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[. INTRODUCTION

The dense coniferous forests of the North Coast Range of California have
been harvested for valuable redwood (Sequoia sempervirens), Douglas fir
(Pseudotsuga menziesii), and other tree species for more than 100 years.
Initially, the primary focus of logging activities was to efficiently fall the trees and
transport them to the mill site without much concern for the sustained productivity
of the renewable forest resource and other environmental components within the
drainage basin. However, for some time now, it has been recognized that
logging activites can have significant impacts, both short- and long-term, within
the drainage basin (Salo & Cundy 1987, Meehan 1991, Naiman 1992). These
impacts are not localized just to the specific areas of tree cutting, but extend
downstream into the network of streams draining the logged sites.
Understanding how to minimize these downstream impacts is especially vital
because many North Coast streams serve as habitat for valuable salmonid
fishes. There is also interest in whether cumulative effects of logging are
impacting stream biological communities.

Presently, there exists a good understanding of many of the most
important, potential, logging impacts on drainage basins and the value to be
gained from management practices that avoid or minimize adverse impacts.
However, improvements in forestry management practices and new insights into
logging impacts are an ongoing evolving process, with the goal of maintaining
the productivity of forested lands and the high quality of streams draining the
basin. Management practices have changed from a primary focus on timber
yield and harvest techniques to further considerations of slope stability, sediment
production, water quality, and protection of valuable fisheries and biodiversity.
Recent evidence of this change can be seen in the dramatically different forestry
practices used in the N. Caspar Creek basin versus that in the S. Caspar Creek
basin (Burns 1972, Krammes & Burns 1973, Tilley & Rice 1977, Rice et al. 1979,
Pearce 1987).

The studies of logging impacts and management practices in the Caspar
Creek basin should not be viewed in isolation, for there exists intense interest by
many forest managers and researchers throughout North America to improve
their knowledge of forested ecosystems (Salo & Cundy 1987, Meehan 1991,
Naiman 1992). The large number of watershed projects in western North
America demonstrates this interest (Callaham 1990, Meyer et al. 1993). Long-
term watershed studies within the Pacific Northwest ecoregion, in addition to
Caspar Creek, include the Alsea Study and H.J. Andrews Experimental
Watershed, Oregon (Hall et al. 1987); Clearwater River, Washington (Cederholm
& Reid 1987); and Carnation Creek, British Columbia (Chamberlin 1988,
Hartman & Scrivener 1990). Similar long-term studies are being conducted in
the South Fork Salmon River, Idaho (Platts et al. 1989), and in the eastern
United States at the Hubbard Brook Ecosystem Study, New Hampshire (Likens
et al. 1977) and Coweeta Hydrological Laboratory, North Carolina (Swank &
Crossley 1988).



A. REVIEW OF POTENTIAL LOGGING EFFECTS ON THE STREAM BIOTA

Many physical, hydrological, geological, chemical, and biological factors
within a drainage basin determine the nature and health of a stream, and logging
activities have the potential to significantly change at least some of these
(Campbell & Doeg 1989, Naiman 1992, Waters 1995). Because of the number
of factors involved, the subject of logging effects on the stream biota is complex
and may involve both positive and negative impacts. Regional differences in
these logging effects often exist. Most stream biological studies have focused on
logging effects on fishes, with fewer studies on aquatic macroinvertebrates,
algae, or basic measures of stream structure and function.

One of the most important insights gained during the past 20 years of
research on stream biology has been the realization that the structure and
function of stream ecosystems are closely linked with their drainage basins and
the terrestrial vegetation, especially plants in the riparian zone (Cummins 1974,
1992; Hynes 1975; Vannote et al. 1980, Haefner & Wallace 1981, Knight &
Bottorff 1984, Gregory et al. 1991, Naiman et al. 1992). Thus, logging activities
which significantly change these linkages will alter the stream communities
present. Seven potential impacts of logging on streams are discussed below: (1)
changes in the stream substrate composition from introduced fine inorganic
sediments, (2) changes in the amount of solar radiation reaching benthic algal
communities, (3) changes in the water temperature, (4) changes in the amount
and type of particulate organic matter (detritus) entering the stream, (5) changes
in the nutrient flows into streams, (6) changes in water discharge, and (7)
changes in riparian habitat for aquatic insect adults.

1. Changes in Stream Substrate from Introduced Fine Sediments

The effects of introduced, fine, inorganic sediment (silt and sand; 0.004-
2mm) on the stream biota is a complex subject which has received increased
attention and study in the past 30 years. Waters (1995) provides an excellent
review of the biological impacts of fine sediments in streams.

Increases in soil erosion, slope instability, and fine sediment transport
may cause the most serious logging impacts on streams, with the potential for
long-term damage to forest productivity, downstream water quality, and biotic
communities. Basin disturbances during tree cutting, road building, tractor
skidding, and cable yarding expose the soil to erosion and may trigger mass soil
movements, resulting in higher levels of fine sediments entering streams (Brown
& Krygier 1971, Beschta 1978, Webster et al. 1983), including those in the
Caspar Creek basin (Burns 1972, Krammes & Burns 1973, Rice et al. 1979, Lisle
1989). Road construction can be an especially large source of these fine
sediments (Rice & Lewis 1991, Franklin 1992, Rice 1992, Waters 1995). The
increased susceptibility for landslides from clearcuts and logging roads lasts
many years (Franklin 1992). The potential for adverse sediment impacts
increase greatly on steep hillslopes and erodible soils, such as existed in the N.
Caspar Creek basin. The effects of increased fine sediments on the stream



biota can be divided into two components: suspended sediments and deposited
sediments.

Suspended fine sediment has several biotic effects in small streams,
though these may be transitory, during and shortly after storm events.
Suspended sediment reduces light to the benthic alage, decreasing primary
production, algal diversity, and the food supply for grazing invertebrates (Ryan
1991). Stream invertebrate numbers and biomass are decreased by suspended
sediment (Wagener & LaPerriere 1985, Culp et al. 1986, Ryan 1991). Those
forms which strain food particles from the flowing water are harmed when their
filtering apparatus is overwhelmed by inorganic particles (Gammon 1970, Lemly
1982, Aldridge et al. 1987, Campbell & Doeg 1989). Suspended sediment can
damage invertebrates by abrasion, and by covering gills and diffusion surfaces
(Lemly 1982). Invertebrate drifting behavior is increased by suspended
sediments (Rosenberg & Wiens 1975, 1978, Doeg & Milledge 1991, Ryan 1991,
Waters 1995). Saltation of particles along the substrate apparently scours the
invertebrate fauna (Culp et al. 1986).

Deposited, fine, inorganic sediment from logging activities may cause the
most significant long-term impacts on stream invertebrates because these
animals are closely linked with the channel substrate. Most stream invertebrates
inhabit the bottom substrate, and the composition and character of the
community is largely governed by the sizes and types of substrate particles
present (Cummins et al. 1966, Cummins & Lauff 1969, Erman & Erman 1984).
In typical, undisturbed, small streams, a coarse substrate (gravel, pebble,
cobble; 2-256 mm) forms a three-dimensional matrix of habitats for
invertebrates, especially for the abundant stream insect orders Ephemeroptera,
Plecoptera, and Trichoptera (EPT). This matrix includes numerous surfaces,
void spaces, cracks, crevices, narrow channels, and small openings in the upper
substrate layers which invertebrates occupy according to specific preferences
and adaptations. If void spaces exist deep below the substrate surface (the
hyporheic), invertebrates will also inhabit this space (Williams 1984). Three-
dimensional, complex, coarse substrates allow diverse invertebrate communities
to exist (Bottorff 1990). Coarse substrates also collect organic detritus which is
an important food source for many invertebrates (Rabeni & Minshall 1977).

In contrast, the entry of fine sediments into streams fills the network of
small pore spaces occupied by invertebrates (especially by the EPT) and
converts the substrate into a uniform, two-dimensional, unstable habitat which
few invertebrates species can utilize (Chutter 1969). The impact of introduced
fine sediment is especially great in low-gradient, low-flow streams with limited
ability to transport sediments (Murphy & Hall 1981). The coarser particle sizes
prefered by invertebrates become embedded in the fine sediment, reducing
invertebrate densities. Invertebrate diversity is greatly reduced by fine sediment,
particularily for the EPT (Chutter 1969, Lemly 1982, Murphy et al. 1986, Allen
1995, Waters 1995). Fine sediments infiltrate into the hyporheic habitat,
reducing or sealing off its use by invertebrates in logged streams (Trayler 1996).
Invertebrate drift behaviors are altered and upstream larval movements are more
difficult on fine sediments (Leudtke & Brusven 1976). Invertebrate eggs and



pupae which are fixed to coarse substrate particles can be smothered by
sediment (Rutherford & Mackay 1986), as can organic detrital food sources
(Webster & Waide 1982) and the benthic algae. These detrimental fine
sediment impacts also effect stream amphibians (Corn & Bury 1989).

Nevertheless, there are a few invertebrate groups (e.g. Tubificidae and
Chironomidae) adapted to burrowing in fine substrates and they can become
very abundant if organic matter is also present. Thus, the literature on fine
sediment impacts in streams occasionally report increased invertebrate densities
(Lemly 1982, Ryan 1991), but usually report decreased densities (Tebo 1955,
Cordone & Kelly 1961, Chutter 1969, Bjornn 1974, Campbell & Doeg 1989),
particularily for the EPT. Deposited fine sediment causes a dramatic shift in the
taxonomic composition of the invertebrate community, from the larger-sized EPT
which are accessible to fish as food, to smaller-sized burrowing forms which are
largely inaccessible to fish (Grubaugh & Wallace 1995, Waters 1995).

Tebo (1955) found that the invertebrate fauna in a North Carolina logged
stream recovered after a flood removed the fine sediments. Waters (1995) and
Ryan (1991) also report that if the entry of fine sediment is stopped, flood events
will flush the fine deposits from high gradient streams and the invertebrate
populations (EPT) will recover. Therefore, stream gradient partly determines if
the sediment impacts are short- or long-term. Aquatic insect habitats in heavily
sedimented streams can also be improved by various in-stream alterations which
increase sediment transport Luedtke et al. 1976).

2. Changes in Solar Radiation: Effects on Algae

Riparian vegetation often determines the amount of solar radiation
reaching the benthic algal community in small headwater streams, and if
nutrients are not limiting, the level of primary production possible (Minshall 1978,
Gregory et al. 1987, 1991). This is especially true of the light-limited, small
streams flowing through the dense evergreen forests of the North Coast of
California (Triska et al. 1983, Hill & Knight 1988). These streams often receive
less than 5% of total solar radiation (Burns 1972, Gregory et al. 1991). Logging
activity adjacent to these streams can reduce or eliminate the overlying canopy
of vegetation, immediately increasing the solar radiation reaching the stream and
its substrate. This effect is most pronounced when clearcut logging removes all
trees from the riparian buffer zone.

Normally, the algal community of light-limited, nutrient poor, streams is
dominated by microscopic diatoms (Hansmann & Phinney 1973, Hill & Knight
1988, Naiman et al. 1992). Opening the forest canopy over small streams has
been shown in many field and laboratory studies to increase the primary
production and standing crop of benthic algae (Lyford & Gregory 1975, Murphy &
Hall 1981, Murphy et al. 1981, Hawkins et al. 1982, Webster et al. 1983, Bilby &
Bisson 1992, Ulrich et al. 1993), and often leads to changes in species
composition, most visibly seen as large growths of green filamentous algae
(Mcintire & Phinney 1965, Brocksen et al. 1968, Brown & Krygier 1970, Likens et
al. 1970, Hansmann & Phinney 1973, Graynoth 1979, Shortreed & Stockner
1983, Lowe et al. 1986, Noel et al. 1986, Campbell & Doeg 1989, Holopainen et



al. 1991, Lamberti et al. 1991). Filamentous algal mats have been observed in
N. Caspar Creek after logging (Cafferata 1990a). The diatom community also
responds to light changes by shifting its species composition (Hansmann &
Phinney 1973). In some cases, riparian vegetation removal can completely
change stream metabolism from heterotrophic to autotrophic (Gelroth & Marzolf
1978, Holopainen et al. 1991). There is also some evidence that increased light
causes the number of algal species to increase (Holopainen et al. 1991).

Increased algal production in open streams has often been found to
translate directly into higher trophic levels, including both invertebrates and fish.
When streams with open or closed canopies are compared, invertebrate
densities or biomass are higher in open canopy streams (Erman et al. 1977,
Newbold et al. 1980, Murphy et al. 1981, 1986, Murphy & Hall 1981, Hawkins et
al. 1982, 1983, Silsbee & Larson 1983, Gurtz & Wallace 1984, Duncan &
Brusven 1985, Murphy et al. 1986, Noel et al. 1986, Carlson et al. 1990, Burton
& Ulrich 1994), especially for macroinvertebrates which feed on algae (Cushing
et al. 1983, Webster et al. 1983, Wallace & Gurtz 1986, Bilby & Bisson 1992).
However, invertebrate diversities in open canopy streams may be lower
(Graynoth 1979, Newbold et al. 1980, Burton & Ulrich 1994), higher (Murphy &
Hall 1981, Silsbee & Larson 1983), or unchanged (Noel et al. 1986, Carlson et
al. 1990, Growns & Davis 1991). Lower biodiversity may result when a stream is
simplified, and the increased light and nutrients stimulates increased production
by a few taxa (Bisson et al. 1992). Winterbourne (1986) found few differences in
macroinvertebrates between streams with and without riparian buffer zones;
however, macroinvertebrates in open streams made greater use of
autochthonous production.

3. Changes in Solar Radiation: Effects on Water Temperatures

Shade from riparian vegetation moderates stream temperatures, often
preventing excessive summer temperatures that may be lethal to aquatic
invertebrates and fish. Opening the forest canopy by logging near small streams
has been found to significantly increase summer water temperatures (Levno &
Rothacher 1967, Brown & Krygier 1970, Likens et al. 1970, Swift & Messer 1971,
Burns 1972, Krammes & Burns 1973, Patten 1973, Gelroth & Marzolf 1978,
Graynoth 1979, Rishel et al. 1982, Webster & Waide 1982, Webster et al. 1983,
Barton et al. 1985, Noel et al. 1986, Beschta et al. 1987, Holtby 1988a, b,
Holopainen et al. 1991), including those in N. Caspar Creek (Cafferata 1990a,
b). The effect on winter water temperatures is usually less pronounced, with
some studies reporting slight increases (Likens et al. 1970, Holtby 1988b) or
decreases (Aubertin & Patric 1974, Lee & Samuel, Graynoth 1979, Naiman et al.
1992) from normal values. In clearcut areas where small streams are protected
with riparian buffer zones, the water temperatures remain essentially the same
as in undisturbed basins, or change only slightly (Brown & Krygier 1970, Swift &
Messer 1971, Graynoth 1979, Rishel et al. 1982).

Water temperature affects many important stream functions, such as
processing rates of organic matter, chemical reactions, metabolic rates of
macroinvertebrates, and cues for life cycle events. Because of these complex



interactions it is difficult to assess the ultimate effects of shade removal and
water temperature changes on stream animals. Stream invertebrates have
different tolerances for water temperature variations, but most species in
headwater streams are narrowly adapted for cool temperatures (Hynes 1970),
and increased summer temperatures may stress or eliminate some taxa.

4. Changes in Particulate Organic Matter

The entry of particulate organic matter (detritus) into streams is important
to the aquatic biota for two entirely different reasons, (a) as food for many
invertebrates and (b) as physical structure for the stream. Understanding the
importance of particulate organic matter to streams has been a major result of
research in the past two decades (Cummins 1974, Harmon et al. 1986, Bisson et
al. 1987, Cummins et al. 1989, Merritt & Cummins 1996).

Riparian vegetation often supplies large amounts of dead organic matter
(leaves, needles, branches, logs, etc.) to streams, which is utilized as a food
source by many stream invertebrates (Anderson et al. 1978, Anderson & Sedell
1979, Cummins & Klug 1979, Naiman & Sedell 1980, Cummins et al. 1989,
Wotton 1994). Both woody and non-woody detritus is consumed, with different
invertebrates adapted to each. The detrital food source often accounts for most
of the energy flow in stream ecosystems, especially in small headwater streams
of forested basins. The organic detritus is commonly divided by size into two
categories, coarse particulate organic matter (CPOM, > 1mm) and fine
particulate organic matter (FPOM, < 1mm).

Many of the stream invertebrates possess complex anatomical structures,
behaviors, and life cycle events which are adapted spatially and temporally for
using different kinds and sizes of organic detritus as food. Invertebrates known
as Shredders consume CPOM, while Collectors consume FPOM (Cummins
1973, Cummins and Klug 1979, Anderson & Sedell 1979, Cummins et al. 1989).
Collectors are further divided into Collector-gatherers which use deposited
FPOM, while Collector-filterers strain suspended FPOM from the water. Logging
practices which alter the normal flow of organic detritus into streams will shift the
trophic structure and relative abundances of invertebrate feeding guilds (Haefner
& Wallace 1981, Webster et al. 1983). Logging can decrease the quantities of
CPOM input and change the kind of inputs to earlier successional stages,
causing changes in the Shredders and Collectors (Wallace et al. 1970, Wallace
& Merritt 1980, Haefner & Wallace 1981, Webster & Waide 1982, Culp 1988,
Culp et al. 1983, Culp & Davies 1983, Webster et al. 1983, Gurtz & Wallace
1984).

Attitudes about the value of large woody debris in streams have changed
considerably in recent years (Bisson et al. 1992). Under past forestry practices,
woody debris was routinely removed from streams to aid fish movements and to
improve water quality; however, these actions simplified the channels, altered
the flow patterns, decreased the ability of streams to retain nutrients, detrital
food, and sediments, and reduced macroinvertebrate and fish densities (Bilby
1984, Elliot 1986, Harmon et al. 1986, Bisson et al. 1992). The input of large
woody debris into streams, especially into smaller streams, adds complexity and



physical structure which can divert or slow the current, create pools and riffles,
and retain debris and sediment in small debris dams (Bryant 1983, Harmon et al.
1986, Andrus et al. 1988). In small headwater streams which lack large cobbles
and boulders, large woody debris is very important in determining the character
of the streamflow and the habitats available to invertebrates (Maser & Sedell
1994). Some of these stream macroinvertebrates are adapted to consuming
wood debris (Anderson et al. 1978).

Small streams in coniferous basins of the Pacific Northwest, including N.
Caspar Creek, are especially influenced by large woody debris (Murphy & Hall
1981, Bryant 1983, Bilby 1984, Andrus et al. 1988, O'Connor & Ziemer 1989). At
N. Caspar Creek, coarse woody debris originates from streambank erosion and
windthrow (O'Connor & Ziemer 1989), predominantly of Douglas fir (P. menziesii)
and grand fir (Abies grandis). This debris is important in forming pools in N.
Caspar Creek.

5. Changes in Nutrient Flow

Forest cutting changes the biogeochemistry of a drainage basin, often
resulting in higher concentrations of various ions and nutrients in the streams
draining the cut areas (Likens et al. 1970, 1977; Brown et al. 1973, Vitousek &
Melillo 1979, Webster & Waide 1982, Swank 1988, Hartman & Scrivener 1990,
Holopainen et al. 1991). Some of these return to pre-cutting levels within a few
years (Bormann et al. 1974, Likens et al. 1978); however, other increases are
delayed months or years from the disturbance and remain elevated for many
years (Swank 1988).

Increased levels of nutrients such as nitrates and phosphates can
stimulate algal growths, especially in logged areas with increased light levels and
water temperatures (Triska et al. 1983, Hill & Knight 1988). Nitrates and
phosphates are often the limiting nutrients in the coastal ecoregion (Stockner &
Shortreed 1976, 1978, Shortreed & Stockner 1983, Hem 1985). Streams along
the north coast of California often experience large increases in nitrate
concentrations during fall storm runoffs (Triska et al. 1983). The combination of
increased nutrients, water temperature, and light probably cause the mats of
green filamentous algae that commonly are observed in many streams after
forest cutting (Brown & Krygier 1970, Likens et al. 1970, Graynoth 1979).

Increases in nutrients and benthic algae usually translates into higher
overall invertebrate densities, not only in the Scraper feeding group, but also in
the Collectors and Predators (see references in Section 3 above). Increased
nutrients also tend to increase leaf decay rates by stimulating instream bacterial
and fungal communities which colonize organic matter (Kaushik & Hynes 1971,
Webster & Benfield 1986), though small increases in nitrate may not always
increase rates (Triska & Sedell 1976). Dissolved organic matter originating from
the forested basin also enters streams in surface or groundwater and is a
valuable food source for microbes and some stream invertebrates (Wotton
1994). Dissolved organic carbon in streams draining clearcut basins can be
higher (Holopainen et al. 1991) or lower (Meyer & Tate 1983, Meyer et al. 1988)
than that in undisturbed basins.



6. Changes in Water Discharge

The hydrologic characteristics of streams are governed mainly by the
climate of a region, modified by topography, geology, vegetation, and other
factors. The hydrologic regime of a stream typically follows a somewhat
repeatable annual cycle, with periods of high and variable discharge and periods
of low and constant discharge. Logging activites are known to alter at least
some aspects of the hydrologic regime of receiving streams, often increasing
streamflow (Harr et al. 1975, Webster et al. 1983), but the effects vary by region
and sometimes the changes are minimal or conflicting (Ziemer 1981, Golladay et
al. 1987, Swank et al. 1988, Campbell & Doeg 1989). As partly demonstrated in
the Caspar Creek basin, road building and logging can increase flow volume and
peak discharges, and decrease lag times for peak flows (Ziemer 1981, Wright et
al 1990, Keppeler & Ziemer 1990). Some of these effects may be of short-term
duration.

Invertebrate populations in streams reflect the hydrologic conditions. It is
well known that stream invertebrates vary widely in their preferred current
velocities, riffle or pool habitats, and abilities to withstand or recover from
floodflows (Hynes 1970, Merritt & Cummins 1996). During periods of very high
discharges, invertebrates have been observed to move into slower currents near
stream banks or to penetrate deeper into the hyporheic zone. Some species
appear to time their life cycle so they are in dormant stages during stressful
periods, while others have the reproductive ability to rapidly recover from flood
washouts (Lamberti et al. 1991).

Although logging is known to alter the hydrologic regime, the overall effect
on the invertebrate population is unclear, partly because the population has the
ability under natural conditions to withstand or recover from very large
fluctuations in flow. However, changes in flow do change velocity patterns,
channel dimensions, frequency of pools and riffles, and substrate composition,
all of which are important components of invertebrate habitat. Since each
invertebrate species has a preferred habitat, some species may benefit while
others are harmed by flow changes. Alterations in flow are closely linked with
the impacts of fine sediment transport discussed above.

7. Changes in Riparian Habitat: Effects on Aquatic Insect Adults

Most aquatic insects, including those in N. Caspar Creek, utilize terrestrial
vegetation during part of their life cycle, most commonly as adults. Normally, the
vegetation immediately adjacent to the stream is most heavily used, but winged
adults can disperse considerable distances away from the stream. Riparian
vegetation is heavily used by some aquatic insects for emergence and pupation,
and by adults for feeding, resting, hiding from predators, mating, and egg laying
(Erman 1984). The greatest use of streamside vegetation occurs from spring to
autumn, but some use continues through winter. Stonefly adults use riparian
vegetation as a drumming platform to locate mates, the vibrational signals being



transmitted along the plant. Some stonefly adults must feed on the thin layer of
lichens, fungi, and mosses encrusting tree bark before they are able to produce
viable eggs. Some insect adults lay eggs on plants overhanging the stream so
that hatching larvae will fall back into the stream. This method of egg laying is
used by the alderfly (Sialis) in Caspar Creek. It is difficult to predict what effect
logging might have on these myriad and complex life history events; however, it
should at least be known that the riparian vegetation is heavily used by aquatic
insects, and it may be that some of these insect-plant interactions are highly
evolved and determine the success of particular species.
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B. OBJECTIVES OF THE N. CASPAR CREEK BIOLOGICAL STUDY

The primary objective of the N. Caspar Creek biological study was to
determine if logging treatments (1989-1991) within the drainage basin caused
changes in three components of stream structure and function, (1) the benthic
macroinvertebrate community, (2) leaf litter processing rates, and (3) the benthic
algal community. This report describes the results of eight years of study (1987-
1994) on the stream biology of N. Caspar Creek, including three pre-treatment
years and five post-treatment years. Additional results were obtained during a
preliminary study year in 1986.

The numerous interacting factors govering the character of a stream
made it impossible to predict a priori the actual biological changes that would
occur in N. Caspar Creek from specific logging treatments. Because of the steep
hillslopes and erodible soils in the N. Caspar Creek basin, we expected the main
logging impacts to be caused by increased quantities of fine inorganic sediments
entering the stream. Other possible logging impacts were expected from light,
water temperature and nutrient increases, and in changes to allochthonous
inputs of detritus; however, the presence of riparian buffer zones was expected
to moderate all of these changes. Additionally, the expected changes due to fine
sediment may be partly or totally nullified by opposing changes from opening the
stream to increased solar radiation.

Based upon our review of the literature on potential logging effects and
our judgement of which logging impacts were most likely to affect the stream
biota of N. Caspar Creek, we made several predictions of how the stream biota
would respond. These predictions formed the specific objectives of this report
because data bearing upon each prediction was examined and statistically
tested.

A. Increased Fine Inorganic Sediments from Logging

1. Macroinvertebrate density will decrease.
2. Macroinvertebrate number of taxa will decrease.
3. EPT density will decrease.
4. EPT number of taxa will decrease.
5. Chironomidae density will decrease.
B. Increased Light, Water Temperature, & Nutrients from Logging
6. Macroinvertebrate density will increase.
7. Chironomidae density will increase.
8. Baetis density will increase.
9. Scraper relative abundance will increase.
10. Leaf decay rates (k) will increase.
11. Algal chlorophyll-a will increase.
12. Algal biomass will increase.
13. Algal species composition will change.
C. Decreased Allochthonous Detritus (CPOM) from Logging
14. Shredder relative abundance will decrease.
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II. NORTH CASPAR CREEK BASIN

A. BASIN CHARACTERISTICS

The Caspar Creek drainage basin is located about 10 km south-southeast
of Fort Bragg, California, within the Jackson Demonstration State Forest
managed by the California Department of Forestry and Fire Protection. Caspar
Creek flows about 12 km from east to west, discharging into the Pacific Ocean
near the town of Caspar. The drainage basin is forested with dense stands of
second growth redwood, Douglas-fir, hemlock, grand fir, and several hardwoods.
Clearcut logging and burning first occurred at Caspar Creek in the late 1800's,
giving the present forest an age of 80-100 years. The Caspar Creek basin lies
within the Pacific Northwest coastal ecoregion (Naiman et al. 1992) and has
forests, climates, and topography somewhat similar to coastal Oregon and
Washington.

Research has been conducted at Caspar Creek since 1962 mainly by the
California Department of Forestry and Fire Protection, Fort Bragg, and the US
Forest Service, Redwood Sciences Laboratory, Arcata, but also by others from
the California Department of Fish and Game and Humboldt State University.
Two smaller watersheds within the Caspar Creek drainage, North Fork Caspar
Creek (473.3 ha) and South Fork Caspar Creek (423.7 ha), have been studied to
determine the effects of different logging practices on streamflow characteristics,
sediment transport, slope stability, and several environmental factors, especially
anadromous runs of steelhead and salmon. Both research watersheds have
been fitted with numerous instruments to collect basic data on hydrology,
climate, and sediment transport (Krammes & Burns 1973, Tilley & Rice 1977,
Rice et al. 1979, Ziemer 1981, Pearce 1987, Lisle 1989, 1995, Cafferata 1990a,
Keppeler & Ziemer 1990, Thomas 1990, Wright et al. 1990, Keppeler et al.
1994).

The North and South Caspar Creek drainage basins were originally
selected for study because of their closeness and similarity, which allowed the
untreated watershed to serve as a control for the treated watershed. The South
Caspar Creek watershed received logging treatments (60% of timber volume
removed) from 1967-1973, while the North Caspar Creek watershed served as a
control.

For the second phase of research from 1985-1994, ten smaller units
(about 50% of the total area) within the North Caspar Creek watershed were
clearcut logged and treated with additional forestry practices. In addition to the
continuing studies of logging treatment impacts on streamflow characteristics
and sediment transport, this phase of the project also examined the treatment
effects on the stream biology of N. Caspar Creek.

Dr. Allen W. Knight, Department of Land, Air, and Water Resources,
University of California, Davis, was initially contacted by the California
Department of Forestry and Fire Protection in 1985 about doing stream biological
research at N. Caspar Creek. A visit to the drainage basin was made in April,
1985, and a research proposal prepared. Preliminary stream biology work
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started in 1986 in N. Caspar Creek; however, drought conditions caused several
study tributaries to cease flowing, requiring changes in the research design. By
1987 a methodology for sampling three different components (aquatic
macroinvertebrates, leaf decay rates, and algae) of the stream was developed
and the sampling was continued until 1994.

The portion of the N. Caspar Creek drainage basin studied in this report
ranged in elevation from about 82m to 305m. Five biological sampling stations
(B, C, G, H, and I) were located along 1450 m of N. Caspar Creek, varying in
elevation from 96 m to 123 m (Fig. 1). Within the study reach, N. Caspar Creek
had a gradient of about 1.9%. During the low flow period of summer-autumn,
typical stream velocities were 0.2-0.4 m/sec, stream widths were 0.5-2 m, and
stream depths were 5-30 cm. Soils in the basin originated from Cretaceous
sedimentary rocks (Tilley & Rice 1977) and were erodible.

The hydrologic regime of N. Caspar Creek was determined by the regional
climate which alternates between cool, wet winters and mild, dry summers. The
mean annual precipitation was about 1100 mm, almost all of which fell between
October and April (Fig. 3). Essentially all of the precipitation was from rainfall
and very little was from snowfall. The streamflows of N. Caspar Creek reflected
the wet-dry pattern of precipitation. Normally, flows were low (< 0.03 cfs) and
stable between May and October; however, between October and April flows
increased and become more variable (Fig. 4). Low flows often extended into
November, and sometimes into December. During the 1991 drought water year,
low flows extended though many of the winter months (December-February).

High flows transporting sediment occurred during and after heavy
rainstorms in winter and early spring . An unusual, aseasonal, high runoff event
occurred in late-May, 1990. About 12 inches of rainfall on 21-27 May 1990
resulted in a peak discharge of 150 cfs on 27 May. Normal discharges in May
were < 1 cfs. The 9-year mean annual runoff (1986-1994) at Station NFC of N.
Caspar Creek was 1593 acre-feet (Fig. 5). Water temperatures varied
seasonally from a summer maximum of about 14°C (monthly mean) to a winter
minimum of 6-8°C (Fig. 6). Water temperatures for 1992-1993 appeared to be
slightly higher than the previous three years.

Water chemistry was not measured as part of this biological study, except
once in the mainstem and side tributary of N. Caspar Creek at Station H (nirate-
nitrogen < 0.1 ppm and phoshorus < 0.15 ppm at both locations). Dr. Randy
Dalhard, University of California, Davis, is conducting more detailed studies of
water chemistry.

N. Caspar Creek within the study area is normally considered to be a
second order stream (based on US Geological Survey 7 1/2' topographic maps),
though the reach downstream of tributary D-E might be considered third order.
North Caspar Creek flowed through a dense coniferous forest and received little
direct solar radiation (< 5%). Organic detritus, both woody and non-woody, was
abundant in and adjacent to the stream channel. In the study area, the riparian
zone contained few alder trees, though these were more common further
downstream and along S. Caspar Creek.
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B. WATERSHED TREATMENTS

Prior to the logging treatments starting in 1989, the N. Caspar Creek
watershed had not been disturbed for 80-100 years since being logged in the
late 1800's. Although 80-100 years would appear to be sufficient time for the
watershed to recover to natural conditions, it was not certain if this watershed
should be considered pristine. Past logging practices at N. Caspar Creek
included flushing logs downstream by rapidly releasing high discharges from a
splash dam located upstream of Station |I. This practice must have caused
considerable stream bank erosion and high sediment transport. Mass soil slides
were also evident in the N. Caspar Creek watershed. Rice et al. (1979) reported
a mass soil movement of 4234 cubic yards in March, 1974, originating
downstream of the old splash dam. Thus, it was possible that the logging of 80-
100 years ago may still be causing sediment impacts on the stream. Data such
as these, and other pre-logging studies (Krammes & Burns 1973) suggest that
the resident aquatic fauna of N. Caspar Creek was long ago impacted by high
sediment loads and these conditions may have continued for many years.
Because of these past influences, new treatments which increase sediment
loads may not be detectable in the aquatic fauna. This uncertainty emphasized
the value of undisturbed control watersheds for interpreting results.

In 1985 and 1986, Units Y and Z in the lower part of the N. Caspar Creek
watershed were clearcut logged (Fig. 1); however, runoff from these two areas
entered N. Caspar Creek downstream from all five stations of our study.
Because logging in Y-Z had no impact on our biological stations, these logging
treatments were not part of this study. Therefore, excluding Y-Z, the total
watershed area of N. Caspar Creek was 384.3 ha at the Arfstein stream gauging
station, rather than the 473.3 ha at the NFC gauging station.

No logging treatments occurred in the N. Caspar Creek watershed from
1986 to 1989, and it was this short period when pre-treatment biological
sampling occurred. We believe that logging was not originally proposed by the
Department of Forestry for the upper basin, and, thus, Stations H and | were
initially selected to serve as controls for the study. Nevertheless, these plans
were changed, and road construction and clearcut logging commenced in 1989-
1990 on Units J, K, and L (Table 1, Fig. 1). This headwater logging made it
much more difficult to interpret the stream biological results because all five
stations, including the two proposed control stations, were located downstream
from logging. All stations could have been impacted by sediment or other factors
(water temperature, nutrients, solar radiation, etc.) for the remainder of the study
(1989-1994).

A total of eight treatments were applied to the N. Caspar Creek watershed
during 1989-1991, each treatment consisting of relatively similar methods of road
construction and clearcut logging. Starting in the upper basin in 1989 and
proceeding downstream until 1991, these logging treatments were applied to the
following units: B, C, E, G, J, K, L, and V (Table 1, Fig. 1). The time when
potential impacts of these treatments might first be observed at the 5 stations
varied with the impact and location (Table 2-3). The overall treatment design
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was planned to determine if cumulative watershed effects were occurring in the
N. Caspar Creek basin (Table 4).

Access roads to the logging unit were first constructed, followed by felling
the trees. Most logging access roads were constructed near watershed
boundaries and far from N. Caspar Creek, except for a few roads which
penetrated the basin along ridges. Access to the research stations along N.
Caspar Creek was by foot trail, thus, there were no roads near N. Caspar Creek
and no road crossings. In addition, no tractor skidding occurred in or near the
creek. These features of the treatment design minimizing mechanical
disturbance near the creek were opposite to that used in the S. Caspar Creek
basin (Burns 1972, Krammes & Burns 1973).

All treated units were clearcut, except for buffer zones along Class 1 or 2
streams, where selective cutting removed up to about 50% of the trees (Fig. 1).
The widths of buffer zones varied from 50 feet to 200 feet depending on the
hillslope and stream size. Class 1 streams (fish bearing) had buffer zones of
either 200 feet (>70% slope), 150 feet (50-70%), 100 feet (30-50%), or 50 feet
(<30%), while Class 2 streams (aquatic insect bearing) had buffer zones of either
150 feet (>70%), 100 feet (50-70%), 50 feet (30-50%), or 50 feet (<30%). N.
Caspar Creek is a Class 1 stream from its lower reaches upstream to near the
old splash dam above station I.

After felling, the trees were removed from the steeper slopes by cable
yarding or from gentler slopes by tractor skidding. The vast majority of trees in
all N. Caspar Creek units were removed by cable yarding, which causes less
disruption of the forest floor than does tractor logging. Additional disturbances to
the units were caused by tractor skidtrails and landing areas. Some of the units
(G, E, J, and L) were burned after logging, followed by herbicide applications in
1993 or 1994 (Table 1). All of these watershed treatments were recorded by
personnel of the California Department of Forestry and Fire Protection or US
Forest Service, Redwood Sciences Laboratory. The condition of treated and
untreated watershed units of N. Caspar Creek have been continuously monitored
during this study, especially for sediment transport and slope stability during and
after major rainstorms. All soil slides of more than 10 cubic yards in the basin
were recorded. In conclusion, many efforts have been made in the N. Caspar
Creek treatment design to minimize logging impacts on basin streams.

In the past few years since logging was completed in the N. Caspar Creek
watershed, numerous trees in the buffer zones of Units B, V, and L have been
blown down, many falling across N. Caspar Creek. These three buffer zones on
N - NW facing slopes with exposed reaches to the south were especially
vulnerable to windthrown trees. The problem of blown down trees in buffer
zones has been reported by others (Steinblums 1984, Murphy et al. 1986).

C. SAMPLING SITES

During most seasons, N. Caspar Creek had a relatively small channel
width of 0.5-2 m and a depth of 5-30 cm. Relatively constant, low, clear,
discharges flowed in the channel from late spring until late autumn or early winter
(Fig. 4). Higher and more variable discharges occurred during and shortly after
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rainstorm events in winter and early spring. It was during the higher storm flows
when the streamflow was turbid from increased sediment transport (Rice et al.
1979). Lower winter flows had a slightly "milky" appearence. All sampling in this
study occurred during the stable, low flow period of spring-fall.

The creekbed substrate was usually composed of pebbles, gravel, and
smaller particles, with a few scattered cobbles. Prior to logging in N. Caspar
Creek, 70-80% of streambed material was < 2.76 cm (pebble) and considerable
sediment was being transported (Krammes & Burns 1973, Lisle 1989, 1995).
Pools had finer substrates than riffles, and coarser substrates occurred in
reaches with exposed bedrock. Many of the pebbles and cobbles were
embedded in finer sediments (Fig. 2).

This study was conducted at 5 main stations located along a 1450m reach
of N. Caspar Creek, each station located at the confluence of a side tributary
(Figs. 1, 7-11). The five tributaries were labelled B, C, G, H, and | from
downstream to upstream, respectively. North Caspar Creek drops 27m in
elevation in the 1450m distance between station | and B. Samples were
collected in this study immediately below and above each of the five tributary
confluences with N. Caspar Creek. Starting from the lowest site and proceeding
upstream, the sampling sites are described as they existed after all watershed
treatments had been completed.

In this report, the term "Station" is only used to designate one of the five
main collect points (B, C, G, H, I), while the term "Site" is used to designate one
of the ten specific collection locations (B below, B above, C below, C above, G
below, G above, H below, H above, | below, and | above).

B below (96m elevation) -- This site had about 50% pools and 50% riffles. The
substrate was composed primarily of pebbles, gravel, and finer particles, with
some scattered cobbles and boulders. Clearcut Unit B to the south of B was
easily visible through the buffer zone, which was thinner than normal because
trees have been blown down by the wind. Many of these trees have fell across
the channel of N. Caspar Creek. Some of these wind felled trees have curved
bases, showing the effects of past soil creep on the steep hillslopes. The forest
canopy directly overhead the creek was fairly open. The clearcut area and wind
toppled trees have opened up this site to more sunlight than before the logging,
and direct sunlight reached the creek during parts of the day. To the north of this
site, the forest was dense and dark.

B above (97m elevation) -- This site had about 70% pools and 30% riffles. The
substrate was composed primarily of pebbles, gravel, and finer particles, with a
few scattered cobbles. There were also several logs across the creek which
provides some structure. To the south of this site, the sky was partially open
from Clearcut Unit B and the thinned buffer strip. Direct sunlight reached the
lower end of this site during parts of the day. On the north side, the forest was
dense and dark.
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C below (98m elevation) -- This site had about 60% pools and 40% riffles. The
substrate was composed primarily of pebbles, gravel, and finer particles, and
appeared eroded. Both the south and north sides of the creek were partly open
from Clearcut Units B and C, though less so than at station B. Directly overhead,
the forest canopy was very open. The south buffer zone at this site had many
trees blown down by the wind, some lying across the creek and creating physical
structure in the channel.

C above (99m elevation) -- This site had about 90% pools and 10% riffles. The
substrate was composed primarily of pebbles, gravel, and finer particles, with a
few scattered cobbles. To the south of this site, the sky was very open from
Clearcut Unit B and the thinned buffer strip. Likewise, the forest canopy was
very open directly overhead. Direct sunlight reached the creek during parts of
the day. However, north of this site, the forest was closed and dark. Only a few
windthrown trees crossed the channel. The direct sunlight often stimulated
visible growths of green filamentous algae on the creek substrate.

G below (116m elevation) -- This site had about 40% pools and 60% riffles.
Because of bedrock outcrops, this site had relatively coarse substrate composed
of pebbles and cobbles, and these were less embedded. The creekbed was
incised 2-3 m into the valley with steep channel banks. To the south of this site,
the sky was fairly open from Clearcut Unit V, but little or no direct sunlight
reached the creekbed because of the buffer zone, steep hillslope, and incised
channel. The buffer zone had lost many trees to high winds and some of these
crossed the channel. To the north, the sky was somewhat open from Clearcut
Unit G, but less than from the south. Directly overhead the forest canopy was
about 50% open.

G above (117m elevation) -- This site had about 50% pools and 50% riffles. It
had relatively coarse substrate composed of pebbles and cobbles, and these
were less embedded. The creekbed was incised 2-3 m into the valley with
steep channel banks. To the south, this site was more open than at G below.
The sky was fairly open from Clearcut Unit V and the thinned buffer zone. To
the north, the sky was somewhat open from Clearcut Unit G, but much less than
from the south. Directly overhead the forest canopy was about 40% open. The
buffer zone had lost many trees to high winds and many of these crossed and
shaded the channel. Like G below, this site also received little direct sunlight
because it was incised into the valley and shaded by downed trees.

H below (120m elevation) -- This site had about 75% pools and 25% riffles.
The substrate was relatively fine being composed of pebbles and smaller
particles, and these were embedded. No cobbles were present. This site was
generally shaded to the south, but Clearcut Unit V to the southwest allowed
some direct sunlight to reach the creekbed late in the day. To the north, the sky
was dark and closed off by the dense forest. Directly overhead the forest canopy
was 20% open. Only a few small trees have been blown down by the wind.
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H above (121m elevation) -- This site had about 30% pools and 70% riffles.
The substrate was coarser at this site than at H below. It was composed of
pebbles or slightly larger particles, some of these being embedded. This site
was generally shaded and closed to the south, but Clearcut Unit V to the
southwest allowed some direct sunlight to reach the creekbed late in the day. To
the north, the sky was dark and closed off by a dense forest. Directly overhead
the forest canopy was 15% open. No trees have been blown down at this site.

| below (122m elevation) -- This site had about 50% pools and 50% riffles. The
substrate was composed of pebbles or slightly larger particles, plus a few
cobbles, some of these embedded. This site was fairly open to the south from
Clearcut Unit L. Directly overhead the forest canopy was about 40% open.
Although the streambed was incised about 2m deep into the valley on the south
side, direct sunlight reached the streambed during part of the day. To the north,
the sky was closed off and dark from the dense forest. Only a few trees have
been blown down across the creek.

| above (123m elevation) -- This site had about 50% pools and 50% riffles.
Because of exposed bedrock, this site had a coarser substrate than at | below. It
was composed of pebbles, gravel, and cobbles, some of these being embedded.
This site was somewhat open to the south from Clearcut Unit L, but less than at |
below. Directly overhead the forest canopy was about 40% open. Although the
streambed was incised about 1-3m into the valley, direct sunlight reached the
streambed during part of the day. To the north, the sky was closed off and dark
from the dense forest. Only a few trees have been blown down across the
creek.

D. OBSERVED STREAM DISTURBANCES

Many disturbances to N. Caspar Creek were directly observed during this
study, both natural and logging-related. Some of the most obvious disturbances
are summarized here.

North Caspar Creek completely dried at Station | in the fall, 1987,
destroying all rock pack and clay tile samples. Thereafter, N. Caspar Creek had
perennial flow at all stations, although it was very low in late-summer or autumn
in some years.

In summer, 1989, during the clearcut logging in Unit L (Caspar East '89),
terrestrial detritus from the cable yarding operation accumulated in the main
creek channel at Station I. Some trees were felled or dragged across the
channel.

Heavy rains on 22-23 October 1989 increased stream discharge at all
stations on 23-24 Oct., just prior to collecting the rock pack, leaf pack, and clay
tile samples. Thus, some samples were lost and the 1989 leaf decay field
studies were halted after this higher runoff. During the storm, fine sediment
accumulated at | above and | below.
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An unusual series of late rainstorms of 12 inches in 19-30 May 1990
caused flood discharges (peak flow = 150cfs, 27 May). Normally, May
discharges were < 1 cfs. This aseasonal runoff destroyed all rock pack and clay
tile samples, plus the solar radiation equipment of Harrison Phipps. The channel
characteristics at several sites were altered by the flood. Site | below was
dramatically changed because a small debris dam downstream of the bridge was
washed out. The pool downstream was broadened and filled with fine
sediments. Overall, the channel became straighter, wider, and the depth
decreased from sediment deposition.

In summer-fall, 1990, during the clearcut logging in Unit V (Rice '90),
terrestrial detritus from the cable yarding operation accumulated in the main
creek channel at Station G and just downstream of Station H. The detritus
mainly was branches, limbs, bark, and needles broken from nearby trees by the
cable as the logs were transported to the landing sites. This terrestrial detritus
was present in the stream channel when the fall, 1990, samples were collected.
Some of the rock pack and clay tiles were buried under this debris at Station G.

A heavy rainstorm on 19-20 January 1993 caused the highest peak
discharge (242 cfs, 20 Jan) during this study. We did not directly observe this
event and samples were not in the stream at the time; however, considerable
sediment must have been transported.

Side Tributary YZ draining two areas clearcut prior to this study
contributed sediment to the lower section of N. Caspar Creek.



Table 1. Timing and area of watershed treatments in N. Caspar Creek basin,
Jackson Demonstration State Forest, Fort Bragg, CA.

Road Construction®

Clearcutting

Other Treatments

Unit Start Finish Area Start Finish  Area Burning Herbicides
(ha) (ha)
B 9/91 10/91 0.84 9/91 11/91 25.90
C 9/91 10/91 1.06 9/91 1/92 27.11
E 4/90 6/90 1.32 9/90 10/91 27.92 11/91 3/93
3/94
G 3/90 9/90 2.36 5/91 9/91 36.42 11/91 3/94
H NONE NONE NONE
I NONE NONE NONE
J 0.66 8/89 4/90 25.98 11/90  2-3/93
K 5/89 6/89 1.06 5/89 11/89 17.24
L 5/89 6/89 0.24 5/89 9/89 12.46 11/90 3/93
\% 4/90 6/90 0.54 6/90 10/90 14.97
Total Area (ha) 8.08 188.00
(%)? 2.1 48.9

' Road construction = Roads, Skid Trails and Landings
29 of basin upstream of Station A (area = 384.3 ha)
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Table 2. First possible sampling dates when impacts from treatments within a
watershed unit might be expected to be detected at the five main stations of N.
Caspar Creek, Jackson Demonstration Forest, Fort Bragg, CA. These are
treatments that might be expected to cause differences between Above and
Below sites at a station.

Station Sediment Impacts Water Temperature
Impacts
Road
Construction Clearcutting

B Spring 92 Spring 92 Spring 92

C Spring 92 Spring 92 Spring 92

G Spring 90 Spring 92 Fall 1991

H -- No Treatments in Unit --

-- No Treatments in Unit --




Table 3. First possible sampling dates when solar radiation impacts from
watershed treatments might be expected to be detected at the five main stations
of N. Caspar Creek, Jackson Demonstration Forest, Fort Bragg, CA.

21

Logging Unit First Sampling Date to Expect
Station Causing Impact Solar Radiation Impacts
B B Spring 92
C B, C Spring 92
G G,V Fall 90
H Vv Fall 90
I L Fall 89
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Table 4. Possible cumulative impacts from roadbuilding and clearcut logging
treatments at the five main stations of N. Caspar Creek, Jackson Demonstration
Forest, Fort Bragg, CA. The earliest possible sampling date when impacts might
be detected was Fall, 1989.

Upstream
Drainage Basin Logging Units Cumulative Upstream
Station Area Causing Impact Roadbuilding  Clearcutting

(ha) (ha) (ha)

I 120 J, K, L 1.96 55.68
H 157 J,K, L 1.96 55.68
G 205 G,V,J, K, L 4.86 107.07
C 348 B,C,E,G,V,JK,L 8.08 188.00

B 361 B,C,E,G,V,J KL 8.08 188.00
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[ll. METHODS

This report describes the results of nine years of study (1986-1994) on the
stream biology of N. Caspar Creek, including one preliminary year (1986), three
pre-treatment years (Spring 1987 - Spring 1989), and five treatment or post-
treatment years (Fall 1989 - Spring 1994). These studies were conducted under
the guidance of Dr. Allen W. Knight and several of his graduate students,
Michael S. Parker (1986-1990), Dean F. Messer (1991-1992), and Richard L.
Bottorff (1993-1994). Catherine L. (Arvey) Donaldson worked on all aspects of
the project for many years, both in field collections and laboratory processing of
data. Other graduate students involved with the N. Caspar Creek biological
studies included Edward J. Connor (original proposal and preliminary sampling),
Walter R. Hill (identification of algae), Angela Kost (identification of algae),
Jessica Lacey (identification of algae), Harrison Phipps (light studies), John
Martin (drift studies), and William J. Trush (original proposal). Many
undergraduate students (100+) also helped with field collections and laboratory
processing of data.

Although this biological study of N. Caspar Creek changed somewhat
from that originally proposed (see Summary of Early Biological Studies), by 1987
a methodology for sampling three different components of the stream was
developed and the sampling was continued until 1994. This investigation of N.
Caspar Creek (1987-1994) focused on three major aspects of stream structure
and function, (1) the benthic macroinvertebrate community, (2) leaf litter
processing rates, and (3) the benthic algal community.

All samples were collected from five main stations (B, C, G, H, and 1)
along N Caspar Creek (Fig. 1), each consisting of 25-50 m of stream length.
These five stations were located where smaller side tributaries entered N.
Caspar Creek, each side tributary draining a watershed with different logging or
forestry treatments. All samples in this study were taken directly from N Caspar
Creek, both above and below the confluence point, but not from the side
tributary. In this report, the term "Station" refers to the five main collecting
locations in N. Caspar Creek, while the term "Site" refers to the upstream
(above) or downstream (below) locations at each station. For example, "Ba" and
"Bb" designate the above and below site locations at Station B, respectively.

A. MACROINVERTEBRATES (MI) -- Rock Packs

The abundance, diversity, and trophic composition of stream MI's was
determined with the use of artificial substrate stream samplers. Atrtificial
substrates have been advocated for sampling benthic MI's in a wide variety of
aquatic habitats and have several important advantages over other methods
(Rosenberg and Resh 1982). These advantages include (1) allowing samples to
be collected from habitats where standard sampling methods aren't feasible, (2)
standardizing sampling protocols to reduce variability caused by different people
collecting the benthic samples (especially important in this long term study
incorporating many people), (3) providing a simple, low cost sampling device,
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and (4) decreasing disturbance of the stream environment when compared with
standard sampling devices.

In this study, the artificial substrates consisted of rock packs made of
plastic mesh bags (15 cm x 15 cm; mesh size = 1.9 cm), each bag containing 20-
25 pebbles (mean diameter = 4.6 = 0.4 cm) gathered from the substrate of N.
Caspar Creek. Twenty rock packs were placed in the stream at each of the five
main study stations along N. Caspar Creek (B, C, G, H, 1), ten of these being
placed upstream of the side tributary confluence and ten being placed
downstream. Thus, for each sampling period, a total of 100 rock packs were
placed in N. Caspar Creek. Two sample periods were included in each year,
one in the spring, another in the autumn. During both of these sampling periods,
streamflow in N Caspar Creek was relatively low and stable, although spring
flows tended to be decreasing somewhat, while fall flows were increasing. No
sampling was done during the higher variable discharges of winter months
because the rock packs would have been eroded and washed downstream, or
buried under transported sediment. Water temperatures were increasing during
the spring samples and were decreasing during the fall samples.

To minimize variability in physical conditions between sample stations, an
effort was made to place rock packs in similar velocities and depths. Because
stream levels fluctuated somewhat, rock packs were placed at locations where
they would remain submerged during the colonization period. Each rock pack
was placed in a shallow depression prepared in the streambed, and similar-sized
pebbles were placed around the rock pack until its surface was level with the
surrounding substrate. Rock packs were spaced at least 0.5m apart to minimize
disturbance to adjacent rock packs during collection. The rock packs remained
in the stream for about 60 days (Table 10), the colonization time for stream
benthic MI's to reach equilibrium with that of the surrounding streambed.

After the colonization period, each rock pack was lifted into the opening of
a D-frame dip net (0.6 mm mesh) placed directly downstream. After the rock
pack was inside the net, the substrate within the depression was stirred to a
depth of 2-3 cm, suspending the detritus and organisms present and collecting
these also in the net. The rock pack and net contents were placed into a bucket
containing 5-6 liters of stream water. Each pebble was taken from the rock pack
and washed in the bucket to remove all MI's. Also, the plastic mesh was
washed in the bucket. The accumulated detritus and MI's in the bucket were
then poured through a sieve (0.33mm mesh) and preserved in 80% ethyl alcohol.
This completed the field collection.

In the laboratory, all MI's in each preserved rock pack sample were
separated from the inorganic and organic debris under 10X magnification,
counted, and identified to the lowest possible taxonomic level. The main
identification manual for the aquatic insects was Merritt and Cummins (1984,
1996) and for the non-insects was Pennak (1989). These two references were
also used to place each MI taxon into a Functional Feeding Group (FFG).

Most statistical analyses of the data were done by Hong Zhou,
Statistician, Statistical Laboratory, University of California, Davis, using the SAS
computer package. Statistical analyses were done for MI densities and number
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of taxa, and on subgroupings such as (1) EPT density and number of taxa, (2)
chironomid density, (3) Baetis density, and (4) FFG densities and relative
abundance. Analysis of variance (ANOVA) was performed on these variables
(see Appendix for data sets) to determine the effects of logging treatments, site
position, station, season, and year. Tukey's Studentized Range (HSD) Test was
used to compare pre- and post-treatment means, while the Least Squares
Means Test was used to compare the means for site position, station, season,
and year.

All density values were first transformed by loge (X + 1), but none of the
taxa number data were transformed. The FFG relative abundances were first
transformed by arcsine (square root of FFG relative abundance (as a fraction)).
All collection dates from 1987 to 1994 were used in the statistical analyses of
density, taxa, and relative abundance analyses, eventhough spring, 1992, and
spring, 1994, appeared to have abnormally high densities. A particularily
energetic person collected the spring, 1994, samples and stirred deep into the
substrate under the rock pack. This increased sample numbers, especially of
chironomids at Stations B and C. The reasons for high densities in spring, 1992,
are unknown, but again, chironomid densities were especially large at Stations B
and C. We considered excluding these two dates from the analyses, but did not
believe that sufficient reasons existed. Because season was a highly significant
factor in most data sets, exclusion of two spring samples would have produced a
fall bias in the results.

All ANOVA's were general linear models, with the following sources of
variation:

Source of Variation
Model
Pre/Post Logging (pre-treatment vs. post-treatment)
Site Positions (Above site vs. Below site)
Station (B, C, G, H, and I)
Season (spring vs. fall)
Year (1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994)
Error

For all ANOVA's, the pre-treatment period included five sample collections
from spring, 1987, to spring, 1989, while the post-treatment period included ten
collections from fall, 1989, to spring, 1994. Although the treatment period
extended for about three years after logging first started in 1989 (Table 1), all five
stations were located downstream of the 1989 logging and potentially were
impacted after that date. Further division of the study into pre-treatment, during
treatment, and post-treatment may yield additional insights; however, this was
not done in this report.

In addition to the ANOVA's, additional statistical analyses were made
(linear regressions and t-tests) and are designated in the text.
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B. LEAF DECAY RATES -- Leaf Packs

The rate at which leaf litter decomposes in N. Caspar Creek was
determined by monitoring the weight loss of premeasured leaf packs for 6-10
weeks in the autumn. Red alder leaves (Alnus rubra) were collected during the
first week of September directly from trees in the riparian zone of N. Caspar
Creek (along Forest Road 0620). Leaf packs were constructed by sewing 15-20
leaves together with monofilament line, dried to constant weight at room
temperature, and given a numbered identification tag. The initial dry weight of
leaf packs were 5-10 g.

Leaf packs were placed on the stream bottom at 3 sampling stations (B,
G, and ) during the third week of September. To keep the leaf packs in place,
they were attached to 2m ropes with monofilament line and the rope was
anchored to the bottom. A total of either 4 or 5 leaf packs were attached to each
rope and 6 leaf pack rope sets were placed at each station, three above the
tributary confluence and three below. Thus, a total of 18 leaf pack sets and
either 72 or 90 leaf packs were placed in the creek.

Approximately every two weeks from late-September through November
(Table 18), one leaf pack was removed from each of the 18 leaf pack sets,
stored in individual zip-loc bags, placed on ice, and transported to the laboratory
where all of the associated macroinvertebrates were immediately separated from
the remaining leaf pack. The remaining leaf pack tissue was dried at room
temperature and its final weight determined.

Decomposition rates (k) of leaf packs were determined from the decay
equation W; = Wy e by regressing percent of initial leaf mass remaining
against the time the leaf pack was in the creek. In this equation, W; is the weight
remaining, Wy is the initial weight, t is the time (days), and k is the decay
coefficient (days™) (Petersen & Cummins 1974).

Preserved macroinvertebrates were processed as described for the rock
packs, counted, identified, and placed in FFG's. FFG densities were expressed
as the number of individuals per gram of leaf mass.

Leaf decay rates were analyzed using a general linear model ANOVA,
with the following sources of variation:

Source of Variation
Model
Year (1988, 1989, 1990, 1991, 1992, 1993)
Station (B, G, and I)
Site Positions (Above site vs. Below site)
Error

Tukey's Studentized Range (HSD) Test was used to compare year means, while
the Least Squares Means Test was used to compare the means for station, and
site position. Season was not a factor in the analyses because rates were only
determined in the fall.
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C. ALGAE -- Clay Tiles

The benthic algal community was sampled by placing unglazed clay
guarry tiles (15cm x 15cm) on the stream bottom at each of the 5 main sampling
stations and allowing algae to colonize for 60 days. Placement and removal of
clay tiles during this study were usually made on the same dates as for the Ml
rock packs (Table 21). At each of the 5 main stations along N. Caspar Creek, 5
tiles were placed immediately upstream of the tributary confluence, while 5 tiles
were placed immediately downstream. Thus, 10 clay tiles were present at each
of the 5 main stations, giving a total of 50 algal samples on each sampling date.
Tiles were dispersed to experience the full range of light levels at each station.

After the colonization period, each tile was removed from the creek and
three algal samples were taken from each tile in the field, one each for
determination of algal biomass, chlorophyll-a, and taxonomic composition. Algal
samples were collected using a circular (diameter about 32mm), hard rubber
template pressed firmly onto the tile surface. The rubber template size varied
somewhat during the 1987-1994 study (Area = 7.07 or 7.79 or 9.62 cmz). Algae
within the template were loosened using a fine bristle brush and squirt bottle,
then sucked into a pipet.

The pipet contents were processed differently in the field depending on
whether the sample was to be used to determine algal biomass, chlorophyll-a, or
taxonomic composition. For the algal biomass and chlorophyll-a samples, the
pipet contents were filtered through a pre-ashed filter (Gelman A/E glass fiber,
pore size = 0.45 um), then the filter was placed in a pre-labelled clean vial for
further processing in the laboratory. The chlorophyll-a sample was frozen
immediately after collection in the field by placing it in a chest of dry ice and held
in darkness until analyzed in the laboratory. Taxonomic composition samples
were placed directly into a clean vial with an algal preservative (6 parts water, 3
parts ethyl alcohol, and 1 part formalin). This completed the field collection of
algae.

In the laboratory, algal biomass values were determined by drying the
biomass sample filters to a constant weight at 60°C, weighing them on an
analytical balance (to nearest 0.01mg), ashing them at 500°C in a muffle furnace
(4 hours), and reweighin% them. Biomass values were reported as mg ash-free
dry mass (AFDM) per cm” of tile surface sampled.

Chlorophyll-a concentrations were determined in the laboratory by placing
each chlorophyll-a filter in a separate vial with 90% reagent-grade acetone (24
hours at 4°C in dark). The extracted chlorophyll-a was measured with a Turner
(Model 111) fluorometer using the procedures of Strickland and Parsons (1968).
Chlorophyll-a concentrations were reported as pg chl-a per cm? of tile surface
sampled.

Chlorophyll-a and algal biomass were analyzed using a general linear
model ANOVA, with the same sources of variations as described for the Ml
analyses. All data (1987-1994) were used without transformation. Tukey's
Studentized Range (HSD) Test was used to compare pre- and post-treatment
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means, while the Least Squares Means Test was used to compare the means
for site position, station, season, and year.

The taxonomic composition of benthic algae (diatoms) was determined in
the laboratory by transferring the preserved samples onto permanent microscope
slides. Each sample was shaken to disperse clumped algal cells, then allowed
to settle for one hour. One drop of algal sample was mixed with one drop of
clean water on a slide coverslip, dried overnight at room temperature, then
heated 3 hours on a hot plate. One drop of Hyrax® mounting medium was
placed on a preheated microscope slide and allowed to boil for one minute.
Following this, the cover slip was inverted and placed onto the slide, tapping
gently to remove air bubbles. After the slide cooled, it was viewed at 1000X
magnification to identify and count the algal cells along horizontal transects. A
total of 200 algal cells were identified and counted from each sample. Thus, for
each of the 5 main sampling stations, a total of 2000 algal cells were identified
and counted, 1000 above the tributary confluence and 1000 below the
confluence. It should be noted that because the algal samples were heated to
remove all organic matter, this destroyed all algal cells except the silica frustules
of diatoms. Therefore, the algal identifications only included one main group of
algae, the diatoms. Other groups such as the green algae would not be reported
eventhough they may have been present in N. Caspar Creek. Also, the
sampling procedure emphasized the presence of adnate diatoms, which occur
adjacent to the tile substrate. In contrast, flamentous diatoms were not fixed to
the substrate and some may have washed off the tile as it was lifted from the
stream.

All diatom identifications early in this study (1987-1988) were done by
Walter R. Hill and Jessica Lacey, while all later identifications (1989-1994) during
the quantitative part of the algal identifications were done by Angela Kost.
Angela prepared a photographic collection of all the diatoms she identified from
N. Caspar Creek, and all of her identifications have been verified by Dr. J.
Patrick Kociolek, Diatomist, California Academy of Sciences, Golden Gate Park,
San Francisco, CA. She intends to donate microscope slides of N. Caspar
Creek diatoms to the California Academy of Sciences. Walter Hill prepared an
early list of diatoms identified from N. Caspar Creek, including some species not
on Angel'a list; however, we have not included these species in this report
because they were not verified.

D. SUMMARY OF EARLY BIOLOGICAL STUDIES

The stream biological research program at N. Caspar Creek changed
somewhat during the study period (1986-1994), both in the topics of study and
the methodology. Modifications were made, especially during the early years, to
(1) adapt field methods to actual conditions in the N. Caspar Creek basin and
changes in the proposed logging plans, (2) add topics and methods that
appeared to enhance understanding of potential logging impacts, and (3)
abandon topics and methods which preliminary work showed to be impracticable
or poor measures of logging impacts.




29

Dr. Allen W. Knight and several graduate students first visited the N.
Caspar Creek drainage basin in April, 1985, after which, a research proposal
was prepared. This proposal focused on the biological conditions in the small
tributary streams of N. Caspar Creek, as well as the main channel. The selected
side tributaries drained basins with different proposed logging treatments,
including some control basins without logging. Greater impacts were expected to
occur in the side tributaries than in the main channel because they were closer to
the actual logging. From downstream to upstream, it was proposed to study the
lower 100m of eight side tributaries (B, C, D, G, H, I, K, and M). The original
proposal included studies of MI density and diversity, FFG's, drift rates, stonefly
diversity, algal diversity, and chlorophyll-a concentrations. Macroinvertebrates
and algae were to be collected from replicates of standard-sized rocks placed at
study sites. For the main channel, the proposal included studies of the physical
structure and hydrology of N. Caspar Creek, macroinvertebrates, salamanders,
and juvenile salmonid fishes.

Preliminary stream biological research started in the N. Caspar Creek
basin in 1986-1987, and included the following:

(1) 5 June 1986 -- collection of MI's from individually placed rocks in side
tributaries YZ, A, I, J, and L.

(2) 24-28 June 1986 -- collection of 24 hour drift samples (50cm x 50cm
net) for five days from mainstem Sites A below and A above, and from side
tributaries YZ, D, I, L, and K.

(3) alder leaf decay studies from 16 July to 4 October 1986 in mainstem
Station A and side tributaries YZ and D.

(4) 21-25 May 1987 -- collection of 3-4 hour drift samples (8cm x 20cm
net) for five days upstream and downstream of Stations A, B, C, G, H, and I.
Collection of MI rock pack samples upstream and downstream of Station A, in
addition to the normal stations at B, C, G, H, & I.

(5) autumn, 1987 -- tanoak leaf decay studies at Stations B, G, and I.

(6) 7-8 November 1987 -- collection of 3 hour drift samples at Stations B
and C.

Based on this preliminary work, it quickly became obvious that changes
were needed in the original study proposal. First of all, it was found that many
side tributaries were not perennial, but ceased flowing in summer, even during
years of normal precipitation. Thus, the focus of the biological studies was
shifted to the main channel of N. Caspar Creek, with sampling sites upstream
and downstream of seven tributary confluences (YZ, B, C, D, G, H, and I).
Shortly thereafter, the number of main sampling stations was reduced to five (B,
C, G, H, and I), and these stations were used for the remainer of the study
(1987-1994). N. Caspar Creek was generally perennial, but during fall, 1987, the
stream dried up at Station |I.

The preliminary studies also found that using introduced individual rocks
to sample the macroinvertebrate populations was impractical because the
number on each rock was very low. Therefore, multi-rock substrate baskets
were used instead for the remainder of the study.
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Individual rocks were also impractical for collecting algal samples because
surface irregularities prevented the rubber template from effectively sealing off
the sampled area. Clay tiles were substituted for the individual rocks and were
used for the remainder of the study (1987-1994) to gather samples for species
identification, algal chlorophyll-a, and a new addition to the study, algal biomass.
For the first few years (1987-1988), algal species identifications were only
gualitatively, to see which species were present; however, starting in spring,
1989, and continuing to spring, 1994, quantitative measurements of algae were
made.

Macroinvertebrate drift rate studies were eventually abandoned after
preliminary collections in 1986 and 1987. In 1986, 24-hour drift samples were
collected from seven locations (5 replicates collected over 5 days) using a 50cm
x 50cm net. Because of the enormous amount of work and logistics involved in
obtaining and processing these samples, the drift studies were reduced in 1987
to include 3-4 hour collections (1 hour before sunset until 2 hours after sunset)
upstream and downstream of six stations on N. Caspar Creek (A, B, C, G, H, &)
using an 8cm x 20cm net. Thereafter, all drift rate studies were stopped
because (1) the work required enormous amounts of time, (2) it was difficult to
collect drift samples in the low current velocities and shallow water of N. Caspar
Creek, (3) the results from the drift studies were of questionable value because
the low currents allowed drifting organisms to crawl out of the net and benthic
organisms to crawl into the net, (4) it was difficult to replicate samples, and (5)
collecting night samples was dangerous.

Leaf decay rate studies were added to the proposed biological work in N.
Caspar Creek because this appeared to be a potentially useful measure of
overall stream functioning which may be altered by logging treatments.
Preliminary leaf decay studies were done in the summer-autumn of 1986 using
alder leaves placed in mainstem Station A and in side tributaries YZ and D. This
was followed in the autumn of 1987 by tanoak leaf decay studies at Stations B,
G, and I. In contrast to the alder leaves used in 1986, tanoak leaves were very
resistant to decay, and the 1987 study was stopped when no measureable decay
occurred after 8 weeks in the stream. Tanoak leaves were initially chosen for
study because they naturally occurred along N. Caspar Creek and were probably
used by stream macroinvertebrates. For the remaining leaf decay studies (1988-
1993), only alder leaves were used.

During 1989-1991, Harrison Phipps studied light conditions along N.
Caspar Creek, especially at Station G. His main interest was to determine how
logging altered the amount of light reaching the stream and what effects this had
on benthic algae. To aid these studies, he plane-table mapped Stations B, C, G,
H, and | during the summer, 1989. Continuous measurements of light conditions
at the creek were made with a recording pyranometer (uE/mzlsec). To document
changes in the forest canopy at Station G before and after logging in Unit V,
Harrison photographed the forest canopy using a fisheye lens (180° exposure).
Permanent locations allowed him to replace his camera exactly at the same spot
at different times before and after logging from 1989-1991. Reverse images