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Abstract

Significantly nore of the nuisance filamentous al ga Cl adophora
was found in Hare Creek (logged stream) than in NFSF Noyo
(unl ogged). Mnimum | evels of solar radiation and water velocity
required for the establishnment of Cl adophora were significantly
| ower on Hare than on NFSF Noyo, and Cl adophora on Hare Creek
initiated gronth earlier in the spring than on NFSF Noyo. The
greater range of suitable habitats and the earlier initiation of
growth on Hare are indicative of higher nutrient [|evels. Loggi ng
can act to increase O adophora in two ways, either by opening the
canopy and increasing solar radiation above the threshold Ievel
needed for establishnent or by increasing nutrients and |owering the

threshold levels of solar radiation and velocity.

Non-filanmentous algal biomass growng on artificial substrates
was significantly lower in Hare Creek than in NFSF Noyo, and this
difference in non-filamentous algal biomass could not be ascribed to
either lower total invertebrates, or |lower invertebrate grazers.

Variations in solar radiation had little effect on algal bionass.

Peak suspended sedinent |evels were five tinmes higher on the
| ogged stream Hare Creek, than on the unlogged stream NFSF Noyo,
during a stormin March 1985. Conparison of algal biomass grow ng
on ceranmic tiles, sanpled before and after the storm reveal ed that
suspended sedinment had no effect on the periphyton of the unlogged

stream but conpletely abraded the periphyton on the |ogged stream



| NTRODUCT! ON

The concern for stream protection during |ogging operations is
reflected in nunerous studies docunmenting the deleterious effects of
tinber harvesting on stream biota (G bbons and Salo, 1973). A
preponderance of this research has been directed towards fish and
invertebrates with the result that relatively less is known about
the possible effects of logging on primary producers. Qur research
in the Jackson Demonstration State Forest has focused on the primry
producers and on what factors associated with tinber harvesting my

affect their population structure.

Responses of fish and invertebrates have been suggested by sone
to reflect changes in food pathways as a result of |ogging (Mirphy
et al., 1981; Hawkins et al., 1982). Hence the algal conmunity

should be a sensitive indicator of subsequent changes in higher

trophic |evels.

BACKGRCUND

Loggi ng can produce many potentially damaging changes to the

stream environment resulting in economc and aesthetic |osses. The
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water quality problens associated wth logging include: increased
fine sedinent; increased light; "increased nutrients; | ar ger
temperature fluctuations; larger peak flows and the introduction of

smal|l organic debris (Hall and Lantz, 1969; GQbbons and Salo, 1973;
Erman et al. 1977).

Because these physical-chemcal alterations often occur in
concert and there are nany potentially confounding interactions, one
often cannot identify the prinmary causative agents of deleterious
changes in the stream biota. Therefore, it is also difficult to
determne  managenent renedies. Bufferstrips are often the only
practical nmeans of protecting a stream as buffers theoretically can

elimnate all the effects of logging by renmoving the operation to a

prescribed distance from the stream

The general objective of this study was to ascertain how the
various potential changes introduced by logging, in particular
increases in light and fine sedinent, individually and together,
affect stream plant communities. This know edge could then be
applied towards designing nore effective bufferstrips or devising

ot her mtigating strategies.

The study examned three aspects of the possible effects of
logging on stream plant communities. The first area of research
explored the relationship between logging and algal species
conposi tion changes; specifically whether or not Ilogging favors the

growth of filanentous green algae. The second aspect was the
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influence of forest practices on diatom algal standing crop in
streams. The third najor objective of the study was to determne
the effect of suspended sedinent in streanms on algal comunities.

These three aspects are discussed in order.

STWDY SITE

Hare Oeek, whose watershed was logged continuously from 1974 to
1984 and the North Fork of the South Fork of the Noyo River
(NFSF  Noyo) which has not been logged for at least 50 years were
chosen as the treatnent and control streanms respectively (Fig. 1 and
2)  These two streams were selected because they provided the
greatest contrast of logged and unlogged conditions found on the
Jackson State Denonstration Forest, they have simlar vegetation and
drainage area, and are in close proximty. In addition, these two
streans were examined by Erman et al. (1977) in a previous study on

the biological effects of logging on streans.

The vegetation on both watersheds is typical of forests on the

north coast of California, conposed mainly of Douglas-fir

(Pseudotsuga  nenziesii) and coast redwood (Sequoia senpervirens).

The parent material for each watershed is primarily Franciscan

sandstone. The drainage area above the Hare QOeek study section is
12.8 km2 and above the MNoyo 10.9 km2. Hare Oeek has a narrow

buffer and a road adjacent to this buffer for nuch of its Iength.



5
SECTION |
LOGANG AND ALGAL CHANGES

Introduction

A thin (4 to 5 cells thick) brown film of unicellular diatons
attached to the substrate of the stream is the nost common alga
comunity found 1in northwestern coastal streans that have relatively
closed canopies. Hansmann and Phinny (1973) observed the growth of
large mats of green algae in an QOegon stream in the vyears follow ng
logging where previously there were only diatons. Long strands or
mats of filamentous green (Chlorphyta) algae are visually and
ecologically a distinctly different type of algae from diatons.

These mats of filamentous algae can be conposed of several species
or, as is nore common in streans, they are nonospecific. In this
portion of our study we determned the abundance of filamentous
green algae in a logged and unlogged stream and examned ecol ogical

conditions necessary for its presence or absence

In Jackson State Forest the only filamentous algae observed was

d adophora _ sp. A adophora is a very comon algal taxon found in

many  environments  worl dwi de. It is a green algae capable of growng
several neters long, and is wusually considered a nuisance (B um

1956; Witton, 1970). Sone reasons why it is considered a nuisance
algae are aesthetic (long green algae are often referred to as pond

scum); it is slippery to walk on (a comon problem for anglers); it

can clog waterways; it can reduce night tine oxygen levels from
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respiration; and it can clog interstices of rocks and decrease

m crohabitat for insects when it decays (Witton, 1970).

The preval ence of QGadophora has been greatly increased by human
di sturbance (Witton 1970). This increase stens from the fact that

ciradophora is usually limted by either light or nutrients

(particularly phosphorus), both of which may be significantly
increased by many types of land use, in particular, |ogging. Qur
objective was to determne if |ogging had enhanced the growth of

d.adorphora in Hare O eek.

It is well known that |ogging can, through canopy renoval,
increase the light reaching a stream and may therefore increase the
growth of dadophora in this way. But dadorphora is nore abundant
and robust in areas of high velocity and is often confined to them
Thus stream velocity is also inportant, primarily for the delivery
of nutrients, which also limt its growh. Qur approach was to
determne the mninum requirenents of |ight and water velocity
required for the growth of (Oadorphara. After establishing these
threshol ds we conpared the thresholds between the |ogged and
unl ogged streans to see whether or not there are effects that m ght
be ascribed to logging irrespective of changes in light due to

nutrient increases.

Met hods

To determne under what conditions Cladophora was established, a
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study reach of approximately 0.5 km was chosen on each stream (Fig.
2). Two surveys were conducted between July 2 and July 15, 1984.

ne. was concerned with the effects of light on Cladophora and the

other was concerned with the effects of velocity on_Cladaphora.

The survey to determne the mnimum l[ight requirements of
C adophora was confined to riffles so that velocity would be simlar
and because d_adophora was only present in riffles on NFSF Noyo. At
six riffles on each stream the percent cover of d.adophora, the
total daily solar radiation (photosynthetically active radiation 400
to 700 nm waveband hereafter referred to as solar radiation), stream
velocity and depth were neasured. Solar radiation was determ ned
using the photometer (Li-Cor 192S) nethod (Appendix 1). Percent
cover of (ladophora was determned for each riffle by randonly
selecting four plot centers and placing a grid (25.4 x 25.4 cm) wth
100 squares over the selected point. For each square the
predoninant algal taxa was recorded. At each plot center depth and

velocity (Qurley pigny current neter) were neasured.

The photometer method is extrenely tine consum ng and anot her
procedure was used to conplete the survey of the effects of light on
C adophor a. For all remaining riffles within the study reaches,
light was determ ned using the nodified angular canopy density
met hod (Appendix 1). A single velocity measurenent was taken in the

center of the riffle using the Qurley pigny current neter.

To determine the mninmum threshold velocity for the presence of
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Cl adophora a second survey was conducted to supplement the velocity
data obtained in the first survey. As all riffles had been
previously sanpled this survey was confined to pools and runs.
Presence or absence of ( adophora was recorded and water velocity
was neasured and a qualitative rating of the anount of |ight

reaching the stream was nade.

The mininum threshold velocity for the establishnment of
d adorphora for each stream was taken to be between the fastest
velocity that did not contain d adophora and the slowest that did
contain O adophora. Mnimumthreshold levels of light were

established simlarly.

Dates of the first initiation of growh of C adophora were noted

during prelimnary visits to the streans.

Ot hophosphate and nitrate in both streans were neasured in July
and August 1984. \Water sanples were taken (in iodine treated
plastic bottles) before dawn directly below a riffle in the center

of each study reach.

Ot hophosphate was determned using the ascorbic acid nethod and
nitrate using the cadmum reduction method (Standard Methods,
1980) . Tenperature extremes were mneasured using maximm m ninum

t her nonet ers.
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Results

The results of the initial survey to determne the mnimmlight
requi rements of O adophora are presented in Table 1. Figure 3,
using the data from Table 2 and the supplenentary surveys, shows the
range of total daily solar radiation for which dadophora was
present or absent on each stream Cl adophora on Hare Creek grew in
reaches of streamwith much less light than it did on NFSF Noyo.

The threshold total daily light on Hare Creek was between 3.9 x
108 o E/n2 and 5.7 x 108 uE/m2. The threshold total daily

light on NFSF Noyo was between 9.8 x 108 ME/m2 and 12.2 X
108ME/m2

Figure 4 shows all values of velocity for which Q adophora was
present or absent in the study reaches. On the NFSF Noyo Q.adophora
was found in riffles where the stream velocity was at |east 0.35
ms, never in runs or pools. On Hare Creek Cladophora was found not
only in riffles and runs but in essentially standing water where the

current was unneasurabl e.

cl adophora initiated growh on Hare CGeek in md-My but growth
on NFSF Noyo did not begin until late June.

Phor phorus and nitrogen |levels neasured in the months of July
and August were never significantly different between the two

streams, nor were maxi mum and mnimum tenperatures different
(Appendi x  2).
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Discussion

Cl adophora was found in only six extrenely well-lit (>12 x
1084 E) riffles in the entire 0.5 km study area on the NFSF Noyo

and was never observed on any other site in the watershed. [In Hare

Creek (O adophora was present on all but the very darkest riffles and
in many runs and pools. Q@ adophora also initiated growth a nonth

earlier on Hare Oeek than on NFSF Noyo. These results all indicate
that logging has significantly increased the growh of O adophora on
Hare Creek.

Hare Creek watershed was selectively logged and a bufferstrip
was left, thus an increase in light was mninmal and therefore not
the reason that O adophora was nore abundant on Hare Creek than on
NFSF Noyo. The factors responsible for the greater abundance of
O adophora on Hare Creek, lower mnimum thresholds of Iight and
stream velocity (and to some degree the earlier growth initiation),
are not related directly to increased light, but are indicative of
higher levels of nutrients, nost likely phosphorus (Witton, 1971).
When nutrients were neasured in July and August there was no
significant difference. But phosphorus is transported into streans
adsorbed on sedinents during winter storm events. As wll be shown
in Section 3, Hare Creek has a nmuch greater sedinent |oad and
therefore a nuch greater potential for higher phosphorus |evels than
NFSF Noyo. Wnter and spring would be the periods when Hare O eek
woul d have higher phosphorus concentrations than NFSF Noyo.

d adonhora is capable of luxury consunption of phosphorus when it is
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avai l able (Witton, 1971), thus the limted period in the spring
when Cl adophora is growing wth high phosphorus |evels probably nay
be sufficient to support C adophora throughout its grow ng season.

SECTION 11

DI ATOM RESPONSE TO LOGE NG AND SCLAR RADI ATI ON

Introduction

An increase in solar radiation to snmall order streans by canopy
reduction has often been considered a nmajor effect of logging on
streans (Hansmann and Phinney, 1973; Mrphy et al., 1981; Hawkins et
al. 1982). Any study looking at primary productivity in streans
must be concerned with solar radiation because of its predom nant

role in photosynthesis.

This part of the study was designed to exam ne whether
differences in solar radiation on a single stream affect the diatom
periphyton community (filanentous algae was addressed in the
previous section), and to examne |ogged and unlogged streans under
conditions of simlar solar radiation to determne whether there are
differences between the stream diatom production of the two streans
that can be ascribed to changes introduced by |ogging other than

sol ar radiation.
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We are assumng because of the simlarity and proximty of the
two streans that the primary differences between them are due to
treatment effects, i.e., logging on Hare Creek. Therefore we will
hereafter ascribe differences between the two streans to logging but
acknow edge that differences may be due also to intrinsic

di fferences between the streans.

The assunption that solar radiation was the nost inportant
factor controlling primary production in forested streams was the
basis for the following working null hypotheses: (1) There is no
rel ationship between |ogging and diatom biomass; (2) There is no
relationship between solar radiation and diatom biomass.
Invertebrate grazing pressure was also considered an inportant
factor because of the possibility of erroneously accepting the null

hypot heses due to differential grazing between streans.

Methods

Two stations were established wth approximtely equal high
| evel s of solar radiation, one on each stream and two stations wth
approximately equal low |levels of solar radiation, one on each
stream Initially five riffles were chosen that appeared to be the
lightest and darkest on each stream Total daily solar radiation
was determned using the photoneter method in early July (Appendix
1). Then the Mdified Angular Canopy Density Method (Appendix 1)
was used to determne what the solar radiation levels would be at

these riffles at the end of the study (approximately one nonth).
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From these nmeasurenents a high solar radiation station was chosen on
each stream that nost closely natched at both the beginning and the
end of the study period. The sane nethod was used to select the two

dark stations.

Ungl azed ceramc tiles were chosen as the best artificial
substrate to sanple algae and invertebrates (Lanberti and Resh,
1985) . O July 11, 1984, five 15.2 by 15.2 cm tiles cenented to
separate cinder blocks were placed in the streans wth the tiles
flush with the substrate at each of the four stations. Current
(rmeasured with a Gurley pignmy current neter) and depth were then
measured over the center of each tile. The tiles were left in place
for 36 days. Just before tiles were renmoved, invertebrates on the
tiles were caught in a fine nesh net (noseum netting) which fit
tightly over each tile and preserved in 70% ethanol.
Macroi nvertebrates were identified to genus (Merritt and Cumm ng,
1984) . Tiles were scraped wth razor blades to remove the algae.
The ash-free dry weight of algal biomass on each tile was determned
by collecting the algae on pre-ashed (550¢ for 15 mn.) and tared
VWhatman GF/C filters. The filters were dried at 7Q0o for 48 hours,
cooled in a dessicator, and weighed to the nearest 0.1 ng. The
filters were then burned at 5500C for 25 mnutes, cooled and

rewei ghed.

Statistical Design

A stepwise multiple regression analysis was used to determne

the nost inportant factors effecting the variation of algal
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bi omass.  The independent variables included two dummy variabl es:

(1) whether the sanple was from the |ogged stream or the unl ogged
stream (2) whether the sanmple was from a high solar radiation or a
| ow solar radiation, and six nunerical variables: current, depth,
nunbers of total invertebrates, nunbers of grazers, nunbers of l|arge
grazers, and nunbers of small grazers. (The last two are subjective
categories but seemed appropriate as all the mayflies were |ess than
1 nmlong but very nunmerous, and the Glossosoma and Lymaea were 10
mm long but occurred in |ow nunbers.) The criteria for a variable's
inclusion in the regression equation are an F ratio greater than

0.01 and tolerance greater than 0.001.

Results

The total daily solar radiation on the high solar radiation
station on the NFSF Noyo was 25 x 108«E/m2 and 15 x
106 «E/m2 on Hare COreek. The total daily solar radiation on the
| ow solar radiation station on NFSF Noyo was 1.6 x 108 « E/m2 and
3.0 x 108 #E/m2 on Hare Creek. The nean algal ash-free dry
wei ght on the high solar radiation station on the NFSF Noyo was 1.06
g/m¢ (s = 0.57) and was 0.32 g/m2 (s = 0.11) on the high solar
radiation station on Hare Creek. The nean algal ash-free dry weight
on the low solar radiation station on NFSF Noyo was 0.76 g/m2 (s =
0.28) and was 0.24 g/m2(s = 0.13) on the low solar radiation

station on Hare O eek.
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Table 2 presents a sunmary of the stepw se regression.

Fifty--two percent of the variation was explained by the negative
relationship between algal biomass and logging (r = 0.72, p =
0.001). Solar radiation accounted for a relatively snmall marginal
increase in Rz (0.056) and its partial coefficient of regression
was significant only at p = 0.25. Al invertebrate variables,
current, and depth had statistically indiscernible effects on algal

bi omass.

There were no statistical differences between the nitrogen and
phosphorus l|evels neasured in md-sumer on NFSF Noyo and those
measured on Hare Creek. The maxi num and m ninum tenperatures on

each stream were also simlar (Appendix 2).

Di scussi on

The significant negative relationship between |ogging and al gal
bi omass, which accounted for 52% of the variation, indicates that
| ogging activity surpassed algal bionmass independently of
differences in solar radiation, grazing invertebrates, current or
dept h. This relationship probably reflects not only a |ower
standing crop of algae but also lower production in the |ogged
stream because under conditions of equal grazing (grazers were only
marginally correlated with algal bionass), standing crop can be used

as arelative measure of production.
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An original working hypothesis wused in this. study was that
because logging can increase invertebrates (Erman et al., 1977)
increased grazing mght be responsible for a | ower algal standing
crop in logged streans. But if the invertebrates found on the tiles
were representative of the invertebrates that grazed the tiles
during their 36 day exposure, then this hypothesis is false.

Lanberti and Resh (1985) showed that invertebrate popul ations

sanpled from unglazed ceramc tiles were identical in relative
nunbers and species conposition to those present naturally in the
substrate, and we assumed that invertebrate grazers captured on our
tiles were also representative of invertebrates in the wvicinity. If
this assunption were not true, differences in grazing pressure anong
the four stations may still be responsible for differences in algal

bi omass.

Although solar radiation had a positive effect on algal biomass,
it was not very significant despite the high and low solar radiation
stations representing the (greatest contrast in total daily solar
radiation available wthin the study reaches. Solar radiation
apparently is not as inportant as we previously thought especially

in relation to the large differences in algal biomass accounted for

by 1ogging.

Since the response of diatom bionmass on the logged stream cannot
be attributed to changes in solar radiation, temperature, nutrients
at the tinme of sanpling, or substrate (as these variables were

simlar on each stream and artificial substrates were wused), it nust
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be attributed to sone undetermned change in the stream environnent
produced by logging or to sone intrinsic but undetectable difference
between the two streams studied. One possibility discussed above is
that invertebrate grazing was higher on the |logged stream than on
the unlogged stream and we failed to detect it. Another

possibility, discussed in the next section, is that diatons were
scoured by suspended sedinent during winter floods nore heavily in
the logged stream than in the unlogged stream  Since floods
carrying suspended sediment may occur as late as March or April,
this may give diatom comunities in the unlogged stream a

conparative advantage throughout the sunmer grow ng season.

SECTION 11

THE RESPONSE OF STREAM ALGAE TO SUSPENDED SEDI MENT

| nt roducti on

Oten in the course of silvicultural or other |and management
activities large amounts of fine sedinent are introduced into
streams, nost frequently from |andslides, bank cutting, or surface
erosion off roads. This introduction of fine sediment can increase
the suspended sedinent, wash |oad, and bedload, and can cause
bi ol ogically significant changes in the conposition or norphol ogy of
the stream substrate. The deposition or intrusion of fine sedinent

is one of the nost significant deleterious inpacts of |ogging on

stream biota. The rearing capacity of pools, often a factor
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limting fish populations, is greatly dimnished by reductions in'
pool  vol urre. Changes in size distribution of riffle gravel can,
through habitat alteration, adversely affect algae, invertebrate

fauna, and fish reproduction.

Along wth increases in deposited sedinent one of the nost
commonly noted and neasured changes in the stream environment (and
also the basis of nmany water quality standards) is an increase in
suspended  sedi ment, or turbidity. A cursory reading of the

literature would suggest suspended sedinent has a trenendous direct
inpact on the biota of streans. Decreased photosynthesis, abrasion
of algae and insects, and death of fish due to clogged gills are
examples of what has been assunmed and inplied to occur wth
increased suspended sediment. But sonme of these effects are sinply
deduced and have never Dbeen denonstrated; and those axions related
to suspended sedinment that have been examined often prove to be

equi vocal . Sorenson et al. (1977) remarked, "As wll be seen in
review of the literature that follows, only occasionally do
suspended solids have drastic acute effects on the biology of nost

freshwater systens.”

Fish can tolerate very high levels of suspended sedinment before
adverse reactions occur. Salmon in Aaska often magrate upstream
through glacial four for many mles wth no ill effect (Cordone and
Kelly, 1961). Fish apparently secrete enough mucous to clean their

gills even wunder abnormally high levels of suspended sedinent
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(Cordone and Kelly, 1961). Sight feeding fish are thought to be
unable to forage effectively in highly turbid waters. This is
conmonly inferred by relative angling success in clean and turbid
water (Buch, 1956). Cordone and Kelly (1961) claim that "cutthroat
trout and salnon fingerlings can feed and grow apparently very well

in very nuddy water."

Abrasion is the nost frequently cited effect of suspended
sedinent on stream invertebrates. In this case there is evidence
that invertebrates are affected although nmnany authors ascribe the
effects of deposited sediment to suspended sedinment and do not
necessarily make this distinction (exanples found in Sorenson, 1977,
and Iwamoto et al., 1978). Gamon (1970), however, has denonstrated
a linear increase in insect drift wth increasing suspended sedinent
(drift is an escape mechanism for aquatic insects, and increases are
a sign of stress). Support can be found for either side of the
question of whether suspended sedinent adversely affects
invertebrate comunities (Sorenson, 1977, Iwamoto et al., 1978). In
general, the negative reaction by invertebrates seens to be the best
supported, although not proven, of all the assumed problens wth

suspended sedi nent .

Decreased photosynthesis due to high turbidity is the nost
common undocunented effect of suspended sedinent. Cften  studies
that are cited as evidence of this phenonenon actually were studying
a different aspect of water quality and only nentioned the possible

connection between photosynthesis and suspended sediment as an aside
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(e.g., Chapman, 1962; Cairns et al., 1972). But it hardly seened
necessary to test this relationship because by definition high

turbidity means less light penetration and therefore |ess potential

phot osynt hesi s. But there are several problems with this analysis.
First, in the streans usually encountered during |ogging operations

and nost critical for salmonid and forest production (less than

fifth order streams], high levels of turbidity only occur during
relatively short periods when there would be little photosynthesis
anyway because of storm clouds. This nmay not be true in |arger
rivers where high turbidity can occur year-round regardl ess of

st age. A second problemis that in many snall forested streans
there may not be nuch photosynthesis naturally due to canopy cover,
and the primary sources of energy for the stream ecosystem may be
al l ocht honous (Vanote et al., 1980). No studies could be found that
quantifiably show that photosynthesis has been significantly

affected by suspended sedinent.

Abrasion of algal comunities by suspended sediment is also
assuned, but not quantified. Although this effect seens possible,
it could also be true that nost algal conmunities nust be adapted to
occasional high levels of suspended sediment and nay be resistant to
abrasi on. In addition, nany algal species or comunities,
especially filanentous algae, have only seasonal existences and are

naturally decinmated by the first wnter storm (Blum 1956).

This phase of the study was designed to examne the question of

whet her or not suspended, sedi ment abrades periphyton and to see if
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there is any difference in the reduction of periphyton caused by
suspended sedinment from | ogged and unl ogged watersheds. Since the
sedi ment discharge of northern Californian coastal streams is the
highest in the United States (Curtis et al., 1975) and is among the
highest in the world (Holeman, 1968), it seems likely that streans
in this area of the United States would have the greatest potential
for algal scouring. Natural levels of suspended sedinent mght be
sufficient to fully abrade the periphyton comunity and, therefore
render undetectable silviculturally induced effects from increases

in fine sedinent.

Methods and Materials

To determne the effect of transported sedinent on algal
communities it was necessary to sanple algae immediately before and
after a storm of sufficient magnitude to cause the stream to entrain
sediment. Unglazed ceramc tiles (as discussed previously) were
used as artificial substrates. FEach tile was cenented to a cinder
block and then anchored in the substrate to prevent them from being

carried away or rolled as natural substrates mght during floods.

Ten tiles, each on separate cinder blocks, were placed in each
stream on Cctober 20, 1984. Current over each tile was measured
with aQurley pigny current neter. Depth was also neasured for each

tile.
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Wienever weather reports indicated rain, sites were observed to
see if stream discharge was of sufficient nagnitude to cause
sedi nment transport. If sedinent -transport seened likely, tiles were
randomy selected on each stream and renmoved prior to sedinent
movement . Each tile was then scraped with a razor blade to renoval
algal biomass. After the storm the remaining tiles were renoved and
the algae simlarly renmoved. Ash-free dry weight of algal bionass

was determned as in Section 2.

During storns suspended sedinent was sanpled from bridges (Fig.
2) with a USDH48 suspended sediment sanpler. Suspended sedi ment
sanples were taken approximately every 15 to 20 mnutes near the
peak flow and at greater intervals 1 to 2 hours from the peak.
Stage and current velocity were neasured after each suspended
sedinent sanple was taken. Qurrent velocity was neasured at 30 cm
intervals at the surface of the stream with a Qirley pigym current
meter. Orest gauges were placed above and below the bridge where
sedinent was sanpled. From the crest gages the height of the peak
flow at the two points could then be used to determne the slope of
the water surface at the peak flow The crest gages were also used
to deternine the height of the peak flow at flood events that were

m ssed.

Discharge data from the US GS gaging station on the Noyo
Rver at Fort Bragg were wused to estimate the reoccurrence interval
of the floods sanpled and to estimate stream discharges not

measur ed.
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Results

The winter of 1984-85 had few freshets that were of sufficient
magnitude to entrain sedinent. Only one flood which occurred on
March 26 and 27, 1985, was successfully sanpled. One half the tiles
were renoved the norning of March 26. The remaining tiles were
removed on March 30. This flood had two distinct peaks: one on
March 26 and one on March 27. W sanpled suspended sedinent on Hare
Creek during the peak flows on March 26. On March 27 stream
di scharge again increased and suspended sediment was sanpled on NFSF
Noyo. A hydrograph fromthe US GS gaging station on the Noyo
River (Fig. 5) indicates that the peak flows on both days were
approxi mately the sane. Because the NFSF Noyo woul d show the sane
relative difference in the two peak flows, we feel it is reasonable
to use the flood on March 27th as a proxy for the flood which
occurred on the 26th and therefore treat the suspended sediment
measurenments taken on Hare and NFSF Noyo as if they were synoptic

neasur enment s.

Figures 6 and 7 present discharge, suspended sedinment
concentration and suspended sedinment discharge as a function of time
for both streans. The peak discharge on Hare was 3.2 m3/s and
NFSF Noyo 2.1 m3/s (Fig. 6 and 7). The flood's recurrence
interval was approximately 1.0 year and less than the estinated

bankful | discharge on both streans.
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The pattern of the hydrograph and sedinent data (discharge and
concentration) were simlar on both streams. A snall peak in
suspended sedinent occurred close to the peak discharge, but the
| argest peak in sedinment cane on the declining linmb of the

hydr ogr aph.

Hare Creek had a nuch higher peak suspended sediment
concentration (4.0 g/l) than NFSF Noyo (0.82 g/l). On a sedinent
di scharge basis Hare Creek was eight times higher (9,800 g/s> than
NFSF Noyo (1,220 g/s). Differences between streans in these val ues
were simlar at the lower peak as well. Before the storm the nean
ash-free dry weight of the algal biomass on Hare Creek was 0.74
g/m2 and after the stormthe tiles had no measurable bionass. On
NFSF Noyo there was no difference in algal biomss sanpled before

(0.23 +# 0.07 g/m2) and after the storm (0.21 + 0.02 g/m2).

D .

In any study which relies on a conparison of two streans without
background data there is a chance, no natter how simlar the
streanms, that the differences observed are due to inherent
di fferences between the two streans and are not related to the
treatment. In this regard this study was conservative because
considering natural geonorphic characteristics NFSF Noyo should have
a much larger sedinent load. Hllslopes in the N-SF Noyo watershed
are commonly over 50% while those in the Hare Creek watershed are

nost commonly between 20-25%  NFSF Noyo's channel gradient, 2.2%
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is twice that of Hare Ceek's 1.1%  Aerial photographs showed NFSF
Noyo had approximately ten large (> 2,100 m2), recent (< 10 years
old) slope failures and nunerous small failures (< i10m2) all
depositing sedinment into the stream No slope failures were found
on either photos or on the ground in the Hare Creek watershed. In
Hare Creek there was a borrow pit that was apparently contributing
sediment to the stream but this can be considered |ogging related.
From this information one would expect that NFSF Noyo would have
much nore background suspended sedinment than Hare Creek. W can
therefore attribute with some confidence the greater anount of
suspended sedinent on Hare than Noyo to |ogging and associ ated

activities such as roads and borrow pits.

Despite the fact that the results in this section are based on
only one flood, several inportant conclusions can be drawn: (1)
Suspended sediment was capable of scouring and decinmating periphyton
communities; (2) Naturally occurring suspended sedinent |evels
(i.e., with little human caused additions) during commonly occurring
floods (1.0 year recurrence interval) in the redwood region did not
scour algae. Thus our hypothesis that natural suspended sediment
| evel s in the Redwood region of California would already be able to
conpl etely abrade the periphyton is not always true. (It may be

true with storms of greater magnitude.)

Because our design separated the effects of substrate novenent
(by anchoring artificial substrates) from suspended sediment we also

showed that suspended sedinent is independently capable of
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deleterious biological effects in streans. This result is the first
instance where a clear separation of these effects has been
denonstr at ed. Increased suspended sedinent danmaged the | owest
trophic level, and it can be assumed that its effects are translated
through higher trophic levels perhaps wultimately affecting the

streamls capability to produce fish.

This aspect of the study also suggests a nechanism that explains
lower algal bionmass later in the year in Hare GCeek. Even a
relatively mld storm causing a peak discharge less than bankful
can entrain sufficient sedinent from a logged watershed to wvirtually
elimnate non-fi | ament ous per i phyt on. By showing, what nmany have
suspected to he true, that suspended sedinment can scour algae and
that some naturally occurring levels of suspended sedinent do not
scour algae, we have documented another reason why care nust be
taken when harvesting tinber to avoid increasing the erosion of

suspended sediment into streans.

Concl usi on

W feel that the preceding studies can be integrated to present
a picture of one way in which logging may affect stream plant
communi ti es. Wi | e specul ative, this explanation could serve as a

nodel for future research

he of the nmost frequently cited water quality problens

associated wth tinber bharvesting is the increased anounts of fine



27
sediment introduced into streans (Chapman, 1962; Burns, 1972;
G bbons and Salo, 1973; Rce et al., 1979; GCederhom et al. 1980).
Qur results indicate that increased suspended sedinment is also the

case on Hare O eek.

During frequently occurring (recurrence interval |ess than one
year) winter floods of relatively [ow discharge (less than bankfull)
whi ch entrain sedinent, the diatom community on Hare Qeek is
deci nat ed because of |ogging induced higher |evels of suspended
sedi ment, while the diatom community on NFSF Noyo is little
affected. Substrate novement during intense stornms can also be
expected to bury and decimate diatom comunities on both streans,
but the flows necessary for substrate novenent have a nuch |arger
recurrence interval (5 to 10 years) than the flows necessary to
transport suspended sedinment. Since our studies separate the
effects on diatoms of substrate novement from suspended sedinent, it
can be concluded that the diatom conmunity in Hare Creek is
destroyed at |east annually while the diatom community in NFSF Noyo

is decimated |ess frequently.

If the last flood capable of scouring algae occurs in the spring
(1 out of every 2 years), then the diatoms in Hare Creek are scoured
off at approxinately the sane time as the initiation of growh of
Cl adophora. The O adophora (which like other opportunistic species
does best in disturbed environnents) is then presented with a
cl eaned substrate on which to grow and high levels of nutrients

(adsorbed to sedinents during the storm, in particular phosphorus,



28
which it can store for future use. The diatom community in Hare
Creek must re-establish itself in the spring from any remaining
cells and from upstream colonization in the face of conpetition and
shading by Cladophora. In contrast the diatom comunity in NFSF
Noyo woul d not be scoured by the spring flood and would start the

late spring and sunmer growing season already well established.

There would also be nuch less Cladophora on NFSF Noyo because of the
later initiation of growh and higher mninum thresholds of solar

radi ation and stream velocity, due we assune to fewer nutrients.

These relationships would explain why there was a |ower standing
crop of diatoms in md-sumer in Hare Creek than in NFSF Noyo. This
is because the source of colonizers for the artificial substrates
would be the diatom community upstream from them which would for the

reasons outlined above be depressed.

Managenent 1 nplications

There are two ways that |ogging operations act to increase the
spread of ( adophora: increased solar radiation from canopy renoval
and nutrient loading due to increased erosion and sedinent vyield to
the stream It is difficult before or during tinber harvesting to
assess how nmuch nore sedinent will be delivered to a stream It is
therefore also difficult to keep nutrient enrichnent below a |evel
which would not encourage _Cl adophora However, it is possible to
predict the increased level of solar radiation which would occur

with the opening of the canopy by using the Mdified Angular Canopy
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Density Method. Because the effect of nutrients on the growth of
€ladophora is accounted for by the lowered mninum threshold of
solar radiation, determning total daily solar radiation before and

after tinber harvesting would conpletely assess the potential for

the enhancenent of {d adophora To use the |owered solar radiation
threshold as a proxy for nutrients one must assume that the nutrient
enrichnent in Hare Creek is typical of nmodern |ogging operations and
therefore use the threshol d solar radiation values established on

Hare Creek for other streams nearby.

The inmplication of these results is that in order not to
significantly alter the periphyton community, then any opening of
the canopy nust be carefully controlled. At present, general
gui del i nes recommend 50% of the canopy mnust be retained during

tinber harvesting, primarily as a precaution against deleterious

stream tenperature increases. Qur research shows that in sone cases

this is inadequate for maintaining periphyton comunity integrity.

In contrast to O adophora the diatom algal standing crop is not
greatly increased by large increases in solar radiation. This would
be inportant in situations where Cadophora is not a nuisance and

canopy renoval is desired.

The scouring of algae by suspended sedinent can be added to the
list of means by which fine sediment additions to streams have

del eterious biological effects and is one nore reason that great
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care must be taken when harvesting timber to avoid increasing the

erosion of sedinent into streans.
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APPENDIX 1

Two NEIHADS FOR_DETERM N NG
THE AMOUNT OF LI GHT REACH NG A STREAM

Light is a critical factor in the study of prinmary production
because of its driving role in photosynthesis. Determining the
amount of light reaching a stream has its ow unique problens.

First there is alnmst always variability in canopy cover along a
stream requiring separate neasurenents for every area of concern.
Oh a snaller scale, short reaches of stream 3 to 5 m long, wth
fairly homogeneous canopy cover, can exhibit patchiness of sunshine
at any given time due to variable shading by branches and |eaves.
In addition in the course of a day there can be huge variations in
the amount of light reaching the stream as the sun noves behind
trees or into open areas. Both problens assure that a single [light
measurenent would probably have little relation to the light status.

of that reach of stream

Qur first nethod (neasuring instantaneous radiation wth a LiCor
photoneter at frequent intervals and nany |locations over a day) for
determning the amount of total daily light reaching a section of
stream successfully avoided these problens but was extrenely tine
consum ng. Using the values obtained by the first nethod as a
reference, a second nethod was developed that is less costly. These

two nethods are described in detail below
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Met hod 1 Phot oneter Method

In our study a reach of stream was comonly a riffle
approximately 3-5 mlong. Light was determned by (1) randomy
choosing 10 points in each riffle, (2) flagging these points, (3)
measuring with a Licor Mdel 192S photoneter the light reaching the
riffle surface at each point over the course of a day at 15 to 30
mnute intervals, (4) averaging the values of all 10 points for each
15 mnute interval, (5 plotting the average |light against time of
day, and (6) integrating this graph to obtain total average |ight
reaching a riffle. Br averaging 10 points each time light was
measured we accounted for wvariations in shading at a reach over the
course of a day. This procedure would need to be repeated for

different seasons as sun angle changed.

Method 2 A Mdified Canopy Density  Mthod

An angular canopy densionmeter was developed (Brazier and Brown,
1973) to predict tenperature increases in streans resulting from
canopy renoval during tinber harvesting. It is a square mrror
divided into 36 snaller squares. The mrror is placed on a tripod
with adjustable brackets so that it can be positioned at various
angles relative to horizontal. The Brazier and Brown nethod
required pointing the mrror due south and setting the angle of the
mrror so that it would point directly at where the sun would be at
noon (solar time) on a critical date for stream heating (a high

angle for the sun but stream discharge is near its |lowest, thus
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later than spring equinox). Then while looking directly into the
mrror the nunber of squares conpletely or partially covered by
canopy are counted and percent angular canopy density (ACD) is
determned. This value was successfully correlated (Brazier and

Brown, 1973) with predicted stream tenperature increases.

This method was nodified in the following manner for wusein
predicting light reaching a stream not just for stream heating at a
critical time. The Brazier and Brown nethod takes one reading wth
the mrror pointed due south (noon, solar time) and the angle of the
mrror set at the conplenent of the angle of the sun. W took ACD
readings with the mrror directed at where the sun would be at 0900,

1030, 1200, 1330, 1500.

The angles of sun above the horizon and the conpass direction of
the sun for these tinmes of day were obtained from a solar

engi neering handbook for the latitude and tine of year.

Since we were seeking a correlation between actual |ight
measured with the photoneter, we used the current positions of the
sun on the day of measurenent, July 6, 1964. But angul ar canopy
density reading can be taken for any date light information is
desired (canopy may change over the course of a year as happens in

deci duous forests but corrections are possible).

ACD reading nmust be adjusted when sunlight is less intense at

angl es bel ow solar noontinme. W used the Li-Cor photoneter to
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measure light in the open at 1200, 1330, 1500 (the angles of the sun
at 1330 equal those at 1030 as does 1500 equal 0900 so adjustments
are the sane) and then adjusted each angular canopy density (ACD
nmeasurement by the ratio of its corresponding open sunlight value to
open sunlight valueat noon. The correction factors for md-July at

390 latitude were 1 O for noon, 0.789 for 0900 and 1500 and O0.878
for 1030 and 1530.

The final value of the Mdified Angular Canopy Density nethod

(MACD) is obtained by suming the adjusted values for each period.

To determine how well the MDD estimated actual light over the
course of an entire day neasured with a photometer, we chose 10
riffles and performed both nethods. The NMACD was highly correlated
(r = 0.95) wth photoneter estimates of average daily |light (Fig.
Al). Because the angular canopy densioneter measures the canopy
that intercepts sunlight, the relationship between MCD and average
daily light is inverse. Wen only noon values of the ACD were used,
the correlation coefficient was 0.71, thus showing the need for

measurenents at other times -- four in our case were adequate.

Either Fg. A or the equation of the regression line (Total

Daily Light

5.68 x 107 - 1.35 x 105 x MACD) can be used to

obtain total daily light values (insE/m2) from MACD

measur ement s. Although Fig. A and the regression equation are
latitude and date specific, a difference in latitude and/or tine of

year can be accounted for by nmeasuring the |light wth a photoneter
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in an open area at 1200, 1330 (or 1030), and 1500 (or 0900),
conputing a ratio with the sum of these neasurenents and the sum of
correspondi ng neasurements taken on July 6 at 39eN latitude, and

then using this ratio to adjust the value obtained fromFig. A.

There are two principal advantages of the MACD over the

phot onet er net hod. First it is nuch faster and therefore cheaper.
The photoneter method requires for each reach an entire day of
neasurenents and then an hour of calcul ations. The MACD requires
0.5 hour to determne the angles and conpass directions for the date
and latitude desired, and these positions of the mrror are used for
all stations. Once at a reach where light information is needed, it
takes approximately 10 mnutes to record the data. The second
advantage of the MACD is that light levels can be determned for any
time of the year regardless of when a reach is visited (keeping in
nmnd any seasonality of canopy cover). Wth the photometer nethod
light levels can only be determned for a date when one is at the

stream



Table 1. Men percent cover of Cladopora, totd daily light, and mean water and velocity.

Strean Station Cladophora S.D. Total Daly Veocity SD. Depth S.D.

% Cover Light (m/sec) (cm)

NSF Noyo A 0 0 4.0 .30 .06 8.6 1.7
NFSF Noyo B 0 Q 6.3 .38 12 115 31
NFSF Noyo  C 0 Q 1.9 27 13 14.3 1.3
NFSF Noyo D 28.3 14.6 24.7 47 A1 113 117
NFSF Noyo  E 0 0 1.6 A7 17

NFSF Noyo ~ F 20.0 91 34.9 48 17 14.2 11
Hare A 20.5 9.6 122 46 19 8.1 15
Hare B 20.5 221 0.7 31 10 106 21
Hare C 60.3 26.6 5.7 17 07 146 2.7
Hare ) 26.5 114 10.7 .39 .02 8.5 10
Hare E 12.75 10 14.7 30 16 0.4 14

Hae F 125 25 30 .52 A 116 22




Table 2. Multiple correlation analysis of non-filamentous algal biomass on tiles with four independent variables.

Variable Multiple R R Square RSQ Change  SimpleR B P
Logging Status 0.72297 0.52266 0.52268 -0.72291 -3.957737 0.001
Light Status 0.76054 0.57841 0.05574 -0.15429 -1.347449 0.25
Total Numbers Lage Grazers 0.76714 0.58851 0.01009 -0.13592 0.51558150-01 us

Depth of Sream (am) 0.76757 0.58917 0.00066 0.15736 -0.39741370-02 [N
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