 2 2,000
above Hayes Creek 9-14-74 3.2 21.4 72:5S 1 <.1 <l 1.7 S | 1.0 .0 34,000
5-28-75 18.4 125 54.0 o2 733 7 6.7 ol .0 .0 960
9-19-75 3.0 39.5 25.0 S | 5.6 <ol 21.4 <51 5.3 50 8,300
Haxes Creek near 9-28-73 27.9 0 47 .4 .0 9.1 7.8 .0 11.7 .0 2.6 150
Orick 11- 1-73 24 .8 40 40.2 .0 3.4 18.8 6.8 6.0 .0 .0 120
5-15-74 18.6 1.6 4547 ) .0 11439 5.8 1535 .0 .0 1,200
9-14-74 9.0 6.4 56.5 W3 .0 12.4 <% 14.2 .0 1.4 14,000
5-29-75 15.5 3.8 62.6 .6 .0 2.4 AL 15.0 .0 .0 5,000
9-20-75 10.5 8.7 70esl 5 2 gl 2 5.8 .0 .0 9,200
Redwood Creek 9-28-73 10.3 32.0 477 1:9 1.5 0 1.5 6 0 4.5 720
below Hayes Creek
Lost Man Creek 9-25-73 33.1 6.0 34.0 2.6 7.3 8.1 8.1 .8 .0 40 530
near Orick 11- 1-73 11.0 4.0 44.0 4.0 7.0 22.0 8.0 0 .0 .0 100
5-10-74 17.8 2.3 48.0 .0 .0 21.0 5.9 4.9 .0 .0 1,000
9-15-74 14.4 10.2 54.3 140 3.0 3.6 9.4 3.0 .0 1 (98 | 7,000
6- 2-75 5:3 1.6 48.6 .0 8.4 13.1 3.8 19.2 .0 .0 4,100
9-17-75 1.7 6.6 29.7 oS 30.8 2:9 10.0 7.8 .0 50 6,300
Little Lost Man 5-10-74 9.8 7.8 60.3 7 3 8.1 8.6 ;; g g 1‘;(1)88
Creek at Site #2  9-14-74 741 20.8 47.1 3.0 1.4 2.8 14.6 . ; ‘0 6‘900
near Orick 6- 2-75 10.9 1247 53.7 .4 1.6 12 2.3 173 40 ; 26'000
9-20-75 8.2 8.6 57.9 58| 3%3 2.2 125 5.4 .8 .0 A
Little Lost Man 10- 4-73 5.4 6.6 59.6 5.6 1 6.4 4.9 742 g ;tl; 4,;88
Creek near Orick 11- 1-73 .0 .0 56.7 26.3 0 7.6 2.8 3.8 . ks
5-10-74 8.0 11.9 60.2 2.7 3 1.4 9.9 5iaS 0 'l >
Geneva Creek 5-18-74 18.9 S 52.6 .0 .0 7.9 36 19.8 .0 .0 1,800
Redwood Creek 5-17-74 72 5 92.3 .0 S0 .0 .0 .0 .0 .0 2,800
Estuary Line 1A
Redwood Creek 5-17-74 3.2 <6 95.5 .0 .0 .0 0 .6 g 8 752),(3)38
Estuary Line 1B 9-20-74 .0 .0 99.9 .0 .0 <. 1 0 0 5 ¢ 3
Redwood Creek 5-17-74 857 0.9 90.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,700
Estuary Line 1C
Redwood Creek 5-17-74 1.4 0.4 98.1 .0 .0 .0 .0 ok .0 .0 15,000
Estuary Line 2A
Redwood Creek 5-17-74 555 3.1 90.5 8 0 .0 0 0 0 g 6{13’?)88
Estuary Line 2B 9-20-74 | .0 99.9 0 0 =0 0 0 0 5
Redwood Creek 5-17-74 1.3 1:3 97.3 .0 £0 .0 .0 .0 .0 ) 1,100
Estuary Line 2C
Redwood Creek 5-17-74 .6 .6 98.6 .0 .0 .0 .0 50, 40 .0 11,000
Estuary Line 3A
Redwood Creek 5-17-74 2.0 155 96.4 0 0 .0 .0 0 (()) g 45,838
Estuary Line 3B 9-20-74 .0 .9 99.1 0 0 0 .0 0 5
Redwood Creek 5-17-74 1.5 7 97.8 <l .0 .0 .0 .0 .0 .0 26,000
Estuary Line 3C
West Branch Mill  5-21-74 12.8 2.8 72.8 o <. 1 6.5 2.4 25 8 g gé,ggg
Creek below Red 9-12-74 9.6 5.8 74.9 oL 3 y js .3 L) ‘ g 5
Alder Campground
near Crescent City
East Fork Mill 5-21-74 10.5 10.4 54.2 1.6 2 3.2 2.5 17.2 <1 0 :,zgg
Creek near 9-12-74 3.6 10.6 68.4 1.8 2.6 828 5.6 3.8 2 <l 5
Crescent City
Mill Creek near 5-20-74 3.8 5.9 82.1 1.0 s 2.3 1.0 3.6 g 8 l;,ggg
Crescent City 9-12-74 253 15..:2 54.0 1.1 9.9 15:3 B 1.1 2 . A
Mill Creek at 5-20-74 2,45 22.2 61.8 §2 s 3.1 2.7 7:3 .0 .0 5,900
Mouth near

Crescent City




The benthic-invertebrate diversity-index values were variable among
Redwood Creek main-stem stations and ranged from 1.76 (Redwood Creek at
Redwood Valley Bridge) to 3.68 (Redwood Creek at South Park Boundary)
(table 9). The majority of the diversity-index values were between 2.50 and
3.50.

The benthic-invertebrate diversity-index values for tributary sampling
stations ranged from 1.00 (Bridge Creek) to 4.09 (High Slope Schist
Creek) (table 9). Bridge Creek had the largest range of diversity-index values
(1.00 to 3.37), whereas High Slope Schist Creek had the narrowest range (3.81
to 4.09). The benthic-invertebrate diversity-index values for 1975 sampling
were substantially lower in the tributaries than 1974 values, which probably
was the result of the major flood that occurred on March 18, 1975. In con-
trast, there was no apparent decrease in the 1974 to 1975 diversity-index
values for Redwood Creek main-stem sampling stations. However, Redwood Creek
tributary sampling stations had a slightly higher mean diversity-index value
than the main-stem stations.

In comparing diversity-index values of benthic invertebrates from Redwood
Creek tributary sampling stations to different land-use activities, the two-
tailed nonparametric Wilcoxon-Mann-Whitney test (U.S. Army, 1969) was used.
This particular test was used to see if the mean benthic-invertebrate
diversity-index value for the control tributary basins differed from the mean
diversity-index value for the logged tributary basins. The 1974 and 1975
spring and autumn benthic-invertebrate diversity-index values of the control
basins, basins being logged, and regenerating tributary basins are in
table 10. The control tributary basins had diversity-index values ranging
from 2.98 to 4.09, with an increase in values from spring to autumn. The
logged tributary basins had diversity-index values that were lower than the
control basins and ranged from 1.00 to 3.77. An increase from spring to
autumn in diversity-index values occurred in 1974; however this increase did
not occur in 1975 for the logged tributary basins. The result of the
Wilcoxon-Mann-Whitney test indicated that the mean diversity-index value from
the control tributary basins was significantly larger (a<0.01) than the mean
diversity-index value from the logged tributary basins.

Benthic-invertebrate diversity-index values of the regenerating basins
ranged from 3.19 to 4.02 and increased from spring to autumn, with the excep-
tion of Tom McDonald Creek (1975). The result of the Wilcoxon-Mann-Whitney
test indicated no significant difference (a>0.20) between the mean benthic-
invertebrate diversity-index values of the control and regenerating tributary
basins. When the test was applied to compare the mean diversity-index values
of the logged and regenerating tributary basins to one another, the result was
no significant difference (0>0.20).

In the Redwood Creek estuary, benthic-invertebrate diversity-index values
ranged from 1.29 to 2.90 during the spring 1974 sampling period and were
variable between the sampling stations (table 9). Autumn 1975 diversity-index
values were substantially lower than spring 1974 values and ranged from 0.03
to 0.50. The decrease in diversity-index values from spring to autumn 1974
was due to the dominance of saltwater-tolerant species in the estuary
resulting from saltwater intrusion into the mouth of Redwood Creek.
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TABLE 9.--Diversity indexes of benthic invertebrates

Station name Date Dlyer51ty

index

Redwood Creek above 10-03-73 3..03

Highway 299 05-05-74 3.27

09-18-74 3.48

Redwood Creek near 10-03-73 3.37

Blue Lake 05-08-74 3.52

09-18-74 2.89

05-27-75 2.47

09-14-75 3.55

Redwood Creek at Redwood 10-03-73 1.76

Valley Bridge near 05-08-74 3.61

Blue Lake 09-18-74 3.26

Redwood Creek at Lower 10-03-73 2.92

End Redwood Valley 05-08-74 3.20

09-18-74 3.43

Redwood Creek above 10-11-73 2.56

Panther Creek near Orick 05-09-74 3,52

09-19-74 3.30

High Slope Schist Creek 10-02-73 3.82

near Orick 05-26-74 3.92

09-22-74 3.95

05-30-75 3.99

09-18-75 4.09

Redwood Creek above 05-09-74 277

Copper Creek 09-19-74 3,52

Copper Creek near Orick 10-04-73 275

05-09-74 3.06

09-19-74 3.12

05-28-75 2.36

09-15-75 2.91

Redwood Creek below 10-04-73 3.12
Copper Creek

Slide Creek near Orick 10-01-73 2.80

05-09-74 2.89

09-13-74 3.48
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TABLE 9.--Diversity indexes of benthic invertebrates--Continued

Station name Date D1Yer51ty

index

Redwood Creek at South 10-01-73 275

Park Boundary near Orick  05-09-74 3.68

09-13-74 3.18

06-03-75 3.59

09-15-75 2.42

Bridge Creek near Orick 09-25-73 2.93

05-13-74 2.47

09-16-74 357

06-01-75 1.42

09-16-75 1.00

Harry Wier Creek near 09-26-73 3.70

Orick 10-31-73 2.84

05-13-74 3.46

09-16-74 317

06-01-75 3. 37

09-16-75 3.06

Redwood Creek below 09-26-73 2.67

Harry Wier Creek 05-13-74 3.25

09-16-74 3.12

Redwood Creek above 05-14-74 2.69

Tom McDonald Creek 09-24-74 3.44

05-30-75 3.48

09-16-75 3.57

Tom McDonald Creek near 09-27-73 3.56

Orick 10-31-73 3.18

05-14-74 3.19

09-24-74 3.58

05-30-75 3.70

09-16-75 3.21

Redwood Creek below 09-27-73 2.51
Tom McDonald Creek

Redwood Creek above 09-27-73 3.06

Miller Creek 05-14-74 2.35

09-17-74 2.80

Miller Creek near Orick 11-02-73 3.40

05-10-74 234

09-17-74 3.59

05-31-75 2.38

09-21-75 2.30
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TABLE 9.--Diversity indexes of benthic invertebrates--Continued

Station name Date Dlyer51ty

: index

Miller Creek at Mouth 09-27-73 3.13

near Orick 10-31-73 2: X7

05-14-74 3.67

09-17-74 3.74

05-31-75 3.30

09-21-75 3. 11

Cloquet Creek near Orick 09-27-73 3,52

05-14-74 3.42

09-21-74 3.37

Redwood Creek below 09-28-73 2.48

Oscar Larson Creek 05-15-74 3.22

09-21-74 3.07

Elam Creek near Orick 09-28-73 3. 73

05-15-74 3.78

09-21-74 3.38

Redwood Creek below 09-28-73 3.29

Elam Creek 05-15-74 2.99

09-21-74 3.28

05-29-75 3.61

09-19-75 3.38

Redwood Creek above 05-15-74 221

Hayes Creek 09-14-74 2.95

05-28-75 3.03

09-19-75 3.54

Hayes Creek near Orick 09-28-73 3.34

11-01-73 353

05-15-74 3427

09-14-74 3.77

05-29-75 2.98

09-20-75 2.98

Redwood Creek below 09-28-73 3.29
Hayes Creek

Lost Man Creek near Orick 09-25-73 3.93

11-01-73 3.06

05-10-74 3.82

09-15-74 4.02

06-02-75 3.04

09-17-75 3.63
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TABLE 9.--Diversity indexes of benthic invertebrates--Continued

Station name Date Dlyer51ty
index
Little Lost Man Creek 05-10-74 3.56
at Site #2 near Orick 09-14-74 3.80
06-02-75 3.46
09-20-75 3.87
Little Lost Man Creek 10-04-73 3.72
near Orick 11-01-73 2.84
05-10-74 3.68
Geneva Creek 05-18-74 3.20
Redwood Creek Estuary 05-17-74 2.35
Line 1A
Redwood Creek Estuary 05-17-74 1.79
Line 1B 09-20-74 .03
Redwood Creek Estuary 05-17-74 1.29
Line 1C
Redwood Creek Estuary 05-17-74 1.82
Line 2A
Redwood Creek Estuary 05-17-74 2.90
Line 2B 09-20-74 .50
Redwood Creek Estuary 05-17-74 2.02
Line 2C
Redwood Creek Estuary 05-17-74 2.18
Line 3A
Redwood Creek Estuary 05-17-74 2.55
Line 3B 09-20-74 .48
Redwood Creek Estuary 05-17-74 1.72
Line 3C
West Branch Mill Creek 05-21-74 2.06
below Red Alder Camp- 09 12-74 3.58
ground near Crescent City
East Fork Mill Creek 05-21-74 2.99
near Crescent City 09-12-74 3.88
Mill Creek near 05-20-74 1.73
Crescent City 09-12-74 3.51
Mill Creek at Mouth 05-20-74 2.62

near Crescent City

50



TABLE 10.--Comparison of the benthic-invertebrate diversity-index values
of the control basins versus logged basins and regenerating tributary

basins

Diversity index

Drainage basin classification

and sampling station 1974 1975
piing Spring  Autumn Spring  Autumn
Control
High Slope Schist Creek near Orick  3.93 3.95 3.99 4.09
Hayes Creek near Orick 3.27 3: 77 2.98 2.98

Little Lost Man Creek at Site 3.56 3.80 3.46 3.87
No. 2 near Orick

Being logged

Copper Creek near Orick 3.05 3.12 2.36 2.91
Bridge Creek near Orick 2.47 3.37 1.42 1.00
Harry Wier Creek near Orick 3.46 3.77 3.37 3.06
Miller Creek near Orick 234 3.59 2.38 2.30
Miller Creek at Mouth near Orick 3.67 3.74 3.30 3.11
Regenerating (including less

extensively logged)

Tom McDonald Creek near Orick 3.19 3.58 3.70 3.21
Lost Man Creek near Orick 3+ 82 4.02 3.04 3.63
Geneva Creek near Orick 3.20 -- -- --

In the Mill Creek basin, benthic-invertebrate diversity-index values
ranged from 1.73 to 2.99 during spring 1974 sampling and from 3.51 to 3.88
during autumn sampling (table 9). As in the Redwood Creek basin, diversity-
index values for Mill Creek basin samples increased seasonally from spring to
autumn in 1974. Benthic-invertebrate samples were not collected in 1975, and
the effect of the March 18, 1975, flood on the benthic-invertebrate community
could not be assessed. Moreover, because of the limited number of benthic-
invertebrate samples collected, diversity-index values could not be related to
land-use activities in the Mill Creek basin.
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Similarity of Taxonomic Composition

A comparison, between stations, of the taxonomic similarity of the ben-
thic invertebrates provides information useful in evaluating water-quality
changes and describing the community structure. Similarity index was calcu-
lated for the benthic invertebrates collected during the study from the
Sorenson Index (Odum, 1971):

_ _2C
§ 2 b
where S = similarity index
A = number of species in sample A,
B = number of species in sample B, and
C = number of species common to both samples.

Similarity-index values range from O, when no taxa are common to both samples,
to 1, when all taxa are common to both samples. The similarity-index concept
is based only on presence-absence information. There can be considerable
changes in taxa abundance with no change in the similarity-index value.

A similarity-index matrix comparing all the stations sampled in 1973 is
in table 11. The values ranged from 0.19 to 0.78. Low similarity-index
values were calculated between Redwood Creek below Elam Creek and Hayes Creek
(0.19); Redwood Creek below Harry Wier Creek and Hayes Creek (0.20); and
Copper Creek when compared with Miller Creek at Mouth (0.20). The highest
similarity-index values were between Redwood Creek near Blue Lake and Redwood
Creek below Copper Creek (0.78); Redwood Creek at Redwood Valley Bridge and
Redwood Creek at lower end Redwood Valley (0.77); and Redwood Creek at lower
end Redwood Valley when compared with Redwood Creek near Blue Lake and Redwood
Creek below Copper Creek (0.76), respectively. The majority of the similarity-
index values in autumn 1973 samples were greater than 0.5.

The October 23, 1973, storm increased water discharge and velocities to
the point of moving streambed materials in the Redwood Creek basin. Regard-
less of the effect of this storm, the similarity-index values remained rela-
tively high after the storm, indicating that the storm had no discernible
effect on the similarity of benthic invertebrates in the samples collected
(table 12), even when comparing drainage basins of different land-use activi-
ties (control versus logged). For example, when Hayes Creek, a control drain-
age basin, is compared with Harry Wier Creek, a logged drainage basin, the
similarity index is 0.64. A high similarity-index value, 0.71, also occurs
when benthic invertebrates from Miller Creek, another logged drainage basin,
are compared with those from Hayes Creek.
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TABLE 11.--Similarity-index matrix for autumn 1973 benthic invertebrates collected

from Redwood Creek main stem and selected tributary sampling stations

AUTUMN
1973
Redwood Creek above Highway 299

Redwood Creek near Blue Lake

Redwood Creek at Redwood Valley Bridge
near Blue Lake

Redwood Creek at Lower End Redwood Valley

Redwood Creek above Panther Creek
near Orick

High Slope Schist Creek near Orick
Copper Creek near Orick

Redwood Creek below Copper Creek
Slide Creek near Orick

Redwood Creek at South Park Boundary
near Orick

Bridge Creek near Orick
Harry Wier Creek near Orick
Redwood Creek below Harry Wier Creek
Tom McDonald Creek near Orick
Redwood Creek below Tom McDonald Creek
Redwood Creek above Miller Creek
Miller Creek at Mouth near Orick
Cloquet Creek near Orick
Redwood Creek below Oscar Larson Creek
Elam Creek near Orick
Redwood Creek below Elam Creek
Hayes Creek near Orick
Redwood Creek below Hayes Creek
Lost Man Creek near Orick

Little Lost Man Creek near Orick

Redwood Creek above Highway 299

Redwood Creek near Blue Lake

y Bridge

Redwood Creek at Redwood Valle

near Blue Lake

Redwood Creek at Lower End Redwood Valley

Redwood,C{eek above Panther Creek

High Slope Schist Creek near Orick

Copper Creek near Orick

Redwood Creek below Copper Creek

Slide Creek near Orick

Ty

Redwood Creek at South Park Bounda:

near Orick

Redwood Creek below Harry Wier Creek

Tom McDonald Creek near Orick

Redwood Creek below Tom McDonald Creek

Redwood Creek above Miller Creek

Miller Creek at Mouth near Orick

Cloquet Creek near Orick

Redwood Creek below Elam Creek

Hyaes Creek near Orick

Redwood Creek below Hayes Creek
Lost Man Creek near Orick

Little Lost Man Creek near Orick
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TABLE 12.--Similarity-index matrix for benthic-invertebrate
samples collected from selected Redwood Creek tributaries
following the October 23, 1973, storm
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Harry Wier Creek - .55 .62 .50 .64 .38 .48
Tom McDonald Creek = 51 .32 .55 .33 .41
Miller Creek - .45 .71 .37 .45
Miller Creek at Mouth = «D7 435 .38
Hayes Creek - .38 .40
Lost Man Creek - .46

Little Lost Man Creek -

The spring and autumn 1974 similarity-index values for the Redwood Creek
main stem and selected tributary sampling stations are shown in table 13. The
similarity-index values again were relatively high and frequently exceeded
0.5, with many values greater than 0.6. In the spring, 1974, low values were
revealed when comparing samples from Redwood Creek above Highway 299 with
those from Cloquet Creek (0.27); Redwood Creek above Copper Creek with Redwood
Creek above Miller Creek (0.27); and Redwood Creek at lower end Redwood Valley
with Little Lost Man Creek (0.30). High similarity-index values were noted
when comparing Redwood Creek above Highway 299 with Harry Wier Creek (0.77)
and Cloquet Creek with Little Lost Man Creek (0.75), Redwood Creek below Elam
Creek with Little Lost Man Creek at Site No. 2 (0.75), and Hayes Creek with
Lost Man Creek (0.75). A similarity-index value 0.41 was calculated between
the uppermost main-stem station (Redwood Creek above Highway 299) and the
lowermost main-stem station above the estuary (Redwood Creek above Hayes
Creek).

In 1974, autumn similarity-index values were higher than the values
calculated for the spring samples. These higher similarity values were at-
tributed to an increase in both number of types and number of individuals col-
lected during the autumn sampling period. The lowest autumn similarity-index
value was calculated when comparing Redwood Creek at Redwood Valley Bridge
with High Slope Schist Creek (0.41); whereas the highest similarity-index
value occurred when comparing Redwood Creek above Highway 299 with Redwood
Creek near Blue Lake (0.87). The similarity-index value calculated for benthic
invertebrates collected from Redwood Creek above Highway 299 and Redwood Creek
above Hayes Creek, the uppermost and lowermost main-stem stations above the
estuary, was 0.70.
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Similarity-index values for benthic-invertebrate samples collected during
spring and autumn 1975 are shown in table 14. During spring sampling, the
lowest similarity-index value occurred when samples from Redwood Creek near
Blue Lake were compared with the samples from Miller Creek near Orick (0.32).
The highest similarity-index value occurred when samples from Redwood Creek
below Elam Creek were compared with samples from Redwood Creek above Hayes
Creek (0.78). The similarity-index value for Redwood Creek near Blue Lake and
Redwood Creek above Hayes Creek, the uppermost and lowermost main-stem
stations above the estuary, was 0.57.

During 1975 autumn sampling, the lowest similarity-index value for ben-
thic invertebrates occurred when the samples from Bridge Creek were compared
with those from Miller Creek (0.00). During spring 1975 sampling, these two
stations had a similarity-index value of 0.47. Upstream activities involving
the removal of logging and assorted debris from the Bridge Creek stream chan-
nel resulted in an input of sediment, which caused a drastic decrease in the
number of types and individuals of ©benthic invertebrates collected.
Similarity-index values comparing Bridge Creek and the other sampling stations

were all low (table 14). The highest similarity-index value occurred when
comparing samples from Redwood Creek near Blue Lake with Redwood Creek above
Tom McDonald Creek (0.87). The similarity-index value calculated from

benthic-invertebrate samples collected from Redwood Creek near Blue Lake and
Redwood Creek above Hayes Creek, the uppermost and lowermost sampling stations
above the estuary, was 0.69.

The spring and autumn 1975 benthic-invertebrate samples are important
from the standpoint of assessing the effect of a major flood (March 18, 1975)
on the benthic-invertebrate communities in basins with different histories of
land-use activity. The 1975 benthic-invertebrate samples had similarity-index
values similar to the values calculated from the 1974 samples. Therefore, no
major differences in benthic-invertebrate community structure appear to have
occurred between sampling stations following this major flood. The result of
this similarity-index comparison illustrates the ability of the benthic-
invertebrate community to recolonize a stream. Bridge Creek was the only
tributary where land-use activities (removal of debris from the stream chan-
nel) drastically reduced the number of types and individuals of benthic inver-
tebrates. This land-use activity resulted in significant decreases in the
calculated autumn 1975 similarity-index values between Bridge Creek station
‘and other sampling stations in the Redwood Creek basin.

In correlating similarity-index values of benthic invertebrates collected
from Redwood Creek tribuary sampling stations with different land-use activi-
ties, the Wilcoxon-Mann-Whitney test was wused. Benthic-invertebrate
similarity-index values calculated for tributaries with the control-basin
classification (table 2) were compared with values from selected tributaries
in the "logged and regenerating (less extensively logged)" basin classifica-
tion. Table 15 shows seasonal and year to year comparisons of the benthic-
invertebrate similarity-index wvalues calculated for the individual tributar-
ies. The control tributaries had similarity-index values greater than 0.6,
with the exception of Hayes Creek (0.55). The range in similarity-index
values for the control tributaries was 0.55 to 0.79. Tributaries logged had
smaller similarity-index values, mostly under 0.6, and a wider range of values
(0.09 to 0.71). Regenerating tributary basins had a narrow range of
similarity-index values (0.54 to 0.69). The result of the test comparing
control and logged basins indicated that the mean similarity-index value of
control tributaries was larger (a<0.01) than the mean value from tributaries
logged. The tests, control versus regenerating and logged versus regenerating
tributary basins, revealed no significant differences (0>0.05) between the |
mean similarity-index values. T
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TABLE 13.--Similarity-index matrix for spring and autumn 1974 benthic invertebrates collected from Redwood Creek main stem and
selected tributary sampling stations
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Redwood Creek above Highway 299

Redwood Creek near Blue Lake - .62 .68 .62 .50 .56 .48 .52 .57 .57 .45 .68 .63 .61 .57 .51 .52 .49 .64 .54 .60 .57 .56 .47 .64 .44 .38

Redwood Creek at Redwood Valley Bridge near Blue Lake

Redwood Creek at Lower End Redwood Valley - .61 .35 .60 .40 .60 .50 .55 .52 .63 .58 .51 .61 .37 .50 .49 .55 .39 .51 .35 .57 .44 .52 .30 .34
Redwood Creek above Panther Creek near Orick _ .48 .65 .50 .59 .68 .68 .68 .67 .65 .60 .70 .53 .45 .47 .67 .48 .58 .59 .54 .62 .59 .49 .40
High Slope Schist Creek near Orick - .45 .44 .31 .52 .41 .60 .57 .47 .67 .44 .54 .70 .62 .48 .60 .55 .51 .59 .58 .59 .57 .58

Redwood Creek above Copper Creek

Copper Creek near Orick - .63 .58 .38 .56 .51 .38 .47 .36 .46 .63 .51 .46 .48 .54 .49 .54 .65 .59 .52 .45

Slide Creek near Orick .58 .50 .70 .56 .57 .63 .50 .49 .67 .54 .54 .52 .54 .46 .65 .69 .59 .49 .49

Redwood Creek at South Park Boundary near Orick
Bridge Creek near Orick - .59 .56 .45 .47 .50 .60 .42 .51 .58 .59 .51 .46 .62 .49 .52 .43 .41

Harry Wier Creek near Orick - .69 .61 .63 .60 .32 .59 .62 .41 .67 .65 .62 .66 .65 .66 .60 .58

Redwood Creek below Harry Wier Creek

Redwood Creek above Tom McDonald Creek = .46, .57 54874555 61 5172 «7%..53; .52 ,67.58 ;44
Tom McDonald Creek near Orick - .60 .50 .55 .65 .69 .67 .55 .53 .65 .62 .69 .66 .54
Redwood Creek above Miller Creek - A9:.36 551 J71. .52 .55 .49..54 (49 .59 .53 .44
Miller Creek near Orick - .56 .50 .49 .51 .53 .57 .69 .55 .60 .46 .59
Miller Creek at Mouth near Orick - .60 .46 .59 .54 .49 .65 .73 .62 .49 .57

Cloquet Creek near Orick

Redwood Creek below Oscar Larson Creek - .52 .67 .69 .68 .57 .74 .58 .49
Elam Creek near Orick - .55 .58 .68 .62 .59 .51 .58
Redwood Creek below Elam Creek - .71 .63 .60 .75 .64 .50
Redwood Creek above Hayes Creek - £49 .64 .69 .64 .45
Hayes Creek near Orick = iU T L .58 w12
Lost Man Creek near Orick - .68 .61 .64

Little Lost Man Creek at Site No. 2 near Orick
Little Lost Man Creek near Orick

Geneva Creek near Orick:
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TABLE 13.--Similarity-index matrix for spring and autumn 1974 benthic invertebrates collected from Redwood Creek main stem and
selected tributary sampling stations--Continued

2 near Orick

Redwood Creek at Redwood Valley Bridge near Blue Lake
Redwood Creek above Panther Creek near Orick
Redwood Creek at South Park Boundary near Orick
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Elam Creek near Orick - .68 .62 .59 .52 .57
Redwood Creek below Elam Creek = 73 .58 .53 .67
Redwood Creek above Hayes Creek - .65 .57 .68
Hayes Creek near Orick - .60 .68
Lost Man Creek near Orick = .72

Little Lost Man Creek at Site No. 2 near Orick -
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TABLE 14.--Similarity-index matrix for spring and autumn 1975 benthic invertebrates
collected from Redwood Creek main stem and selected tributary sampling stations
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Redwood Creek near Blue Lake - .42 .58 .57 .46 .56 .52 .50 .32 .47 .58 .57 .38 .55 .48
High Slope Schist near Orick - .51 .37 .58 .50 .51 .46 .66 .63 .53 .51 .64 .53 .57
Copper Creek near Orick - .55 .65 .63 .58 .57 .39 .49 .67 .62 .48 .57 .54
Redwood Creek at South Park Boundary near Orick - .44 .62 .61 .39 .40 .49 .56 .58 .38 .57 .50
Bridge Creek near Orick - .47 .49 .51 .47 .48 .48 .50 .55 .48 .49
Harry Wier Creek near Orick - .60 .65 .55 .70 .66 .64 .62 .72 .64
Redwood Creek above Tom McDonald Creek = .83 J8F 5% 72,6958 859,56
Tom McDonald Creek near Orick - 356-.51 .51:.53 .61 .63 .70
Miller Creek near Orick = .71 .48°.52 60 .55 .52
Miller Creek at Mouth near Orick - 01 <83 71 5660
Redwood Creek below Elam Creek - .78 .56 .64 .61
Redwood Creek above Hayes Creek - .61 .63 .63
Hayes Creek near Orick - .54 .58
Lost Man Creek near Orick SO 4 -

Little Lost Man Creek at Site No. 2 near Orick
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TABLE 14.--Similarity-index matrix for spring and autumn 1975 benthic invertebrates
collected from Redwood Creek main stem and selected tributary sampling stations--
Continued

Little Lost Man Creek at Site No. 2 near Orick

Redwood Creek at South Park Boundary near Orick
Miller Creek at Mouth near Orick

Redwood Creek at Tom McDonald Creek
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Redwood Creek near Blue Lake
High Slope Schist near Orick
Copper Creek near Orick
Redwood Creek at South Park Boundary near Orick
Bridge Creek near Orick
Harry Wier Creek near Orick

Redwood Creek at Tom McDonald Creek - .62 .55 .46 .72 .70 .53 .51 .62

Tom McDonald Creek near Orick - .62 .64 .56 .60 .55 .63 .66

Miller Creek near Orick - .56 .52 .48 .54 .63 .52

Miller Creek at Mouth near Orick - .52 .42 .63 .58 .61

Redwood Creek below Elam Creek - .68 .59 .46 .58

Redwood Creek above Hayes Creek

- .54 .48 .63
Hayes Creek near Orick - .65 .69
Lost Man Creek near Orick - .77

Little Lost Man Creek at Site No. 2 near Orick

59



TAB@E 15.--Comparison of seasonal and yearly benthic-invertebrate
similarity-index values from selected control, logged, and regenerating
tributary basins

Basin classification SinllardEreiniatnye e

and sampling station

Spring Spring Spring Autumn

vs Autumn vs Autumn 1974 1974
1974 1975 vs 1975 vs 1975
Control
High Slope Schist Creek 0.74 0.76 0.68 0.79
near Orick
Hayes Creek near Orick .65 .61 55 .74
Little Lost Man Creek at .63 .69 .67 o 75
site no. 2 near Orick
Logged
Copper Creek near Orick .50 +52 .59 !
Bridge Creek near Orick .50 .11 .54 .09
Harry Wier Creek near Orick .61 .70 .63 .59
Miller Creek near Orick .58 .55 «31 .34
Miller Creek at Mouth .62 .74 .53 .64

near Orick

Regenerating (less extensively logged)
Tom McDonald Creek near Orick .54 < 57 .69 .66
Lost Man Creek near Orick .54 .64 .64 .68

Comparisons of the similarity-index values from the Redwood Creek estuary
are shown in table 16. During the spring, similarity-index values between
estuary sampling stations were high, ranging from 0.44 to 0.89, with many
values greater than 0.6. In contrast, the similarity-index values during the
autumn were low, with one exception (line 2b versus line 3b). The decreases
that occurred in similarity-index values from spring to autumn were related to
the seasonal change in the taxa of benthic invertebrates collected. The
seasonal change in benthic-invertebrate composition in the autumn was attrib-
uted to the intrusion of saltwater into the estuary, which caused a dominance
of invertebrates that were tolerant to increased salinity.

Similarity-index values for the Mill Creek basin, during spring and
autumn 1974, are shown in table 17. During spring and autumn sampling, the
calculated similarity values were high, ranging from 0.62 to 0.80.
Similarity-index values for the Mill Creek basin did not vary seasonally as
did the similarity-index values for the Redwood Creek basin. No correlation
could be developed between similarity-index values and the different land-use
| activities occurring in the Mill Creek basin.
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TABLE 16.--Similarity-index matrix for spring and autumn 1974 benthic
invertebrates collected at Redwood Creek estuary sampling stations

1A

SPRING

1974

Redwood Creek Estuary Line 1B
Redwood Creek Estuary Line 1C
Redwood Creek Estuary Line 2A
Redwood Creek Estuary Line 2B
Redwood Creek Estuary Line 2C
Redwood Creek Estuary Line 3A
Redwood Creek Estuary Line 3B
Redwood Creek Estuary Line 3C

Redwood Creek Estuary Line

Redwood Creek Estuary Line 1A - .70 .67 .83 .58 .70 .73 .61 .50
Redwood Creek Estuary Line 1B - .75 .73 .62 .89 .70 .57 .45
Redwood Creek Estuary Line 1C - .60 .44 .75 .67 .63 .60
Redwood Creek Estuary Line 2A - .67 .64 .83 .72 .54
Redwood Creek Estuary Line 2B - .48 .58 .75 .55
Redwood Creek Estuary Line 2C - .60 .57 .45
Redwood Creek Estuary Line 3A - .78 .67
Redwood Creek Estuary Line 3B - .72

Redwood Creek Estuary Line 3C =

AUTUMN

1974

'IRedwood Creek Estuary Line 1B
SlRedwood Creek Estuary Line 2B

Redwood Creek Estuary Line 1B

?g 'g) 'Redwood Creek Estuary Line 3B

Redwood Creek Estuary Line 2B

Redwood Creek Estuary Line 3B -
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TABLE 17.--Similarity-index matrix for spring and autumn 1974

benthic invertebrates collected at the Mill Creek basin

sampling stations

SPRING

1974

West Branch Mill Creek below Red Alder

Campground near Crescent City

East Fork Mill Creek near Crescent City

Mill Creek near Crescent City

Mill Creek at Mouth near Crescent City

AUTUMN

1974

West Branch Mill Creek below
Red Alder Campground

East Fork Mill Creek

Mill Creek

West Branch Mill Creek below

Red Alder Campground

West Branch Mill Creek below Red Alder

Campground near Crescent City

East Fork Mill Creek near Crescent City

Mill Creek at Mouth near Crescent City

Mill Creek near Crescent City
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Fish

Fish are important organisms in the aquatic environment. Fish are di-
rectly and indirectly affected by physical and chemical changes in the aquatic
environment and are often used as biological indicators of water quality. A
summary of the fish data presented in Iwatsubo and others (1976) is given in
table 18. It includes species composition of all fish captured and the condi-
tion factor and length-weight relation of salmonids captured from selected
sampling areas in the Redwood Creek basin.

Species Composition

In the Redwood Creek basin, 1,066 fish were captured during the study.
Species composition was: steelhead trout, Salmo gairdneri gairdneri
(69.6 percent); Humboldt sucker, .Catostomus humboldtianus (10.6 percent);
threespine stickleback, Gasterosteus aculeatus (10.3 percent); coastrange
sculpin, Cottus aleuticus (5.8 percent); coho salmon, Oncorhynchus kisutch
(3.4 percent); chinook salmon, O. tshawytscha (0.3 percent); and Pacific
lamprey, adult and ammocete, Entosphenus tridentatus (observed only).

Fish species reported to inhabit the Redwood Creek basin, but not cap-

tured during the study, include: resident rainbow trout, Salmo gairdneri;
coast cutthroat trout, S. clarki clarki; and eulachon, Thaleichthys pacificus
(DeWitt, 1964). Steelhead trout is a sea-run rainbow trout; whereas the

rainbow trout is a permanent resident of the freshwater environment.

Seasonal species composition of fish is shown in figure 5. The percent-
age composition of fish types other than steelhead trout and coastrange
sculpin decreased from 1974 to 1975.

The effect of the March 18, 1975, flood on the fisheries resource of the
Redwood Creek basin is not known; however, the absence of salmon fry in the
1975 samples could be attributed to the flood. Spawning activities of chinook
and coho salmon generally are completed by February (California Department of
Water Resources, 1965). Absence of salmon fry during the 1975 fish-inventory
survey could indicate a high mortality of salmon embryos developing in the
spawning gravel during the flood.

The effects of the March 18, 1975, flood on the steelhead trout popula-
tion is somewhat more complex than the effect on the chinook and coho salmon
populations. Total number of steelhead trout captured during the 1975 fish-
inventory survey increased by 48 percent. The steelhead trout fry captured
during the July 1975 survey were probably the result of the spawning activity
that occurred after the March 18, 1975, flood. This hypothesis was based on
field observations of recent yolk-sac absorption of the steelhead trout fry
and that a large majority of the fry were captured within the depression of
their redd. Survival of steelhead trout, chinook, and coho salmon fry from
spawning activity prior to the March 18, 1975, flood is not known.

The only fish-inventory survey made in the Mill Creek basin was during
late spring 1974. The species composition of the 61 fish captured is given in
table 18. Fish species reported to inhabit the Mill Creek basin but were not
captured during this study include king salmon (California Department of Water
Resources, 1965) and coast cutthroat trout (Burns, 1971).
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TABLE 18.--Summary of fish inventories

Species

Length-weight relation!

Sampling Date Species-type captured Composition Fork length (cm) Weight (gm) Condition factor! W=al
Area (percent) Range X n Range % n Range X n a b2 corrc%aFion
coefficient
Redwood Cr. near 8- 2-74  Steelhead trout 81 2:6-14.5 6.7 109  0:2-37.1 5.1 .09 0:31-2.05 X:0S 109 0.009 3.06 0.94
Redwood Valley Humboldt sucker 18 = = 24 . Aot W =M - - - el -
Bridge Threespine stickleback 0.7 = - 1 - ad - o . = il -
7-25-75 Humboldt sucker 59 o — S £= =2 S % = s e Es
Steelhead trout 41 4.3-5.8 4.9 e = AL —— - - - 22 .
9-26-75 Steelhead trout 100 7.2-16.1103 50 4.2-56.1 17.2 50 1.05-1.90 1.28 50 013 3.00 --
Humboldt sucker(observed only) -- -- -- = =5 =" o e - - = = o
Pacific lamprey-ammocete
(observed only) et = e _ s — 3 s = = . e o
Redwood Cr. near 7-24-75 Steelhead trout 100 2.8-5.6 4.4 1 s = e o < — = 2
mouth of Copper
Cr. 9-24-75 Humboldt sucker 74 —— e 14 o = — _ - e e A _
Steelhead trout 26 6.3-11.0 8.8 S 3.5-18.5:710:9 S 1.07-1.56 1.38 5 .007 3.29 .99
52 Copper Cr. near 7-24-75  Steclhead trout 100 2.5-9.4 3.8 42 - = A = - - o B -
mouth 9-24-75 Steelhead trout 100 4.3-7.3 5.3 40 1.0-5.1 2.4 40 1.18-2.29 1.56 40 .025 2.7% .92
Bridge Cr. near 5-23-74  Coastrange sculpin 100 -- - 3 o — | e e i s = = =
mouth
7-17-75  Steelhead trout 100 2.5-13.5 6.0 16 o - - Y ez o e e --
9-25-75  Steelhead trout 80 5.0-12.6 6.8 48 1.5-22.6 4.8 48 1.06-2.29 1.37 48 .024 2.73 96
Coastrange sculpin 18 -- =% 11 s = = . - - - T =
Humboldt sucker (974 - L 1 e s o - - i 28 ra L
Harry Wier Cr. 5-23-74 Steelhead trout 75 259-11.5 8:1 3 <1=18R0 == z = —_ e - =S =4
near mouth Coastrange sculpin 25 -- == 1 e o ax — X == = =
7-16-75  Steelhead trout 100 3.0-4.8 3.9 16 e Xa s 2 = = 8 == e
9-25-75  Steelhead trout 93 4.1-11.7 §.3 50 .5-21.4 2.2 50 .59-2.00 1.18 S0 012 2.99 .92
Coastrange sculpin 5.6 4 — 2 - s s i - N i I 2
Humboldt sucker 1..48 s 28 1 o & - o ey . - . =5
Redwood Cr. below 7-30-74 Steelhead trout 58 4.2-9.3 6.0 60 5-9.1 2.3 =60 36-1.32 92 60 003 3.61 .90
Harry Wier Cr. Threespine stickleback 26 - -- 27 = £ RE - o e b o -
Humboldt sucker 15 -- o= 15 = S WA 2 - - =] 2 =
Coastrange sculpin .9 = = 1 L & - - . . . ! -
M Shsusivenr A RGN SCEMER TR MRS WERG VI EE W W WK SR NSt e S e a ——  ———— ———— i ———— o — - - - o i i e o i — — — - . p—
Tom McDonald Cr. 5-24-74 Coho salmon 78.9 3.2-4.9 349 15 i <1 15 -- -- -- it = -
near mouth Coastrange sculpin 15.8 -- e 3 - - — -- -- -- =~ e e
Threespine stickleback 5.3 i e 1 e SER = -- -- -- -- = =
7-21-75  Steelhead trout 64.7 2.8=17.3 5.7 44 = — — -- -- -- -- e =
Coastrange sculpin 27.:9 —= -- 19 = e O -- -- -- -- = s
Threespine stickleback 7.4 S -- 5 - = s -- -- -- -- == o
9-25-75 Steelhead trout 89.3 5.1-15.8 6.9 50 0.7-44.2 5.26 50 «+5%=1,94 1.16 50 008 5. 18 96
Coastrange sculpin 10.7 -- -- 6 = o s -- -- -- = = ==
Pacific lamprey-ammocete
(observed only) -- -- -- - - e . - - - e s =
Miller Creek near 7-24-74  Steelhead trout 66.7 47958 71 2 <1-8.0 -- 2 -- -- -- =i == 55
mouth Coho salmon 33.3 -- 3.9 1 -- <1 1 -- e - —= .= =5
7-22-75 Steelhead trout 70.0 4.1=11..2 756 7 -- -- -- -- -- -- — e e
Coastrange sculpin 30.0 - -- 3 -- -- -- -- -- -- e s e
Redwood Cr. near  5-22-74  Coastrange sculpin 83.3 -- -- 5 -- -- - -- -- -- = = =
Hayes Cr. Coho salmon 16.7 -- 520! i} -- -- ~= -- -- -- -- s e
7-29-74  Threespine stickleback 37.°3 -- -- 59 -- -- -- -- -- -- == = ==
Steelhead trout 29.1 4.9-14.6 8.2 46 «6=31.0 7.7 46 .46-1.20 .89 46 .003 3.48 99
Humboldt sucker 24.7 -- -- 39 -- -- -- -- -- -- -- e =
Coho salmon 5.7 5:1=9.5 657 9 #9-105.5 +3.5 9 .64-1.22 .94 9 .002 3.:97 :99
Chinook salmon 1.9 8.0-9.6 8.7 381 5%5-10:0:"%7:2 3 1.02-1.13 1..07 3 .005 3.39 99
Coastrange sculpin 13 -- -- 2 -- -- -- -- -- -- -- = =
Little Lost Man 5-22-74 Steelhead trout 49.0 6.3-16.0 9.6 19 1.0-51.0 12.6 19 31-1.37 1.04 19 .001 3.94 .94
Cr. near mouth Coho salmon 25.L5 3.9-787" 5%3 10 <1-4 -- 10 -- -- -- -- = e
Threespine stickleback 25.5 -- -- 10 -- -- -- -- -- -- -- = e
7-23-75 Steelhead trout 85.7 4.6-12.7 7.0 72 -- -- -- - -- -- -- - 2
Threespine stickleback 8.3 -- -- 7 == e e &z s s == --
Coastrange sculpin 6.0 -- -- 5 - -- -- -- -~ - -- - =
9-24-75 Steelhead trout 100 6.0-23.6 8.6 39 1.:4347.3 11.7 39 56-2.13 1.24 39 015 2.90 .97
Threespine stickleback(observed only) -- -- -- -- -- -- = -- -- - = s =
Pacific lamprey-ammocete
(observed only) -- -- -- -- -- -- -- -- -- -- == E =~
Mill Creek near 5-25-74  Steelhead trout 72 2.8=11 .8 il 44 <1-21 . 44 - = L = -- -
recording gauge Pacific lamprey-ammoccte 12 -- -- 74 -- -—- - = -- -- -- — =
Coastrange sculpin 10 -- -- 6 e - -- == = LB = -- --
Coho salmon 7 4.2-5.5 5.0 4 <1-1.0 -- 4 - - -- -- - =i

Icalculated using fork lengths (centimeters) and weights (grams)
2p value is equivalent to the slope of the linear regression line of the length-weight relation
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PERCENTAGE COMPOSTION OF FISH SPECIES
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Pacific lamprey, Ammocete (observed only)

FIGURE 5.--Seasonal percentage composition of fish species captured

in the Redwood Creek drainage basin.
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Condition Factor

Condition factors for the majority of the salmonids collected in the

Redwood Creek basin were calculated from the following equation (Lagler,
1969):

K =Wx 10° (3)
L3
where K = condition factor,
W = weight in grams, and
L = fork length in centimeters.

The condition factor can be used to indicate the relative robustness of fish
and can reflect the effects of environmental changes which may improve or
retard growth. Condition factors are relative values; the higher the condi-
tion factor the more robust the fish. The calculations and comparisons of
condition factors for steelhead trout were based on all steelhead trout cap-
tured at each location during each sampling period. Age, sex, and size of the
steelhead trout were not considered when calculating mean condition factors
and when making comparisons of steelhead trout samples.

The mean condition factor for steelhead trout captured from selected
areas in the Redwood Creek basin ranged from 0.89 to 1.56, with an overall
mean of 1.19 (table 18). From areas located on Redwood Creek main stem, mean
condition factors ranged from 0.89 to 1.38, with an overall mean of 1.10;
whereas from selected Redwood Creek tributaries, the mean condition factors
ranged from 1.04 to 1.56, with an overall mean of 1.26. Similar comparisons
of mean condition factors for coho and chinook salmon captured from the
Redwood Creek basin and all salmonids captured from the Mill Creek basin were
not made because of insufficient weight data. That is, weights less than
1 gram could not be determined in the field during 1974 sampling.

The calculated mean condition factors of the steelhead trout captured
from the Redwood Creek basin are shown in figure 6. The results of the
summer 1974 fish-inventory survey showed a decrease in mean condition factors
of captured steelhead trout in a downstream direction along Redwood Creek main
stem. The results of the autumn 1975 fish-inventory survey showed that, of
the selected tributaries surveyed, mean condition factors were largest for
steelhead trout captured from Copper and Bridge Creeks (1.56 and 1.37) and
smallest from Tom McDonald and Harry Wier Creeks (1.16 and 1.18). Steelhead
trout from Little Lost Man Creek had a condition factor (1.24) just slightly
less than the overall mean condition factor for steelhead trout captured from
the tributaries surveyed.
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STEELHEAD TROUT
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FIGURE 6.--Mean condition factors of steelhead trout.
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The Wilcoxon-Mann-Whitney test (U.S. Army, 1969) was used to compare the
condition factors for steelhead trout populations captured in the Redwood
Creek basin. The results of the condition-factor comparisons for steelhead
trout captured during summer 1974 are presented in table 19. Because of the
paucity of data, comparisons could only be made between three sampling areas
in Redwood Creek main stem. Condition factors for steelhead trout captured
from Redwood Creek near Redwood Valley Bridge were significantly larger
(0>0.01) than Redwood Creek below Harry Wier Creek and Redwood Creek near
Hayes Creek. Comparisons of condition factors for steelhead trout captured

~from Redwood Creek below Harry Wier Creek and Redwood Creek near Hayes Creek

[

(showed no significant difference («>0.20).

TABLE 19.--Condition-factor comparisons of steelhead trout
captured during summer 1974, using the Wilcoxon-Mann-
Whitney test

(Values represent significance level with < equaling a
significant difference and > equaling no significant
difference.)

SUMMER

1974

Redwood Creek near Redwood Valley Bridge
Redwood Creek below Harry Wier Creek
Redwood Creek near Hayes Creek

|
N
(@]
—
A
o
—

Redwood Creek near Redwood Valley Bridge
Redwood Creek below Harry Wier Creek - >.20

Redwood Creek near Hayes Creek ~
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The results of the condition-factor comparisons for steelhead trout
captured during the autumn 1975 fish-inventory survey are presented in
table 20. Condition factors for steelhead trout captured from Redwood Creek
near Redwood Valley Bridge were significantly larger (a<0.01) than Tom
McDonald Creek, Harry Wier Creek (0<0.05), and Little Lost Man Creek (0<0.05),
and significantly smaller (a<0.01) than Copper Creek. Condition factors for
steelhead trout captured from Redwood Creek near Copper Creek were signifi-
cantly larger (a<0.05) than Tom McDonald Creek. Condition factors for steel-
head trout captured from Copper and Bridge Creeks were significantly larger
(a<0.01) than the condition factors for steelhead trout captured from Harry
Wier, Tom McDonald, and Little Lost Man Creeks. Comparisons of condition
factors for steelhead trout captured from Harry Wier, Tom McDonald, and Little
Lost Man Creeks showed no significant differences (a>0.20).

TABLE 20.--Condition-factor comparisons of steelhead trout captured during
autumn 1975, using the Wilcoxon-Mann-Whitney test

(Values represent significance level with < equaling a significant difference

and > equaling no significant difference.)
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Redwood Creek near Redwood Valley Bridge = <.10 <.01. <.20 <.05 <.01 <.05
Redwood Creek near Copper Creek - . <200 »,20° <.10 - <.05 <.20
Copper Creek ' - <.01 <.01 <.01 <.01
Bridge Creek - <.01 <.,01 <.0}
Harry Wier Creek - >.20 >.20
Tom McDonald Creek - >.20

Little Lost Man Creek
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Length-Weight Relation

Length-weight relations for most of the salmonids collected in the
Redwood Creek basin were calculated from the following equation (Lagler,
1969):

W= ar (4)
where W = weight in grams,
L = length in centimeters,
a = constant, and
b = exponent.

A least-squares regression was derived from the logarithmic transformation of
the length-weight relation of equation 4. The values of a and b were deter-
mined empirically from the actual fork lengths and weights of the salmonids
captured. The slope of the regression line, b, can be used to indicate the
extent of growth occurring in the salmonid fish captured. That is, the
steeper the slope of the regression line the more weight the fish is gaining
per unit growth in length. Generally, when the slope of the regression line
is greater than 3, the fish are stout, and when the slope is less than 3, the
fish are slim. Correlation coefficients also were determined to assess the
length-weight of the salmonids sampled. A very strong linear relation exists
when correlation coefficients values are near *1 and there is no linear
relation when values are close to zero.

During the summer 1974, three areas along Redwood Creek main stem were |
sampled for fish. The slopes of the length-weight regression for the steel- |
head trout captured during this survey ranged from 3.06 to 3.61 with a mean |
slope of 3.38 (table 18). During the autumn 1975 fish-inventory survey, both '
Redwood Creek main stem and tributaries were surveyed. The slopes of the
length-weight regression for steelhead trout captured from two Redwood Creek
main-stem sites were 3.00 and 3.29 with a mean slope of 3.15; whereas the
slopes of the 1length-weight regression for steelhead trout captured from
selected tributaries ranged from 2.71 to 3.18 with a mean slope of 2.90.
Comparisons of length-weight relations for chinook and coho salmon captured in
Redwood Creek and all salmonids captured in the Mill Creek basin were not made
because of insufficient weight data; weights less than 1 gram could not be
determined in the field during 1974 sampling.

Steelhead trout captured along Redwood Creek main stem during the
1974 fish-inventory survey were stout when compared to the steelhead trout
captured along the main stem in 1975. Length-weight relations for steelhead
trout captured from Redwood Creek main stem and tributaries during the 1975
fish-inventory survey indicated that steelhead trout from the main stem were
stouter than the steelhead trout captured from the tributaries.
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The length-weight relation, W = 0.017287L2:768  for the steelhead trout
captured from the Redwood Creek basin during the study was compared to the

length-weight relation, W = 0.006237L3:963  for steelhead trout populations
from small coastal California streams, as described by Calhoun (1966). Graphs
of the compared length-weight relations are shown in figure 7. The steelhead
trout captured from the Redwood Creek basin were substantially slimmer than
the steelhead trout population representative of small coastal California
streams. 39

&

The correlation coefficient values (table '18) of the length-weight re-
gressions for the salmonids captured from the Redwood Creek basin denoted that
good to very strong linear relations existed between the lengths and weights
of the fish.

Small coastal streams
(Calhoun 1966)

3.0 W =0.006237 13-063 Il =

20—

WEIGHT, IN OUNCES

15—

1.0 —

0.5

0.0

FORK LENGTH, IN INCHES

FIGURE 7.--Comparison of length-weight curves for steelhead trout.
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Periphyton

Periphyton is the assemblage of organisms that attach to or live on
underwater substrates and includes algae, bacteria, fungi, protozoans, roti-
fers, and other small organisms. Environmental influences such as insolation,
streambed stability, sedimentation, nutrients, and water temperature have an
effect on the abundance and diversity of the periphytic community and
periphytic biomass.

The taxonomic classification and enumeration of periphyton collected from
selected areas in the Redwood Creek and Mill Creek basins have been reported
in Iwatsubo and others (1976). The periphyton community that colonized the
artificial substrates during the study was composed of 61 taxa (table 21).
Fifty taxa of periphyton colonized artificial substrates placed in selected
areas of the Redwood Creek basin, 33 taxa of periphyton were identified from
the Mill Creek basin samples, and 22 taxa were common in samples collected
from both drainage basins.

Taxonomic Composition

Taxonomic composition of periphyton was determined for each sample col-
lected (table 22). Diatoms (Bacillariophyceae) were the most common group in
each sample. In the Redwood Creek basin, Epithemia sorex, Achnanthes
lanceolata, and Diatoma vulgare occurred in the largest numbers; whereas in
the Mill Creek basin, Cymbella cistula, A. lanceolata, and Cocconeis
placentula were most numerous.

The percentage of green algae (Chlorophyta) was low for each periphyton
sample with the exception of Bridge Creek (spring 1974) and Little Lost Man
Creek at Site No. 2 (spring 1975) samples. Chlamydomonas sp., Spirogyra sp.,
and Ulothrix sp. were the most numerous green algae sampled from the Redwood
Creek  basin; whereas [Eudorina elegans, Scenedesmus  dimorphus  and
Ankistrodesmus falcutus (planktonic algae occurring with periphytic algae)
were most numerous in the Mill Creek basin. Of the remaining groups of peri-
phyton only the rounded-unknown nonflagellate group had a high percentage
composition (East Fork Mill Creek, summer 1974).
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TABLE 21.--Taxonomic list and occurrence of periphyton

DIVISION
CLASS
Order
Suborder
Family
Genus species

Redwood Creek
Drainage Basin

Mill Creek
Drainage Basin

CHLOROPHYTA
CHLOROPHYCEAE
Chlorococcales
Oocystaceae
Ankistrodesmus  falcutus
Selenastrum minutum
Scenedesmaceae
Crucigenia tetrapedia
Scenedesmus abundans
Scenedesmus dimorphus
Seenedesmus sp.
Ulotrichales
Ulotrichineae
Ulotrichaceae
Ulothriz sp.
Volcocales )
Chlamydomonadaceae
Chlamdydomonas sp.
Volcocaceae
Eudorina elegans
Zygnematales
Zygnemataceae
Mougeotia sp.
Spirogyra sp.
Zygnema sp.

CHRYSOPHYTA
BACILLARIOPHYCEAE
Centrales
Coscinodiscineae
Coscinodiscaceae
Cyclotella sp.
Mejosira varians
Pennales
Achnanthineae
Achnanthaceae
Achnanthes lanceolata
Achnanthes minutissima
Achnanthes sp.
Cocconetis placentula
Rhotcosphenia curvata
Fragilarineae
Diatomaceae
Diatoma hiemale
Diatoma vulgare
Eunotiaceae
Eunotia pectinalis
Eunotia sp.
Fragilariaceae
Fragilaria vaucheriae
Synedra amphicephala
Synedra rumpens
Synedra ulna
Synedra sp.
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TABLE 21.--Taxonomic list and occurrence of periphyton--Continued

DIVISION
CLASS
Order
Suborder
Family
Genus species

Redwood Creek
Drainage Basin

Mill Creek
Drainage Basin

Naviculineae
Cymbellaceae
Cymbella cistula
Cymbella mexicanum
Cymbella sinuata
Cymbella sp.
Ephithemia sorex
Epithemia turgida
Rhopalodia gibba
Gomphonemataceae
Gomphoneis herculeana
Gomphonema angustatum
Naviculaceae
Navicula eineta
Navicula eryptocephala
Navicula exiqua
Navieula globulifera
Navicula menisculus
Navicula viridula
Navicula sp.
Pinnularia sp.
Stauroneis sp.
Surirellineae
Nitzschiaceae
Nitzschia acicularis
Nitzschia dissipata
Nitzschia hantzschianai
Nitzschia linearis
Nitzschia palea
Nitzschia romana
Nitazschia sp.
Surirellaceae
Surirella angustata

CYANOPHYTA
MYXOPHYCEAE
Chamaesiphonales
Chamaesiphonaceae
Chamaesiphon sp.
Chroococcales
Chroococcaceae
Merismopedia sp.
Oscillatoriales
Nostochineae
Nostocaceae
Anabaena sp.
Oscillatorinea
Oscillatoriaceae
Oseillatoria sp.

PROTOZOA
CILIOPHORA (subphylum)

MISCELLANEOUS

Rounded-unknown nonflagellates

Unknown flagellates
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TABLE 22.--Taxonomic composition of periphyton

[T = <1 cell/mm?]

Date Percentage composition Total
Unknown
o
o
(3] ©n
£ g
Station name & .-“1
g £ 5 T 3
3 3 z 23 £ H 5 o
— > (2] <= - -
- ) o O a. '8 Ut - E
o e = ? o o o £ ) ] ~
o h o > @ [ £ 0 00 @ —
& © = A g 3 F = & )
- -4 6 5 o o 2% o o
Redwood Creek at 5- 9-74 7-16-74 0 100 0 0 0 5 928
South Park 7-16-74 9-13-74 .4 96.1 0 3.5 0 9 489
Boundary 7-30-75 9- 5-75 0 100 0 0 0 5 49
Bridge Creek 5-13-74 7-15-74 35 60 0 0 ) 8 97
7-15-74 9-16-74 0 100 0 0 0 7 2,520
6- 7-75 7-31-75 1 88 11 0 0 13 237
Harry Wier Creek 5-13-74 7-15-74 0 100 0 0 0 6 1,075
7-15-74 9-16-74 0 100 0 0 0 4 1,072
6- 1-75 7-31-75 .2 99.8 0 0 0 11 426
Miller Creek 5-10-74 7-16-74 0 100 0 0 0 2 244
7-16-74 9-17-74 0 99.4 3 0 0 7 573
5-31-75 7-28-75 0 100 0 0 0 3 302
Miller Creek at 5-14-74 7-16-74 0 100 0 0 0 3 557
Mouth 7-16-74 9-17-74 0 100 0 0 0 12 125
5-31-75 7-27-75 0 100 0 0 0 3 670
Redwood Creek 5-15-74 7-15-74 0 100 0 0 0 ) 609
above Hayes 7-15-74 9-14-74 2 98 0 0 0 14 1,416
Creek 8- 1-75 9- 5-75 0 100 0 0 0 8 6,887
Hayes Creek 5-15-74 7-15-74 0 100 0 0 0 1 1,200
7-15-74 9-15-74 0 100 T 0 0 7 11
Lost Man Creek 5-10-74 7-15-74 9 91 0 0 0 4 952
7-15-74 9-14-74 1 99 0 0 0 10 828
6- 2-75 7-27-75 5 95 0 0 0 8 128
Little Lost Man 5-10-74 M -- --
Creek at Site 7-15-74 9-14-74 1 99 0 0 0 13 1,541
No. 2 6- 2-75 7-27-75 44 56 0 0 0 14 2,420
West Branch Mill 5-21-74 7-16-74 0 100 0 0 0 / 2,388
Creek Below Red 7-16-74 9-12-74 4 96 0 0 0 20 200
Alder Campground 6- 5-75 7-29-75 .2 99.8 0 0 0 10 2,351
East Fork 5-21-74 7-16-74 17 83 0 0 0 3 469
Mill Creek 7-16-74 9-12-74 0 56 0 44 0 8 71
6- 5-75 7-29-75 0 100 0 0 0 S 353
Mill Creek 5-20-74 7-16-74 0 100 0 0 0 4 3,121
7-16-74 9-12-74 .6 99.4 0 0 0 14 175
6- 5-75 7-29-75 1 97 2 0 0 16 1,983

lSamplers missing July 15, 1974,
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Biomass

Biomass of periphyton was determined for each sample collected during the
study to obtain estimated daily rates of periphyton accrual, and organic and
inorganic-material deposition. These rates do not take into consideration
growth curves of periphyton at each sampling station and were computed by
dividing the weights of organic and inorganic materials deposited on the
samples by the number of days allowed for colonization. The results indicated
that periphyton accrual was low in the Redwood Creek and Mill Creek basins
(table 23).

In the spring and summer 1974, there was an increase in inorganic- and
organic-material deposition on the periphyton samplers located at the lower
Miller Creek stations as compared to the upper Miller Creek station
(table 23). Excessive amounts of fine sediment were deposited on Miller Creek
at Mouth periphyton samplers. The input of sediment into Miller Creek proba-
bly was caused by the construction of a bridge crossing located upstream and
between the two sampling stations. The increases in organic material during
these two sampling periods were not related so much to periphytic production
but to the organic material adhered to the sediment deposited on the sub-
strates and to the inputs of fine organic debris directly into the stream
during bridge construction. No increases in organic- and inorganic-material
deposition on the periphytic samplers occurred between these two stations
during spring 1975 sampling. Apparently, the increases that occurred during
spring and autumn 1974 sampling as a result of bridge construction were tempo-
rary. High winter streamflows flushed out the fine organic debris and sedi-
ments deposited in the stream during bridge construction in the previous year.
Periphyton rate of accrual increased from spring to summer 1974 sampling at
Bridge Creek, Redwood Creek above Hayes Creek, and Lost Man Creek stations.
Periphyton samplers installed at Little Lost Man Creek at Site No. 2 were
vandalized during spring 1974 sampling. During spring 1975 sampling the
deposition of inorganic material on the periphyton samplers was greater in
Bridge Creek and Harry Wier Creek than in the other streams sampled. Prior to
the retrieval of the periphyton sampler installed at Bridge Creek, an input of
sediment into the stream was caused by activities related to the removal of
logging debris upstream from the sampling station. The cause of the increased
inorganic-material deposition on the periphyton sampler installed at Harry
Wier Creek may have been due to the construction of a road approach to an
existing bridge.

The spring 1975 periphyton samplers installed at Redwood Creek at South
Park Boundary and above Hayes Creek stations were lost. Periphyton was re-
sampled at these two stations during summer 1975 and rates of accrual were
similar to the rates of summer 1974 (table 23).

Rates of accrual of periphyton at the East Fork Mill Creek sampling
station were consistently lower than at the West Branch Mill Creek and Mill
Creek stations (table 23). The deposition of inorganic materials on the
periphyton samplers was minimal at all Mill Creek sampling stations during the
study.
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TABLE 23.--Rates of accrual of periphyton

Colonization Periphyton
Station Date Sampler Period Dry Weight Inorganic Wt. Organic Wt.
Number Name Installed Removed (Days) (g/m?)/d (g/m2)/d (g/m2)/d
11482200 Redwood Creek at 5- 9-74 7-16-74 68 0.13 0.09 0.04
South Park Boundary 7-16-74 9-13-74 59 .05 .02 .03
near Orick Spring 1975 samplers missing -- -- -- --
7-30-75 9- 5-75 37 .08 .05 .03
11482210 Bridge Creek near 5-13-74 7-15-74 63 .02 .01 .01
Orick 7-15-74 9-16-74 63 .43 .29 .14
6- 7-75 7-31-75 54 .59 .54 .05
11482225 Harry Wier Creek 5-13-74 7-15-74 63 .10 .07 .03
near Orick 7-15-74 9-16-74 63 .12 .09 .03
6- 1-75 7-31-75 60 .20 .18 .02
11482250 Miller Creek near 5-10-74 7-16-74 67 03 .02 .01
Orick 7-16-74 9-17-74 63 .04 .03 01
5-31-75 7-28-75 S8 .02 02 00
11482260 Miller Creek at 5-14-74 7-16-74 63 1.19 1.12 .07
Mouth near 7-16-74 9-17-74 63 .92 .85 .07
Orick 5-31-75 7-28-75 58 .03 .02 .01
Redwood Creek above 5-15-74 7-15-74 61 +11 .10 .01
Hayes Creek near 7-15-74 9-14-74 61 1.59 1.15 .44
Orick Spring 1975 samplers missing -- -- -- -=
8- 1-75 9- 5-75 35 2.66 2.11 +55
11482330 Hayes Creek near 5-15-74 7-15-74 61 .06 .06 .00
Orick 7-15-74 9-14-74 61 .01 .01 .00
11482450 Lost Man Creek 5-10-74 7-15-74 66 .05 .03 .02
near Orick 7-15-74 9-15-74 62 .12 .08 .04
6- 2-75 7-27-75 55 .05 .03 .02
11482450 Little Lost Man Spring 1974 samplers missing -- -- -- --
Creek at Site #2 7-15-74 9-14-74 61 .46 35 .11
near Orick 6- 2-75 7-27-75 55 .01 .06 .04
11532602 West Branch Mill 5-21-74 7-16-74 56 .34 .23 .11
Creek below Red 7-16-74 9-12-74 58 .08 - .04 .04
Alder Campground 6- 5-75 7-29-75 54 13 07 .06
near Crescent City
11532610 East Fork Mill 5-21-74 7-16-74 56 .05 .03 .02
Creek near 7-16-74 9-12-74 58 .07 .03 .04
Crescent City 6- 5-75 7-29-75 54 .05 .03 .02
11482620 Mill Creek near 5-20-74 7-16-74 57 .10 .05 .05
Crescent City 7-16-74 9-12-74 58 .17 .10 .07
6- 5-75 7-29-75 54 .10 .04 .06
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Diversity Index

Diversity index was calculated for each periphyton sample collected
during the study using equation 1. Periphyton collected during the study
showed a wide variation in diversity-index values ranging from 0.00 to 2.76
(table 24). Diversity indexes of periphyton samples collected within the
Redwood Creek basin ranged from 0.98 to 2.34 for main-stem stations and from
0.00 to 2.76 for tributary stations. Hayes Creek, a control basin, had the
smallest diversity index, 0.00; whereas Bridge Creek, a logged basin, had the
largest diversity index, 2.76.

The wunusually small diversity index for Hayes Creek represented the
community structure of periphyton collected during spring 1974 sampling;
similarily, during summer 1974 sampling the periphyton diversity index was
again very small at 0.06. During both sampling periods, Achnanthes lanceolata
was the dominant periphytic organism sampled at Hayes Creek. This diatom was
reported by Geither (1927, cited in Hynes, 1970) and McIntire (1966) to be one
of the first organisms to colonize newly exposed surfaces in the stream envi-
ronment. The total number of periphytic organisms collected from Hayes Creek
during spring and summer 1974 sampling declined from 1,200 to 11 organisms/
mm?, respectively. The reasons for this seasonal fluctuation (spring to
summer) of é. lanceolata are unknown, but decreases in insolation, streamflow,
and the availability of nutrients are probably contributing factors. Also,
grazing by larger benthic invertebrates may also cause a decrease in abundance
of periphyton (Hynes, 1970).

The spring 1974 Bridge Creek samples had the largest diversity index.
During this period, periphytic organisms were in the process of recolonizing
stream substrates after winter discharges. The number of periphytic organisms
collected at Bridge Creek was small when compared to the number of organisms
collected from the other sampling stations during the same period. A substan-
tial decrease in the diversity index of periphyton occurred at Bridge Creek
from spring to summer 1974 sampling (2.76 to 0.40). This was attributed to
the increase and dominance of Epithemia sorex, an epiphytic diatom. The
increase in the number of E. sorex was due to a seasonal change that was
primarily associated with an increase in algal growth as a result of increased
insolation and water temperatures. The dominance of E. sorex occurred again
during summer 1975 sampling; however, the total number was substantially
smaller. Prior to the collection of summer 1975 periphyton samples, logging
debris were removed from the channel of Bridge Creek (by bulldozer) upstream
from the sampling station. Increased suspended sediment caused by the cleanup
operation and deposition of fine sediment on the periphyton sampler probably
was the principal factor influencing the decrease in total number of E. sorex
in the May to July 1975 samples as compared to the May to July 1974 samples.

The diversity indexes of periphyton collected from the other sampling
stations in the Redwood Creek basin were related to the seasonal variability
of the periphyton community structure at each station. Diversity indexes
tended to be larger at the stations with greater rates of periphyton accrual
(Redwood Creek above Hayes Creek, Lost Man Creek, and Little Lost Man Creek at
Site No. 2 stations).
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TABLE 24.--Diversity indexes of periphyton

Station Date sampler Diversity
Number Name Installed Removed index
11482200 Redwood Creek at 5- 9-74 7-16-74 1.57
South Park Boundary 7-16-74 9-13-74 .98
near Orick Spring 1975 samplers missing =5
7-30-75 9- 5-75 1.46
11482210 Bridge Creek near 5-13-74 7-15-74 2.76
Orick 7-15-74 9-16-74 .40
6- 7-75 7-31-75 1.45
11482225 Harry Wier Creek 5-13-74 7-15-74 1.39
near Orick 7-15-74 9-16-74 .93
6- 1-75 7-31-75 i 4
11482250 Miller Creek near 5-10-74 7-16-74 .46
Orick 7-16-74 9-17-74 1.12
5-31-75 7-28-75 +51
11482260 Miller Creek at 5-14-74 7-16-74 .23
Mouth near Orick 7-16-74 9-17-74 1.96
5-31-75 7-28-75 .01
Redwood Creek above 5-15-74 7-15-74 17150
Hayes Creek near 7-15-74 9-14-74 1.40
Orick Spring 1975 samplers missing =
8- 1-75 9- 5-75 2.34
11482330 Hayes Creek near 5-15-74 7-15-74 .00
Orick 9-15-74 9-14-74 .06
11482450 Lost Man Creek 5-10-74 7-15-74 1.29
near Orick 9-15-74 9-15-74 2,18
6- 2-75 7-27-75 17472
11482450 Little Lost Man Spring 1974 samplers missing --
Creek at Site No. 2 7-15-74 9-14-74 2.14
near Orick 6- 2-75 7-27-75 2.66
11532602  West Branch Mill Creek 5-21-74 7-16-74 2.49
below Red Alder Camp- 9-16-74 9-12-74 2.45
ground near Crescent 6- 5-75 7-29-75 2.14
City
11532610 East Fork Mill Creek 5-21-74 7-16-74 1.34
near Crescent City 7-16-74 9-12-74 2,253
6- 5-75 7-29-75 .46
11482620 Mill Creek near 5-20-74 7-16-74 il 7
Crescent City 9-16-74 9-12-74 2,57
6- 5-75 7-29-75 2..39
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The diversity indexes of periphyton collected from the Mill Creek basin
were as variable as periphyton diversity indexes from the Redwood Creek basin
(table 24). Diversity indexes of periphyton ranged from 0.46 (East Fork Mill
Creek station) to 2.57 (Mill Creek station). The diversity indexes of peri-
phyton collected from West Branch Mill Creek below Red Alder Campground sta-
tion showed little variation throughout the study period as compared to the
diversity indexes calculated from the East Fork Mill Creek and Mill Creek
periphyton samples. Except during May to July 1974 sampling, periphyton
diversity indexes from the East Fork Mill Creek were smaller than the diversi-
ty indexes from samples of the West Branch Mill Creek below Red Alder Camp-
ground and Mill Creek stations. The diversity indexes of periphyton from Mill
Creek sampling station were as variable as the diversity indexes from East
Fork Mill Creek station. The smallest diversity index of periphyton from Mill
Creek sampling station occurred during May to July 1974 sampling. The domi-
nance of Cymbella cistula, an epilithic diatom, accounted for this small
diversity-index value. During June to July 1975 sampling C. cistula was
present but did not dominate the periphyton community as in 1974.

Similarity Index

Similarity indexes were calculated for selected periphyton samples col-
lected during the study using equation 4. Comparisons of the periphyton
community structure between sampling areas in the Redwood Creek basin were
extremely variable during the study (table 25). There were no apparent simi-
larities in periphyton communities that could be related directly to upstream
land-use activities. The variability in similarity indexes of periphyton |
primarily reflects the relatively small number of taxa present in each sample |
when compared to the total number of taxa occurring in the periphyton
community sampled.

In the Mill Creek basin, periphyton similarity indexes were less variable
than in the Redwood Creek basin. The similarity indexes of periphyton were
consistently larger between West Branch Mill Creek below Red Alder Campground
and Mill Creek sampling stations and consistently smaller between East Fork
Mill Creek and Mill Creek sampling stations. The lack of similarity in commu-
nity structure between East Fork Mill Creek and the West Branch Mill Creek
below Red Alder Campground and Mill Creek sampling stations was influenced by
the low rates of accrual of periphyton and the relatively small number of taxa
that occurred in the East Fork Mill Creek samples.
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TABLE 25.--Periphyton similarity-index matrix

[Number in parentheses is the number of
taxa common to both samples]
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TABLE 25.--Periphyton similarity-index matrix--Continued

REDWOOD CREEK
SUMMER

1974

Redwood Creek at
South Park Boundary

Bridge Creek

Harry Wier Creek
Miller Creek

Miller Creek at Mouth

Redwood Creek above
Hayes Creek

Hayes Creek
Lost Man Creek

Little Lost Man Creek
at Site No. 2

MILL CREEK
SUMMER
1974

West Branch Mill Creek

below Red Alder Campground

near Crescent City

East Fork Mill Creek
near Crescent City

Mill Creek near Crescent City

West Branch Mill Creek

below Red Alder Campground
near Crescent City

East Fork Mill Creek

near Crescent City

Mill Creek near Crescent City
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.50(4) .22(2) .54(3) .29(2) .35(3)
L42(4) .29(3) .43(3) .35(3) .20(2)
’ .38(5) .42(1) .45(5) .48(6)
= .38(4) .42(5) .67(9)
- .24(2) .50(5)
- .43(5)



TABLE 25.--Periphyton similarity-index matrix--Continued
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Phytoplankton

Phytoplankton are the aggregate of passively drifting plant organisms in
water. The abundance and taxonomic composition of phytoplankton can be used
to indicate water-quality conditions.

The taxonomic classification and enumeration of phytoplankton collected
from selected areas in the Redwood Creek and Mill Creek basins have been
reported in Iwatsubo and others (1976). The phytoplankton community was more
diverse than the periphyton community and was composed of 79 different taxa
(table 26). Sixty phytoplankton taxa were identified from water samples
collected from the Redwood Creek basin upstream from the estuary, 22 phyto-
plankton taxa were identified from samples collected exclusively from Redwood
Creek estuary, and 45 phytoplankton taxa were identified from water samples
collected at selected areas in the Mill Creek basin. A total of
32 phytoplankton taxa were common to both the Redwood Creek and Mill Creek
basins.

Taxonomic Composition

Diatoms generally were the dominant phytoplankton group collected during
the study; however, unknown flagellates and green algae were dominant at times
(table 27). 1In the Redwood Creek basin, exclusive of the estuary, unknown
flagellates, and Gomphonema angustatum, Achnanthes lanceolata, and Cocconeis
placentula were the most numerous of the phytoplankton taxa collected. In
Redwood Creek estuary, Chlamydomonas sp., unknown flagellates, Cryptomonas
sp., and Selenastrum minutum were the most numerous phytoplankton; whereas
unknown flagellates, and A. lanceolata, G. angustatum, and C. placentula were
the most numerous phytoplankton taxa in samples from the Mill Creek basin.

The taxa, G. angustatum, A. lanceolata, and C. placentula, are not truly
planktonic but epiphytic (Smith, 1950). Analy51s of the life histories of the
remaining phytoplankton taxa (except the dominant taxa from Redwood Creek
estuary) suggests that the majority of the phytoplankton were actually peri-
phytic algae that have become dislodged from their substrate and were passive-
ly drifting downstream when sampled. McCoy (1974) found that most of the
phytoplankton sampled from two subarctic Alaskan streams were actually dis-
lodged periphyton. In the Redwood Creek estuary, however, the dominant phyto-
plankton taxa, Chlamydomonas sp., Cryptomonas sp., and S. minutum, are truly
planktonic. The dominance of these truly planktonlc forms of phytoplankton in
the Redwood Creek estuary can be related to an emergent sandbar that usually
closes the mouth of Redwood Creek to the Pacific Ocean during low-flow peri-
ods. Redwood Creek estuary becomes a lentic (ponded) environment favoring
phytoplankton development.

The unknown flagellate group occurred in all the phytoplankton samples
collected except at Miller Creek at Mouth station during September 1974. The
majority of the miscellaneous flagellates were very small, quadriflagellated
and most likely zoospores; however, without culturing live material,
identification was not possible (Jan B. Brocksen, written commun., 1974).
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TABLE 26.--Taxonomic list and occurrence of phytoplankton

DIVISION
CLASS
Order
Suborder
Family
Genus species

CHLOROPHYTA
CHLOROPHYCEAE
Chlorococcales

Micractiniaceae
Golenkinia radiate

Oocystaceae
Ankistrodesmus faloutus
Chodatella subsalsa
Selenastrum mirutum
Selenastrum sp.
Tetraedron minimem

Scenedesmaceae
Soenedesmus abundane
Scenedesmus bijuga
Scenedesmus denticulatus
Scenedesmus dimorphus

Ulotrichales
Ulotrichineae
Ulotrichaceae

Ulothriz ep. (individual cells)

Volvocales
Chlamydomonadaceae
Carteria sp.

Chlamudomonas sp. (flagellate)

Zygnematales
Desmidiaceae
Closterium sp.
Cosmarium sp.
Zygnematacede

Spirogyra sp. (individual cells)
Zyanema ep. (individual cells)

CHRYSOPHYTA
BACILLARIOPHYCEAE
Centrales
Coscinodiscineae
Coscinodiscaceae
Coecinodiscus ep.
Cyclotella &p.
Melosira varians
Pennales
Achnanthineae
Achnanthaceae
Achnanthes lanceolata
Achranthes minutissima
Cocconeis placentula
Rhoticosphenia curvata
Fragilarineae
Diatomaceae
Diatoma hiemale
Diatoma vulgare
Fragilariaceae
Pragilaria orotonensis
Pragilaria sp.
Synedra rumpens
Synedra ulna

Naviculineae
Cymbel 1aceae

Cymbella cistula
Cymbella mexicamm
Cymbella sinuata
Cymbella ventricosa
Cymbella ep.
Epithemia sorex
Rhopalodia gibba
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Redwood Creek drainage basin Mill Creek
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tributaries Estuary basin
X
X X
X
X X
X
X
X
X
X
X X X
X X
X
X
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X
X
X
X X
X X
X X X
X X X
X X X
X X
X X
X
X
X
X
X X
X X
X
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X X
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TABLE 26.--Taxonomic list and occurrence of phytoplankton--Continued

DIVISION
CLASS
Order Redwood Creek drainage basin Mill Creek
Suborder drainage
Family Main stem and X
Genus species ‘tributaries Estuary basin

Gomphonemataceae

i
¥
i
3

Naviculaceae
Amphiprora paludosa X
Ravicula bacillum
Naviecula eincta
Ravicula oruptocephala
Ravieula exigua
Favicula globulifera
Navicula menisculus
Navicula radiosa
Navicula viridula X
Ravicula sp. #1
Ravieula sp. #2
Vinmularia sp.
Surirellineae
Nitzschiaceae
Witsschia acrcularis X
Nitsschia amphibia
Nitsschia diseipata
Nitaschia filiformis X
Nitzsschia frustulum
Nitsschia hantzschiani
Nitsechia linearis
Fitzschia palea
Nitzschia romana
Nitzschia sp. #1
Witsschia sp. #2
Surirellaceae
Surirella angustata X
Surirella elegans X
CHRYSOPHYCEAE
Chrysomonadales
Chromulinaceae
Kerhyrion ep. X X
Rhizochrysidales
Rhizochrysidaceae
Chrysamoeba sp.
Chrysidiastmem sp.
XANTHOPHYCEAE
Metarococcales
Centritractaceae
Bumilleriopsis sp. X
Pleurochloridaceae
Botrydiopsis ap. X

CYANOPHYTA
MYXOPHYCEAE
Chroococcales
Chroococcaceae
Merismopedia sp. (individual cells) X
Oscillatoriales
Mostochineae
Mostocaceae
Anabaena sp. (individual cells) X
Oscillatorineae
Oscillatoriaceae
Osoillatoria sp. (individual cells) X X

3¢ ¢ > D¢ ¢ >
o

> 3¢ >¢ > » LR
> >
2 2 >4 ¢ > > > >

> >
»

>
»
> >

EUGLENOPHYTA
EUGLENOPHYCEAE
Euglenales
Euglenaceae
Trachelomonas sp. X

PYRROPHYTA
DINOPHYCFAE
Peridiniales
Glenodiniaceae
Glenodinium sp. X

GROUPS OF UNCERTAIN SYSTEMATIC POSITION
CRYPTOPHYCEAE
Cryptomonadales
Cryptomonadaceae
Cryptomonas sp. X X X

MISCELLANEOUS
Unknown flagellates X X X
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TABLE 27.--Taxonomic composition

[T =

Percentage composition

Chlorophyta Chrysophyta
Station Date Bacillariophyceae Chrysophyceae Xanthophyceae
Redwood Creek at 7-19-74 0 40 0 0
South Park 9-11-74 4 86 T 0
Boundary 7-31-74 13 76 T 0
9- 5-75 T 50 0 0
Bridge Creek 7-31-75 44 41 0 0
Harry Wier Creek 7-19-74 0 41 32 0
9-11-74 0 73 0 0
7-31-75 T 85 0 0
Miller Creek 7-19-74 0 15 34 0
9-11-74 0 47 40 0
7-28-75 T 52 35 0
Miller Creek at 7-19-74 0 53 26 0
Mouth 9-11-74 0 67 33 0
7-28-75 6 53 29 0
Hayes Creek 7-19-74 0 24 24 0
Lost Man Creek 7-19-74 0 43 0 0
9-11-74 0 60 T 0
7-27-75 6 19 19 0
Little Lost Man 7-19-74 0 37 5 0
Creek at Site 9-11-74 0 83 5 0
No. 2 7-27-75 0 57 4 0
Redwood Creek 7-19-74 0 70 0 0
at Orick 9-11-74 11 61 0 0
Redwood Creek 7-25-74 19 45 0 0
Estuary Site 1B 9-20-74 82 1 0 0
Redwood Creek 7-25-74 0 20 4 0
Estuary Site 2B 9-20-74 84 1 0 0
Redwood Creek 9-20-74 81 3 0 0
Estuary Site 3B
West Branch Mill 8- 1-74 0 51 24 0
Creek below Red 9-12-74 8 67 5 0
Alder Campground 7-29-75 12 37 29 0
East Fork Mill 8- 1-74 0 12 0 0
Creek 9-12-74 11 43 3 0
7-29-75 3 51 ik 14
Mill Creek 8- 1-74 2 47 0 0
9-12-74 5 63 0 0
7-29-75 8 59 0 7
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of periphyton

<1]
Total
Cyanophyta  Euglenophyta Pyrrophyta Unknown Groups of Types Cells per mL
flagellates uncertain systematic
positions
25 0 0 35 0 S 121
T 0 0 10 0 25 29
1 0 0 10 0 18 104
T 0 0 50 T 12 127
0 0 0 15 0 16 27
0 0 0 27 0 7 22
0 0 0 27 0 8 15
0 0 0 15 0 14 20
0 0 0 51 0 6 41
0 0 0 13 0 8 15
0 0 0 13 0 10 23
0 0 0 21 0 6 19
0 0 0 0 0 4 3
0 0 0 1z 0 12 17
T 0 0 52 0 7 50
0 0 0 57 0 3 30
i 0 0 40 0 16 5
0 0 0 56 0 12 16
0 0 0 58 0 8 43
0 0 0 12 0 12 58
T 0 0 39 0 13 23
0 0 0 30 0 9 81
1 T 0 27 0 29 103
0 0 0 36 0 7 106
0 0 0 6 11 9 734
0 0 0 76 0 8 157
0 0 0 4 11 10 724
0 0 1 7 8 13 330
0 0 0 25 0 6 67
0 0 0 20 0 14 39
0 0 0 22 0 11 170
0 0 0 88 0 3 58
0 0 0 43 0 16 28
0 0 0 32 T 19 37
0 0 0 51 0 S 122
0 0 0 32 0 17 38
0 0 0 26 0 23 76
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Diversity Index

Diversity index was calculated for each phytoplankton sample collected
using equation 1. The results of the diversity-index calculations for phyto-
plankton showed a wide variation, ranging from 0.06 to 3.86 (table 28). In
the Redwood Creek basin, phytoplankton samples had diversity indexes ranging
from 2.06 to 3.86 at the main-stem stations, 1.37 to 3.18 at the tributary
stations, and 1.03 to 2.43 at the estuary stations. Upstream from the estu-
ary, diversity indexes of the phytoplankton samples were larger in the streams
that received more insolation (table 2). Along Redwood Creek main stem, a
downstream increase in diversity index of phytoplankton occurred. Phytoplank-
ton samples collected at the estuary stations had smaller diversity indexes
than did the samples collected at the upstream stations. The estuary phyto-
plankton community was primarily dominated by large concentrations of
Chlamydomonas sp. and Cryptomonas sp. Both of these genera have been related
to organically enriched waters (Palmer, 1969). In addition, the presence of
Cryptomonas in large numbers has been used to indicate the completion of
organic matter decomposition in the stream (Brinley, 1942).

In the Mill Creek basin, phytoplankton samples had diversity indexes
ranging from 0.06 (East Fork Mill Creek) to 3.37 (Mill Creek). No explanation
can be given for the small diversity index calculated for the phytoplankton
sample collected at the East Fork Mill Creek station (August 1974).

Similarity Index

Similarity index was calculated for selected phytoplankton samples col-
lected during the study from equation 2. Comparisons of the phytoplankton
community structures between the sampling areas in the Redwood Creek basin
varied throughout the study (table 29). Upstream from the estuary, differ-
ences in phytoplankton community structure were difficult to assess. However,
phytoplankton similarity indexes did decrease from mid to late summer 1974.
This decrease probably was related to the seasonal change in the species
composition of phytoplankton.

Comparisons between phytoplankton samples collected at Bridge Creek and
the other areas sampled during summer 1975, showed extremely low similarity
indexes. The phytoplankton community of Bridge Creek was dominated by green
algae; whereas diatoms dominated the phytoplankton communities of the other
sampling areas. Timber-harvest activities in the Bridge Creek basin have been
extensive and removal of streamside canopy has resulted in increased insola-
tion and green algal production. The types of green algae dominating Bridge
Creek phytoplankton community were actually dislodged filamentous periphyton
(Ulothrix sp., Spirogyra sp., and Zygnema sp.).

Similarity indexes for phytoplankton collected from Redwood Creek estuary
were slightly variable between sampling stations. The wvariability in the
phytoplankton community structures probably was related to differences in
water quality. The smallest similarity index occurred during midsummer 1974
sampling when salinity values were highest in the estuary. At that time, the
mouth of Redwood Creek was open to the ocean and saltwater entered directly
into the estuary during high-tide periods. The mouth of Redwood Creek was
closed to the ocean by an emergent sandbar during late summer 1974 sampling.
Saltwater again entered the estuary, but the volume was minimal because the
inflow of seawater was subsurface and through the sandbar during high-tide
periods. Salinity of the estuary was lower; whereas the similarity indexes
were higher than the midsummer samples.
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In the Mill Creek basin, phytoplankton community structures did not
differ greatly between sampling areas. During 1974 sampling however, similar-
ity indexes of phytoplankton were largest between West Branch Mill Creek below
Red Alder Campground and Mill Creek sampling stations; whereas during
1975 sampling the similarity index value was largest between East Fork Mill
Creek and Mill Creek sampling stations.

Seston

Seston is the particulate organic and inorganic matter suspended in
water. The measurement of seston concentrations can indicate, in part, the
biological productivity and potential chemical energy in the aquatic environ-
ment. The results of the seston determinations have been reported in Iwatsubo
and others (1976) and are summarized in table 30.

Individual seston concentrations were extremely variable not only between
stations but also at each station. The seasonal fluctuations of monthly mean
percentage organic weight of seston collected in the Redwood Creek and Mill
Creek basins are shown in figure 8. In Redwood Creek main stem and tributar-
ies upstream from the estuary, a decrease in mean percentage organic weight of
seston occurred between November 1973 and March 1974. This decrease indicated
the reduction in organic debris being flushed from the drainage basin by
winter flows, as well as aquatic productivity being at a minimum during this
period. From April through September 1974, mean percentage organic weight of
seston from both the Redwood Creek and Mill Creek basins increased as the
aquatic productivity of these basins increased. The small peak in the mean
percentage organic weight of seston that occurred in Redwood Creek tributaries
(fig. 8) during May 1974 was from Elam Creek. No explanation can be given for
this higher percentage of organic seston from Elam Creek.

The largest mean percentages of organic weight of seston occurred during
September 1974. At the time water discharges were at a minimum, aquatic
productivity was maximum, and leaf litter was starting to accumulate in the
stream. These were the main factors influencing the large mean percentages of
organic weight of seston during this period.

In Redwood Creek estuary the large mean percentage organic weight of
seston was related to the phytoplankton population that existed in the estuary
during September 1974 sampling. The mean phytoplankton density of the samples
collected was 600 cells per milliliter of water.

No seston samples were collected at any of the sampling stations between
September 1974 and the first storm that occurred in November 1974. Thus, no
data are available to determine what level the percentage organic weight of
seston would have reached prior to the first storm of the winter season.
After November 1974, mean percentages of organic weight of seston again de-
creased as winter progressed and storms flushed organic debris from the
drainage basins.

During two storms (November 6-8, 1974, and February 5-9, 1975), seston
samples were collected at near hourly intervals from Harry Wier Creek (logged
drainage basin) and Little Lost Man Creek (control drainage basin). Instanta-
neous discharge measurements and organic seston concentrations were compared
between the two stations during both storms (figs. 9 and 10). Hydrographs of
Harry Wier Creek during both storms displayed larger and sharper peak dis-
charges than did the hydrographs of Little Lost Man Creek. The time-series
plots of organic seston concentrations displayed larger and sharper peak
concentrations of organic debris being flushed from the Harry Wier Creek basin
than the Little Lost Man Creek basin.
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TABLE 28.--Diversity indexes of phytoplankton

Station Date Dlyer51ty
index
Redwood Creek at 7-19-74 2.11
South Park Boundary 9-11-74 3.47
7-31-75 3.41
9-05-75 2.06
Bridge Creek 7-31-75 2.99
Harry Wier Creek 7-19-75 2.43
9-11-74 1.56
7-31-75 2.67
Miller Creek 7-19-74 1.69
9-11-74 2.65
7-28-75 2:12
Miller Creek at Mouth 7-19-74 2.29
9-11-74 1.88
7-28-75 2.88
Hayes Creek 7-19-74 2.01
Lost Man Creek 7-19-74 1. 3F
9-11-74 3.18
7-27-75 2.35
Little Lost Man Creek 7-19-74 2.04
at Site No. 2 9-11-74 2.43
7-27-75 2.85
Redwood Creek at Orick 7-19-74 275
9-11-74 3.86
Redwood Creek Estuary site 1B 7-25-74 2.43
. 9-20-74 1.36
Redwood Creek Estuary site 2B 7-25-74 1.36
9-20-74 1.03
Redwood Creek Estuary site 3B 9-20-74 1.48
West Branch Mill Creek below 8-01-74 2415
Red Alder Campground 9-12-74 2.75
7-29-75 2.55
East Fork Mill Creek 8-01-74 .06
9-12-74 2.91
7-29-75 '2.84
Mill Creek 8-01-74 2.30
9-12-74 3.37
7-29-75 3.05
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TABLE 29.--Phytoplankton similarity-index matrix

[Number in parentheses is the number

of taxa common to both samples]
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TABLE 29.--Phytoplankton similarity-index matrix--Continued
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TABLE 30.--Summary of seston data

Seston
Percentage Percentage organic
Station identification Weight (mg/L) organic Organic weight weight
Number Name Date Time Total Organic weight Range X n Range X n
11481500 Redwood Creek near 1-12-74 0945 60 3.0 5.0 -- 3.0 1 -- 5.0 1
Blue Lake 2-21-74 0800 310 7.0 2.3 -- 7.0 1 -- 2:3 1
7-18-74 1000 1.3 e 15 -- 2 1 -- 15 1
11482020 Redwood Creek at 7-18-74 1255 1..9 2 11 -- 201 -- 11 1
Redwood Valley Bridge
near Blue Lake
11482120 Redwood Creek above 7-18-74 1410 1.5 .0 .0 -- .01 = 001
Panther Creek near
Orick
11482140 High-Slope Schist 7-23-74 1145 2.9 1.1 38 -- 1.1 1 -- 38 1
Creek near Orick
11482160 Copper Creek near 4-16-74 1400 11 .0 .0 2= 001 -- 001
Orick
11482200 Redwood Creek at 11- 8-73 0815 1,700 44 2.6 -- 44 1 -- 2.6 1
South Park Boundary 1-12-74 1230 92 4.5 4.9 -- 4.5 1 -- 4.9 1
near Orick 2-20-74 2100 230 5.0 2.2} 5.0-4.0 4.5 2 2.2-1.2 1.7 2
2-22-74 1200 320 4.0 1.2
3- 2-74 1615 290 6.0 2.0 -- 6.0 1 -- 2.0 1
7-18-74 2400 .0 .0 .0 -
7-19-74 1200 .4 .0 .0 .3-.0 .13 38-0 12.7 3
7-22-74 1230 .8 =3 38
9-11-74 1200 3.3 2.2 71 2.2-1.4 1.8 2 82-71 76.5 2
9-13-74 1300 17 1.4 82
6- 3-75 1415 15 D 3.3 .5-.2 .4 2 3.3-2.5 2.9 2
6- 8-75 1145 8.1 o2 2:5
11482210 Bridge Creek near 4-26-74 1100 .0 .0 .0 -- .01 -- % I |
Orick 7-23-74 1230 o5 2 40 -- 2 1 -- 40 1
11482220 Redwood Creek above 2-22-74 1240 200 2.0 1.0 -- 2.0 1 -- 1.0 1
Harry Wier Creek
near Orick
11482225 Harry Wier Creek 11- 8-73 0900 150 5.0 3.2 -- 5.0 1 -- 3.2 1
near Orick 1-12-74 1800 120 13 11 13-3.3 8.2 2 16-11 13.5 2
1-13-74 1235 20 3.3 16
2-21-74 0015 13 2.1 16
2-21-74 1200 38 3.6 9.6 3.6-.8 2.2 3 16-5.7 10.4 3
2-22-74 0930 14 .8 5.7
3- 3-74 0930 8.4 .0 0 -- 01 -- 01
4-12-74 1530 5 .0 0 == 01 == 01
7-18-74 2400 .4 .0 0 -- 0 2 -- 0 2
7-19-74 1200 .5 .0 0
9-11-74 1200 3.9 1.9 49 1.9-1.4 1.6 2 49-12 30 2
9-16-74 1330 11 1.4 12
11- 7-74 0455 4.4 .4 9.1
0555 8.7 .4 4.6
0655 18 .8 4.3
0755 12 1.2 10
0855 8.1 1.7 21
0955 29 2.5 8.5
1055 90 11 12 11-.0 3.4 15 22-0  10.9 15
1155 110 9.9 9.0
1255 120 7.7 6.6 -
1355 64 5.9 9.3
1455 32 357 12
1655 14 32 22
11- 7-74 1855 13 2.2 17
11- 8-74 0255 4.4 .8 18
11- 8-74 0655 2 .0 . 0.
2- 6-75 1045 20 3.5 17
2- 7-75 1615 15 2.3 15
2- 8-75 2000 31 3.5 11
2100 56 5.9 11
2200 61 73 12
2300 132 9.7 7.4
2- 8-75 2400 226 15 6.7 15-.7 5.7 15 17-3.3 9.1 15
2- 9-75 0100 147 12 8.2 :
0200 104 6.2 6.0
0300 69 5.2 7.5
0400 52 4.1 7.8
0500 50 4.1 8.2
0600 40 3.9 9.8
0800 27 1.6 6.0
2- 9-75 1000 21 7 3.3 4
6- 1-75 1500 4.4 3 6.8 4-.3 4 2 11-6.8 8.9 2
6- 7-75 1330 3.6 .4 11 }
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TABLE 30.--Summary of seston data--Continued

Seston
Percentage Percentage organic
Station identification Weight (mg/L) organic Organic weight weight
Number Name Date Time Total Organic weight Range X n Range X n
11482230 Tom McDonald Creek 4-26-74 1335 1.2 .0 .0 -- 01 -- s "1
near Orick 7-23-74 1515 -5 «1 20 - 1 1 -- 20 1
1148224 Fortyfour Creek 5- 8-74 1500 6.0 .0 .0 .0 -- .0 1
near Orick 7-23-74 1230 4.1 .8 20 -- - -- 20 1
11482250 Miller Creek near 11- 8-73 0530 370 5.0 1.4 = 5.0 -- 1.4 1
Orick 1-12-74 1450 30 4.0 13 - 4.0 1 - 13 1
2-21-74 1025 100 6.5 6.4 - L ¢ == 6.4 1
3- 1-74 0930 64 242 3.4 - 252, 1 - 3.4 1
4-25-74 1100 1.7 .0 0 == .00 1 -- 0 1
7-18-74 2400 .0 .0 .0 == .0 2 -- 0 2
7-19-74 1200 1.6 .0 0%
9-11-74 1200 242 1.7 77 LiT=5 1 2 77-25 5k 2
9-17-74 1430 1.2 -3 25
5-31-75 1510 6.6 .6 9.1 .6-.5 JGR 11.-9.1 10 2
6- 6-75 1530 4.7 =5 11
11482260 Miller Creek at 11- 8-73 0800 520 35T 2 -- 3.7 1 -- PR |
Mouth near Orick 1-13-74 0630 1,400 100 7.0 -- 100 1 -- 7.0 1
2-20-74 1930 77 5.6 7.2
2-21-74 1050 200 12 5.8 12-.4 6.0 3 7.2-1.5 4.8 3
2-22-74 1030 27 .4 1.5
3- 1-74 1030 120 7.9 6.3 - 7.9 1 -- 6.3 1
4-11-74 1600 13 .0 .0 -- 0 .1 -- 0001
7-18-74 2400 2.0 .0 .0
7-19-74 1200 .0 5 & 5.0J .4-.0 2. 73 10-.0 5.0 "3
7-24-74 1030 4.0 .4 10
9-11-74 1300 2:.d: 1.2 57 1.2-.5 8 2 57-28 42 2
9-17-74 1200 1.8 <5 28
5-31-75 1150 2.7 .0 .0 3-.0 22 12-.0 6.0 2
6- 6-75 1300 2.4 .3 12
11482270 Bond Creek near 5- 8-74 1615 4.4 0 0 -- 001 -- 0 1
Orick
11482300 Elam Creek near 5 -9-74 1310 .8 .8 100 - 81 -- 100 1
Orick
11482310 McArthur Creek 5- 9-74 1400 2.8 .4 14 -- 401 -- 14 1
near Orick
11482320 Low-Slope Schist 5-10-74 0930 1:2 .0 .0 -- W0 - .0 1
Creek near Orick
11482330 Hayes Creek near 11- 9-73 1155 92 .0 0 = Q-1 -- .0 1
Orick 1-13-74 1300 3.3 .6 18 - 6 1 -- 18 1
2-21-74 1845 11 .0 0 -- 01 -- 0., ¥
3- 2-74 1600 15 .4 2.6 -- g1 e 2.6 i
4- 9-74 1330 24 .0 .0 -- £ ¢ - .0 1
7-19-74 1150 1.3 .4 31 .4-.0 > Y 31-0 15.5 2
7-27-74 1430 .4 .0 .0
11482450 Lost Man Creek 11- 8-73 0730 160 .0 .0 -- 01 -- .0 1
near Orick 1-13-74 0930 20 2.0 9.8 -- 2.0 1 -- 9.8 1
2-21-74 1500 50 3.1 6.1 - 3.1 1 - 6.1 i
3- 2-74 1000 26 1.6 6.2 -- 1.6 1 -- 6.2 1
4- 8-74 1330 8.0 +0 .0 -- 001 -- .0 1
” 7-18-74 2400 2.4 .0 .0
7-19-74 . 1230 .8 .0 .0 - 0o 3 - 0 3
7-22-74 1330 .8 .0 .0
9-11-74 1200 1.7 1.4 82 1.4-.8 1.1 2 89-82 86 2
9-15-74 1100 .9 .8 89
6- 2-75 1130 2.2 X4 32 .7-.1 4 2 32-7.7 19.8 2
6- 8-75 1200 153 sl 77
11482460 Larry Damm Creek 4- 8-74 1515 75 0 .0 -- SO0 -- <0
near Orick 7-27-74 1030 2.1 4 19 - 401 - 19 1
11482468 Little Lost Man 7-18-74 2400 1.2 2 17
Creek at Site #2 7-19-74 1200 6 o1 17 25T . e . 22 3
near Orick 7-22-74 1300 .6 2 33
9-11-74 1200 1.4 1.3 93 } 1352 8 2 93-50 72
9-15-74 1400 .4 2 50
11- 7-74 0535 3.5 2.4 69
0635 4.6 2.7 59
0735 4.5 -9 20
0835 32 1.4 44
0935 355 .8 23
1100 T2 1.3 18
1200 4.1 12 29 3,0-.0 1.2 14 91-.0 36 14
1300 2.4 1.2 50
1400 3.0 1.4 47
1530 1.7 .9 53
1730 o .0 .0
1900 3.3 3.0 91
11- 7-74 2100 .0 .0 .0
11- 8-74 0910 .0 .0 .OJ
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TABLE 30.--Summary of seston data--Continued

Seston
Percentage Percentage organic
Station identification Weight (mg/L) organic Organic weight weight
Number Name Date Time Total Organic weight Range X n Range X n
2- 5-75 1400 9.8 <7 7.1
2- 6-75 1330 8.3 .8 9.6
2- 6-75 1410 7.6 1.4 18
2- 6-75 2040 .8 .0 .0
2- 8-75 2000 7.8 3.0 38
2- 8-75 2300 14 2.3 16
2- 9-75 0110 20 3.5 17 3.5-.0 .2 13 39-.0 19 13
0200 24 2.7 11
0300 18 2.9 16
0500 10 2:3 23
0700 9.5 2.3 24
0930 8.9 248 26
2- 9-75 1215 5.7 2.2 39
6- 2-75 1415 .8 #2 25 2-.1 .2 2 25-12 18 2
6- 8-75 1400 .8 ek 12
11482470 Little Lost Man 11- 9-73 1135 9.7 4.2 43 -- 4.2 1 - 43 1
Creek near Orick 1-13-74 1210 6.0 .0 .0 -- 001 -- .0 1
2-20-74 2330 10 .0 .0
2-21-74 1100 8.0 .4 5.0 .8-.0 .4 3 13-.0 6.0 3
2-22-74 1000 6.2 .8 13
3- 2-74 1500 7.8 .8 10 e .8 e 10 iE
4- 9-74 1020 23 .8 3.5 L] o8 s 3.5 1
11482475 Geneva Creek near 11- 9-73 1145 T2 2.0 28 -- 2.0 1 -- 28 1
Orick 1-13-74 1030 13 1.6 13 - 1.6 1 - 13 1
2-21-74 1220 9.4 .6 6.4 == 601 -- 6.4 1
3- 2-74 1715 3.8 .0 .0 - .01 - .0 1
4- 9-74 0850 4.4 3.2 73 e 3.2 1 -- 73 1
11482480 Berry Glen Creek 4-25-74 1245 7.9 1.7 22 -- 1.7 1 -- 22 1
near Orick
11482500 Redwood Creek at 1-13-74 1250 250 13 5.3 -- 13 1 = 53 1
Orick 2-21-74 1300 430 14 3.3 -- 14 I -- 3.3 1
7-18-74 2400 3.0 +5 17
7-19-74 1200 1.9 .4 21 .5-.3 .4 3 21-17 18 3
7-24-74 1400 1.8 3 17
9-11-74 1200 343, 2.9 88 2.9-.6 1.8 2 88-50 69 2
9-17-74 1645 1.2 .6 50
4117341- Redwood Creek 7-25-74 1800 1.5 .4 27 -- 401 -- 27 1
24051302 Estuary Site 1B 9-20-74 1615 1.6 «9 56 -- 9 = -- 56 1
near Orick 5-26-75 0650 17 .9 5.2 == 9 1 -- 542 1
6- 2-75 1630 16 .8 5.0 .8-.4 .6 2 6.1-5.0 5.6 2
6- 8-75 1730 6.6 .4 6.1
4117341- Redwood Creek 7-25-74 1845 2.5 .4 16 -- 401 -- 16 1
24051802 Estuary Site 2B 9-20-74 1615 1.0 .8 80 s 801 -- 80 1
near Orick 5-26-75 0755 16 7 4.5 -- o7 1 -- 4.5 1
4117321- Redwood Creek 9-20-74 1620 153 .6 46 -- 61 -- 46 1
24051802 Estuary Site 3B 5-26-75 0835 11 “5 4.5 - 5 1 -- 4.5 1
near Orick
11532602 West Branch Mill 8- 1-74 1200 3 1. 33 -- S (O ¢ -= 33 1
Creek below Red Alder 9-12-74 1415 1.2 1.2 100 1.2-52 .3 2 100-50 75 2
Campground near 9-23-74 1445 .4 32 50 } --
Crescent City 6- 5-75 1530 .6 -2 33 -- 2 i -- 33 1
11532610 East Fork Mill 8- 1-74 1200 1.3 .3 23 -- 5 1 - 23 1
Creek near 9-12-74 1330 1.8 1.6 89 1.6-.3 1.0 2 89-50 70 2
Crescent City 9-23-74 1300 .6 .3 50
6- 5-75 1315 .6 ] 33 - 52 == 33 1;
11532620 Mill Creek near 8- 1-75 1200 5 A 20 -- - . -- 20 1
Crescent City 9-12-74 1200 1.7 1.4 82 1.4-.3 .8 2 82-60 71 2
9-23-74 1100 <5 %) 60
6- 5-74 1115 .8 32 25 - 2 A -- 25 1
11532630 Mill Creek at 8- 1-74 1220 3 .0 .0 - .01 == .0 1

Mouth near
Crescent City
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FIGURE 8.--Monthly mean percentage organic weight of seston.




FIGURE 9.--Instantaneous discharges and organic seston concentrations
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FIGURE 10.--Instantaneous discharges and organic seston concentrations
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DISCUSSIONS AND CONCLUSIONS

Aquatic biota have long been used to assess the quality of water result-
ing from natural and man-caused activities (Hynes, 1960, 1964, and 1970).
Some forms of biota, such as coliform bacteria, are indicators of direct waste
contamination by man and other animals, whereas biota such as benthic inverte-
brates and fish may act as long-term integrators of environmental changes.
Periphyton, phytoplankton, and seston often can be used as short-term indica-
tors of aquatic enrichment; they respond rapidly to the enrichment of water by
organic waste material and attendant plant nutrients, such as nitrogen and
phosphorus.

In this study of the aquatic biota of the Redwood Creek and Mill Creek
basins, the types of organisms inhabiting the streams were identified and an
attempt was made to relate these organisms and specific characteristics, such
as taxonomic composition, abundance, and ecological roles, to land-use prac-
tices in the basins. Both the Redwood Creek and Mill Creek basins have re-
ceived little attention from the standpoint of aquatic biological studies. In
addition, there is little biological information in the literature on other
streams in northwestern California. The available information is primarily
descriptive and provides little quantitative insight to the status of the
aquatic community. Therefore, the study had to be designed and started with-
out an idea of what to expect in the way of sampling difficulty, seasonal
variation in organism abundance, and taxonomic composition and with little
knowledge of the physical and chemical factors that control the abundance and
distribution of aquatic biota in the two basins. Since 1973, however, the
Redwood Creek and Mill Creek basins have been under intensive study with
respect to their physical, chemical, and aquatic biological features. This
report provides information that can be considered in the management of
Redwood National Park resources and provides guidance for additional studies
on specific aspects of the aquatic ecosystems in northwestern California.
Although the findings of the study were presented in the results section of
this report, a discussion of these findings, including their significance and
limitations, follows.

Coliform bacteria densities in the Redwood Creek and Mill Creek basins
indicated that fecal contamination is at a low level overall and is of little
concern from a water-quality standpoint. Exceptions were Prairie Creek, where
several potential sources of bacterial contamination may exist. With the ex-
ception of Prairie Creek, additional sampling for coliform bacteria densities
is not necessary at this time.

The benthic-invertebrate assessments received the most emphasis in this
study because of their importance as long-term integrators and indicators of
water-quality changes. A number of factors affect the occurrence and abun-
dance of benthic invertebrates, and some factors include: water velocity,
insolation, water temperature, dissolved substances, the presence of algal and
other vegetational types, competition between and within benthic-invertebrate
species, and, in particular, the streambed material size, type, and stability
(Hynes, 1970). In the Redwood Creek and Mill Creek basins, insolation, water
temperatures, algal production, and streambed material size, type, and stabil-
ity appeared to be the influencing factors related to distribution and
abundance of benthic invertebrates.
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Because of the diverse habitat types and the relatively large size of the
Redwood Creek basin, a quantitative assessment of the benthic-invertebrate
community was difficult to make. The findings of this study can be used to
describe trend changes in numbers of benthic invertebrates along the main-stem
channel and tributaries and are particularly useful in illustrating seasonal
variability in benthic-invertebrate numbers and taxonomic composition. The
findings also provide some insight in assessing the changes in numbers of ben-
thic invertebrates collected from streams having different land-use histories.

Benthic-invertebrate samples collected during spring 1974 and 1975 sam-
pling from Redwood Creek main stem (estuary excluded) showed a slight down-
stream increase in densities. Although variable, this increase in benthic-
invertebrate density seemed to be related to streambed material size, type,
and stability. The abundance of benthic invertebrates appeared to decrease as
the size of streambed sediments decreased. Field observations made at the
time of sampling indicated the presence of fine sediment in the streambed to
be greater at the upstream sampling stations than at the downstream statioms.

The autumn 1974 and 1975 samples showed a general decreasing trend in
benthic-invertebrate densities in a downstream direction along Redwood Creek
main stem (estuary excluded). Streambed material size, type, and stability
again appeared to be related to the density of the benthic invertebrates.
Field observations made at the time of sampling indicated that the amount of
fine sediment in the streambed increased downstream. However, increases in
insolation, water temperature, and the abundance and type of periphyton proba-
bly were additional factors related to benthic-invertebrate densities, espe-
cially in the upper reaches of Redwood Creek where the climate is not greatly
influenced by the Pacific Ocean.

Changes in the benthic-invertebrate densities in the Redwood Creek basin
between spring and autumn were striking. Spring samples, at most stations,
contained lower numbers of benthic invertebrates than autumn samples. Season-
al density differences frequently were of several orders of magnitude. The
reason for the lower density of benthic invertebrates during the spring,
relative to autumn, probably was the result of the washout of benthic inverte-
brates during high winter streamflows, regardless of drainage basin land-use
history. Washout of invertebrates is common, considering that the Redwood
Creek basin, along with other north-coastal streams in California, is sub-
jected to frequent storms with occasional high-intensity rainfall. These
storms often result in high streamflows which cause extensive alteration
(degradation and aggradation) of streambeds during the winter (Nolan, and
others, 1976b). Periods of high streamflows have often been observed to
reduce the invertebrate fauna in streams (Hynes, 1970). This phenomenon was
observed following the October 23, 1973, storm when the number of benthic
invertebrates in Redwood Creek tributaries was drastically reduced. Following
the major storm of March 15, 1975, Redwood Creek channel had been greatly
altered and the number of benthic invertebrates in the samples again was
reduced.
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Most noteworthy was the finding that, following the March 15, 1975,
storm, the benthic-invertebrate densities in the autumn samples of 1975 were
nearly as high as in the autumn 1974 samples. Although the March storm al-
tered the stream channels in the Redwood Creek basin and reduced the number of
benthic invertebrates in the spring, the autumn samples indicated that there
were no long-lasting effects. Benthic invertebrates demonstrated the ability
to recolonize the streambed after a major storm, provided there is a period of
low-flow stability (nondisruption or sedimentation) of the streambed which
allows recolonization.

Man-caused disruption of the streambed during the low-flow period can
result in a drastic reduction of the benthic-invertebrate community. This was
shown by spring and autumn 1975 Bridge Creek samples in which benthic-
invertebrate densities decreased as a result of sediment input to the creek
during the removal of logging debris upstream from the sampling station.

An explanation of the distributional patterns of the benthic-invertebrate
community in Redwood Creek estuary is difficult because of the dynamic physi-
cal and chemical properties of the estuarine system and the small number of
benthic-invertebrate samples collected. The higher density of benthic inver-
tebrates found in the original Redwood Creek channel during the spring of 1974
may have been related to streamflow. The original Redwood Creek channel is
not subjected to flood discharges as is the channelized part; therefore, the
number of benthic invertebrates washed out during the winter may have been
reduced.

Also, saltwater intrusion may have affected the benthic-invertebrate
densities in the estuary. During spring 1974 sampling, the mouth of Redwood
Creek estuary was open to the Pacific Ocean. However, the discharge from
Redwood Creek was sufficient to prevent saltwater intrusion into the estuary.
During the autumn sampling, an emergent sandbar closed the mouth of Redwood
Creek estuary to the Pacific Ocean. The discharge of Redwood Creek was low
and could not prevent the intrusion of saltwater through the sandbar into the
estuary, especially during high-tide periods. During the autumn sampling, the
benthic-invertebrate density in the channelized part of Redwood Creek was
higher than in the original creek channel and appeared to be related to salin-
ity. Salinity and water depths were greater in the channelized part of
Redwood Creek than in the original Redwood Creek channel and, thus, provided a
more favorable habitat for the saltwater-tolerant benthic invertebrates which
dominated the samples. In addition to salinity, the continual input of or-
ganic material and nutrients from upstream reaches of Redwood Creek, during
low-flow periods, provides a food supply which may have supported the larger
benthic-invertebrate population in the channelized part of Redwood Creek than
in the original creek channel.
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In the Mill Creek basin, the streambed material size, type, and stability
seemingly were not sufficiently different between stations to influence spa-
tial variations of benthic-invertebrate densities. Little or no fine sediment
was observed in the streambed at the sampling stations in the drainage basin.
Algal production, however, was high at West Branch Mill Creek below Red Alder
Campground sampling station and probably influenced the abundance of benthic
invertebrates. Influences of the campground and related visitor activities on
algal and benthic-invertebrate production cannot be determined on the basis of
the limited quantity of data collected. However, chemical-quality data showed
higher median concentrations of nitrogen at West Branch Mill Creek below Red
Alder Campground than at the other sampling stations in the Mill Creek basin
(Bradford and Iwatsubo, 1978). Benthic-invertebrate densities of East Fork
Mill Creek sampling station were consistently lower than the other sampling
stations in the drainage basin and increased only slightly between the spring
and autumn sampling. Algal production appeared to be limited in East Fork
Mill Creek due to lack of insolation, and this may have been a factor in
reduced benthic-invertebrate production. Logging activities have been more
extensive in this part of the drainage basin; however, without further inves-
tigations, no assessment can be made of the effect of logging activities on
the aquatic biota. ’

The functional group concept of Cummins (1973 and 1974) was applied to
the samples of benthic invertebrates collected from the Redwood Creek and Mill
Creek basins. This concept is still in its infancy and suffers from a lack of
knowledge of the specific roles that particular organisms undertake in the
aquatic environment. Nevertheless, the functional group concept is ecologi-
cally sound and is based on the feeding mechanisms of the organisms and the
concept that the dominant sources of energy or nutrient input to a stream are
derived from two sources: (1) allochthonous material, which is organic ma-
terial that is carried into the streams from an outside source (primarily
leaves and litter from terrestrial vegetation); and (2) autochthonous ma-
terial, which is organic material that is produced within the stream (primary
production of algae and aquatic plants). The source of energy input to a
stream can determine, to a great extent, the dominant functional groups of
benthic invertebrates that can live in the stream. Streams that receive large
quantities of allochthonous material generally are small cold-water streams
(first- to third-order streams) with dense canopies of riparian vegetation
that limit insolation and consequently the production of algae and aquatic
plants. These streams can be expected to contain large populations of shred-
der benthic invertebrates, which convert CPOM to FPOM, and collector benthic
invertebrates, which feed on the detritus that results from the activities of
the shredders.

Streams with more autochthonous material generally are medium in size
(fourth- to sixth-order streams) with higher water temperatures and a lesser
amount of canopy-forming riparian vegetation. In these streams, algal and
aquatic plant production is no longer limited by insolation and, as a result,
large populations of grazer benthic invertebrates frequently are found.
Collector benthic invertebrates are also present in large densities and feed
on available detritus. Predatory benthic-invertebrate densities remain rela-
tively constant in streams that derive energy from both allochthonous and
autochthonous material (Cummins, 1974).

104



Although most of the major benthic-invertebrate functional groups given
by Cummins (1973 and 1974) were present in the Redwood Creek and Mill Creek
basins, the low percentages and occurrences of the shredders is of some eco-
logical concern. Cummins (1974) discussed the importance of the shredder
functional group in reducing CPOM to FPOM, especially in the low-order streams
that depend upon allochthonous material as an energy source. No explanation
can be given, using the available data, for the low percentages of the shred-
ders in both drainage basins. However, shredders may have been more abundant
in the upstream reaches of the drainage basins in first- and possibly second-
order streams of the drainage basins that were not sampled.

In addition to shredders, the number of grazers collected at the Redwood
Creek basin stations was lower than expected. Low algal production in the
basin may explain, in part, the low number of grazers; however, the difficulty
in defining and categorizing grazers as a functional group also is an impor-
tant consideration. Scraping is the mode of feeding by grazers, and often the
diet of grazers includes the nonselective ingestion of detrital material.
Therefore, making a distinction between grazers and collectors is difficult.
Grazers also can change their functional role, depending on the habitat in
which they live. 1In forest areas, grazers may function as shredders, whereas
in large open streams they function as grazers (James Sedell, oral commun.,
March 1976).

Overall, the collector functional group was dominant in both the Redwood
Creek and Mill Creek basins. No clear reason can be given for this finding,
but the greater abundance of collectors in the lower reaches of Redwood Creek
main stem probably can be attributed to an increase in food supply (FPOM) in
the downstream direction. Streambed material size and type, and the possibil-
ity that many of the collectors may have washed down from upstream reaches,
especially from the tributaries, must be considered. The availability of FPOM
and the stability of streambeds in Redwood Creek tributaries and the Mill
Creek basin probably influenced the dominance of the collector functional
group in these streams.

Diversity and similarity indexes were calculated for the benthic-
invertebrate samples to provide information on community structure variability
and to compare sample composition. The values from these calculations were
variable, but not unlike that expected in streams that undergo somewhat regu-
lar dislodgment of streambed materials by floods. Field observations indi-
cated that the common factor in the Redwood Creek basin that related to either
the diversity- or similarity-index values was the type of streambed material
at a particular sampling station.

Diversity- and similarity-index values were most variable in those tribu-
taries being logged, or where man's activities were greatest. Bridge Creek,
during autumn 1975, had the lowest diversity-index value. Prior to sample
collection, logging debris upstream from the Bridge Creek sampling station was
removed from the stream channel. This activity resulted in the deposition of
fine sediment downstream and the reduction in benthic-invertebrate density and
diversity. The similarity-index values, when comparing autumn 1975 samples
from Bridge Creek to the other sampling stations, were all low. These low
values, again, were related to the reduction of benthic invertebrates caused
by the deposition of sediment during the removal of logging debris upstream.
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Nonparametric statistical tests revealed a significant difference
(a<0.01) between the mean diversity- and similarity-index values of being
logged and control tributary basins in the Redwood Creek basin. There was,
however, no significant difference (a>0.05) in the mean diversity- and
similarity-index values between control tributaries and regenerating tributary
basins, or between regenerating and logged tributary basins.

Fish are important inhabitants of the Redwood Creek and Mill Creek ba-
sins. Both anadromous and resident species are found in the two basins. 1In
this study no attempt was made to sample adult salmonids on their upstream
spawning migration from the sea. The species composition of juvenile anadro-
mous and juvenile and adult resident fish was determined in Redwood Creek and
Mill Creek drainages during low-flow periods. While no population estimates
were made, data relative to the growth and condition factor of steelhead trout
and some coho and chinook salmon captured from the Redwood Creek basin were
collected.

The fish survey of the Redwood Creek basin showed a change in the propor-
tions of species between 1974 and 1975. Steelhead trout increased in number
while other species decreased. This shift in species composition is not
alarming. Natural variations in fish populations are large in the north-
coastal streams of California. Salmonid populations alone can vary as much as
50 percent from year to year and perhaps even higher (Burns, 1971). Siltation
of spawning beds is the principal factor in determining the spawning success
(survival rate from egg deposition to fry emergence) of salmonids. Streamflow
is another important factor and can influence both the quality and quantity of
habitat available to fish. Other factors that have an influence on control-
ling fish populations include water temperature, dissolved-oxygen concentra-
tions, availability of food, disease, predation, and interspecies and
intraspecies competition. In addition, Chapman (1962) showed that during
abnormally high streamflows, gravel shifting may cause scour or burial of
developing salmonid embryos. Slight shifting or rotating of salmonid embryos
during the '"tender period" can cause mortality (Leitritz, 1959). Sheridan and
McNeil (1960) recorded a salmon embryo mortality of 95 percent as a result of
the movement of spawning gravel. Direct burial of salmonid embryos can pre-
vent fry emergence by blocking the route of egress. Siltation of spawning
gravels can restrict the interchange of surface and intragravel water, reduc-
ing the supply of dissolved oxygen to and the removal of metabolic wastes from
developing salmonid embryos (Phillips, 1970, and Cordone and Kelly, 1961).

The condition factors for steelhead trout captured from the Redwood Creek
basin were quite variable. Nonparametric statistical tests revealed that
condition factors of steelhead trout were significantly larger (0<0.05) at
sampling stations with more insolation (greater algal and invertebrate
production), regardless of drainage basin land-use history.

The length-weight relations for steelhead trout captured from the
Redwood Creek basin revealed that steelhead trout from the main stem were
stouter than the trout captured from the tributaries. Productivity in the
main stem at the time of sampling was greater than in the tributaries because
of higher insolation.
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Seasonal influences may have caused the change in growth of steelhead
trout during the study. On a small coastal stream in California, Shapovalov
and Taft (1954) observed that feeding activities diminished and growth rates
of steelhead trout decreased during late summer, in association with the
periods of maximum stream temperatures and minimum streamflow.

The influence of the March 18, 1975, flood on the growth rate of steel-
head trout is not known. Extensive gravel shifting during the flood may have
removed periphyton and benthic invertebrates by grinding and dislodgment, or
by direct burial. A decrease in the availability of food (biomass) could
easily retard the growth of fish.

Periphyton was collected from artificial substrates made of clear acrylic
strips. This method of collection frequently is used and has the advantage of
providing a uniform substrate at each sampling station for periphyton coloni-
zation (Slack and others, 1973). The use of artificial substrates may prevent
a complete taxonomic assessment of periphyton types in the stream system by
limiting colonization.

Diatoms were the most abundant periphytic algae in both the Redwood Creek
and Mill Creek basins, whereas the occurrence and abundance of green algae
were of little significance. According to Hynes (1970), diatoms usually
dominate the species list of attached algae and, in stony streams and rivers,
are the most abundant. The dominance of diatoms in the periphyton community
may have been due to low insolation, as diatoms can occur as abundantly in
shaded areas as in areas exposed to the sun. The dominant forms of diatoms
that occurred in the periphyton samples are not only classified among the
group of organisms that are first to colonize newly exposed surfaces but are
species that commonly occur during the winter when light intensity and temper-
ature are low (Hutchinson, 1975, and Hynes, 1970). These conditions occurred
at the majority of the sampling stations. Green algae, unlike diatoms, re-
quire high light intensity; therefore, their abundance may have been limited
by lack of insolation. Also, certain diatoms are the first to colonize newly
exposed surfaces and have a competitive edge over green algae and other pe-
riphyton groups for space. Although the most numerous green algae sampled
during the study period are on the list of 60 pollution-tolerant genera of
algae (Palmer, 1969), the relative abundance of these algae was low and their
presence does not reflect organic pollution. Gaufin and Tarzwell (1952),
Patrick (1949 and 1962), and Warren (1971) have shown that organisms occurring
in large numbers in organically enriched streams also occur in limited numbers
in nonenriched streams and concluded that the occurrence of all organisms and
their relative abundance must be considered before using them as indicators of
organic enrichment of streams.

Periphyton rates of accrual were low overall in the Redwood Creek and
Mill Creek basins. Much of this can be attributed to lack of imsolation
because of the somewhat dense forest canopy. The samples at the Miller Creek
at Mouth station in the summer of 1974 contained a relatively high accrual of
organic matter, but much of this was attributed to organic particulate matter
settling on the artificial substrates, rather than periphyton production. The
input of this organic particulate matter probably was the result of the bridge
construction upstream from the sampling station.

107



Diversity-index values for periphyton were relatively low. This again
was attributed to low insolation. For example, in Hayes Creek, a virtually
closed-canopy system, the periphyton community consisted almost entirely of
one species of diatom, Achnanthes lanceolata. This diatom is usually the
first to colonize bare substrata (Geither, 1927, cited in Hynes, 1970, and
McIntyre, 1966). The highest diversity-index value was calculated from sam-
ples collected at Bridge Creek, a stream whose drainage basin was being exten-
sively logged during the study. Increased insolation probably provided for a
greater variety of periphyton on the artificial substrates placed in Bridge
Creek.

Similarity-index values were extremely variable for the periphyton sam-
ples collected from the Redwood Creek and Mill Creek basins. Differences in
periphyton communities could not be related directly to the land-use activi-
ties of the streams sampled. Low productivity of periphyton due to the lack
of insolation was the major factor influencing the periphyton community
structure.

The presence of phytoplankton in a stream system is closely allied to the
production of periphyton because many stream-type phytoplankton are actually
detached periphytic algae. In the the Redwood Creek and Mill Creek basins the
sampled phytoplankton community was dominated by detached periphytic diatoms.
The phytoplankton community in Redwood Creek estuary, however, was dominated
by true planktonic forms.

Phytoplankton diversity indexes of the the Redwood Creek and Mill Creek
were low and probably typify the phytoplankton community of a low-productive
northern California coastal stream. Diversity-index values were higher in the
streams that received the greatest amount of insolation.

As with periphyton, the phytoplankton similarity-index values revealed
wide variations in community structure between sampling stations. The varia-
bility of the phytoplankton communities could not be related to the
differences in land-use history of the drainage basins sampled.

This study has defined the phytoplankton community in the Redwood and
Mill Creek basins as it existed from 1973 to 1975. As the forest canopy is
opened by additional logging, or closed by regeneration of logged areas, the
phytoplankton (and periphyton) community will change.

The percentage of organic weight of seston from the Redwood Creek and
Mill Creek basins was highly variable, but definitely increased as biological
productivity increased in the summer. Much of the summer organic seston was
detached periphyton and phytoplankton, especially in Redwood Creek estuary.
As autumn approached, leaves, fragments from riparian vegetation, and decaying
algae became major parts of the organic seston.
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Organic seston concentrations during the winter were clearly related to
stream discharge in both the Redwood and Mill Creek basins. Hobbie and Likens
(1973), Bormann and others (1974), and Brinson (1976) have noted similar
relations between increases in discharge and increases in particulate organic
matter (organic debris). Peak discharges associated with overland flow of
currently logged drainage basins, as described by Bradford and Iwatsubo
(1978), would account for the larger concentrations of organic seston being
flushed from the basins during storms. Overland flow is water which does not
enter the soil but moves directly downgradient and has the ability to trans-
port large quantities of particulate matter. Similar results in the Redwood
Creek basin also revealed smaller organic seston concentrations being flushed
from the Little Lost Man Creek basin (control basin) relative to the Harry
Wier Creek basin (logged basin). Bradford and Iwatsubo (1978) suggested that
quick-return flow was the more important part of peak discharge in an unlogged
drainage basin, except during intensive rainfall periods when significant
quantities of overland flow would occur. Quick-return flow is water which
enters the soil, re-emerges in an extremely short period of time, and has less
ability than water of overland flow to transport particulate matter because of
energy dissipation during contact time with soil and vegetation.

The study of seston has established a base for future investigations and
comparisons of seston concentrations, particularly of the Redwood Creek basin.
Because of land-use changes and other activities, a time study of seston
sources and concentrations could be started.

FUTURE MONITORING PROGRAMS

As a result of the assessment of the aquatic organisms in the Redwood
Creek and Mill Creek basins, the following components might be included in
future monitoring programs:

1. The high fecal coliform and fecal streptococcal bacteria colony
counts in Prairie Creek could be verified with sampling conducted during the
low-flow period that coincides with the tourist season.

2. Unless there is an increase in human population, additional bacterial

sampling in other areas of the Redwood Creek and Mill Creek basins is
unnecessary.
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3. Benthic-invertebrate taxa and density fluctuations have been deline-
ated and the functional groups described. Semiannual (spring and fall) sam-
pling of benthic invertebrates is unnecessary in the immediate future. The
establishment of benthic-invertebrate index stations would be required to
monitor time-trend changes in the benthic-invertebrate community. Along
Redwood Creek main stem, 4 to 6 index stations could be established; whereas
along Redwood Creek tributaries, 3 to 6 index stations could be established.
These index stations could be selected from the stations sampled during this
study so that changes in the benthic-invertebrate community can be monitored.
At each index station, 10 Surber samples could be collected each autumn prior
to the first storm. Size composition of the streambed material could be
determined at each index station and related to benthic-invertebrate density
and taxonomic composition. The actual areas or sampling sites at each station
could be randomly selected. Sampling for benthic invertebrates in the Mill
Creek basin is unnecessary unless land use changes.

4. Because of the importance of fish in the stream ecosystems and their
importance as a Park resource, some annual assessments of population esti-
mates, emergence success, species composition, and length-weight relations
could be considered. These parameters could be evaluated by sampling several
established index stations along Redwood Creek main stem and tributaries.
Sampling could occur each spring before the major downstream migration of
anadromous salmonids takes place. Adult salmon and steelhead trout moving
into Redwood Creek also could be enumerated. Observations made during the
study indicate that a weir trap installed in the lower reaches of Redwood
Creek and operated each autumn is the most feasible way to determine the use
of Redwood Creek by anadromous salmonids. Salmonid fry traps could also be
used to monitor spawning success. Annual stream surveys should be made to
evaluate changes in fish habitats. The stream surveys currently made by the
California Department of Fish and Game could be continued and possibly
expanded to cover more areas in the Redwood Creek basin.

5. Variable insolation patterns made the evaluation of periphyton and
phytoplankton results difficult. The major types of periphyton and phyto-
plankton have probably been adequately delineated in this study. Additional
sampling is unnecessary at this time, except to determine the effect of
insolation on periphyton and phytoplankton production.

6. The fluctuations in seasonal and spatial concentrations of seston in
the Redwood Creek basin could be more accurately defined and understood.
Seston samples could be collected in summer during the peak of biological
productivity and in winter during peak storm discharges. Seston samples
collected could be microscopically examined and the types of seston recorded
(leaf fragments, periphyton, etc.). The dry weight and energy content of the
seston could be determined.
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