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ABSTRACT

Streans with narrow buffers (less than 30 m and without buffers in northern
California were sanpled 6-10 years after logging and 5 or 6 years after an initial
post-logging study in order to evaluate recovery rates. Six narrow buffered streans
and six unbuffered streans were grouped in blocks with suitable unlogged (control)
streamns.

Unbuffered streans showed considerabl e but inconplete recovery based on a
diversity index of macroinvertebrates. Conpared to the nean of control streans the
mean diversity of |logged streans was 9.1% | ower in 1980-81 conpared to 25.2% | ower in
1975. Narrow- buffered streans, by contrast, have changed little since the |last survey.
The nean diversity was 12.5% | ower than controls in 1980 conpared to 12.4%in 1975,
and the six streans showed a positive association between buffer width and diversity
i ndex.

By enpl oying a neasure of transportable sedinent stored in the stream bed we
deternm ned that the | ogged and narrow buffered streams still contain significantly
nmore fine sedi ment than conparable control streans.

Narrow buffers were not effective in pronoting a nore conplete or rapid rate
of recovery than streans wi thout buffers.
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| NTRODUCTI ON

One of the mmjor environmental concerns of logging is its inpact on aquatic resources.
Reduction in nearstream vegetati on and di sturbance of the |and surface frequently lead to
el evated sedi nent | oads, increased water tenperature, disruption of aquatic food webs, and
decreased habitat diversity (Karr and Schl osser 1978). Changes in biomass and species
conposition of streambiota frominproper |oggi ng have been shown repeatedly (Cordone 1956,
Chapman 1962, Cal houn and Seel ey 1963, Hall and Lantz 1969, Mring and Lantz 1975, Newbold et
al. 1980). In sone cases logging has resulted in greater density and bi omass of young sal noni ds
(Burns 1972, Moring and Lantz 1974, Hall et al. 1978). Factors which m ght aneliorate
undesirabl e effects of |ogging are unclear but an increase in primary production within the
streamis one mechani smthat has been postulated to explain increased standing crops of benthos
and fish (Murphy et al. 1981).

Buf ferstrips of vegetation along streans are effective in reducing changes in stream
comuni ties caused by tinmber harvesting and are a recomrended managenent practice to aneliorate
adverse effects of |ogging (FWPCA 1970, Hall and Lantz 1969, California Fish and Gane, no date,
Lantz 1970, 1971, Moring and Lantz 1974, Sadler 1970, Karr and Schl osser 1978). Not all
bufferstrips are totally effective, however. Extensive post-logging analysis of over 50 small
northern California streanms consistently found | ower invertebrate diversity indices in streans
with no buffers and in sone with less than 30 mbuffers (Erman et al. 1977). |In streans with
buffers greater than 30 m diversities were not different fromunlogged streans. This study
al so found evidence of lower diversity in streans | ogged nore than a decade earlier.

A cl earer understandi ng of how | ogging activities affect streamcommunities, especially in
relationship to streanside bufferstrips, would be invaluable to resource managers. Qur study
was undertaken to increase our understanding of those processes through an anal ysis of
invertebrate communities and environnental factors affecting those commnities. In particular we
wanted to determine the rate of recovery of invertebrate comrunities in streans that had | owered
diversities in the years immediately following logging. W returned to approximately half of an
original group of stations sanpled in 1975 -- essentially all the | ogged and narrow buffered
streans studied by Erman et al. 1977). Although streams with narrow buffers generally were
i nadequately protected in the short term we hypothesized that streans wi th narrow buffers m ght
exhibit nore rapid or conplete recovery than | ogged streanms without buffers. Data on
macr oi nvertebrate conposition, algal pigment standing crop, fine sediment abundance, and ot her
physical -conditi ons of the streans were collected to test this hypothesis.

Several study designs can be used to evaluate environmental inpacts on natural resources
(long-term before and after analysis, extensive before and after analysis, intensive post-
treatment anal ysis, extensive post-treatnent analysis). The extensive post-treatnent anal ysis
was used in this study since it provides a w de perspective and a nore general interpretation of
results (Erman et al. 1977, Hall et al. 1978). In addition, a |arge nunber of environnental
parameters have been sanpled at each station so that rel ati onshi ps between biol ogi cal and
physical factors can be nore intensively examined both in the treated streans and in the control
streams taken as separate groups.

STUDY AREAS

Si x | ogged sites, 6 narrow buffered sites, and 17 control sites were sanpled from
15 streans grouped into nine blocks in northern California (Fig. 1). Al but three streans

were |located in watersheds dom nated by Dougl as-fir (Pseudotsuga nenziesii), true fir (Abies
spp.), or mxed conifer (Pinus, Abies, and others) and hardwoods (Quercus spp. and Acer
macr ophyl lum) . The remaining streans were | ocated in watersheds dom nated by redwood (Sequoia
senpervirens) and grand fir (Abies grandis). Sanple sites were relocated as closely as
possible to the original stations (Erman et al. 1977). Three new streans were chosen to repl ace
control streams that coul d not be used because of human disturbance since the previous study.
In the first study (Erman et al. 1977), sites were chosen so that each station within a | oggi ng
area was matched with two control stations to constitute a block. That design was repeated
with the exception of 1) the Copper block, which had only one treatnent and one control (North
Fork Copper was not flowing inits former bed), 2) the Two Bit block, and 3) the Redwood bl ock.
Oiginal controls were recently disturbed in the two |atter blocks. A description of watershed
characteristics for streams |acking buffers (logged streans) and their respective controls is
in Table 1, and those of streams with narrow buffers (buffered streans) and their
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FIGURE 1. General l|ocation of study sites in northern California.

respective controls is in Table 2.

Control streanms are generally simlar to disturbed streanms within a block in size,
topography, and vegetation type. Little North Fork (unblocked in the original study) is a
| arger stream which for conparison has been included in the adjacent Garden Block. All other
streanms are typically near headwaters to reduce upstreaminfluences as nmuch as possible.
Loggi ng occurred between 6 and 10 years prior to the study (Tables 1, 2) using clear-cut cable,
clear-cut tractor, and selective tractor |ogging methods. Buffer strips varied in average w dth
from3 to 25 neters (slope distance). The width of a streambuffer often varied considerably
and sone buffers graded into a cut rather than ended abruptly.

In the original study, |ogging roads were far fromthe streans except for crossings. In the
5 years since that study, construction or upgrading of roads near streans has occurred to sone
extent in 3 (Redwood, Philpot and Two Bit) of the 9 block areas, mininal new | ogging occurred in
Phi | pot, Copper, Two Bit, and Tayl or bl ocks, and substantial new | ogging occurred in the Redwood
bl ock several kiloneters above the sanple site on Hare Creek. Three streans that were included
in these blocks in 1975 were obviously affected by the recent disturbances (South Fork Noyo had
consi derabl e new slash in the stream and a hydrogen sulfide smell, Naufus Creek had fresh
sedi nent deposits fromnewy constructed roads, and Indian Creek had new skid trail crossings
and skid trails along its banks). These streans were sanpled in 1980 as conparisons with 1975
and to present a conplete picture of as many of the original streans as possible. These streans
are called recently disturbed (RD) and are treated separately in the presentation of results.

Most wat er sheds had extensive regrowth of brush or mixed conifer and hardwood speci es,

al though two of the clearcut watersheds (Two Bit and Four Bit) still had | arge areas of
bare ground. Riparian shrubs (Salix, Alnus, and others) formed thick patches in places
over the streams in the |ogged areas. |In the bufferstrip blocks, no wi ndfall of

bufferstrip trees had fallen into the stream and nearstream veget ati on appeared unchanged
except along one stream (Garden) which had a 3 mbufferstrip. A road crossing above the



TABLE 1.
WATERSHED CHARACTERI STI CS OF CONTROL (C, UNLOGGED), LOGGED (L),
AND RECENTLY DI STURBED (RD) STREAMS | N NORTHERN CALI FORNI A

Block: Stream Status Logging Conditions * Location
Former Present Y ear Type? Area (ha) % of Watershed
Copper:
Copper A L L 1973 ST 59 100 ShastaTrinity National Forest
Copper B C - - - -
Two Bit:
Two Bit L L 1972 CcC 14 11 Klamath National Forest
Lower Four Bit L L 1972 CcC 7 9
Upper Four Bit C C - - -
Indian C RD - - - -
Taylor:
Lower Taylor L L 1972 ST 60 10 Plumas National Forest
Upper Taylor C C - - - -
E. Br. Lights C C - - - -
New Y ork:
Mid New Y ork L L 1974 ST 33 7 Tahoe National Forest®
New York Trib L L 1974 ST 11 11
Upper New Y ork C C - - - -
Empire - C

! Data from Erman et al. (1977)

2 ST - Selective Tractor
CC - Cabl e Clearcut

® cut watersheds are on private land within Tahoe National Forest.



TABLE 2
WATERSHED CHARACTERI STI CS OF CONTROL (C, UNLOGGED), NARROW BUFFERED (N),
AND RECENTLY DI STURBED (RD) STREAMS | N NORTHERN CALI FORNI A

Bl ock: Stream St at us Loggi ng Conditl ons?® Locati on
For mer Present Year Type? Area (ha) % Buf f er
Wat ershed W dth(m
Redwood:
N. Fk. S. Fk. Noyo C C - - - - - Jackson State Forest
S. Fk. Noyo C RD - - - - -
Har e N N 1974 CcC 400 5 7
Phi | pot :
Phi | pot C C - - - - - Shasta-Trinity National Forest
Phi | pot Trib. C C - - - - -
Nauf us N N, RD 1973  CT 11 6 5
Packsaddl e:
N. Packsaddl e C C - - - - - Six Rivers National Forest
U. Packsaddl e C C - - - - -
Lower Packsaddl e N N 1974 CcC 24 4 20
Fal | :
N. Fall - C - - - - - Si x Rivers National Forest
S. Fall C C - - - - -
Knopki N N 1974 cC 12 15 25
Gar den:
Whi t es - C - - - - - Kl amat h National Forest
Mur phy C C - - - - -
Gar den N N 1970 CT 60 16 3
LNF N N 1970 CcC 15 0.3 22

! Datafrom Erman et al. (1977)

2 CC -Cabl e Clearcut
CT - Tractor Clearcut



sanpling station on Garden Creek had failed and a |arge debris pile conpletely covered the
stream for several hundred neters as noted in the original study. Sanpling was done below this
di stur bance.

METHODS

CGeneral Procedures

Twenty-five stations were sanpl ed fromJune 1980 to August 1980 and 4 stations were sanpl ed
in June 1981. Each station was sanpled once. Witer sanples were analyzed i medi ately for
al kalinity (Wods 1975), pH, and Ca- My hardness (portable Hach tests). A so, neasurenents were
taken of the followi ng characteristics: tenperature, discharge using a velocity-area technique
and a current nmeter (John 1978), vegetation type, bankfull discharge width (mean of five
measurements taken at 10 mintervals), and a visual estimte of overhead percent cover.
El evation, latitude, |ongitude, drainage area, and relief ratio are fromErnan et al. 1977 or
from appropriate maps (Appendix C). The magnitude of the average annual flood relative to the
size of the drainage, area was estimated fromthe relationship:

Bankfull width = (constant) (drai nage area)

where a value of 0.38 was used for the exponent b (after Dunne and Leopold 1978). The val ue of
the constant for each streamin units of feet per square mle is used to estinate the intensity
of the average annual spring runoff peak.

A nodified rating of stream channel stability (Pfankuch 1975) was determ ned for each
station. Nunerical scores are given for 15 characteristics of the streanbed and bank. The
percent age conposition of bottommaterials was visually estimted by using 8 size classes. Six
of the size classes (everything under 3 ft diameter) were used to graphically estimte the
geonetric nean dianmeter (dp) and its standard deviation (og) as presented by Ir.nman (1952).
Since these values are Based on visual estinmates they are approxi mations.

I nvertebrate Sanples

Sanpl e Col |l ection and Processing

At each station 16 benthic sanples were taken with a 0.1 n2 nodified Surber sanpler
(Mundi e 1971). This sanpler has a coarse inner nmesh net (2.5 mm) and a fine outer net (0.366

mm) . Large rocks encl osed by the sanpler were hand cleaned of all organisns and the stream
bottomwi thin the area of the sanpler was disturbed to a depth of about 10 cm The sanpler is
described in detail in Erman et al. (1977). Organisnms collected in the |arge nesh net were

pi cked out by hand and saved along with contents of the fine mesh net. In order to reduce
| aboratory processing and identification we used a subsanpling procedure. The contents of four
Sur ber sanpl es were grouped together as they were collected (a cluster). |In streanms with large
variation in water current each group cane fromsites of similar current. The cluster was
t horoughl y honpgeni zed in a container by hand with care taken not to damage any organisns. A
tight fitting grid of four conpartnents divided the container into four equal parts. ne part
was renmoved by mouth suction into a small bottle and saved for analysis in 70% al cohol, and the
other three parts (containing |ive organi sns) were returned downstream of the sanple section.

Each subsanpl e obtained in this way, while equal in size to a single Surber sanple,
actually estinmated the mean of four sanples. At each station for each stream four clusters
of four sanples (i.e., 16 Surber sanples) were collected. The precision of a single subsanple
estimating the cluster mean was exam ned beforehand by counting a nunber of subsanples
(Appendi x A). Sone subsanple counts did not follow a Poisson distribution (e.g., sone animals
becane enneshed together), thus values were |og transforned to normalize the distribution
before statistical testing.

At three stations (South Fork Noyo, N. Packsaddl e, Mirphy), the total nunber of
individuals in a cluster was too small to subsanple. |In these cases the probabl e nunber
of rare species that would have beenm ssedby subsanpling (i.e., species with fewer than
four individual s) were excluded from conputations of diversity in order to nake the val ues
conparable to stations where subsanpling was enployed. At two stations (New York
Tributary, Upper Taylor), only eight Surber sanples coul d be taken because of the snall
size of the streamand limted habitat at those stations. The value obtained after
pooling eight sanples (two clusters) at these two stations was used because



asynptotic values were reached after two clusters at all stations (Appendix A).

In the |l aboratory, sanples were stained with rose bengal solution and were handpi cked from
detritus under a microscope (7x-30x). Mst of the Epheneroptera, Plecoptera, and Trichoptera
were identified to genus. The Col eoptera and Diptera were usually identified only to famly.
Keys of Usinger (1956), Ednondson (1959), and Wggins (1977) were used. A conposite taxa list
for each location was based on the four subsanples.

Dat a Anal ysi s

The nunmber of individuals, nunber of taxa, evenness conponent of diversity and the Shannon
diversity index were used as dependent variables in statistical analysis. The diversity index
was conputed from

H = - SpiIn pi
and the evenness conmponent from
e =_H
| 0ggeS
where pi = xi / S x; is the sanple proportion of the i'" taxon, and S is the nunber of taxa.

The diversity index fromfour pool ed subsanpl es was used in regression analysis. The nean
of the four subsanples was used in analysis of variance. Analysis of variance procedures
foll owed those for nested or hierarchical sanpling designs (Bennett and Franklin 1954, LeRoux
and Reinmer 1959). Wth this technique, some information about the within-cluster variation is
| ost because not all 16 Surber sanples at a station were retained. However, wthin-cluster
variation is sonetines considered insignificant conpared to the variation within and between
streams. The null hypothesis was that streams within a block do not have differences in
diversity, evenness, density or number of taxa, thus the ratio of within to between stream
variation fluctuates about the value of 1. A studentized range test (Qtest) was used to test
whi ch di fferences between streams w thin blocks were significant (Chiang and Selvin 1978).

Peri phyton Pignments

Al gae were sanpled for pignent content at sixteen sanple points inriffles with 6-cm
dianeter or smaller rocks. At each point all surface rocks were collected froman area of 220
cm. Sanpl es were conbined in groups of four and were systematically subsanpled as for
invertebrates. Four subsanples fromeach station were placed in a 1:1 solution of 90% acet one
and di met hyl sulfoxide for 24 hours for extraction of pignents. This solvent nixture was used
because the spectrophotonetric extinction coefficients for acetone apply to this m xture (Shoaf
and Lium 1976), and because prelimnary |aboratory tests showed that the superior solvent
properties of dinmethyl sulfoxide gave better extraction results fromal gae securely attached to
rocks than did acetone by itself. Absorbance of the extracts was measured on a Beckman
spectrophotoir.eter (Mddel SD, 4 nmband width) for wavel engths from400 to 700 nm Anounts or
chl orophyll a and of phaeophytin a were estimated from equations in Vollenweider (1974).

Total pignment absorption potential was estinmated by neasuring with a planineter the area
under the curve of optical density vs. wavel ength. That part of the spectrograph due to
chl orophyl | a and phaeophytin a was subtracted fromthe total area to give an index of the
absorption potential of other pignments.

Li ght

Li ght was neasured with a Li-Cor quantumradi ometer. Ten instantaneous readi ngs were
taken directly over the center of the streanbed along the streamat 5 mintervals. Readings were
taken as closely as possible to 1230 hours (Pacific Daylight tine), the brightest tinme of day.
Al streans but three in the redwoods where fog was present were sanpled on clear days. G aphs
wer e devel oped, using the radioneter, of the distribution of energy flux over tinme for a full
clear day and were used to determine total anounts of radiation. Readings not taken at 1230 hrs
were adjusted accordingly. Readings for the redwood stream where fog was present were adj usted
by using graphs devel oped for those foggy conditions. Values are presented as approxinmate total
dai ly radiation.
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Transportabl e Sedi ment and Detritus

An index of stored fine sedinments, called transportable sediment, was detern ned by

di sturbing a known area of stream bottom and catching the resultant sedinent drift in downstream
cylindrical traps. |In this study fine sedinents were those that passed through a 0.3 nmm si eve.
These size classes, categorized as sand and silts (Todd 1970), have been shown to have bi ol ogi cal
effects (Cordone and Kelley 1961). Because these size classes are flushed through stream systens
rapidly (Beschta 1979), they may reflect the present condition of the watershed and stream
channel nore adequately than woul d | arger sizes which may take a nunber of years to nove through
the system if they nove out of the watershed at all (Trinble 1981).

Each trap (82 mmin dianeter, 42 mm depth) was partially filled with glass narbles (12 mm
dianeter) to aid in retaining deposited sedinent. A trap was closed with a tight lid after
filling with water and buried to just above the lip of the trap. Several rows of traps were
pl aced at measured distances (up to 4 m below a sanple point. A streamriffle was chosen with
as uniforma current and depth as possible.

When all neasurenents of depth and current at a trap were taken, the lids of the sedinent
traps were carefully renoved, working fromupstream first, taking care that no sediment entered
themat this time. Then a sanpling site imedi ately upstreamwas disturbed to a given depth (10
cm) with a hand trowel for a set time. |In streams with noderate to heavy ampunts of fine
sedinments, it was inpossible to deplete the store of fines by disturbing the substrate. In those
cases disturbance was usually limted to two mnutes. The sane tine |imt was used for particul ar
stream bl ocks so that conpari sons anong streanms could be made.

The area and depth of bottom di sturbed was noted, as was the average wi dth of the sedi nent
plunme over the traps. As soon as the streamcleared, the trap lids were replaced, beginning
downstream and renoved fromthe stream |In the |aboratory traps were enptied into a vacuum
flask, the marbles and trap rinsed, and the contents filtered (0.45 nmmesh) and oven-dri ed.

I'n general, unless the sanpling stretch was irregular, the amunt of sedi nent deposited
decreased downstreamin an exponential fashion as predicted by Einstein (1968), thus giving the
sedinent drift a longitudinal profile resenbling a hyperbola. Occasionally differences in
current and depth between adjacent microsites led to greater deposition at a site upstreamthan
one downstream In those cases data were snoothed to fit a probable curve.

We extrapolated fromthe trap the rate of sediment drift above and below the traps to
calculate the total anpunt of sedi ment noved. We assumed that sedi ment was not

resuspended fromthe containers. The area under a curve of sediment deposition per cnf vs.
di stance was neasured by planinmeter and equalled total deposition for a one cmstrip
downstream This value nultiplied by the nmean width of the plune and divided by the vol une
di sturbed, was the sedinent (nmg/cn?) originally present at the site.

Sedi ment sizes varied with the distance fromthe origin where traps were placed and al so
with the water speed, because fast currents carried larger particles into the first trap. To
standardi ze the effect of current differences anong sanple sites, we sieved out the larger size
classes after burning off organic matter and based all estimations only on those size classes
deposited at least in the first two rows of traps. Sedinents deposited in those size classes
theoretically should be independent of water speed (E nstein 1968). Qurrent affects the distance
over which a given size class is deposited but will not affect the anpunt deposited because the
met hod assunmes that all the disturbed sedinment is deposited regardl ess of current speed. W
tested this method by using known anmounts and sizes of sedinent and found an average overestinmate
of 18% for size classes typical of field situations (see Appendix B for details of test).

Smal | sized detritus was also collected by this technique. After weighing the dried
filter with inorganic sediment and detritus, the sanple was burned at 550 Cto estimate the
percentage of organic matter. Laboratory tests showed 8.5% of organic detritus renained as
ash.



Sanpling with a nodified Surber sanpler in Hare Creek



TABLE 3

MEAN VALUES OF POOLED SUBSAMPLE CLUSTERS FOR | NVERTEBRATE COVMMUNI TY MEASURES AND DENSI TY OF

SELECTED TAXA FROM LOGGED (L) AND CONTROL (C) STREAMS.

CREEK, A FORMER CONTROL, WAS RECENTLY DI STURBED ( RD) .

STREAMS ARE GROUPED | N BLOCKS.

| NDI AN

Stream Density (No./m?) Total Taxa Shannon Diversity Evenness  Baetis(No./m?)  Chironomidae (No./m?)
Copper A (L) 3480 52 2.75 696 698 573
Copper B (C) 2230 38 2.28 .627 278 873
Two Bit (L) 5280 53 2.78 .699 805 653
L. Four Bit (L) 5710 49 2.44 .627 460 1863
U. Four Bit (C) 4680 53 2.01 733 548 555
Indian (RD) 5340 50 2.20 .562 145 413
L. Taylor (L) 3920 39 2.27 .620 485 1665
U. Taylor (C) 1400 36 2.33 .650 208 550
E. Br. Lights (C) 5380 52 3.00 .758 265 928
Mid New York (L) 7530 62 2.57 .624 623 1825
New York Trib (L) 16600 43 1.59 422 325 2465
U. New York (C) 5040 52 2.74 694 295 1018
Empire (C) 9800 63 2.59 .624 1620 3533




RESULTS
Logged Streans W thout Buffers

I nvertebrate Popul ations

W thin most bl ocks control streanms had greater diversity and hi gher evenness than the
| ogged streans when cal cul ati ons were based on pool ed cluster subsanples (Table 3). The
di fferences between control and | ogged streamdiversity and evenness were significant (P = 0.05,
W | coxon signed rank test). There was no significant difference between | ogged and control
stations for density or number of taxa. All blocks had significant differences in diversity
anong stations (tested on cluster neans by analysis of variance), whereas other aspects of the
invertebrate community were significantly different in only two or three of the blocks (Table
4).

I ndi vi dual differences between stations within blocks were tested by a studentized multiple
range test (Qtest). Copper A now significantly exceeded its control in diversity and nunber of
taxa, whereas New York Trib had |ower diversity and evenness and higher density than controls
(Table 5). Recently disturbed Indian Creek also had | ower diversity and evenness than its
control. Lower Four Bit had |ower diversity than its control while Upper Taylor had | ower
diversity and nunmber of taxa than one control (East Branch Lights) but not the other (Upper
Taylor). Md New York was not different fromits two controls by any community measure.

Baeti s and Chironom dae, two of the nore abundant taxa in the 1975 study, were still the

two nost abundant taxa in general for all stations (Table 3). Chirononidae nade up 24% of the
density in |ogged stations and 26% in controls.

Transportabl e Sedi mnent and Detritus

The quantity of transportable sedinment within each bl ock was higher for the nmean of | ogged
stations than their control mean (Table 6). No data were obtained for the Copper bl ock.
Statistical tests were Iimted by the few degrees of freedomincluded fromthree | ogged bl ocks;
however, these data are included later with narrow-buffered streans to test for differences.
When i ndividual |ogged stations were conpared to the nean of block controls only Md New York
had | ess sediment than its controls while tw stations (Two Bit, New York Trib) exceeded control
means by over 400% (Table 6, Fig. 3).

The range of values for individual stations was from64.9 ng/cn* (Enpire Creek) to 242.1
mg/ cm (Upper New York) for control stations and from 130.2 ng/cnf* (Md New York) to a high of
883.1 (New York Trib) for the |ogged stations (Appendix D).

Transportable fine detritus was collected at the same tine as sedinment in the traps
(Appendix D). Quantities varied from21.2 ng/cm to 68.0 ing/cmt for control neans while means
of 1 ogged stations ranged from23.7 ng/cm* to 126 ng/cnt (Table 6). Three of the five | ogged
stations had nore detritus than the mean of their block controls (Fig. 2). New York Trib, which
had the greatest difference in sedinment conpared to controls, also had the greatest difference
in transportable detritus (+212% Table 6, Fig. 2).

Peri phyton Pignents and |ncident Radiation

Logged streanms had hi gher chlorophyll a concentrations (12% - 500% than control . streans
except in the Two Bit block (Table 7, Fig. 3). Two Bit and Lower Four Bit had nore phaeophytin
a (360% and 237% respectively) than the control mean, while Copper A New York Trib and'Md New
York had |l ess than controls (Fig. 3, Table 7). Only Lower Taylor had nore chl orophyll a and
phaeophytin a than the nean of its controls (Fig. 3). Wen the |ogged stations were arranged in
order of increasing total pigment conplex an interesting pattern with respect to chlorophyll and
phaeophytin was revealed (Fig. 3). Wth low quantities of total pigment, chlorophyll a was |ess
than the controls while phaeophytin a exceeded controls. At higher levels of total pignment this
pattern was reversed.

I nci dent radiation was greater in |ogged than control streams in all but Copper A (Table 6,
Appendi x C), which had regrown a dense understory of riparian vegetation. In addition, Copper B
(control) was partially opened earlier by clearing during construction of a road crossing.
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OF | NVERTEBRATE DI VERSITY (H' ),

TABLE 4
SUM OF SQUARES AND SI GNI FI CANCE ( NESTED ANOVA BY BLOCK) BASED ON SUBSAMPLE ESTI MATES OF CLUSTER MEANS
EVENNESS, DENSI TY AND NUMBER OF TAXA

BLOCK Diversity Evenness Log Density Nunmber of taxa
Val ue of T
F sum of squares F ,,s sumof squares F ,,s sumof squares F gps sum of squares F obs
05 petween within bet ween within between within between within
Logged
Two Bit 3.49 . 323 . 125 10. 40 .68 . 900 1.46 . 003 . 061 0.17 28.8 76. 60 1.50
Copper 5.99 . 114 . 090 7.69 .22 . 948 12.10 .018 . 020 6. 15 47.5 3.53 13.50
Tayl or 4. 26 . 240 . 112 9. 67 .71 . 666 4.78 . 043 . 054 2.92 89.5 23. 20 17. 40
New Yor k 3.49 . 812 .079 41.30 .16 . 576 35.90 .145 .054 10.60 15.7 6.10 2.34
Nar r ow Buffer
Redwood 4.26 . 318 .054 29.00 .20 . 792 12.50 .052 . 128 1.83 33.2 20. 20 7.37
Phi | pot 4.26 . 298 .056 24.10 .12 .477 10.70 .049 .029 7.48 118.5 59. 30 18.10
Gar den 3.49 . 849 .091 37.20 .87 . 996 6.76 . 155 .054 11.40 257. 3 42.70 24.10
Packsaddl e 4.26 . 003 . 125 0.11 .23 . 783 1.30 . 094 . 056 7.49 61.1 30. 10 9.13
Fal | 4. 26 . 101 . 046 9. 80 .27 LAT7 2.56 . 025 . 091 1.24 15. 4 12.90 5.37
! Actual values are 10 "2 |ower.
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TABLE 5
CLUSTER MEAN VALUES AND STANDARD DEVI ATI ON FOR LOG DENSI TY, EVENNESS,

NUMBER OF TAXA, SHANNON DI VERSI TY AND STUDENTI ZED RANGE TESTS
(Q?! (p = 0.05) FOR EACH BLOCK

Stream Log Density Evenness Nunber of taxa Di versity

X S. D. Q X S. D. Q X S. D Q X S.D. Q
Two-Bit (L) 2.72 0.08 .20 .738 .058 .121 37.0 4.0 10.6 2.66 0.21 .43
L. Four-Bit (L) 2.71 0.26 .685 .090 34.3 4.3 2.41 0.29
U. Four-Bit (C) 2.65 0.15 .785 .038 37.5 4.7 2.84 0.09
I ndi an ( RD) 2.71 0.12 .610 .004 30.8 6.8 2.08 0.17
Copper A (L) 2.53 0.12 .20 .754 .041 .134 34.0 3.0 6.5 2.65 0.06 .42
Copper B (O) 2.34 0.11 .683 .101 24.3 3.2 2.17 0.33
Lights (O 2.71 0.17 .34 .781 .013 .108 36.8 3.9 6.3 2.82 0.13 .44
Up. Taylor (C) 2.42 0.19 . 699 .037 23.5 3.4 2.20 0.15
L. Taylor (L) 2.58 0.11 .665 .086 28.5 1.7 2.23 0.33
Md New York (L) 2.87 0.07 .23 .658 .043 .092 42.8 2.9 12.0 2.47 0.17 .24
New York Trib (L) 3.22 0.06 .433 .017 36.0 3.5 1.55 0.01
Up. New York (C) 2.69 0.15 .735 .072 40.0 1.6 2.71 0.27
Empire (O 2.95 0.20 . 663 .027 45. 3 2.6 2.53 0.08
Hare (N) 2.49 0.09 .47 .687 .051 .120 18.3 1.7 5.9 2.20 0.17 .29
N. Fk. S. Fk. Noyo (C) 2.18 0.22 .700 .029 18.3 1.7 2.03 0.11
S. Fk. Noyo (RD) 2.28 0.34 .512 .087 17.3 3.9 1.44 0.15
Naufus (N, RD) 2.20 0.11 .23 .651 .056 .091 18.3 4.0 7.2 1.87 0.16 .31
Phi | pot (C) 2.23 0.14 .801 .046 22.8 3.3 2.50 0.18
Phil pot Trib (C) 2.49 0.09 . 736 .037 33.3 3.5 2.58 0.07
Garden (N) 2.15 0.12 .28 .660 .108 .118 20.3 4.4 7.9 1.97 0.32 .36
LNF (N) 2.65 0.09 .642 .025 35.3 1.0 2.29 0.11
VWites (C) 2.56 0.16 .779 .021 38.0 3.9 2.83 0.07
Mur phy (C) 2.31 0.08 .846 .009 41.8 2.8 3.16 0.09
L. Packsaddle (N) 2.53 0.16 .31 .706 .058 .116 34.8 5.7 7.2 2.50 0.26 .47
U. Packsaddle (C) 2.38 0.07 . 764 . 007 26.5 1.3 2.50 0.02
N. Packsaddle (C) 2.10 0.21 .765 .086 24.3 3.8 2.43 0.38
Knopki (N) 2.16 0.25 .39 .776 .067 .091 28.8 2.2 4.7 2.61 0.21 .29
N. Fall (C 2.36 0.18 . 756 .033 28.3 2.8 2.44 0.10
S. Fall (O 2.35 0.11 .824 .034 33.3 2.2 2.89 0.07

!Q values are the smallest differences between two neans which are signifi
by the Studentized Range Test.

at the 0.05 |evel
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TABLE 6

TRANSPORTABLE SEDI MENT AND DETRI TUS FOR | NDI VI DUAL TREATMENT STATI ONS AND CONTROL MEANS.

Data are for material passing through 0.30 nm sieve. Values in parentheses are for mean of
treatnents in blocks with nore than one treatnent station.
Block: Sediment (mg/cm?) Detritus (mg/cm?)
Stream

Control Treatment Change Control (Mean) Treatment Change

(Mean) (%) (%)
Two Bit: * 90.6 (333.2) (+268) 24.0 (23.7) (-1)
Two Bit (L) 491.2 +442 29.7 +24
L. Four Bit (L) 175.1 +94 17.7 -26
Taylor: 150.4 21.2
L. Taylor (L) 208.1 + 38 38.9 +83
New York: 153.5 (506.6) (+230) 68.0 (126.6) (+86)
Mid New York (L) 130.2 -15 41.2 -39
New York Trib (L) 883.1 +475 211.9 +212
Redwood: 51.4 16.3
Hare (N) 58.2 +13 11.1 -32
Philpot: 63.1 25.0
Naufus (N, RD) 136.7 +117 14.6 -42
Packsaddle:* 6.4 1.9
L. Packsaddle (N) 6.6 +3 2.6 +27
Fall:* 36.2 13.0
Knopki (N) 16.3 -55 13.6 +5
Garden: 147.5 19.4
Garden (N) 481.6 +227 49.0 +152

'ncludes only one control

stream
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SUMVARY DATA FOR CHLOROPHYLL A, TOTAL PI GVENT MATRI X,
DATA ARE FOR CONTROL MEANS,

PHAEOPHYTI N A.

DI FFERENCES OF TREATMENT FROM CONTRCL.
I'N BLOCKS W TH MORE THAN ONE TREATMENT STATI ON.

TABLE 7

I NCI DENT RADI ATI ON, AND PERCENT

I NDI VI DUAL TREATMENT STATI ONS, AND PERCENT

VALUES | N PARENTHESES ARE FOR MEAN CF TREATMENTS

Bl ock: Ch 1 a (nmy/nf) Pigment Matrix (noles 1077 /cnf)
Stream Control Treatment Difference Control Treatnent Difference
Mean % Mean %
Two Bit?h: 8.7 (2.8) (- 68) 16. 4 (8.8) (- 47)
Two Bit (.L) 2.4 - 72 7.8 - 52
L. Four Bit (L) 3.1 - 64 9.7 -4
Copper *: 2.5 6.
Copper A (L) 15.0 +500 26. 4 +306
Tayl or: 10.5 18.
L. Taylor (L) 12.9 +. 23 23.8 + 27
New Yor k: 16.5 (20.3) (+ 23) 38. (40.1) (+ 4)
Md New York (L) 22.2 + 34 43.5 + 13
New York Trib (.L) 18.3 + 12 36.6 - 5
Redwood*": 6.3 14.
Hare (N) 3.8 - 40 8.0 - 42
Phi | pot : 5.9 12.
Naufus (N) 3.1 - 47 11.1 -9
Gar den: 14.2 (9.7) (- 32) 25. (18.3) (- 29)
LNF (N) 7.5 - 47 16.1 - 37
Garden (N) 11.8 - 17 20. 4 - 20
Packsaddl e: 3.4 7.
L. Packsaddle (N 2.7 - 21 7.7 + 7
Fal | : 11.7 19.
Knopki (N) 9.8 - 16 16.1 - 17

' I'ncludes only one control

stream
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TABLE 7 (cont.)

Bl ock: I nci dent Radi ation/ (Ei n/ nf- day) % Phaeophytin
Stream Contr ol Treatment Difference Control Treatnment Difference
Mean % Mean %
Two Bith: 3.8 (37.3) (+882) 6.3 (25.2) (+299)
Two Bit (.L) 36.9 +871 29.0 +360
L. Four Bit (L) 37.6 +893 21.3 +238
Copper *: 64.9 40.5
Copper A (L) 4.2 - 94 19.5 - 52
Tayl or: 32.1 13.1
L. Taylor (L) 50.0 + 56 17.0 + 30
New Yor k: 10.9 (23.2) (+113) 38.5 (28. 4) (- 27)
M d New York (L) 24.0 +121 22.3 - 42
New York Trib (.L) 22.3 +105 34. 4 - 11
Redwood*: 5.5 22.0
Hare (N) 16.0 +209 28.8 + 31
Phi | pot : 50.0 17.9 28.8 + 31
Nauf us (N) 49.0 -2 57.0 +218
Gar den: 9.7 (35.1) (+262) 17.8 (16. 6) (-7
LNF (N) 60.0 +519 17.8 0
Garden (N) 10. 1 + 4 15. 3 - 14
Packsaddl e: 10.5 19. 7
L. Packsaddl e (N) 30. 1 +187 33.0 + 68
Fal | : 1.8 19. 4
Knopki (N) 1.8 0 9.5 - 51
Y I'ncludes only one control stream
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Nar r ow- Buf fered Streans

I nvertebrate Popul ations

Pool ed cl uster subsanple values for comunity neasures and density of Baetis and
Chirononi dae are given in Table 8. Diversity and evenness were significantly |ower in narrow
buffered than controls (P = 0.05 and 0.01, respectively, WIcoxon signed rank test), but density
and nunber of taxa were not different between treatnment and control streans.

Wt hin blocks, analysis of variance showed four of five narrow buffered bl ocks had
significant differences in diversity (.Table 4). Naufus, Garden and Little North Fork had
significantly lower diversity than their controls while Hare Creek, Knopki, and Lower Packsaddl e
were not different fromcontrols (Qtest, Table 5). Results fromthe Fall block were difficult
to interpret because diversity of Knopki was not different fromeither control, but the controls
were significantly different from each other.

There was a significant correl ati on between buffer width and diversity for all narrow
buffered streams (P < 0.02, rs = 0.90, Spearman's rank correlation) showing an increase in
diversity with an increase in buffer width (Fig. 4). The relationship was al so significant when
the recently disturbed narrow- buffered station (Naufus) was renoved fromthe cal cul ati ons.

Chironom dae and Bast-is made up the | argest percentage of total density (Table 8),
toget her accounting for about 50% and 30% of density in treatnments and controls, respectively.

Transportabl e Sedi mnent and Detritus

There was considerable variation in the quantity of transportabl e sedinent and detritus
anmong the bl ocks of narrow-buffered streanms. The nmean anpunt of transportable sedinent in
controls ranged from 6.4 nmg/cnf in the Packsaddl e block to 147.5 ng/cnf in the Garden bl ock (Table
6). Individual narrow buffered stations ranged froma low of 6.6 ng/cnf in Lower Packsaddle to a
high of 481.6 ng/cnf (Garden). 1In all but the Fall block, narrow buffered streans had nore
transportabl e sedi nent than the nmean of conparable controls. The amount of sedinment in narrow
buffered streans as a percentage difference fromcontrols is shown in Fig. 2. Naufus and Garden
(the smal |l est buffers) showed | arge percentage differences fromcontrols and, along with Little
North Fork (for which no sedinent data were collected), were also the streams with | ower
diversity than controls. The inverse relationship between diversity and the amount of sedi nent
was nmarginally not significant (P < 0.07, Spearman's rank test) with only five narrowbuffered
streamns.

A trend was not as clear for transportable detritus (Table 6, Fig. 2). |In three bl ocks
(Garden, Packsaddl e, Fall) buffered streans exceeded the mean of controls. The range of control
means was from 1.9 ng/cnf (Packsaddl e block) to a high of 25 mg/cnf (Philpot block). The range
for narrow buffers was from 2.6 ng/cnf (Lower Packsaddle) to a high of 49.0 ng/cnf (Garden). Data
for individual streams are given in Appendix D.

When taken as a group, narrow-buffered and | ogged stations had significantly nmore
transportabl e sedi ment than bl ock control neans (p = 0.05, WIcoxon signed rank test). This
difference in treatments fromcontrols was substantial, averaging 133%

Peri phyton Pignents and | ncident Radiation

I'n all narrow-buffered bl ocks, chlorophyll a concentrations were significantly lower (p =
0.05, W/ coxon signed rank test) in the buffered streans than in respective controls (Table 7).
The differences fromcontrols ranged from 16% (Knopki) to 47% (Naufus and Little North Fork).
Streans with the narrowest (Garden, 3 nm) and w dest (Knopki, 25 n) buffers had simlar quantities
of chlorophyll a and simlar differences fromthe controls (Table 7). Total pignment
concentration was also significantly |ower in buffered streans (excluding Naufus) than their
controls (P < 0.02).

Just as in the | ogged streans w thout buffers, there was a trend anong the narrow buffers
that as total pignent increased, there was | ess phaeophytin a relative to their respective
controls (Fig. 3). This inverse relationship between total pigment and percent phaeophytin was
significant (Spearman's rank test, P < 0.01).
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TABLE 8

VALUES OF POOLED SUBSAMPLE CLUSTERS FOR COMMUNI TY MEASURES AND MEAN DENSI TY OF SELECTED TAXA
FOR NARROW BUFFERED (N), CONTROL (C), AND RECENTLY DI STURBED (RD) STREAMS

Stream Densi rtg/ Shannon Diversity Evenness Baeti s Chi ronom dae No. of
(No. / nt) (No. / nf) (No. / nf) Taxa
Hare (N) 3130 2.36 0. 648 603 1025 38
So. Fork Noyo (RD) 2320 1.54 0. 436 115 1493 34
No. Fork, So. Fork Noyo (C) 1620 2.26 0. 651 270 45 32
Nauf us (N, RD) 1640 2.05 0.582 103 723 34
Phi | pot (C) 1760 2.80 0.777 263 210 37
Phil pot Trib (C) 3080 2.73 0.698 513 608 50
L. Packsaddl e (N) 3550 2.70 0.675 938 508 55
U. Packsaddl e (C) 2410 2.64 0.698 633 165 44
N. Packsaddl e (C) 1400 2.58 0. 699 88 518 40
Knopki (N) 1630 .2.74 0.713 173 470 46
N. Fall (O 2450 2.58 0.699 155 530 40
S. Fall (O 2290 3.09 0. 760 158 310 58
Garden (N) 1440 2.19 0.670 648 185 36
Little North Fork (N) 4700 2.43 0.611 1613 958 53
VWites (O 3760 2.94 0. 737 763 453 54
Mur phy (C) 2070 3.26 0.795 193 223 60
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Nar r ow- buf fered Lower Packsaddl e in 1980 six years after |ogging.

22



There was no rel ationship between buffer w dth and anpbunt of incident radiation. There was
al so no sinple relationship between the amount of incident radiation and either chlorophyll a or
phaeophytin a (Table 7, Appendix E). As noted above all the narrow-buffered streans had | ess
chlorophyll a and alnost all had |less total pigment than controls even though no simlar pattern
existed for incident radiation levels. Three of the narrow buffers had nore |ight (187 to 519% of
control means) than the nean for block controls, while three had virtually no difference (-2.0to
4.09% fromcontrols (Table 7). We conbined | ogged and narrowbuffered streans as treatnments for a
statistical test (WIcoxon signed rank test) of differences in anount of incident radiation from
bl ock controls. This test showed that treatnment streans received significantly (p = 0.05) nore
l'ight than their controls.

Stream Recovery Streans

W t hout Buffers

Invertebrate diversity was generally higher in the present anal ysis when conpared to the
same stations sanpled in 1975 (Table 9). However, there was no correlation in the ranks of
diversity for the two studies (Spearman's rank correlation, P > 0.35). Percentage difference in
diversity of treatment fromcontrol is shown in Fig. 5 for both studies. Control stations averaged
0.26 diversity units higher than the same stations in 1975, whereas |ogged stations averaged 0. 62
units higher than the sane stations in 1975. |In 1975 | ogged stations had averaged 0. 60 diversity
units lower than their block controls while in 1980-81 the sane stations were only 0.24 | ess than
their block controls. Thus there was a 0.36 increase in nmean invertebrate diversity in the | ogged
bl ocks conmpared to controls from 1975 to 1980-81. |In ternms of percent difference, diversity
averaged 25.2% |l ower in 1975 at | ogged stations relative to controls while in 1980-81 this figure
was only 9.1%

Conpari son of another neasure of recovery was made by testing ranks of Pfankuch ratings in
1975 vs. 1980-81. Ratings of treatnent streanms in 1980-81 were significantly |ower (thus
i mproved) than in 1975 (P < 0.001, W/ coxon signed rank test). The mean Pfankuch rating was
88.3 (1980-81) vs. 103.5 (1975). Conparison of all control stations showed no difference in
ratings between study periods (67.1 in 1975, 72.8 in 1980-81).

Sonme of the changes in diversity between studies were a result in 1980-81 of nore taxa and
| ess concentrated density in a few taxa than in 1975. For exanple, nmean nunber of taxa in |ogged
streams was 49.7 in 1980-81 conpared to 34.8 in 1975 and the nean percentage of density nade up of
Chi ronom dae was 24% in | ogged streans in 1980-81 conpared to 51% in 1975.

Streans Wth Narrow Buffers

As in the |ogged bl ocks, diversity of narrow- buffered stations was generally higher than in
1975 (Table 9). Conparison of ranks of diversity for both studies showed they were highly
correlated (P < 0.05), Spearman's rank). Control stations in narrowbuffered bl ocks averaged 0. 34
units of diversity higher than the same stations in 1975, whereas, the nmean of narrow-buffered
stations in 1980 was 0.30 higher than the same stations in 1975. In 1975 the narrow buffered
stations had averaged 0.27 |ower than their block controls while in 1980 this figure was 0.31.
This value represents little change (-0.04) in diversity units in narrowbuffered streans conpared
to controls from1975 to 1980. In terns of percent variation, diversity averaged 12.4%/]| ower in
narrow- buffered streans in 1975 relative to controls while in 1980 diversity averaged 12. 5% ower.
Naufus Creek (RD) was excluded fromthese cal culations, but it is included for conparison for Fig.
6 to show percentage difference in diversity between treatnment and control for both studies.

Knopki, the wi dest of the narrow-buffered stations, had higher diversity than controls in
1975 but was slightly Iess than controls in 1980 (Fig. 6). The relationship between buffer wdth
and diversity was still significantly correlated (as noted earlier) and slopes of sinple linear
regression for the relationship were nearly identical in both studies; 0.023 in 1975, 0.025 in
1980. Pfankuch ratings of streamstability were also not significantly different, 101.8 in 1975
and 95.8 in 1980 (W I coxon signed rank test).
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TABLE 9
COVPARI SON OF DI VERSI TI ES FOR LOGGED, NARROW BUFFERED, AND CONTROL STREAMS

FOR 1975 (Erman et al. 1977), AND 1980-81

DI VERSI TY (H )

1975 1980- 81 CHANGE
X S. D. X S. D. 1975 to 1980-81

Logged Bl ocks
Treatments (n) 1.78 (6) 0.55 2.40 (6) 0. 44 +0. 62
Controls (n) 2.38 (7) 0. 35 2.64 (6) 0.32 +0. 26
Di fference -0.60 -0.24 +0. 36
(% (-25.2) (-9.1)
Nar r ow- buf f er ed
Bl ocks
Treatnments (n) 2.18 (5) 0. 37 2.48 (5) 0.23 +0. 30
Controls (n) 2.45 (9) 0. 25 2.79 (9) 0. 48 +0. 34
Di fference -0.27 -0.31 -0.04
(9 (-12.40) (-12.50)

Envi ronnental and I nvertebrate Comunity Correl ations

Several significant correl ati ons between invertebrate community paranmeters were found
(Table 10). Al though correlations do not necessarily inply a causal nechanism the interesting
feature of this analysis was that different patterns energed within the treatnent and control
groups. In control streans the general pattern was for density, nunber of taxa, and diversity
to increase together. Thus in controls increased diversity was associated with increased
density (p < 0.05), and increases in taxa were associated with higher overall density (p <
0.05). By contrast, in treatnment streans increased density of sone taxa |owered the overall
diversity, and the evenness conponent of diversity was inversely correlated with total density
(p < 0.01).

A nunmber of environmental characteristics also were significantly related to nmeasurenents
of the invertebrate community, and these relationships also differed between treatnent and
control streans. In controls diversity was associated with stream hydrol ogi cal characteristics
—fewer taxa and |l ower diversity occurred in streanms with higher discharge levels (p < 0.05).
In treatment streams diversity was associated nmost with substrate characteristics. Higher
amounts of both transportable sedinent and detritus were associ ated with higher invertebrate
density, |ower evenness, and |ower diversity.

Rel ati onshi ps between periphyton pignments and invertebrate community paraneters al so varied
bet ween treatnent and control streanms. Nunber of taxa increased in control streams with an
increase in chlorophyll a and greater density was associated with higher total pignents as well
as degraded pignents (Table 10). |In treatnent streans, invertebrate density increased with an
increase in degraded pignents (p < 0.01) but with no conconitant increase in nunber of taxa.
There was a negative correlation of degraded pigments with evenness (p < 0.01) and the diversity
index (p < 0.05).
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TABLE 10

SI GNI FI CANT PEARSON CORRELATI ON COEFFI CI ENTS
BETWEEN ENVI RONMENTAL AND | NVERTEBRATE COMMUNI TY PARAMETERS
FOR CONTROL (n = 12) AND TREATMENT (n = 10) STREAMS

Paramet ers Contr ol Tr eat ment
Diversity with Nunmber of taxa + .698* + .594
Sedi ment + .164 - . 642%
Detritus + . 046 - L T67**
Degraded pignents - .070 - . 652*
Di schar ge - L TT2%* - .023
Current velocity - .651% - .001
Density with Sedi ment + .083 + . 721*
Detritus + .186 + .896**
Total pignments + .678* + .617
Degr aded pignents + .631% + .902**
Evenness with Density - .344 - . 823**
Sedi ment + .089 - . 642¢
Detritus + .039
Degr aded pignents - .338 - . 861**
- . 849*%
Nunber of taxa with Density + . 624* + . 256
Chl orophyl | a + .639* + .202
Di schar ge - .665* - .228
Sedi ment with Bankful I index - . 592% - .473
Detritus with Current velocity - .615* + . 069
Bankfull index with Avg. annual precinp. + .561 + .686*
Avg. current velocity Di scharge + .819* + .574
with Drai nage area + .334 + . 749*
Chl orophyl|l a with Sedi ment + .662* + .370
Percent degraded + .625* - .226
Percent Chlorophyll a Total radiation - .182 + .673*
in pigments with Chl orophyl 1 a - .073 + .659*
Total pignments with Detritus + .629* + . 560
Chl orophyl | a + . 984** + . 950**
Degraded pignents with Total pignents + . 879** + . T774%*
Detritus + . T729%* + .883**
Sedi nent + .515 + .668*
Chl orophyl | a + . 730** + .698*
Ot her pigments with Total pigments + .158 + .858**
Chl orophyl | a + .376 + .880**
Pf ankuch rating with Mean grain size - .237 - . 765%*
*p < 0.05
**p < 0.01
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Figure 7. Relationship between bankfull w dth and drai nage area for treatnent
(n =12) and control (n = 12) streans. Data for other regions from
Dunne and Leopold (1978).
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TABLE 11

MULTI PLE STEPW SE REGRESSI ON OF ENVI RONMENTAL CHARACTERI STI CS AND | NVERTEBRATE COMMUNI TY PARAMETERS

Dependent I ndependent Si gn F Expl ai ned Miltiple R R?
Vari ation
(%9
Treat nents Shannon Diversity Degraded pignments - 17. 8** 43 . 883 . 779
Avg. annual precip. + 9. 8** 15
Bankful I index - 5. 6* 21
Density Sedi ment + 52. 5** 48 . 976 . 953
Detritus:sediment ratio + 46. 0** 25
Total radiation + 22, 5*%* 13
Mean grain size - 9. 1** 9
Evenness Degr aded pignents - 64. 0** 72 . 958 . 918
Avg. annual precip. + 14. 0** 5
Bankf ul I i ndex - 10. 5** 14
Controls
Shannon Diversity Di scharge - 29. 1** 60 . 943 . 889
Bankful I index - 0.6 10
Degraded pi gnents - 11. 8** 5
Chl orophyll a + 8. 8** 14
Density Total pignents + 13. 7** 46 779 . 606
Sedi ment - 3.4 15
Evenness Current velocity - 52. 7** 29 . 970 . 940
Degr aded pi gnents - 52. 0** 31
Chl orophyl | a + 24, 2*%* 16
Mean grain size + 24, 2*%* 18
*p < 0.05
**p < 0.01
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The bul k of the pignment matrix in both treatment and control streams was conposed of degraded
pi gments and chl orophyll a and so these three paraneters increased sinultaneously (Table 10).
Fine detritus |levels paralleled changes in total pignents and degraded pignents in control streans
and transportabl e sediment was positively correlated with chlorophyll a. |In treatment streans
fine detritus was correlated only with degraded pignments, and although chlorophyll a
concentrations were unrelated to physical paraneters, the percentage of chlorophyll a in the
pi gnents increased with decreasing |evels of sunlight.

The Pfankuch ratings of all streans ranged only fromgood to fair (48 to 113) (Appendix C).
Two narrow-buffered streans and 9 control streanms ranked good while 4 narrow buffered, all 6
| ogged and 5 control streans ranked fair. The Pfankuch rating was inversely correlated with mean
grain size dianmeter in treatnments indicating a possible destabilizing effect of fine sedinents on
the stream channel .

The | og of individual drainage areas was correlated with the log of bankfull w dths (p = 0.05
controls, 0.01 treatnents. Fig. 7). Bankfull width was found to rise nore rapidly with respect to
drai nage area in treatnents than in controls.

An overall correlation of community neasures with environnental variables was anal yzed by a
series of stepwise nultiple regression. Only the factors which accounted for nost of the
variation (R’ are reported although all 13 variables were added (Table 11).

About 78% of the variation in diversity of treatnent streanms was accounted for by three
vari abl es —degraded pi gments (43%, bankfull index (21%, and average annual precipitation (15%.
The sane general pattern applied to the evenness conponent with the three variables accounting for
somewhat nore variation. Four different variables accounted for nost of the variation in density
of treatment streans.

Two to four variables accounted for nost of the variation (60.6 - 94.0% in control stream
comuni ty neasures and only bankfull index, fine sedinent and degraded pignents were inportant
to both treatnent and control stations.

DI SCUSSI ON St ream Recovery

We have defined recovery as the extent to which the diversity index of nacroinvertebrate
communities in | ogged or narrow buffered streans resenbl es unl ogged streans now as conpared to the
past. In an earlier study (Erman et al. 1977, Roby et al. 1977, Newbold et al. 1980) two neasures
of community simlarity (Euclidian distance and chord distance) and two neasures of diversity
(Shannon and the reciprocal Sinpson index) were used to evaluate the effects of |ogging on
invertebrate comunities in these streams. The Shannon diversity index and Euclidean distance
gave equivalent results and clearly showed the differences between treatnent and control stations.
We used the Shannon index in the current study because we had fewer stations and had | ost some
controls conpared to the earlier work. The Shannon index is sensitive to nunerous particul ars of
sanpling technique as well as taxonom c conpl eteness (Hughes 1978), thus we used, as nearly as
possi bl e, the sane stations, the sane sanpler, and the sane sanple periods as used in 1975. W
departed fromthe previous study by using different people, and by taking subsanples of 16
sanpl es. Taxononi c categories (m xed |levels fromspecies to order) were kept simlar and reference
collections were used to maintain consistency but differences inevitably occur, especially in the
identity of Diptera.

We systemmtically found higher densities and diversity in 1980-81 than in 1975 prinarily
because of differences in techniques. Hence, conparison of absolute values of diversity between
years is limted. Nevertheless, within a study diversity differences of treatnent (|l ogged and
buffered) fromcontrols are valid (Hughes 1978). In addition, because the current sanpl es have
hi gher diversity in general conpared to 1975, a substantially |ower diversity index at a
particular station now than in 1975 was interpreted as evidence of increased disturbance.

Recovery of benthic communities has occurred in streanms wi thout buffers when conpared to
their condition shortly after |ogging. However, recovery is inconplete and sonme | ogged streans
still have significantly lower diversity than controls. The primary basis for concludi ng stream
recovery comes fromthe much narrower difference in diversity in 1980-81 between | ogged and
control streams than in 1975. Streans without buffers averaged 9% | ower
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diversity than controls in 1980-81 conpared to 25% | ower in 1975.

Al t hough nost streans showed recovery, the variation anong streans in their rate of recovery
was large and reflects differences in the degree of disturbance, differences anong regions, and
natural variation anmong watersheds within a region. For exanple, in 1975 Copper A (2 years post
| oggi ng) was the nost disturbed station of all streams studi ed and had high density of
chironomids (about 7000/ nf) that resulted in a very low diversity index (Erman et al. 1977).
Seven years after |ogging, chironom ds were about one-tenth as abundant as in 1975 and the nunber
of taxa had increased dramatically (from20 to 52). Vegetation had regrown around the | ogged
stream and on the surroundi ng watershed. This watershed receives the nost precipitation of all
the | ogged watersheds we studied and invertebrate diversity is the nopst recovered both with
respect to the previous study and to the control block (Copper B) which it now exceeds in
diversity. Roadwork bordering the control, while not affecting sedimentation into the stream
did expose a section of the streamto full sunlight. The greater diversity in Copper Arelative
to the control is the only case where a treatnent stream exceeded a control.

In the New York bl ock abundant vegetation had al so regrown on this watershed. No canopy
remai ned over New York Trib and only 33%renained over Md New York in 1975 (see photos), whereas
in 1981, both stations were virtually covered by riparian regrowth. One station (Md New York)
appears recovered relative to the previous study and to controls; however, New York Trib still
has a very low diversity. A limephilid caddisfly larva (Farula), present at all stations in the
bl ock, was extrenmely abundant (4237/nf) in New York Trib and | owered the diversity index as a
result. This station also had the highest sedinent and detritus of all stations sanpled. Road
failure was thought a najor factor in causing the New York bl ock to be the second nost disturbed
| ogged block in the earlier study (Erman et al. 1977), but the road and crossing over New York
Trib appeared stable in 1981. Apparently, residual sedinent stored in the channel and banks from
the previous disturbance has continued to influence invertebrate coomunities. Roads are a nmjor
source of sedinent in | ogged watersheds (Burns 1970, Brown and Kriegier 1971) and hi gh sedi ment
| evel s have been associated with changes in invertebrate density (Tebo 1955, Burns 1972, Barton
1977, Lenat et al. 1981) and community structure.

Streams with narrow buffer strips, judged | ess adequate than wide (30 m buffer strips
earlier (Newbold et al. 1980), have recovered little fromtheir condition in 1975. In 1980, 7-10
years after |ogging, these streams showed effects conparable to streans w thout protective
buffers. Five of the six narrow-buffered streans had no additional |ogging activities since the
last study yet virtually the same rel ationship persists between increasing diversity with
increasing buffer width (up to 25 (% for this group). The nean difference in diversity between
narrow buffered streanms and controls has changed only 0.1% since 1975 and averaged 12.5%] ower in
treatments than controls; a greater difference than we observed for unbuffered streans.

The observed rel ationship of diversity to buffer width in 1975 was a nmmjor reason for
concluding that buffer width was an inportant variable for protecting streamcommunities fromthe
impact of logging. Al though the group of streanms with less than 30 (% buffers showed increasing
impacts with decreasing buffer width, as evidenced by the diversity index, sone protection was
neverthel ess provided conpared to the | ogged streanms w thout suffers (Newbold et al. 1980). |If
these narrow buffered streans al so recovered nore rapidly or conpletely conpared to unbuffered
streans then their value in a | onger term managenent system woul d be further enhanced. Possible
conprom ses between short-termdisturbance but rapid recovery with narrow buffers versus full
protection with wide buffers could become part of the planning by forest managers. Qur results
do not support such a conprom se. Narrow buffered streans which initially showed | ogging i npacts
have not recovered nore conpletely or nore rapidly than the unbuffered streans and continue to
exhibit the sane rel ationship of decreasing invertebrate diversity with decreasing buffer wi dth.
Measures of stream channel stability (PfanRuch ratings) and transportable fine sedinent also
support these trends in invertebrate diversity. Unbuffered streanms have inproved Pfankuch
ratings conpared to 1975 while no change was evident in narrow-buffered streans. In general
treatnment streans have nore fine sediment than controls even 6-10 years after |ogging.

These results show that persistent, long-terminpacts are present in many of the
treatment streams and that there is a difference in the rate of recovery between
unbuffered and buffered streans. Other workers also have noted that benthic invertebrate
conmunities take a long tinme to recover after disturbance fromloggi ng and some have concl uded
that the process is dependent on recovery of terrestrial vegetation
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(Qurtz 1981, Haefner and Wallace 1981, Murphy et al. 1981). W have sone evi dence that streans
showi ng nost recovery are located in watersheds with higher average annual precipitation, and
we assune that high precipitation | eads to rapid vegetation regrowth. Average annual
precipitation accounted for a significant anmbunt of variation in treatnment streamdiversity.
Copper and New York bl ocks had the greatest recovery since 1975 and they have hi gher average
annual precipitation than the other |ogged bl ocks. Likew se, Hare, Lower Packsaddl e and Knopki
have hi gher precipitation than other narrow- buffered streans, and they have the |east
difference fromcontrols in 1980.

General ly, the | ogged stations had recovered nore relative to controls and had changed
nore since 1975 than the narrowbuffered stations. These differences appeared not only in the
average change in diversity since 1975 but also in changes of a few abundant taxa. In all the
| ogged stations one of the nost obvious differences since the | ast study was the reduced
dom nance of Chironom dae. They nade up about 24%of the density in 1980-81 while in 1975 they
accounted for over 50% A simlar trend in Baetis and Nenoura has occurred and al t hough t hese
sanme taxa were often the nost abundant at a station, they nmade up a smaller percentage of the
total density of logged stations than in 1975. A sinmilar reduction in relative abundance of
these taxa did not occur in narrow-buffered streams. Together Chirononidae and Baetis made up
about 50% of total density in both studies. Chironom ds seem especially clear indicators of
| oggi ng- based di sturbance as shown by field studies and mani pul ations of artificial stream
channel s (Burns 1972, Newbold 1977, Triska et al. 1983).

This difference in recovery rate between unbuffered and narrowbuffered streans nay result
from sone inhibition of the process by partial buffers or, nore likely, may be a function of
the rate at which the process changes over time. |f stream benthic comunities are
perturbation i ndependent systens, then recovery after |ogging disturbance is slow and a plot of
diversity over time is S-shaped (Vogel 1980). Thus greatly disturbed systems coul d show rapid
early recovery (unbuffered streans), but thereafter slowy approach the pre-disturbed (control)
condition. In this way, |ess disturbed streans (narrowbuffered) would start recovery in the
sl ow phase, thus appearing to show | ess change than greatly disturbed streans. A factor which
confounds our analysis is the nethod of |ogging used in the two treatnents. Four of the six
| ogged stations had selective logging while all of the narrowbuffered stations were in clear-
cuts.

Ef fects of Logging on Invertebrate Conmunities

There are few other studies that have | ooked at invertebrate diversity in relation to
logging. In one study in New Zeal and Graynoth (1979) conpared | ogged, w de-buffered, and
control streans for one year after |ogging and found significantly |lower diversities in one
cl earcut but unbuffered streamrelative to a control stream and found no difference between a
wi de-buffered and control stream |In another clearcut and unbuffered stream he found | ower
diversities than in the control but was not sure if this was due solely to logging or to
intrinsic differences between watersheds. Mirphy and Hall (1981), on the other hand, found
increased species richness anong predatory insects after clearcutting of nine sites in the
Cascade Mountains of Oregon relative to paired controls.

Several studies have shown invertebrate density and biomass increase in clearcut sites
(Murphy and Hall 1981, Murphy et al. 1981, Graynoth 1979, Gurtz 1981, Haefner and Wall ace
1981). In general increased density occurs in a small nunber of taxa thus leading to a | ess
even distribution of individuals anong all taxa. Qur results Indicated that increased density
often occurred al ong wi th decreased evenness and thus diversity since the evenness conponent
strongly influences the Shannon diversity index. There were three notable exceptions to this
pattern in our study. Naufus Creek (N, RD), Garden (N), and South Fork Noyo (RD) all had
| owered density, |owered nunmber of taxa and diversities conpared to controls. These
di fferences are nmore typical of effects fromlocal disturbance than from overall tinber
harvesting (Erman et al. 1977) and suggest these streans receive the nost severe inpacts of all
stations.

Ef fects of Logging on the Stream Environment

Transportabl e Sedi mnent and Detritus

H gher levels of transportable sedinent than in controls remain in nost treatnent streans
in this study and this may be an effect of novenent of pul ses of sedinment down the stream
channel from erosion from previous years, the scouring and eroding of stream banks
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by high flows, or continued erosion fromroads or bare slopes. The amount of transportable
sedi nent was negatively correlated with invertebrate diversity in our study primarily because of
hi gher density in streams with nore sedinent. O her authors have found variable effects of
sedi nent on benthos (Gamon 1970, Murphy and Hall 1981, Lenat et al. 1981). The transportable
sedi ment consisted of size classes less than 0.3 mm Increases in fine sediment in the top
|l ayer of the substrate have been reported by many (Burns 1970, Scrivener and Brownl ee 1980,
Pausti an and Bestcha 1979). Mirphy and Hall (1981) found increased fines 5 to 10 years after
| oggi ng depending on streamgradient, with | ow gradient streams flow ng through clearcuts having
nore fine sedinents than old growh controls and with high gradient clearcut streans having | ess
fine sedinment than controls. They felt that a reduction in large debris in the high gradient
clearcut streans all owed greater flushing of fines than occurred in controls. But in another
study of a clearcut streamin Oregon flushing of fines was insufficient for returning
perneability of gravel beds to pre-logging levels, even after seven years (Moring 1982).
Pernmeability levels in a control and wi de-buffered streans were unaffected, and Mring (1982)
stated that "during disruptive | and use stream flow nmay have a nore significant role in
depositing excess sedinent than flushing it fromthe system"

Qur measure of transportable detritus includes not only small debris fromleaf fall and
other terrestrial sources but also any dead or dying al gae present at the sanple site.
Transportabl e sedi nent and detritus are highly intercorrelated (CGurtz et al. 1980, Murphy et al.
1981), thus possibly the ratio of sedinment to detritus nay be as inportant as either factor
alone (Barton 1977, Gurtz et al. 1980). Anpbng treatnent stations the range of detritus |levels
was much greater than in control stations. Increases in algal production and the presence of
al gal bl oonms may have contributed to this variability since detritus and degraded pi gnents were
highly correlated. Qurtz (1981) also found greater variability in the detrital conponent of the
seston than the inorganic component after clearcutting and attributed this response to changes
in retention capabilities of the clear-cut stream Mrphy et al. (1981) found that organic
matter in the streanbed corresponded to channel gradient and not to successional stage of the
surroundi ng vegetation, and that "dead al gae probably enriched the organic detritus in the
st reanbed. "

Peri phyt on Pi gnents

Changes in invertebrate communities after |ogging have been attributed partially to changes
in food pathways brought about by alteration of the primary producer bionmass (Erman et al. 1977,
Vannote et al. 1980, Murphy et al. 1981). OQur analysis used several aspects of periphyton
pi gment standing crop; chlorophyll a, phaeyphytin a, other pignents, and total pignent natrix.

One woul d expect that |ogging would increase |ight follow ng opening of the canopy, and
increased periphyton in the attached algal community would follow Al gal bloons were reported
in Oregon after clearcutting (Hansmann and Phinney 1973) and by Likens et al. (1979) in
conjunction with increased nutrient inputs. Lyford and Gregory (1975) observed a change in
another Oregon streamfroma diatomto a filanentous green algal comunity after clearcutting
and increased solar radiation. Periphyton bionass increased fivefold in streamchannels with
little shade and sone nutrient additions in a northern California stream (Triska et al. 1983).
In general, we found nost | ogged and narrow-buffered streams still received significantly nore
light than controls, and nmean daily radiation was sinmilar for both treatnent types (29.2 Ein/nf-
day in logged, 27.8 Ein/nf-day for narrow-buffered). But the amobunt of chlorophyll a or total
pi gments was not consistently different fromcontrols. Chlorophyll a of |ogged streanms exceeded
mean anmounts in nost controls while buffered streans had | ess chlorophyll a than controls. In
fact, treatnment streans as a group had a negative correlation between radiation and the percent
chlorophyll a in total pignents. Thus as radiation |levels increased (generally the treatnent
streans) other pignents and phaeophytins becane rel atively nore abundant than chlorophyll a. A
simlar relationship between al gal biomass and chl orophyl | has been observed; algae growing in
bright light have |l ess chlorophyll a (Brown and Ri chardson 1968) and a hi gher biomass to
chl orophyll ratio (MlIntire and Phinney 1965, Lyford and Gregory 1975) than algae growing in
shade. This ratio also may increase with increasing age of al gae (Kureyshevich 1980), or may
decrease under grazing pressure (Kehde and WIhm 1972). Another factor which nmakes
interpretation of chlorophyll a levels difficult is the conplex pignent system of al gal
popul ations. I n many species of blue-green algae, phycobiliproteins capture nore |ight energy
than do chl orophylls (Meyers et al. 1978) as they may in red al gae, dom nant in several of our
streamns.
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These results illustrate the difficulty of relying on chlorophyll a as a clear indicator of
di sturbance or recovery follow ng | ogging. The continued inpact of |ogging on the streams we
studi ed showed in higher radiation |evels (conpared to controls) and a greater percentage of non-
chl orophyl | a pignments conpared to controls. Also when the total pignent is lowin treatnent
streanms, the degraded pigments in particular are nuch higher than in controls.

Such a rel ationship between total pigment and phaeophytins m ght occur under conditions of
cyclic periphyton blooms. Al gae would build up then slough off in a decay phase resulting in our
observation that several treatnent streans had | ess chlorophyll but nmore phaeophytins than
controls. At three stations (Naufus, South Fork Noyo, Copper B) algal bloons recently died as
evi denced by masses of decaying filanentous mats caught in rocks and deposited in pools.

Wil e cyclic blooms and senescence of algae may |lead to greater annual primary production in
a disturbed streamthan in a conparable control, this production would be | ess sustained and
predi ctable than in an undisturbed stream especially because bl oons occur in summer when
terrestrial detritus inputs are at a mninum Two of the three streams in our study, where
bl oons had just decayed (Naufus, South Fork Noyo), had decreased density and diversity of benthic
invertebrates. In streanms where enhanced al gal bl oonms do occur, primary producers nay provide as
much energy for collector-gatherer functional groups as they do for grazers, either directly
through the detrital pathways as senescent cells or through enrichment of the organic natter of
the streanbed (Murphy et al. 1981).

CONCLUSI ONS

1. Small streans without buffers and with narrow buffers (< 30 m still exhibit
significantly |ower nacroinvertebrate diversity 6-10 years after initial |ogging

activity than undi sturbed controls.

2. Streans without buffers show substantial but inconplete recovery 7-8 years post-I|oggi ng
conpared to their inmmedi ate post-1ogging conditions.

3. Streanms with narrow buffers on the average show little recovery 6-10 years post-I|oggi ng and
still have a correlation of increasing diversity with increasing buffer width. This result
supports the conclusions of an earlier study that unless logging is carefully executed,
buffers less than 30 (n) are inadequate to protect the stream Furthernore, narrow buffers do
not enhance recovery rate conpared to unbuffered streans.

4. Both | ogged and narrow-buffered streans 6-10 years after |ogging have significantly
nore fine sediment in the top substrate |ayers than conparable control streans. A few taxa

have hi gher density in stations with nore fine sedinent and as a result the diversity index
is lower in those stations.
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APPENDI X A
TESTI NG MACRO NVERTEBRATE SAMPLI NG

Subsanpl i ng

The cost of sanple processing is one of the major limtations to extensive surveys of
invertebrate popul ati ons. Because aquatic organi sns usually have clunped distributions, precise
estimtes of the mean require many sanples. To reduce the nunber of sanples retained for
processing, several methods of subsanpling have been enployed (Lund et al. 1958, Hynes 1961,
Kut kuhn 1961, Waters 1969, Mundie 1971, Wl liams 1980). To exam ne the effectiveness of our
field subsanpling we used three sets of clusters (two from  Two Bit Creek, one from Four Bit
Creek). Each cluster was made up of four unm xed Surber sanples. The sanples were then sorted
and identified as usual except all debris was retained. The four sanples (debris and organi sns)
were then conbi ned, honogeni zed and divided as in the field situation. Al four subsanples were
resorted and identified.

Results of the three clusters before and after mixing the sanples are given in Table Al.
After m xing, each subsanple gave a close estimte of the mean, as predicted by theory.
Coefficients of variation (CV) for density ranged from8.3% - 117, after nixing conpared to 40 -
56% before m xing. For taxa represented by nmore than 40 individuals per cluster, the mean
coefficient of variation was 21% after vs. 71%before mixing. Subsanpling had little effect on
the number of taxa.

Slight differences in nunber of individuals (less than 3% between m xed and unm xed) before
and after m xing were a result of losses in reprocessing. Taxa with numerous small individuals
(primarily Chironomi dae) were sonetines difficult to conpletely di sperse because they stuck to
debris and filamentous algae. This factor accounts in part for the higher CV for taxa with nany
i ndi vidual s than for sanples as.a whole.

The results of the subsanpling procedure on Shannon diversity is given in Table A2. Again,
the amount of variation was much |lower after mxing (0.9 - 3% than before mxing (3 - 13%.
Thus, a single subsanple froma cluster is also a representative value of the nean diversity of
the cluster.

Diversity Index and Sanple Size

Ordinarily, adding successive sanples increases a diversity index until an asynptote is
reached that is characteristic of the habitat (Pielou 1975). |In the unm xed four sanples from
the test locations (Table A2) diversity increased sharply as each additional sanple was pool ed
(Fig. Al). After mxing, little change in diversity (0.1 units per sanple) occurred with each
addi ti onal subsanpl e.

The effect of sanple sizes (and subsanpling) used in our field situations on the diversity

index is shown for the first six streams sanpled (Fig. A2). |In addition Indian Creek diversity
val ues of 16 successively pool ed sanples without clustering and subsanpling are plotted for
conmparison (Fig. A2). In all cases the asynptote appears reached by the tine eight sanples

(two clusters) were pooled. WIhm (1970) reported that invertebrate diversity reached an
asynptote before 10 sanples were pooled in each of 13 different streamhabitats. Simlarly,
Hughes (1978) found that the asynptote was reached after four O |nf sanples were pool ed and
that no further increase was noted, even after pooling 50 sanples.
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TABLE Al

DATA FOR LABORATORY SUBSAMPLE TRI ALS
(Numbers per 0.1 nf sanple)

Subsanpl e Cluster 1 2 Cluster 2 2 Cluster 3°

Bef ore m xi ng After m xing Bef ore m xi ng After m xing Bef ore m xing After m xing

Density Taxa Density Taxa Density Taxa Density Taxa Density Taxa Density Taxa
1 569 19 1440 21 1615 23 1402 21 1959 26 1630 21
2 2327 21 1190 24 521 18 1661 26 1166 22 1691 25
3 1859 22 1306 24 1503 25 1315 25 2545 24 1829 26
4 619 20 1438 22 2541 24 1616 24 1119 24 1496 22
Tot al 5374 28 5374 27 6176 27 5999 27 6789 30 6646 29
mean 1344 20.5 1344 22.8 1545 22.5 1500° 24 1697 24 1662° 23.5
cCVv. ° 56 6.3 9.3 6.6 54 13.8 11 9.0 40 6.8 8.3 10.1

0.44 0.02 0.29 0.01 0.16 0.01

CNerdLspersion

(C)

Two Bit Creek, |ogged

Four

Bit Creek, |ogged

coefficient of variation (standard deviation as a percentage of the nean).
Index of overdispersion (C) = (s? - x)/x? (Cassie 1971).
Reduced nunbers after m xing due to | oss during processing.
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TABLE A2
DATA FOR LABORATORY SUB SAMPLE TRI ALS
Diversity (H)

Subsanpl e Cluster 12 Cluster 2 2 Cluster 3°

Bef or e After mx Before mx After mx Before mx After mx

m X

1 1.58 1.89 2.13 2.17 2.09 2.10
2 1.83 1.86 1.85 2.14 1.96 2.05
3 1.81 1.94 2.05 2.12 2.02 2.17
4 1.94 1.81 2.08 2.14 2.05 2.07
mean 1.79 1.87 2.03 2.14 2.03 2.10
C.V. (% 13 3 6 0.9 3 2.4

pool total ¢ 1.86 1.89 2.10 2.15 2.07 2.11

® Two Bit Creek
® Four Bit Creek
¢ Coefficient of Variation

4 "Before" and "After" values are different due to | osses during processing.
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APPENDI X B TESTI NG THE METHOD OF TRANSPORTABLE SEDI MENT

ESTI MATI ON

The quantity of sediments stored in streambottons has been neasured in a variety of ways
(McNei | and Ahnell 1964, Mindie 1971, Walkotten 1976). Mst of these methods are expensive in
time or nmoney. To adequately quantify stored sedi ment nunerous sanples are necessary. Buns
(1970), for exanple, took 20 core sanples per station. Placing of cores may dislodge snall size
cl asses (Beschta and Jackson 1979), or large rocks nmay make placement of coring devices
i npossi ble (Graynoth 1979). An alternative approach for neasuring fine sedinent was used here.
Fi ne sedinents were disturbed in a known area of streambottom and the resultant sedinent drift
was deposited in downstreamtraps. A simlar procedure was used by Barton (1977) to collect
sedi nent bel ow an ongoi ng stream di sturbance.

To test the accuracy of this nmethod of estimating transportable sedi nent, we conducted
experimental trials in Strawberry Creek on the University of California, Berkeley canpus. Known
amounts of predeterm ned size classes (< 0.3 mMm 0.3 mMmto 0.125 nm < 0.21 mm < 0.125 M) were
enclosed in a circular tray 31 cmin dianmeter. Larger rocks were added to the tray to mimc a
natural substrate. This tray was then enbedded into a sanple reach, and when opened served as
the sanple site (Fig. Bl). All other steps were identical to field situations. After the
rel ease of sedinent the tray was seal ed and unrel eased sedi nents were neasured in the | aboratory.
A typical curve of sedi nent deposition per rowis shown in Fig. B2. The theoretical effect of
different streamcurrents on deposition is Illustrated in Fig. B3.

Results fromsix trials are given in Table Bl. The nmean error of 14 estinates from actual
rel eased sediment totals was 18% 12 were overestinmated. The nean error for the size class
bel ow 0.125 mm was 23% The | argest known source of error in the testing procedure was rel ease
of sedinents from beneath and around the tray during the disturbance of the sedinents in the
tray. Up to 10% of the sedinment caught in traps was in size classes that were not added to the
tray. Stream sources probably contributed also to the size classes which were in the tray
because the bed of Strawberry Creek contai ned substantial silts and clays of different color
fromthe test sedinents. The range of deviations of the estinmates fromthe actual totals m ght
well be less if this extra source of sedinment were taken into account. W cannot confirmthis
greater precision, however, because the extraneous sedi nment could not be separated fromthe
test material.
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Figure Bl. Diagram of sanpling array for transportable sedi nent, and detritus.
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TABLE Bl
COVPARI SON OF ESTI MATED AND ACTUAL

SEDI MENT RELEASES

Sedi nent
Test Si ze Cl ass Mean Depth Mean Current Ampount Act ual Esti mated® Error (%

(mm) (cm (cm sec) Avai | abl e Loss Loss

(9) (9) (9)
1 < .125 7.0 38.5 300. 6 226.8 275.0 +21.3
2 < .125 7.7 38.5 234.7 213.3 222.0 + 4.1
3a < .125 14.3 39.5 67.2 52.5 74. 4 +41.7
b . 300-.125 14.3 39.5 239.5 162.1 180. 7 +11.5
c < . 300 14.3 39.5 306.7 214.6 216.7 + 1.0
4a < .125 6.5 42.0 54.5 43. 2 52.0 +20. 3
b . 300-.125 6.5 42.0 266. 3 151.1 191.6 +26. 8
c < . 300 6.5 42.0 320.8 194. 6 236. 4 +21.5
5a < .125 7.9 49.0 145.1 138.0 124. 3 +10.0
b .210-.125 7.9 49.0 182. 3 153.1 178. 3 +16.5
c < .210 7.9 49.0 327.4 290.5 260.0 -10.2
6a < .125 10.4 44 4 74.9 70.8 99.6 +40. 7
b .210-.125 10. 4 44. 4 106.9 89.5 97.8 + 9.3
c < .125 10. 4 44. 4 181.7 160. 3 188. 6 +17.7

! Ampbunt collected in traps includes amount |ost fromtray and sone disturbed from
stream bottomin the test size classes.

The net hod has advantages and limtations when conpared with other techniques. One
advantage is its ability to quantify fines in stream substrates that are too rocky for the
pl acement of coring devices. Another advantage of this method is its size. Once the technique
is mastered, one person can sanple several streans in a day in conjunction with other sanpling
prograns. The anount of equi prment and the amount of material saved are small enough that renote
| ocations can be sanpled. This method allows practical measurenent of fine sedinments in studies
whi ch cover a |arger nunber of streams where an exhaustive analysis of the sedi nents woul d
consune a najor proportion of the study resources. The nmethod sanples a large area (greater than
1000 cnR) conpared to a coring device and may give a nore reliable estimte when the sanple area
is a significant proportion of the riffle area, as is the case in many small first and second
order streans.

Alimtation of the method is the practical difficulty of disturbing a section of stream

bott om vi gorously enough to wash the site clean of buried fine sediment. |n undisturbed streans
one can acconplish conplete cleaning but in streanms with heavy deposits it may be inpossible.
The alternative, disturbing a site for a standard time, will lead to underesti mates of sedi nment
densities when conpared to other nmethods, but these estimates are still useful for conparisons

anong streans. The final nunerical value is calculated using a visual estinmate of the width of
the sediment plune, and thus the result is limted by visual acuity of the observer. O her
limtations are the size classes which can be estimated. In nost streans (except for those with
swift currents) sedinents larger than 0.3 mmwi |l be deposited within 0.5 mof the sanple point.
ot ai ni ng exact neasurenments of the area disturbed is another limtation. The area has a general
color change to aid the observer, but estimating the depth disturbed again depends on observer
judgrment. These linitations are | ess pronounced in smaller streans, and so the nmethod may be best
used there.
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APPENDI X C
ENVI RONMENTAL CHARACTERI STI CS OF LOGGED (L), NARROW BUFFERED (N), RECENTLY DI STURBED (RD), AND

CONTROL (C) STREAMS | N NORTHERN CALI FORNI A
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Stream & (980 2E FE & 82 < & 82 8 &2 3&E &
N.Fk.S.Fk. Noyo C 174 61 1835 .05 kr 1 7.4 100 50 5.5 9.4 13.5
S.Fk. Noyo RD 175 49 2675 .06 kr 36 8.0 79 70 2.8 4.1 5.1
Hare N 176 55 1933 .05 kr 19 - 110 30 16.0 8.2 11.5
Philpot C 177 807 1994 .08 m 131 8.5 170 55 65.0 8.2 11.3
Philpot Trib ¢ 178 807 362 .13 m,ub 95 8.5 230 70 35.0 3.4 9.4
Naufus N 178 1158 183 .14 m 38 7.4 90 5-49.0 5.3 19.6
N. Packsaddle C 197 707 65 .45 ub,gr 13 8.0 32 85 4.8 3.0 17.0
U. Packsaddle C 198 707 554 .36 ub,gr - - - 8 6.2 6.8 16.5
L. Packsaddle N 199 576 660 .30 ub,gr 25 8.0 43 30 30.1 9.0 20.1
N. Fall C 199 512 307 .34 gr 21 7.8 72100 2.0 7.8 23.5
S. Fall C 200 512 246 .34 gr 22 7.8 60 100 1.6 3.1 13.5
Knopki N 200 899 80 .39 wub,ju 14 8.0 60 100 1.8 4.6 25.0
Whites C 233 942 570 .21 m 18 8.2 82 75 12.4 3.9 9.3
Murphy C 232 746 880 .22 m 50 8.3 102 80 7.0 2.2 4.3
Little N. Fork N 231 963 4467 ,12 wm,ms,w 17 8.0 110 O 60.0 11.9 12.3
Garden N 232 683 388 .36 m 23 8.0 115 50 10.1 2.8 9.0
Copper B C 179 1024 108 .35 wub,bi 47 8.5 135 65 64.9 3.6 16.4
Copper A L 179 950 59 .32 ub,bi 42 8.2 80 8 4.2 2.9 16.6
U. Four Bit C 218 1219 65 .20 m 20 8.0 78 40 3.8 3.3 19.3
Indian RD 219 1182 119 .27 m 43 8.2 82 15 58.0 3.4 14.5
L. Four Bit L 217 1146 110 .19 m 21 8.0 72 30 37.6 2.4 11.3
Two Bit L 217 1182 124 .24 m 29 8.0 80 55 36.9 2.1 9.2
E. Br. Lights C 241 1701 837 .12 gr 15 7.8 82 50 37.5 3.2 6.6
U. Taylor C 241 1926 248 .60 gr 5 6.8 160 50 26.7 2.0 6.6
L. Taylor L 242 1778 565 .43 gr - - - 0 50.0 6.7 11.6
U. New York C 182? 1060 360 .24 1p 12 7.6 64 25 9.8 3.6 10.6
Empire C 1832 1331 736 .11 - 16 8.0 100 75 12.0 5.7 11.6
Mid New York L 1822 1030 472 24 1p 12 7.7 76 25 24.0 2.9 7.5
New York Trib L 1822 1085 96 .37 1p 13 7.8 64 45 22.3 2.4 11.7

! Data from Erman et al. (1977).
2 sanple year is 1981

% kr = Undivided Cretaceous marine ms = Pre-Cretaceous neta sedinmentaries
m = Pre-Cenozoi ¢ metanorphic nmv = Pre-Cretaceous nmeta vol canic
ub = Mesozoic ultrabasic intrusives bi = Mesozoic basic intrusives
gr = Mesozoic granitics 1p = Pal eozoic marine
ju = Upper Jurassic marine
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APPENDI X C (cont.)
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N.Fk.S.Fk., Noyo .115 40 50 13.0 93 3.0 - 123.67 39.40
S.Fk. Noyo .036 28 50 13.5 64 1.0 34.4 123.67 39.38
Hare .073 49 50 13.0 108 3.7 8.3 123,73 39,39
Philpot .080 36 40  14.5 59 21.1. 7.0  123.18 40,47
Philpot Trib .019 32 40 12.5 104 9.8 6.6 123.18 40,47
Naufus .004 19 44 14.0 73 9.2 7.0 123.33 40.46
N. Packsaddle .018 26 85 13.0 62 10.5 10.5 123.72 42,91
U. Packsaddle .067 33 85 13.0 56 8.6 9.0 123.72 42.90
L. Packsaddle .083 31 85 14.0 64 21.7 7.7 123.73 42,91
N. Fall .019 29 85 14.0 70 7.1 11.8 123.75 42.89
S. Fall 015 28 85 14.0 63 9.8 19.7 123.72 42,88
Knopki : .005 27 85 13.0 113 3.0 37.0 123.73 42,93
Whites .054 33 40 14.0 74 8.0 2.3 123.04 41.16
Murphy .012 28 40 14.0 65 8.6 8.6 123.17 41.23
Little N. Fork .835 40 40 13.0 90 11.0 10.0 123.18 41.38
Garden .082 36 40 16.5 104 1.6 32.1 123.88 41.33
Copper B .012 31 60  14.0 95 10.0 - 122.67 41.07
Copper A .016 37 60 10.0 97 13.1 4.7 122.67 41,07
U. Four Bit .004 33 40 10.5 87 4,2 18.5 123.50 41.99
Indian .035 41 40 9.5 104 1.5 5.8 123.52 41.99
L. Four Bit .002 33 40 10.5 95 1.5 5.1 123.50 41.99
Two Bit .010 33 40 10.5 99 0.6 12.6 123.48 41.99
E. Br. Lights .065 31 24 10.0 54 5.6 6.3 120.72 40.21
U. Taylor .135 43 24 12.5 73 4.3 15.8 120.72 40.16
L. Taylor 145 40 24 - 84 13.0 12.4 120.70 40.17
U. New York .015 20 56 10.6 62 2.6 26.0 120.78 39.57
Empire .017 41 56 10.0 48 8.0 20.1 120.47 39,38
Mid New York .035 35 56 10.6 77 6.5 10.9 120.78 39.56
New York Trib . .086 34 56 12.2 78 5.6 9.3 120.78 39.56

Data from Erman et al. (1977).
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APPENDI X D

Current velocity and depths are nmeans over all sediment traps at a station.
Block: Status Sediment Detritus Current Velocity Depth
Stream (mg/cm?) (mg/cm?) (cm/sec) (cm)
Two Bit:
U. Four Bit C 90.6 24.0 5.2 4.2
Indian RD 217.2 21.2 33.3 -
L. Four Bit L 175.1 17.7 30.1 7.0
Two Bit L 491.2 29.7 121 -
Taylor:
E. Br. Lights U. C 132.7 27.6 14.0 13.0
Taylor C 168.0 14.7 37.0 26.0
L. Taylor L 208.1 38.9 25.0 26.0
New York:
U. New York C 242.1 120.6 16.9 5.3
Empire C 64.9 15.4 16.6 12.3
Mid New Y ork L 130.2 41.2 25.7 8.6
New York Trib L 883.1 211.9 29.3 4.9
Redwood
N.Fo.S.Fo. Noyo C 51.4 16.3 10.0 14.0
S.Fo. Noyo RD 50.8 29.3 17.4 4.0
Hare N 58.2 11.1 24.0 9.5
Philpot:
Philpot C 60.4 41.0 6.0 9.5
Philpot Trib C 65.7 8.9 15.0 8.0
Naufus N, RD 136.7 14.6 16.6 7.0
Packsaddle:
U. Packsaddle C 6.4 1.9 10.1 21.0
L. Packsaddle N 6.6 2.6 19.7 14.0
Fall:
S. Fal C 36.2 13.0 9.1 13.0
Knopki N 16.3 13.6 45 9.0
Garden:
Whites C 115.5 19.7 4.5 15.0
Murphy C 179.0 19.0 7.6 8.0
Garden N 481.6 49.0 36.3 13.0
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APPENDI X E
PERI PHYTON PI GMENTS FOR 29 STREAMS | N. NORTHERN CALI FORNI A

Stream Status Chl orophyll a Phaeophytin a Pi gnent Matri x
X S. D. A B? C* "Total ® % Chl a° Degraded® O her’
/
(/) (percent)

N. Fk. S. Fk. Noyo C 6.33 0.94 22.0 16.5 16.1 14.4 30.0 2.3 7.8
S. Fk. Noyo RD 8.94 1.86 22.3 24.3 20.5 22.1 27.8 4.5 11.4
Har e N 3.84 0.81 28.8 14.0 30.0 8.0 33.1 2.4 3.0
Phi | pot C 7.69 2.59 17.0 15.5 10.6 16.3 32.0 1.7 9.4
Phil pot Trib C 4.04 1.42 18.8 9.0 16.9 8.0 33.6 1.4 4.0
Nauf us N,RD 3.05 0.67 57.0 29.5 32.2 11.1 18.9 3.6 5.4
N. Packsaddle C 1.28 0.81 29.4 35.5 23.0 3.9 23.2 0.9 2.1
U. Packsaddle C 5.42 0.74 10.0 9.3 2.9 10.5 35.4 0.3 6.5
L. Packsaddle N 2.66 1.13 33.0 16.0 51.1 7.7 25.6 3.9 1.8
N. Fall C 13.21 4.92 26.0 10.0 25.3 23. 39.1 6.1 8.3
S. Fall C 10.05 1.38 12.8 4.8 6.5 16.1 43.1 1.0 8.1
Knopki N 9.78 1.43 9.5 8.8 3.0 16.1 41.7 0.5 8.9
Whi tes C 11.04 1.67 14.8 12.5 8.7 21.0 36.0 1.8 11.4
Mur phy RD 17.25 5.74 20.8 12.0 15.7 30.2 39.1 4.7 13.7
LNF N 7.49 3. 07 17.8 12.8 10.4 16.1 31.8 1.7 9.3
Gar den N 11.83 3.96 15.3 12.3 7.3 20.4 39.8 3.5 10.7
U. Four Bit C 8.67 4.54 6.3 16.8 1.0 16.4 36.3 0.1 10.3
I ndi an RD 6.51 2.00 27.5 21.8 28.3 11.5 32.7 3.3 4.5
L. Four Bit L 3.06 0. 87 21.3 32.8 19.6 9.7 21.8 1.9 5.7
Two Bit L 2.37 0.91 29.0 35.3 30.2 7.8 20.9 2.4 3.6
Copper B C 2. 46 0.75 40.5 14.5 56.7 6.5 26.0 3.7 1.2
Copper A L 14.98 5.03 19.5 10.5 13.9 26.4 38.9 4.7 12.5
E. Lights C 11.64 2.61 15.5 8.3 9.2 22.1 36.0 2.0 12.1
U. Tayl or C 9. 33 1.86 10.7 7.0 4.5 15. 4 41.6 0.7 8.3
L. Tayl or L 12.91 2.74 17.0 11.0 11.3 23.8 37.2 2.7 12.3
U. New York C 16.60 3.90 36.5 17.5 47.7 37.6 30.3 17.9 8.3
Enpire C 16.40 4.20 40.5 13.4 60.1 39.1 28.8 23.5 4.4
M d New York L 22.19 10.00 22.3 16.5 21.8 43.5 35.0 9.5 19.2
New York Trib L 18.25 6.60 34.4 10.5 43.5 36.6 34.1 15.9 8.2

1

Percent by weight calculated frombefore and after acidification,
660 nm

by wei ght

spect rophotonetric
readi ngs at
Per cent aci dification.
Tot al pi gnment
chl orophyl | a.
Tot al

corrected for

cal cul ated by changes at 410 and 430 nm after

matrix after acidification as phaeophytin a relative to total as
area under spectrograph in units of absorbance tines nanoneters or noles 10'/cm
sanpl e si ze.

Area under spectrograph due to chlorophyll a as percent of total area.
Percent from 3 above nultiplied by 4 above.

4 above minus 6 and mnus 5 rmultiplied by 4.
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