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Abstract approved:

Assemblages of stream predators were studied.in relation to
habitat ?.nd trophic characteristics of 33 sections of small streams
flowing through old-growth (>450 yrs); recent clearcut (5-15 yrs),
and second-growth (12-35 yrs) forests of the western Cascades of
Oregon. Abundance of 10 vertebyra,te and 29 insect té#a rangingin
size from 3 mg to 20 g dr;r wt was quantified. Correlations were
developed between taxonomic composition, diversity, and biomass
of predators, and characteristics of streams including drainage area,
width, elevation, gradient, canopy density, and streambed sediment
composition. Community dynamics inferred from these correlations
were applied to explain impacts of clearcut logging on predators.

Dominant vertebrates were the salamander Dicamptodon ensatus

and the trout Salmo clarki. Commeon insects studied were the stone-

flies Calineuria californica and Alloperla Spp. and caddisflies

Rhyacophila spp. Occurrence of predatory insects depended on




stream size and elevation; microdistributions depended on current
regime. Occurrence of vertebrates depended on channel gradient.

All fishes except S. clarki were restricted to sites less than 6% slope,
whereas two salamander and one frog species were the only aquatic
vertebrates present above 13% slepe. Biomass of predators depended
on streambed sediment concentration and exposure to sunlight. Most
taxa had reduced abundance on fine substr«ate’(sand and gravel) and in
the most densely shaded sites.

Clearcutting affected both physical habitat and trophic charac-
teristics of the streams. Accumulation of periphyton on artificial
sybstrates placed in the streams was greater in clearcut than in
adjacent old-growth sites. Volume of large organic debris and pro-
portion of pool area were reduced in the logged sections. Effects on
sediment concentrations depended on stream slope. In high gradient
(> 10%) streams, concentrations of. sand and gravel were lower in
clearcut than in adjacent old-growth sites; in low gradient (< 4%)
strearristhe opposite situation obtained.

Most taxa were usually more -abundant in clearqut than in old-
growth sites. Effects of clearcutting, however, depended on stream
slope. In the high gradient clearcut sections, both greater primary
production and lower sediment concentration seemed to act together
to enhance abundance and diversity of predators. In the larger, lower

‘gradient streams accumulated sediment seemed to cancel effects of



canopy removal. Effects of increased primary production»seeméd to
decline after logging. Biomass and species richness in second-
growth sites, where a dense canopy shaded the stream, tended to be
lower than in clearcut sites and equalled or were lower than the

amounts in old-growth sgites.
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PREDATOR ASSEMBLAGES IN OLD-GROWTH AND
LOGGED SECTIONS OF SMALL
CASCADE STREAMS

INTRODUCTION

A basic task of stream ecologists is to define relationships be-
tween the stréam community and its environmental systems. The
maghnitude of human impacts requires that we understand the linkages
between stream biota and processes of the watershed and stream:

By characterizing these relationships one can gain the knowledge of
community dynamics required to understand and predict management
impacts. The objectives of this study were 1) to characterize critical
relationships between the predator functional group of the stream
ecosystem (Cummins 1974) and the physical and trophic character-
-istics of small streams in the western Cascades, and 2) to assess and
explain logging impacts on the predator functional group. Because
predators derive energy from all lower trophic levels, the predator
functional group may integrate total trophic response of the system.
By studying predators, I could identify environmental factors that
affect ecosystem productivity and assess logging impacts on the gen~
eral productivity of stream ecosystems.

As a subsystem of the stream ecosystem, the predator func-
tional group depends on stream and watershed processes for both

physical habitat and food resources. Erosional and fluvial processes



determine stream morphology and streambed sediment composition
(Leopold et al. 1964), Large organic debris derived from terrestrial
vegetation alters stream morphology, retains sediment and orgaaic
detritus, and acts as a reserve of nutrients and organic matter
(Swanson et al. 1976). Vegetation and landforms can limit aquatic
primary production (Lyford and Gregory 1975) and regulate stream
temperature (Brown 1969) by shading the stream, while at the same
time determining the forms and rates of inputs of allochthonous or-
ganic matter (Sedell et al. 1975). Nutrient inputs depend on lithology
and soils, geomorphology, vegetation, and precipitation chemistry
(Likens et al. 1977). Watershed deforestation affects both physical
habitat in the stream and inputs of biotic energy and nutrients to

the stream ecosystem. These effects will likely depend on the par-
ticular biological, geological, and climatic characteristics of the
watershed and stream involved. A logging operation ’ghat alters stream
canopy, temperature, streamflow regime, sediment load, structural
organic debris, or energy and nutrient resources will likely have
multiple effects on stream communities.

Longitudinal changes in community structure reflect dependence
on changing environmental conditions, and community dynamics can
be inferred from analysis of longitudinal succes sion‘al’ong such envi-
ronmental gradients (Major 1951). A useful explanation of longi-

tudinal community succession would provide information-about roles
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of specific environmental factors and nélecha.nisms through which they
affect community structure. For this study I attempted to relate
taxonomic composition, diversity, and biomass of the predator
functional group to physical and trophic characteristics of small
streams over a broad range of undisturbed natural situations. I
also compared old-growth and logged sections of streams to assess
impacts of clearcut logging. This approach provides a perspective
from which to view impacts of human activities in the context of

natural processes regulating stream ecosystems.



METHODS

Study Area

The study area was centered in the H. J. Andrews Experimen-
tal Forest in the western Cascade Mountains in Oregon. The steep
terrain ranges 400-1600 m in elevation and is heavily forested with

Douglas-fir (Pseudotsuga menziesii) and western hemlock (Tsuga

heterophila). Volcanic parent material of tuffs, breccias, and basalt
underlies soils ranging from shallow and stony to deep clay leam
(Rothacher et al. 1967). Extensive deep-seated mass movements
occur -where lava flowé and welded ash flow beds of the Sardine
Formation cap volcaniclastic rock of the Little Butte Formation
(Swanson and James 1975). A maritime climate with about 240 cm
precipitation prevails. Above 1000 m elevation, snow usually accu-
mulates during winter, whereas lower elevations receive mostly
rain., Streams are generally high gradient and dominated by boulders
and large organic debris. Streamflow responds quickly to storms
and may be 5, 000 times greater during winter storms than during

summer base flow (Harr 1976).
Study Design and Sampling

Thirty-three sections of 16 streams (Appendix A) were selected

for study on the basis of drainage area, gradient, and history of



disturbance (Fig. 1). I studied streams in old-growth forests to
characterize natural variation and establish baseline data for com-
parison with logged areas. Old-growth (> 450 yrs) sites were un-
disturbed by logging, but in some cases clearcuts were located
about 1-2 km upstream. Logged areas had been cut and burned
without leaving buffer strips of vegetation along the streams.

I divided the logged sites into two groups according to their.
vegetation: recent clearcuts (5-15 yrs) where streams were still
unshaded by vegetation, and second-growth- sités (12-35 yrs) that-
were shaded by dense second-growth riparian vegetation. I com-
pared old-growth and recent clearcut sites to detect initial effects
of logging. Recent clearcut sites were usually studied in combination
with an adjacent (50-200 m upstream) old-growth site. Since logging
impacts may depend on stream size or slope, I compared adjacent
clearcut and old-growth sites on str’)‘eams of different size (first- to
third-order) and gradient. I also examined temporal succession
following logging by comparing recent clearcut and second-growth
sites.

Study sections were usually about 30 m long. For each site,

I subjectively classified stream habitat as pool or riffle according to
whether current was wanting or turbulent, respectively. I estimated
proportions of these habitats, and width and depth of stream by lateral

transects at 2-m intervals. Channel gradient {7%) equalled the rise in
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Fig. l Map of study area showing locations of the 33 study sites.
: The H. J. Andrews Experimental Forest (HJA) is cross-
hatched.



elevation of the site divided by the length (m/m-°100). I visually
estimated percentage canopy closure. Stream drainage area, eleva-
tion, and stream order (Strahler 1957) were estimated from USGS
topographic maps (scale 1:62, 500).

I quantified size composition of sediment and the density of
large crevices in the streambed surface by visually estimating the
proportion of sand-gravel (< 30 cm diam) and counting large crevices
(> 25 crri3) within 0. 25 m2 quadrats. Twenty quadrat samples at-each
site were stratified (five each) into the middle and edge of pools-and
riffles. The mean of the 20 samples provided ratings for sediment
concentration and crevice density for each site. Pool and riffle
samples were also averaged separately to provide ratings for sub-
strate in each habitat.

I estimated the volume of large wood debris (> 10 cm diam).
within a.30 m length of each site., The volume of each piece of large

debris was calculated from the formula

2
Volume = (D1 + Dzz) * length . 7w /8

where D is the diameter of either end. Debris load of each site
equalled total volume of large debris per unit area (rri3/m ).

I measured rates of accumulation of algae in old-growth and
clearcut sites by placing two clay tiles (60 cm2 upper surface) in

riffle areas in each of 16 paired clearcut and old-growth sites.



After 1 month (September) I removed the tiles and measured the
amount of chlorophyll that had accumulated by methcds of Wetzel
and Westlake (1969).

Prior to sampling, I selected a group of predator taxa whese
abundance I would quantify. The selected group included all aquatic

vertebrates except the tailed-frog (Ascaphus trueii), all Setipalpia

(Plecoptera), most Rhyacophila (Trichoptera), and all Odonata,

Megaloptera, and larval Coleoptera. Although not all inclusive, this
group of taxa should be an adequate sample of the predator functienal
group and should exhibit behavior representative of the functional
group in general.

Population size of vertebrates was estimated for all predator
species in each of 31 sites, usually by mark-recapture, and in four
cases by removal methods (Robson and Regier 1971). Vertebrates
were collected with an electroshocker, anesthetized, measured,
marked with a toe clip or fin clip, and redistributed within the site.

I usually attempted recapture 1 week aft:érfmarking. A series of
salamanders and sculpins from several sites were frozen and later
weighed (nea.resi; mg) to generate length-weight regressions (Appendix.
B). A similar regression for trout was obtained from Aho's (1976)

study of cutthroat trout (Salmo clarki) in the same vicinity. Trout

and sculpin were readily separated into two size classes, juvenile

(Age 0%) and adults. Biomass (g wet wt/mz) was estimated separately



by size class and summed to obtain the total for the population. As
a measure of vertebrate species diversity I used the Shannon-Weiner

diversity index (H')

S
! = -
H' = Z‘pi 1n i

i=1

where P; is the proportion of total community biomass contributed by
the ith species summed for S species.

To sample predatory insects I held a square-framed net {33 cm
on a side, mesh 0. 33 mm) perpendicular to stream flow while dis-
turbing 0. 16 m2 of streambed in front of the net. In pool habitat I
disturbed substrate while directing current through the net by hand.
Insects were picked from samples in the field, preserved in aleohol,
and later identified, counted, and measured under a microscope. I
calculated length-weight regressions for converting length data to
dry weight (Appendix B). Insects from several sites were frozen
rather than being preserved in alcohol. These were later identified
and measured, then dried (50 C, 48 h) and weighed (nearest 0.01 mg).
Weights for rare species were calculated from the regression equation
of the most similar common taxon.

Biomass (mg dry wt/mz) and density (no./mz) in pool and
riffle habitats were estimated by the mean of three samples from

each habitat type. The mean of all six benthic samples gave an
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estimate of biomass and density within sites. As a measure of species
diversity I used species richness, the total number of taxa collected.
Twenty-eight sites were sampled once for predatory insects during
either late summer (August-September 1976) or late autumn (Decem-
ber 1976) after an extended period of unusually low stream flow. I
combined the data from these periods for analysis.

The data consisted of two sets, community and environmental.
Correlation matrices, principal component and canonical correlation
analyses (Cooley and Lohnes 1971) on standardized variables were used
to examine patterns within the environmental variables and relations
between the community and environmental variables. I used non-
parametric statistical tests (Siegel 1956) to compare adjacent clearcut
and old-growth sites. Although vertebrates and insects were étudied
together in 26 of the 33 study sites, data were analyzed separately
for these groups because vertebrate biomass was usually much
greater than biomass of predatory insects, and tended to mask varia-

tion in the latter.
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RESULTS AND INTERPRETATION

Stream Characteristics

Old-growth Sites

Environmental data from old-growth sites (Appendix C) were
analyzed separately to characterize natural variation in the undis-
turbed environmental system. Because significant intercorrelation.
existed among the environmental variables {Appendix D), I examined
the principal components. The first two principal components ac-
counted for 71% of the original variance. Interpretation of these
components was based on the factor structure (Table 1), consisting
of back-correlations of the principal components with the original
variables.

The first component expressed trends in stream characteristics
related to stream size. Properties of streams that increased with
stream size correlated positively with the first component, whereas
those that decreased correlated negatively. The larger streams were
less shaded, lower in gradient, had less organic debris, and more
riffle area than the smaller streams. Debris volume decreased an
order of magnitude from first- to third-order channels (Fig. 2).
Debris was randomly distributed in first-order streams, but tended

to be aggregated into debris accumulations at intervals of 20-50 m in



Table 1. Correlation coefficients between the first twe principal
components and the 12 original variables measured in 15
old-growth sections of first- to third-order streams.
Highest coefficient for each.variable is underlined.

Variable Loading for PCl Loading for PC2
Drainage area .86 -.42
Mean width .89 -.29
Mean depth . 60 -.25
Canopy shade -.84 .02
Debris volume -.80 . 20
Channel gradient -.66 .59
Crevice density .54 .80
Sand-gravel -.62 -.64
Cobble .62 . 68
Elevation .00 _Z_§_
Pool are;a -.58 -.06
Riffle area . 85 .06

Variance (%) 48 23
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the larger streams. Va.ﬁance was highest for data from the mid-
sized streams (5-12 kmZ drainage area) because the length of stream
studied (30 m) was insufficient to account for the larger scale hetero-
geneity. Reduced quantities of large organic debris in the larger
streams probably resulted from an increase in total stream power
(Swanson _e;t'gi. 1976). Reduced debris volume also accounts for the
relatively high proportions of riffle area in thevlarger streams because
less area of stream was impounded where debris load was small,
Accumulation of chlorophyll on tiles placed in the streams was
directly related to stream width and inversely related to canopy
closure (rS =.83, -.67, n=8, p<.0l, <.05, respectively, Appen-
dix E). Thus for old-growth forests, as the stream became wider
and canopy more open, the potential for primary production increased.
The second component of old-growth stream characteristics
seemed to express a relationship between streambed sediment charac-
teristics and geologic parent material. High correlations for site
elevation and all substrate composition parameters indicated a trend
toward dominance of coarser sediment in streams at higher eleva-
tions. This trend corresponds to a shift in bedrock geology from
relatively young and resistant flow rock at the higher elevations to
weaker and older pyroclastic rocks at the lower elevations (Swanson

and James 1975).
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Logged Sites

Old-growth, recent clearcut, and second-growth stream sections
ranged similarly in drainage area, channel width, depth, and gradient
(Table 2, Appendix C). The second-growth sites, however, were
lower in elevation than the other sites because of the historical pattern
of logging in the area, The recent clearcut sites were mostly exposed
to direct sunlight, whereas in the second-growth sites even-aged
riparian vegetation produced a denser canopy than in old- growth areas,
where canopy was usually opened by fallen trees.

Table 2. Range of physical characteristics of the 15 old-growth, 10
clearcut, and 6 second-growth study sites.

Variable Old-growth Clearcut Second-growth
Drainage area (ha) 30-1680 50-1690 100-980
Mean width (m) 1-6 1-6 ' 1-4
Mean depth (cm) 4-26 4-21 5-14
Channel gradient (%) 2-18 2-13 1-13
Elevation (m) 400-1200 400-1200 300-500
Canopy shade (%) 40-95 5-40 80-100

Accumulation of chlorophyll on clay tiles placed in the streams
was consistently greater in the clearcut sites than in adjacent old-
growth areas (p < .05, n = 8 pairs of sites, Wilcoxon test), but the
difference tended to decrease with stream size (Appendix E). In

seven of eight pairs of sites, the clearcut exceeded the old-growth
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in accumulated chlorophyll, but the pair of sites on the widest stream
showed the opposite result. Thus clearcutting seemed to enhance
aquatic primary production by removing the forest canopy, but in
the larger streams that were naturally less shaded, canopy removal
had a smaller effect on primary production.

Streams in logged areas contained less large organic debris
than in old-growth sites of similar drainage area (Fig. 2). Large
debris was lacking in every logged site larger than 4 kmZ drainage
area, except one site that contained a log jam. Smaller streams had
residual natural and logging debris equal to about half of that in old-
growth sites. Debris was thus either removed intentionally during
logging or was afterwards flushed from the logged sites during floods.

Large organic debris played a key role in shaping channel
morphology and retaining sediment, particularly in the smaller,
higher gradient streams. Because of their reduced volume of debris,
logged sites had proportionately less pool area than old-growth sites.
Old- growth sites averaged 47.3% pool area, whereas logged sites
averaged 35.2% pool area (p < .05, Mann-Whitney U test). Debris
removal thus reduced depositional area of the streams by about 20%.

Accumulated sediment was thus made available for transport
according to the stream's energy, a function of stream slope. Surfi-
cial concentrations of sand-gravel and crevices in logged sites were

strongly correlated with channel gradient, whereas storage of
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sediment by organic debris in the higher gradient old-growth sites
reduced these correlations (Fig. 3). The net effect was that high
gradient (> 10%) logged sites contained coarser sediment than old-
growth sites of similar slope. Comparison of paired clearcut and
old-growth sites, however, indicated that the difference in sediment
concentrations reversed in streams lower than about 4% gradient.
Thus the less competent, low gradient streams apparently deposited
sand and gravel that was introduced by logging, but the competent,
high gradient streams exported both introduced sediment and sedi-

ment that was previously stored in their channels.
The Study Taxa

Ten vertebrate and 27 insect taxa of predators were collected
from the study sites (Table 3). In terms of biomass and frequency
of occurrence, the dominant vertebrate was the salamander

Dicamptodon ensatus, occurring in dense populations of neotenes.

The cutthroat trout, Salmo clarki, was also common, although

usually absent from first-order streams. Several species of sculpin
(Cottus spp.) were abundant in the lower gradient (< 6%) sites. I

also collected a small number of Olympic salamanders, Rhyacotriton

olympicus, and dace, Rhinichthys csculus and R. cataractae, in
some of the first- and third-order streams, respectively. The domi-

nant predatory insects included the stoneflies Calineuria californica
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Table 3, - Frequency of occurrence of the selected predator taxa,

Taxon No. of sites Taxon No. of :sites
Vertebrates Insects: Tricheptera
Dicamptodon ensatus 31 Rhyacophila willamedta 27
Rhyacotriton olympicus 5 R. acropedes 22
_S_al_:_n_o_rc_lig_i 24 R. hyalinata 18
S. gairdneri 1 R. narvae 11
Cottus beldingi 8 R. angelita 9
C. confusus 1 R. bifila 8
C. perplexus 1 R. amaudi 6
C. rhotheus 1 R. grandis 5
Rhinichthys osculus i R. blarina 4
R cataractae ! R, vaefes 1
R. kincaidi 1
Insects: Plecoptera R. sp. A i
Calineuria californica 28
Alloperfa spp. 28 Insects: Megaloptera
Perlinoides aurea 18 Orohermes crepusculus 15
Paraperla spp. 10 Sialis cornuta 7
Hesperoperla: pacifica 9
‘Doloneuria theodora 8 Insects: Odonata
Isogenus sp. A 9 Qctogomphus specularis 7
LB 7 Insects: Coleoptera
Lo C 6 Dytiscidae 4
Isoperla sp. A 6
I.sp. B 6

aKeys used to identify insects wer e Baumann et al. (1977), Evans (1972), and Wold ( 1973),

Rhyacophila taxa listed may represent more than one species that are indistinguishable as
larvae,
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and Alloperla spp. Both were abundant in most sites, with Calineuria
occurring primarily in riffles and Alloperla mainly in pools. The

largest insects were the Megalopteran Orohermes crepusculus and

the dragonfly Octogomphus specularis. Both were common and some-

times dominated biomass, but Orchermes was absent from first-order

streams and Octogomphus was restricted to the lower elevations

{< 900 m). Most predator taxa were uncommon. Of the 37 taxa, 27
occurred in less than a third of the study sites, whereas only three
were collected in every site.

Body weight of the common taxa varied continuocusly from about
3 mg dry wt for the stonefly Alloperla to 102--’104 mg for the salaman-

der Dicamptodon (Fig. 4). A discontinuity in the size continuum

occurred between Dicamptodon and Callineuria in first-order streams;,

but disappeared with the addition of Salmo, Cottus, and Orchermes

to the community in the larger streams. This continucus array of
consumer size in the predator functional group presumably results
from partitioning of food resources according to particle size, and
produces as an emergent property, more efficient and complete

utilization of the available food resource (Wallace et al. 1975).

Predatory Insects

Patterns within Sites

To explore relationships between predators and microhabitat
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characteristics, I used canonical correlation analysis to relate
density of the 13 most commonly occurring taxa (> 10 benthic samplesj
to eight environmental variables associated with each sample. KEnvi-
ronmental variables included a dummy variable distinguishing pool
and riffle habitats (coded 0 = pool and 1 = riffle), proportions of
surface substrate in cobble or sand-gravel, and approximate vcoclumes
of organic detritus and filamentous algae retained in the sampling net.
Total redunda.pcy of the community data given the environmental data
was only 13%, perhaps because of variance among streams as opposed
to within streams, the large number of zero values in the data, or
non-linear relationships among the variables. Oﬁly the first canonical
relationship was examined in detail. It accounted for 15% of the total
variance in the community data, with a redundancy of 8%.

The first factor of the environmental data had a high negative
correlation with the dummy variable distinghishing pool and riffle
habitats, and intermediate correlations with volume of CPOM (coarse
particulate organic matter) and algae (Table 4). Thus it ordinates
assemblages from slow currents with accumulations of organic matter
to fast water with concentrations of algae. Taxa with negative correla-

tions with the community factor, such as Calineuria californica and

Hesperoperla pacifica, were most abundant in riffles. Taxa loading

positively, such as Alloperla spp. and Octogomphus specularis, were

concentrated in pools.



Table 4. Correlation coefficients between the canonical and. original variables for the first
canonical factors relating d ensity of comm ontaxa of predatory insects to microhabitat
characteristics associated with each benthic sample.

23

Community Factor Structure

Environmental Factor Structure

Taxon Factor I Vari able Factor I
Rc =.71 Rc =71
Calineuria californica -.56 Habitat ty'pea -, 86
Hesperoperla pacifica -.54 ‘Sand-gravel .31
Perlinoides aurea -.39 ‘Cobble -.10
Isogenus sp. A .24 Algae -.45
Alloperla spp. .50 1=’POMb .31
Paraperla spp. .06 cpom® .54
Rhyacophila willametta -.20 Twigs, wood .25
Rhyacophila hyalinata -. 44 Total detritus .44
Rhyacophila acropedes -.53
Rhyacophila angelita -.48
Rhyacophila narvae .27
Orohermes crepusculus -, 10
O ctogomphus specularis .32

*Habitat is a dummy variable scaled: 0 = Pool, 1= Riffle.

Fine particuiate organic matter (<1 mm diam).

c :
Coarse particulate organic matter (1-16 mm diam).
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Effects of clearcutting on the different predator taxa should
depend on the taxon's habitat requirements. Canopy removal should
enhance abundance in riffle areas more than in pools because of the
direct dependence of aquatic primary production on stream velocity
(MclIntire 1966), and because riffles usually contain coarser sediment
than pools. As a measure of habitat preference, I calculated for the
eight most commonly cccurring taxa ( > 10 sites) the relative differ-
ence in mean biomass between pool and riffle habitats across sites.
As a measure of logging impact, I used the relative difference in
mean biomass between clearcut and old-growth sites. These meas-
ures were significantly related (Fig. 5). The taxa that were concen-
trated in riffles showed relatively greater positive differences between
clearcut and old-growth sites than taxa that were concentrated in
pools. Thus the apparent effect of clearcutting was to increase abun-
dance of riffle insects more than pool insects.

Species richness of pool and riffle assemblages (Appendix E) in
old-growth sites depended on different environmental factors (Fig. 6).
For pools species richness was inversely related to percentage sand-
gravel, but was unrelated to percentage exposure to sunlight. On the
other hand, species richness in riffle habitat was unrelated to per-
centage sand-gravel, but directly related to percentage exposure.
Thus for pools species richness depended on substrate size, but for

riffles it depended on condition of the forest canopy.



Fig, 5.

%)
- 4
= ___0—
m
@ o
T
o
=z [0+ ,
Luxj RIFFLE INSECTS
= o
|._..
L
@ 0+ L e e
Wi
(Z) POOL INSECTS
w
a —1.0- o
L o) o
& v ¥ ¥ 1 A 1 1
= 00 0.2 0.4 06 08 1.O 1.2 .4

DIFFERENCE BETWEEN CLEARCUT AND OLD GROWTH

Difference in biomass of insect predators between clearcut and old-growth sites in relation
to habitat preference for the eight most common taxa (occurred in > 10 sites). Data were
normalized by transforming to the relative difference: Ordinate = mean pool biomass
minus mean riffle biomass divided by the grand mean; Abscissa = mean clearcut biomass
minus mean old-growth biomass divided by the grand mean. The curve was fitted by

inspection (rg = .88, n = 8 taxa, p <.01l).

§¢



101 o  RIFFLES | o o
r=-.09 co

" oo
&) —0-0 O 0O
Ll \QO\\O\ o 0 _a
o 5 OO0 O - Q0 O
0 o
| RIFFLES
A— ° r=.7l
w
o O I i 1 T | ¥ T
h e R O
" D
@ e} O
=
z o POOLS
o r=.24
O
O 1 L i i | { ' i
0o 20 40 60 80 O 20 40 60
SAND-GRAVEL (%) STREAM EXPOSURE (%)
Fig. 6. Species richness of predatory insects in pool and riffle habitats in relation to percentage

sand-gravel of surface substrate and exposure to sunlight in 13 old-growth sections of

streams.

92



27

From the above correlations one would predict that clearcutting
would affect riffle assemblages primarily via canopy removal and
affect pool assemblages mainly by altering the streambed. The per-
centage difference in species richness and mean total density of preda-
tory insects in riffles between paired clearcut and old-growth sites
averaged 33% and 73% greater, respectively, in clearcuts (Table 5).
The average percentage differences for pools, however, were only
23% and 10%. In addition, differences between pool assemblages in
paired sites were significantly correlated with stream slope (rS =, 68
and .78, n=38, p< .05, for species richness and density, respec-
tively). No significant correlation with stream slope was found for
these differences for riffle assemblages. Thus effects of clearcut-
ting on pool assemblages depended on changes in both insolation and
substrate, whereas riffle assemblages seemed to be affected pri-

marily by changes in insolation.

Patterns among Sites

Abundance of most taxa was positively correlated with stream
drainage area, mean width, and percentage cobble, and negatively
correlated with percentage shade and sand-gravel (Table 6). Drain-
age area and channel width accounted for the highest correlation for
nine of the 17 most frequently occurring taxa. To relate taxonomic

composition to the environmental variables, I used canonical
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Table 5. Species richness and mean total density of predators in pools and riffles in paired clearcut
(CC) and old-growth (OG) sites, arranged in order of increasing stream slope.

Pools Riffles
Site Slope CC oG Percentage cc oley Percentage
paira (%) difference difference

Species Richness

Cco 3 3 5 -40 ‘8 5 60
Lo 4 8 11 -27 8 8 (0]
MR 4 9 5 80 10 5 100
LS 9 'S 6 =17 3 3 0]
MA 10 7 7 0 8 5 60
WA 11 9 ‘5 80 9 7 29
MC 13 5 4 25 5 6 -17
AR 14 11 6 83 9 7 29
Density
co 3 30 54 -44 124 106 17
Lo 4 456 476 -4 214 132 62
MR 4 68 128 -47 116 114 2
LS 9 134 188 -29 66 114 =42
MA 11 160 176 -9 110 42 162
WA 13 274 126 117 312 158 97
MC ; 13 178 184 -3 156 40 290
AR 14 250 124 102 154 168 -8

a
For identification of site pairs see Appendix A,

b
100 (CC-0G)/ OG.
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Table 6. Correlations of mean biomass of 17 taxa of predatory insects with environmental variables. N = 28 sites, sampled August and December.

Taxon Drainage Channel Shade Channel Sand- Cobble Elevation Multiple
area width gradient gravel R2
Calineuria californica .15 .26 -.21 -.09 - 27 . 46% -.06 .35
Hesperoperla pacifica . S6** .31 -.21 -. 35 .11 -.27 -.36 .52
Perlinoides aurea . 44% . 41% ~-.45% .01 -, 47% . 44% .14 .55
Isoperla sp. A . 65%% . 57%% -.35 -.33 -. 45% -.06 -. 16 .57
Isogenus sp. A .10 .31 -, 14 .10 -. 21 .23 .21 .33
Isogenus sp. B .15 . 47* -, 24 . 08 -.30 . 36 .12 .53
Isogenus sp. C -.02 -. 04 -.05 .31 -. 32 .33 .13 .46
Alloperla spp. .12 .01 -.32 . 27 -, 38% . 40%* . 5S4k .51
Rhyacophila willametta . 10 .29 -.24 -.09 -. 09 .13 .10 . 36
Rhy acophila acropedes -. 33 -, 45% -, 10 . 48%% -. 21 .20 . 46% . 36
Rhyacophila hyalinata .16 .28 -.24 -, 14 -. 19 .30 -.14 .31
Rhy acophila. grandis -, 47% -, 71k% -.17 . 56%% -. 27 . 16 . 59k .67
Rhy acophila angelita . 47% . 5%k - 50%* - 17 =, 58%* .35 .11 .62
-Rhyacophila arnaudi . 75%% s 55%x% -.31 -. 36 -. 20 -, 12 -.12 . 67
Rhyacophila bifila -. 34 -, 50 -.08 . 44% -. 18 .22 .36 .32
Rhyacophila narvae .07 .31 -, 45% .10 - 11 .40% 13 .60
O rohermes crepusculus . 28 . 59%k -. 15 -.31 -, 10 .06 -.28 .51

*p <. 05, ** p<, 01, two-tailed tests,

a
Mean of six benthic samples for each site,

62



30

correlation of mean site density of the 12 most frequently occurring
taxa (> 8 sites) with six environmental variables. Because of low
redundancy of canonical relationships 3-6, I examined only the first
two.

The first canonical factors indicated a general tendency for
most taxa to have greater abundance in the larger sﬂ:x‘“ea.ms~ (Table 7).
Drainage area, mean width, and exposure to sunlight were positively
correlated with the first environmental factor, and most taxa were
positively correlated with the first community factor. Thus the
trend in succession of predator taxa from first- to third-order streams
was that of species addition rather than .species replacement.

The second factors contrasted assemblages in sediment-poor
high elevation sites with those in lower &levation sites, where fine
sediments were more common (Table 7). Correlations of the taxa
with the second factor showed it to be bipolar; some taxa had negative
and others had positive correlations. Some species, like Calineuria
californica, occurred at all elevations in similar-abundance, whereas
Alloperla spp. reached peak abundance at the higher elevations. A

few species (Hesperoperla pacifica and Octogomphus specularis) were

restricted to sites below about 750 m elevation. For the latter taxa,
effects of factors other than sediment composition (such as tempera-
ture regime) probably restricted them to the lower elevations. Thus

this canonical relationship indicates a change in taxonomic composition



Table 7. Correlation coeffi cients between the canonical and original variables for the first two canonical factors relating mean density of

common predatory taxa to the physical characteristics of the study sites.

Largest coefficient for each variable is underlined.

Community Factor Structure

Environmental Factor Structure

Taxon CI Ccll Variable CI cn
Perlinoides aurea 35 -.01 Drainage area .65 -. 33
Isogenus sp. A .50 -, 63 Mean width .81 .19
Rhyacophila willametta .43 18 Exposure .64 -.26
Rhyacophila hyalinata 49 20 Slope -. 36 -. 40
Rhyacophila acropedes 76 15 Sand-gravel -. 42 .58
Rhyacophila narvae .47 -.48 Elevation .12 -.55
QOrohermes crepusculus .47 .31
Calineuria californica 16 .54
Alloperla spp. .17 -.62
Paraperla spp. -.17 35
Hesperoperla.pacifica 17 12
Rhyacophila angelita .22 30
Variance explained ( %) i6 14
R edundancy” 14 10
R .91 .84

c

aRedundancy (%) of the community data given the environmental data.

c . . s . .
Correlation coefficient between community and envirenmental factors,

1¢
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on an elevational gradient confounded with a parallel trend in sediment
composition.

Clearcutting mimics natural downstream changes in exposure
and debris loading by removing canopy and large organic debris. If
the same determinants operate in both natural and disturbed situations,
changes in taxonomic composition resulting from logging disturbances
should also mimic natural longitudinal succession. Differences in
biomass of individual species between old-growth and clearcut sites
tended to parallel natural trends in biomass from first- to third-order
streams. The same taxa that increased naturally from first- to third-
order old-growth sites were also more abundant in clearcut than in
old-growth sites (Table 8). Of the 21 most commeon taxa (> 5 sites),
13 averaged both greater in clearcut than in old-growth sites (stream
orders combined), and also greater in third-order old-growth sites
than in first- and second-order old-growth sites. Only six averaged
greater in old-growth than in clearcut sites, and four of these also
averaged greater in first- than in third-order old-growth sites. Thus
at least until the canopy recovers to shade the stream and large
organic debris is replaced, logging disturbances on these small
streams may produce a shift in taxonomic composition of predator
assemblages of about two stream orders downstream.

When the canopy over the stream recovers after clearcutting,

effects of increased exposure to sunlight should decline. The



Table 8. The 21 most common taxa of predatory insects classified according to
whether or not their mean biomass was greater in third- than in first-

or second-order old-growth sites, and whether or not it was greater in
clearcut than in old-growth sites (stream orders combined).

Greater Mean Biomass In:

I and II order III order
old-growth old-growth Total
Greater Mean Biomass In:
Clearcut 2 13 15
Old-growth 4 2 6
Total 6 15 21
p < .05, Fisher Exact test.

1 3%
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old-growth, clearcut, and second-growth sites form a chronological
series ranging from before logging to about 35 yrs after logging.

The densely shaded, second-growth sites contained fewer of the
predatory insect taxa than either old-growth or recent clearcut sites
(Mann-Whitney U test, p < .05, Fig. 7). Biomass in the second-
growth sites was also lower than in the clearcut sites, but similar
to levels in old-growth sites. Because second-growth sites were at
lower elevations than most other sites, they had different species
complements. Large Odonate nymphs often dominated biomass in
the second-growth sites, but were usually absent from other sites.
This may explain why second-growth and old-growth sites had
similar levels of biomass but different species richness. Temporal
succession after logging at a given site, therefore, might be charac-
terized by an initial positive response in abundance and diversity of
predatory insects followed by a decline to low levels as riparian

vegetation recovers and aquatic primary production diminishes.

Predatory Vertebrates

Longitudinal Succession

Longitudinal succession of vertebrates from first- to third-
order streams was generally characterized by addition of fish species
and reduction of amphibian abundance and diversity. Diversity and

taxonomic composition of assemblages were closely related to channel
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gradient and stream size (Fig. 8). All fish species except cutthroat
trout were restricted to sites less than 6% gradient, whereas two
salamander species and non-predatory larvae of a frog (Ascaphus
trueii) were the only aquatic vertebrates present above 13% gradient.

The most widespread species were Dicamptodon ensatus and Salmo

clarki. Dicamptodon occurred in every site and cutthroat trout

occurred in all but the higher gradient, first-order sites. Rhyacotri-

ton olympicus was rare and was restricted to small streams (< 1 km

drainage area). Cottus beldingi was the most common sculpin, occur-

ring in streams lower than 6% gradient. The other species of fish each
occurred in only one site. (See Appendices G-J for mark-recapture
data for vertebrates).

Curvilinear regression of diversity (H') on channel gradient was
significant (R2 =, 61), but showed a single outlier (Fig. 9), represent-
ing a site on Lookout Creek (LOCC) with lower diversity than expected
from the gradient of its channel. This site was in.an area of localized
reduced gradient on the stream's longitudinal profile (Fig. 10). Re-
gression of H' on channel gradient with this point removed provided a
significantly better fit (RZ =.74). To map distributions of vertebrates
relative to this irregularity in the stream's profile, I made collections
of vertebrates at eight additional locations along Lookout Creek.

Cottus beldingi and Salmo gairdneri were absent from site LOCC (and

upstream sites), but present in downstream reaches of similar
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gradient. The low gradient reach of stream was probably suitable
habitat that was isolated from downstream populations by the inter-
vening high gradient reach of stream.

Relationships between total biomass of vertebrates and environ-
mental variables may be biased somewhat because of the low diversity
of vertebrates occurring in the study sites. Total biomass was more
a reflection of the autecology of a few dominant species than an inte-
grative phenomenon involving many species. Hence I examined
separately relationships between the environmental variables and

biomass of the dominant vertebrates, Dicamptodon and Salmo.

Salamander and Trout Biomass

The salamander Dicamptodon ensatus was the dominant preda-

tor, often making up as much as 99% of total predator biomass. The
best predictor of salamander abundance was the density of large
‘surficial crevices in the streambed (Fig. 11). Biomass ranged
from 50 g/m2 in streams with rriany large crevices to near zero in
streams with mostly embedded substrate. Logging impacts on
salamander biomass depended on stream slope (Fig. 12). In the
high gradient (> 10%) pairs of clearcut and old-growth sites, sala-
mander biomass was greater in the clearcut than in the upstream
old-growth site, whereas the relation reversed for streams lower

than 6% gradient. The difference in biomass closely tracked the
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difference in density of substrate crevices. Salamander biomass did
not differ consistently among old-growth, clearcut, and second-
growth sites because sediment composition of the streambed depended
more on channel slope than on recent stand history.

Biomass of trout varied independently of stream size except
in the range of 1-2 kmz drainage area, where abundance declined
precipitously to zero in most first-order.streams, Trout biomass
in the larger streams (5-18 ka) depended on condition of the forest
canopy, tending to be lowest in the most densely shaded sites (Fig. 13).
Differences in exposure alone seemed to account for logging impacts.
Clearcut sites tended to have the greatest biomass, old-growth sites
had intermediate levels, and second-growth sites had the least bio-
mass (p < .05, Mann-Whitney U test). Inall six pairs of clearcut and
old-growth sites where trout cccurred, biomass was greater in the
clearcut than in the old-growth complement, and differences in bic-
mass were unrelated to sediment concentrations (Fig. 12). In con-
trast with salamander populations, which varied depending on condition
of the streambed, trout populations depended primarily on condition of

the forest canopy.
Relationships between Predatory Vertebrates and Insects

I compared biomass of vertebrates and predatory-insects to

examine relationships between these taxonomic segments of the
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predator functional group. For the 26 sites where biomass of both
was quantified, I found no significant (p < .05, two-tailed) correlation
between mean biomass of predatory insects and either total vertebrate
biomass or salamander biomass. Biomass of cutthroat trout, how-
ever, was positively correlated with mean total biomass of predatory
insects in riffles (rs =.83, p<.0l, n=18 sites 5-18 kmz drainage
area). Trout and riffle predators both probably depend on a third
factor--their common food scurce. The drifting larvae and pupae
that comprise much of the diet of cutthroat trout probably originate
in large part as export from riffles.

Clearcutting seemed to affect both predatory vertebrates and
insects similarly. Differences between paired clearcut and old-
growth sites in total biomass of vertebrates and insects were posi-
tively correlated (Fig. 14). Predatory vertebrates and insects thus
seemed to respond similarly to changes in streambed composition and

exposure resulting from clearcutting.
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DISCUSSION

Patterns of community structure within and among streams
reflect the community's response to different physical and trophic
environments, both natural and human-caused. Pools and riffles
within a stream contain different taxa, and logging disturbances have
different effects in each habitat. On the spatial scale of a watershed,
communities change longitudinally corresponding to longitudinal varia-
tion in geomorphic, hydrologic, and other factors. Eiffects of logging
disturbances also vary depending on location on a stream's longi-
tudinal profile. Logging impacts will also vary among watersheds in
different geologic and climatic provinces. Results from my study
should be directly applicable to other first- to third-order streams
in areas with moist climate, steep, heavily forested topegraphy, and

volcanic parent material,

Patterns within Streams

The environmental factors most closely associated with differ-
ences in assemblages of predatory insects were condition of the forest
canopy and of the streambed. Condition of the canopy is probably a
trophic factor because it controls inputs of energy to the community.
Substrate is a physical factor and acts as a template ocn which the
trophic structure develops. These factors may vary independently,

but both dense shade and concentraticns of sand and gravel seemed to
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produce low biomass and diversity of predators.

The interaction between sediment and shade may alsc be signifi-
cant. FEffects of sediment on stream communities may depend on the
trophic status of the stream ecosystem because of differences in the
‘relationships of heterotrophic and autotrophic processes to the sub-
strate. Brusven and Prather (1974) recognized three patterns of
microdistribution of stream insects: insects that inhabit substrate
surfaces, interstices, and both. Predatory insects in heterotrophic
habitat probably forage in interstices of sediment or litter where prey
are shredding or collecting organic detritus. Predators in auto-
trophic systems probably forage beoth in interstices and on substrate
surfaces, where prey are grazing on periphyton or filtering export
from riffles., Primary production, primarily a surficial process,
probably suffers less damage when coarse substrates are embedded
than detrital decomposition, which is more an interstitial process.
Thus fine sediment may have a smaller detrimental effect on commu-
nities.in autotrophic systems than in heterotrophic systems.

A stream is heterogenecus in both trophic and physical charac-
teristics. Fine sediment and organic detritus tend to be concentrated
in zones of reduced stream velocity, and primary production varies
directly with stream velocity (Mclntire 1966), Different determinants
for species richness of predators in pocls and riffles may be explained

by differences in trophic status and substrate porosity. Species
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richness of predators in riffles depended on condition of the canopy,
perhaps because a more open canopy stimulated production in the
faster currents, leading to a greater abundance of most predator
taxa there. Species richness of pool assemblages depended on sub-
strate coarseness, perhaps because pools often contained more sand
and gravel than riffles (more extreme physical conditions) and because
pools were relatively heterotrophic (less response to changes in light).

Logging impacts should differ according to stream habitat. In-
creases.in aquatic primary production after clearcutting should be
greater in riffles than in pools, whereas sedimentation may be more
extreme in pools than in riffles. Probably for these reasons, riffle
assemblages and predator taxa preferring riffle habitat showed
much greater increases in species diversity and biomass than did
pool assemblages and insects. With the canopy removed, predators
foraging in riffles probably received more energy from increased
primary production and suffered less from sedimentation than preda-
tors foraging in pools.

The dichotomy between salamanders and trout in their response
to clearcutting likewise seems to reflect differences in their foraging

behavior relative to the streambed. Whereas Dicamptodon forages

mainly in substrate interstices (Antonelli et al. 1972), the cutthroat
trout usually forages in the water column on drifting organisms and

neglects benthic prey (Brocksen et al. 1968). This may explain why
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the trout was less dependent on substrate characteristics and more de-

pendent on condition of the canopy than was the salamander.
Patterns among Streams

Both physical and trophic factors change longitudinally along
streams and community structure should reflect these changes. The
general increase in abundance of most predatory insect taxa from
first- to third-order old-growth streams indicates increased secondary
productivity as the forest canopy opens and primary production in-
creases (Lyford and Gregofy 1975). Because clearcutting removes
canopy and large organic debris from small streams, it produces
shifts in structure of the predator.functional group of about two stream
orders downstream.

Measurements of production rather than biomass, however, are
required to show trends in productivity, because the contribution of a
group to the food chain depends on its biomass and its rate of turnover.
Both primary and secondary production have been intensively studied
in Mack Creek in the H. J. Andrews Experimental Forest. Compared
to an adjacent forested section, an-exposed, clearcut section had
about twice the total annual primary production (Gregory pers. comm.),
four times the total insect emergence (Grafius 1976), and twice the
production of cutthroat trout (Aho 1976). The trout diet consisted of

more herbivorous insect prey in the clearcut than in the forested
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section. Increased autochthonous inputs appear to supply added
energy to higher trophic levels. Thus secondary production should
be relatively high where shade is either naturally reduced or pur-
posely removed.

Longitudinal distributions of fishes indicate relationships be-
tween fish populations and watershed characteristics. Studies of
longitudinal succession of fishes from about first- to fourth-order
streams generally have shown declines in species diversity toward
the headwaters and addition of species downstream (e.g. Sheldon
1968). Species replacement seems to become more important around
fourth- to fifth-order (Burton and Odum 1945).

Generally factors related to stream slope, depth, or tempera-
ture seem to produce longitudinal succession. Effects of stream
slope are usually most evident in mountainous areas (e.g. Gard and
Flittner 1974). Intolerance of high stream velocity and turbulence
may explain the\absc‘ance of most fishes from very steep streams.
Upstream limits may vary. In Idaho for -example, Platts (1974) found
rainbow trout in streams as steep as 14% and cottids in streams as
steep as 11% slope. These limits-are consistently higher than I
cbserved for these taxa in my study area. Perhaps differences in
the frequency and magnitude of peak flows (Idaho receives much less
precipitation than the western Cascades) allow fishes to occupy steeper

streams in the Idaho Batholith than in the western Cascades.
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Effects of stream size per se are probably most important in
areas with low relief. In central New York, Sheldon (1968) attributed ’
progressive additions of fish species downstream to increases in
stream depth. Sheldon's steepest site had only a 3.6% slope. Fac-
tors related to both stream size or slope may be important in the
same drainage system depending on the species. In my study area,
slope seemed to be the overriding factor. The cutthroat trout was
the only species that seemed to be restricted by stream size rather
than slope.

Hydrologic variables are typically highly intercorrelatVed, how -
ever, making it difficult to identify critical factors when only a small
number of sites are studied. I tried to obviate this by studying both
high and low gradient reaches of both first- and third-order streams.
Streams are patchy environments and even high gradient streams
usually include areas of reduced current velocity or increased depth
that appear to be suitable habitat for fish. Loss of intolerant species
probably occurs during peak flows when stream energy profiles be-
come more regular (Leopold et al. 1964), or during drought when
flow is minimum. Time of sampling relative to peak or minimum
flow may have a great influence on inferences drawn.

Whereas longitudinal succession of fishes has been thoroughly
studied, stream salamanders have been mostly ignored. A unique

feature of my study was that I quantified abundance and longitudinal
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succession of both fish and salamanders. Only a few other estimates
of biomass of stream salamanders exist, and these vary widely from
0.1 g/rn2 for three species of stream salamanders in New Hampshire

(Burton and Likens 1975) to 34.3 g/m2 for Rhyacotriton olympicus.ina

first-order western Cascade stream (Nussbaum and Tait 1977).

This maximum value is similar to what I found for Dicamptodon, and

is 2-3 times greater than that attained by the most abundant fish in

my study.
Logging Impacts

The experimental design I used to assess logging impacts was
unusual in that I compared adjacent logged and forested reaches at
two levels of stream size and slope. Since no data were available
‘on pre-legging conditions, I have assumed that on the average there
were no differences between paired sites before logging. The main
advantages of my approach were the short time required to-obtain the
data and the ability to infer how impacts depend on geomorphic fac-
tors. This approach should allow prediction of legging impacts in
similar watersheds given information about stream size and slope.

Other effects of logging in the study area probably had less
‘influence on the stream communities than changes in aquatic primary
production and streambed sediment concentration. In Mack Creek,

Aho (1976) found weekly mean temperature ranged only 0.1-1,0°C
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higher in the clearcut than in the adjacent forested section. This
slight increase in the usually low ambient temperature ‘probably had
little detrimental effect on the stream communities. Mack Creek
clearcut, however, is a small clearcut (10 ha) and one would expect
that increases in temperature will be greater where longer reaches of
stream are exposed. Likewise, differences in channel morphology
do not account for the observed differences in predator assemblages,
for if the high biomass of trout and predatory insects in clearcut sites
resulted from more extensive riffle area, then biomass should have
been high also in second-growth sites. Logging impacts, then, re-
sulted mainly from combined effects on aquatic primary production
and sediment concentration.

Effects of clearcutting on primary production and sediment
concentration depended on stream size and slope. Primary production
in‘first— to third-order streams in the study area is limited by low
light levels (Gregory, pers. comm.). As streams get wider, canopy
opens and primary production increases (Lyford and Gregory 1975).
For large, naturally open streams, canopy removal will have a rela-
tively small ;ffect, Debris removal exposes sediment accumulations
to transport during the next peak flow (Froehlich 1975). Small, high
gradient streams in clearcuts thus have reduced storage capacity for
fine sediment, and introduced fine sediment will pass quickly through

these areas into downstream reaches. The location of sediment
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deposition depends on the competence and capacity (Leopold et al.
1964) of the stream along its longitudinal profile.

Management of large organic debris has changed during the last
20 yrs. Before about 1960 logging tended to introduce large quanti-
ties of wood debris to streams (Merrel 1951), usually in unstable
configurations (Rothacher 1959). Recent management, however,
tends to reduce loads of large debris by about 50% after yarding
(Lammel 1972). Merchantable material is often removed from the
original load that was in the channel, and cleanup tends to further
reduce the stream's load of debris (Froehlich 1975). In addition,
debris avalanches have occurred within the previous 10 yrs in all my
larger second-growth sites (pers. comm., Dave Burwell, Rosboro
Lumber Co., Springfield, Oregon, 1976; Fred Behms, private timber
manager, Blue River, Oregon, 1977), and in Mack Creek clearcut
(pers. comm., Fred Swanson, Dept. of Forestry, Oregon State Univ.,
Corvallis, Oregon, 1976). Similar events probably occurred in the
other logged sites. Residual debris was probably destabilized by the
logging disturbance and t?ranspor-ted out of the channel during floods.

Recovery of the stream ecosystem after clearcutting depends
on changes in forest canopy and the streambed. Elevated rates of
aquatic primary production in clearcuts may be short-lived because
riparian vegetation usually recovers in 10-20 yrs. Changes in the

volume of large debris, channel configuration, and sediment loads
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may be more important in the long term. Short harvest rotations
(< 100 yrs) preclude recovery of pre-logging levels of large organic
debris in streams (Swanson and Lienkaemper 1978). As a conse-
quence, depositional zones in high gradient streams may be reduced
for as long as present harvest practices and rotation periods are
applied. In low gradient streams, fine sediment may increase after
logging, but détrimenta.l effects may be masked at first by increased
autotrophic production. As the canopy recovers and the community
- shifts to a heterctrophic food base, any degradation resulting from
sedimentation should become more evident.

Differences in stream gradient may explain apparent inconsis-
tent impacts of clearcutting on stream communities. Logging impacts
on trout, for example, are different in the western Cascades than in
the Coast Range in Oregon, perhaps because of differences in the
competence of streams and in the storage and routing of sediment
through channel networks in the two geologic provinces. Parts of
the Coast Range are underlain by sedimentary rock and streams in
these areas are generally lower in gradient and richer in sediment
than those in the western Cascades. Clearcutting in coastal water-
sheds without leaving a strip of vegetation along the stream increased
sediment concentrations and reduced cutthroat trout populations by
40-70% (Hall and Lantz 1969, Moring and Lantz 1974, 1975). The

high competence of small streams in the western Cascades, however,
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reduced local sedimentation from logging; sediment was transported
to stream reaches lower in the drainage network. This shift in sedi-
ment favors community development in high gradient, headwater
reaches, but may depress it downstream where stream slope is
lower.

Ideally one should view entire drainage networks or landscapes
as ecological systems, because disturbances in headwater regions
often have dramatic effects downstream. Redwood Creek drainage
of northern California provides a graphic example (Janda 1977). A
wave of bedload sediment derived from logging in tributary watersheds
is moving through Redwcod Creek, raising the level of stream bottom
and local water table, and killing intolerant vegetation. Logging in
the western Cascades appears to be accelerating sediment transport
from small headwater streams to downstream reaches by reducing
storage of sediment in high gradient stream channels and by acceler-
ating erosion of hillslopes (Swanston and Swanson 1976). The danger
is that sediment derived from a large number of first-order tribu-
taries might overload downstream reaches. The degree of erosion
and the routing of sediment through channel networks will determine
long-term cumulative effects of logging on middle-order streams.
Control of erosion and maintenance of natural loads of debris in small
stream channels are the keys to maintaining productivity of streams

throughout the drainage network.



58

LITERATURE CITED

Aho, R. S. 1976. A population study of the cutthroat trout in an
unshaded and shaded section of stream. M.S. Thesis, Oregon
State University, Corvallis. 87 pp.

Antonelli, A. L., R. A. Nussbaum, and S. D. Smith. 1972. Com-
parative food habits of four species of stream-dwelling verte-
brates (Dicamptodon ensatus, D. copei, Cottus tenuis, Salmo
gairdneri). Northwest Sci. 46:277-289.

Baumann, R. W., A. R. Gaufin, and R, F. Surdick. 1977. The
stoneflies (Plecoptera) of the Rocky Mountains. Memoirs of -
the Amer. Ent. Soc. No. 31. 85 pp.

Brocksen, R. W., G. E. Davis, and C. E. Warren. 1968. Competi-
tion, food consumption, and production of sculpins and trout in
laboratory stream communities. J. Wildl. Manage. 32:51-75.

Brown, G. W. 1969. Predicting temperatures of small streams.
Water Resources Research. 5:68-75.

Brusven, M. A., and K. V. Prather, 1974. Influences of stream
sediments on distribution of macrobenthos. J. Entomol. Soc.
Brit. Columbia. 71:25-32.

Burton, T. M., and G. E. Likens. 1975. Salamander populations
and biomass in the Hubbard Brook Experimental Forest, New
Hampshire. Copeia 1975:541-546.

Burton, G. W., and E. P. Odum. 1945. The distribution of stream
fish in the vicinity of Mountain Lake, Virginia. Ecology 26
182-194.

Cooley, W, W., and P. R. Lohnes. 1971. Multivariate data analy-
sis. John Wiley & Sons, Inc. New York. 364 pp.

Cummins, K. W. 1974. Structure and function of stream ecosys-
tems. BioScience 24:631-641.

Evans, E. D. 1972. A study of the Megaloptera of the Pacific
coastal region of the United States. Ph.D. Thesis, Oregon
State Univ., Corvallis. 210 pp.



59

Froehlich, H. A, 1975. Accumulation of large debris in forest
streams before and after logging. In: Proceedings of a work-
shop, Logging Debris in Streams, Oregon State University,
Corvallis. 10 pp.

Gard, R., and G. A. Flittner. 1974. Distribution and abundance of
fishes in Sagehen Creek, California. J. Wildl. Manage., 38:
347-358.

Grafius, E. 1976. The conversion of allochthonous material by
stream detritivores. M.S. Thesis, Oregon State University,
Corvallis. 133 pp.

Hall, J. D., and R. L. Lantz. 1969. Effects of logging on the
habitat of coho salmon and cutthroat trout in coastal streams.
pp. 355-375 In: T. G. Northcote (ed.). Symposium on salmon
and trout in streams. H. R. MacMillan Lectures in Fisheries,
Univ. of Brit. Columbia.

Harr, R. D. 1976. Hydrology of small forest streams in western
Oregon. Pac. Northwest Forest and Range Exp. Sta. U.S.
Forest Serv. General Tech. Rept. PNW-55. 15 pp.

Janda, R. J. 1977. Statement of testimony at hearing of Senate Sub-
-committee on Parks and Recreation cqncerning Senate Bill 1976.
81 pp.

Lammel, R. F. 1972. Natural debris and logging residue within
the stream environment. M.S. Thesis, Oregon State Univer-
sity, Corvallis. 49 pp.

Leopold, L., B., M. G. Wolman, and J. P. Miller. 1964. Fluvial
processes in geomorphology. W. H. Freeman and Company,
San Francisco. 522 pp.

Likens, G. E., F. H. Bormann, R. S. Pierce, J. S. Eaton, and
N. M. Johnson. 1977. Biogeochemistry of a forested eco-
system. Springer-Verlag, New York. 146 pp.

Lyford, J. H., and S. V. Gregory. 1975. The dynamics and struc-
ture of periphyton communities in three Cascade Mountain
streams. Verh, Int. Verein. Limnol. 19:1610-1616.

Major, J. 1951. A functional factorial approach to plant ecology.
Ecology 32:392-411. :



60

Mclntire,” C. D. 1966. Some effects of current velocity on peri-

phytoen communities in laboratory streams. Hydrobiclogia
27¢559-570.

Merrel, T. R. 1951, Stream improvement as conducted in Oregon
on the Clatskanie River and tributaries. Fish Commission of
Oregon, Research Briefs 3:41-47.

Moring, J. R., and R. L. Lantz. 1974. Immediate effects of logging
on the freshwater environment of salmonids. Oregon Wildl,
Comm. Res. Div. Project AFS-58, Final Rept. 101 pp.

Moring, J. R., and R, L. Lantz. 1975. The Alsea Watershed Study:
Effects of logging on the aquatic resources of three headwater
streams of the Alsea River. Oregon Dept. Fish and Wildl. Fish.
Res. Rept. No. 9. 66 pp.

Nussbaum, R. B., and C. K. Tait. .1977. Aspects of life historv
and ecology of the Olympic salamander, Rhyacotriton olympicus
(Gaige). Am. Midl. Nat. 98:176-199.

Platts, W. S. 1974. Geomorphic and aquatic conditions influencing
salmonids and stream classification. U.S. Forest Serv.
SEAM Report. 199 pp.

Robson, D. S., and H. A. Regier. 1971. Estimation of population
number and mortality rates. pp. 135-165. In: W. E. Ricker
(ed.). Methods for assessment of fish production in fresh
water., IBP Handbook No. 3. Blackwell Scientific Publications,
Oxford.

Rothacher, J. 1959. How much debris down the drainage? The
Timberman 1959:75-76.

Rethacher, J., €. T. Dyrness, and R. L. Fredricksen. 1967.
Hydrologic and related characteristics of three small water-
sheds in the Oregon Cascades. Pac. Northwest Forest and
Range Expt. Sta. Gen. Rept. 54 pp.

Sedell, J. R., F. J. Triska, and N, S. Triska. 1975. The process-
ing of conifer and hardwood leaves in two coniferous forest
streams: I. Weight loss and associated.invertebrates. Verh.
Int. Verein. Limnol. 19:1617-1627.



61

Sheldon, A. L. 1968. Species diversity and longitudinal succession
in stream fishes. Ecology 49:193-198.

Siegel, S. 1956. Nonparametric statistics for the behavioral sci-
ences. McGraw-Hill Book Company, New York. 312 pp.

Strahler, A. N. 1957. Quantitative analysis of watershed geo-
morphology. Trans. Am. Geophys. Union 38:913-920.

Swanson, F. J., and M. E. James. 1975. Geology and geomorphol-
ogy of the H. J. Andrews Experimental Forest, Western
Cascades, Oregon. U.S. Dept. Agr. Forest Serv. Res. Paper
PNW-188. 14 pp.

Swanson, F. J., and G. W. Lienkaemper. 1978. Physical conse-
quences of large organic debris in Pacific Northwest streams.
USDA Forest Serv. Gen. Tech. Rept. PNW-69. 12 pp.

Swanson, F. J., G. W. Lienkaemper, and J. R. Sedell. 1976.
History, physical effects and management of large organic
debris in western Oregon streams. USDA Forest Serv. Gen.
Tech. Rept. PNW-56, 15 pp.

Swanston, D. N., and F. J. Swanson. 1976. Timber harvesting,
mass erosion, and steepland forest geomorphology in the
Pacific Northwest. pp. 191-221. In: D. R. Coats (ed.).
Geomorphology and Engineering. Dowden, Hutchinson & Ross,
Inc. Stroudsburg, Pa.

Wallace, J. B., J. R. Webster, and W. R. Woodall. 1975. The role
of filter feeders in flowing waters. Arch. Hydrobiol. 79:506-
532.

Wetzel, R. G., and D. F. Westlake., 1969. Estimating quantity and
quality of biomass - periphyton. pp. 33-40. In: R. A,
Vollenweider (ed.). A manual on methods for measuring pri-
mary production in the aquatic environment. IBP Handbook
No. 12. F. A, Davis Co., Philadelphia.

Wold, J. L. 1973. Systematics of the genus Rhyacophila (Trichop-
tera:Rhyacophilidae) in western North America with special
reference to the immature stages. M.S. Thesis, Oregon State
Univ., Corvallis., 224 pp.




APPENDICES



62

Appendix A. Identification and location of study sites, Number and al pha code names refer to

figures, tables, and appendices where sites are listed.

Site Identification and Lacation
Old=-growth a b
1. MCOG Tributary of McRae Cr, , 30 m upstream of CC Unit L381 (R. 5 1/2.E., T, 158.,S7)
2. AROG Tributary of Mack Cr., 30 m upstream of CC Unit L111 (R, 5E., T.15S., S36)
3. wsz Watershed 2, a tributary of Lookout Cr. (R.S5E., T.15S., $32)
4. 1SOG Tributary of Lookout Cr., parallel CC Unit L704C (R. .5 1/2 E., T.15S., S32)
5. SADD Saddle Cr., a tributary of Mack Cr. (R. 5E, T. 15S., $36)
6. MAOG Mack Cr. 200 m upstream of CC Unit L110 (R. 5E., T. 15S., S36)
7. MILL Mill Cr. 50-m from McKenzie R. confluence (R. 5E., T. 16S., S18)
8 LIOG Lookout Cr. 50 m upstream of CC Unit L703 (R.5 1/2 E., T. 15S., $29)
9. CO0G Cook Cr., 200 m upstream of CC Unit B421 (R, 5E., T. 15S., S7)
10. MROG McRae Cr. 75 m upstream-of CC Unit 1404 (R. SE., T. 15S., $22)
11, MTHA Tributary of S. Fork Gate Cr. (R. 3E, T. 16S., S15)
12,  'WAOG Walker Cr. 150 m upstream of CC Unit W102 (R, SE, T.17S.,823)
13,  REBE Rebel Cr. 100 m upstream of CC Unit R101(R. 5E., T. 18S., S12)
14. MCRA McRae Cr, 50 m upstream of CC Unit L504 (R. 5E., T.15S., S27)
15. 1LOOG Lookout Cr. 75 m upstream from CC Unit L701 ( R. 5E., T. 15S., $25)
Clearcut
16, MCcCC Tributary of McRae Cr, in CC Unit L381(R.5 1/2 E-, T, 15S., S7)
17.  ANCC Tributary of Mack Cr. in CC Unit L111 (R.5E., T. 15S., S36)
18, LscC Tributary of Lookout Cr. in'CC Unit L704C (R.5 1/2.E., T. 15S,, $32)
19, MAcecC Mack Cr, in CC Unit L110 (R, 5E., T. 15S., $32)
20, LICC Lookout Cr, in CC Unit L703 (R. 5 1/2E., T. 15S., $2)
21, COCC  Cook Cr. in CC Unit B421 (R, SE., T. 15S., §7)
22. TIDB Tidbits Cr. in CC Unit B203 (R. 4E., T. 15S., $26)
23, MRCC  McRae Cr. in CC Unit 1404 (R, 5E., T. 15S., 522)
24, WACC Walker Cr. in CC Unit W102 (R, 5E.,; T. 17S.,823)
25. LOCC Lookout Cr. in'CC Unit L701 (R.5E , T.15S,,S25)
Second-growth
26, THER Thermos Cr. in'CC Unit B201 (R, 4E., T. 15S., S36)
27. MONA Mona Cr. in CC Unit B222 (R, 4E., T. 168, , S1)
28, SUGA Sugar Cr. 75 m upstream of Quartz Cr. confluence(R.4E., T. 17S,, S8)
29, CANE Cane Cr. 50 m upstream of Quartz Cr. confluence(R. 4E., T. 178., S8) .
30, SIMM Simmeonds Cr. 100 m upstream of confluence Blue R. (R.4E., T. 16S.,S21)
31, WYCO Wycoff Cr. 50 m upstream of Quartz Cr. confluence(R.4E,, T, 17S.,832)
Insects sam pled only
32, LOBR Lookout Cr. 25 m upstream of Concrete Bridge (R. SE., T. 158., $28)
33. . SWAM Swamp Cr. 25 m upstream of McKenzie R. confluence (R. S5E, T.16S., S20)
Paired clearcut and old-growth sites
AR = AROG ANCC
MC = MCOG MCCC
LS = LSOG LsCC
LL = LLOG LLCC
LO = LOOG LOCC
MA = MAOGMACC
MR = MROGMRCC
WA = WAO GWACC
CO = COO G COCC

b . .
aIdentiﬁcation code-used by Willamette National Forest; "Range, Township, and Section,
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Appendix B, Regression equations (Y = ax ') relating body weight (Y) to body length (x} of individual predators from small streams in the western

Cascades,
Taxon Body length Number Regression Y Intercept R2
(mm) Coef (b) {(a)
Insects: Dry Weight (mg)
Perlidae (3 species) 4-25 80 2.69 9.07 #10™° .98
Alloperla spp. 4-1i1 116 2,36 1,06 *10_2 .98
Rhyacophila ( 6 taxa) 4-24 108 2.13 1,48 %1072 .95
Orohermes crepusculus 11-44 11 3.31 5.50 *10”* .95
Octogomphus specularis 13-22 7 3,07 5. 30 *10_3 : 95
Vertebratesa: Wet Weight (g)
Dicamptodon ensatus 25-137 35 3.02 3.50 107" .99
Cottus spp. (3 species)’ 44-122 m 3.15 6.02 %10”° .91
Salmo clarki' 2.90 1.78 %107

aLeng'chs of vertebrates were measured as snout-to-vent length for salamanders, total length for sculpins, and fork length for trout.
b N
Cottus beldingi, C. perplexus, and C._confusus.

cRegression equation-from Aho (1976).
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Appendix C. Environmental data measured for the study sites.

Site Stream Drainage Mean Mean Channel Surficial Sand- Cobble Riffle Elevation Shade Large orgamic
order area width depth gradient crevices gravel (%) (%) (100 m) (%) debris
(km?)  (m)  (em) (%) (no./m’) (%) (100 cm/m?)
Old Growth
1. " MCOG 1 0.3 1.0 12 14 10.9 30 16 47 12.0 90 6.5
2, AROG 1 0.8 0.8 6 18 10. 6 28 29 54 7.6 80 10. 7
3, ws2 I 0.8 1.1 9 16 8.9 28 22 65 3.6 90 7.8
4, LSOG 1 1.0 0.8 4 9 13,3 37 23 22 10.5 90 15.2
5. SADD I 1.3 19 9 18 18.0 15 39 64 7.6 70 8.3
6. MAOG I 4.4 3.5 14 10 10. 4 12 26 54 7.6 75 2.1
7. MILL III 6.2 3.5 11 3 4.0 56 6 43 3.6 60 0.1
8. LLOG I 7.8 3.3 20 6 10.9 33 26 50 9.3 70 10.1
9, CO0G 1III 11.4 3.2 17 3 9.9 31 37 35 6.6 65 8.2
10. MROG 1III 12,4 3.6 22 5 6.6 35 18 43 6.0 80 0.9
11, MTHA 1II 12. 8 4.0 12 2 6.0 36 16 79 4.0 S0 - 0.1
12, WAOG 1II 15.0 4.4 16 3 14,7 19 30 70 6.9 70 0.0
13, REBE 1III 15.0 4.4 16 3 10.9 19 30 70 6.9 70 0.0
14, MCRA III 15,0 4.7 17 2 S, 4 36 22 63 S. 4 40 1.3
15, LOOG 1II 16. 8 6.0 23 6 8.1 15 26 59 7.2 60 1.5
Clearcut
16. MCCC 1 0.5 1.5 7 13 24,3 19 44 98 12,0 5 5.9
17. ANCC 1 0.8 0.7 7 10 11, 8 16 26 74 7.6 40 0,7
18. 1scc I 1.3 0.9 4 9 16. 3 15 37 62 10.5 30 4,2
19, MACC -1II 5.4 3.8 11 9 12, 4 9 40 79 7.6 10 0.8
20, - Licce ' 7.8 4.5 20 6 7.3 31 22 47 9.3 35 0.1
21, cocc I 12. 4 4.0 17 2 6.6 51 19 48 6.6 10 0,2
22, TIDB 111 12,4 3.5 20 4 7.3 24 21 41 5.7 20 4.6
23, MRCC 1III 12. 9 4.0 20 3 4.9 36 22 62 6.0 40 0.0
24, WACC 1III 13,2 3.6 21 12 29.7 1 47 46 8.1 40 0.5
25. Locc I 17.3 5.9 18 2 6.0 35 21 68 7.2 40 0.2
Second Growth
26, THER I 1.0 0.5 5 13 9.9 24 28 53 4.5 100 5.6
27. MONA 1II 3.6 1.8 9 7 7.3 28 27 74 3.9 90 6.1
28, SUGA 1III 5.0 2.4 8 5 4.4 45 12 68 4.5 100 0.1
29, CANE 1III 9.6 3.6 13 2 5.4 42 22 68 3,3 80 0.1
30. SIMM III 9.6 4.0 13 1 6.6 28 20 77. 3.3 100 0.1
31, wYyco III 9.8 3.3 14 7 4.0 46 24 72 4.2 80 0.1

¥9




Appendix I

ections of first-

to third-order streamns.

Variable Gradient Elevation Percent Crevice
sand- density
gravel
Drainage a -, 834 -. 18 -.28 .12
Mean width JUY VRS ~, our . ve -. 69%x - 11 -.47 .19
‘Mean depth 1,00 ~, 61% .02 -. 36 -, 01 -, 10 -, 14
Debris volume 1.00 -. 60% . 67%% .22 . 36 -. 35
Percent riffle 1,00 -, 53% - 06 - 48 . 52%
Channel gradient 1.00 .26 - 13 .05
Elevation 1.00 -, 36 ., 60
Percent sand-gravel 1.00 - 76%%
Surficial crevice 1. 00
density
*p <. 05,
**p <. 01,

g9



Appendix E. Amount (mg/mz) of chlorophyll a accumulated on artificial substrates after 1 month in
adjacent clearcut (CC) and old-growth (OG) sites, listed in order of increasing stream
size. Amounts are means of two substrates.

Site pair Mean width cc oG Relative difference
(m) .
1 0.7 1.2 0.0 2,00
2 0.8 29.9 2.8 1. 66
3 1.2 2.8 0.0 2.00
4 3.6 11.7 4.5 0. 89
5 3.6 36. 6 20.1 0.58
6 3.8 14. 8 5.2 0.96
7 3.8 16.3 6.7 0.84
8 6.0 7.0 11.3 -0. 47

4(CC-0G)/mean.
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Appendix F. Species richness,  mean total biomass, and mean total density of predatory insects
by habitat type and by site.

Site Species Richness’ Mean Total Biomasksb Mean Total Densityb
Pools  Riffles Site ‘Pools Riffles Pools Riffles
MCOG 4 6 6 104 46 184 40
AROG 6 7 8 160 274 124 168
LSOG 6 3 6 156 206 188 114
MAOG 7 5 8 342 168 176 42
MILL 4 9 10 80 920 52 94
COOG S 5 7 86 222 54 106
MROG 5 5 7 246 186 128 114
MTHA 2 8 8 24 108 18 110
WAOG 5 7 9 70 142 126 158
REBE 7 7 9 100 564 48 104
MCRA 5 9 10 96 198 36 142
LOOG 11 8 14 700 410 476 132
LOBR 5 11 12 230 508 188 230
SWAM 1 6 6 .3 91 38 66
MCcCC S S 8 298 250 178 156
ARCC 11 9 13 214 350 250 154
Lscc 5 3 6 156 82 134 66
MACC 7 8 11 568 524 . 160 110
cocc 3 8 9 444 268 30 124
TIDB 5 8 10 292 290 16 100
MRCC 9 10 13 296 646 68 116
WACC 9 9 13 412 630 274 312
LoCccC 8 8 11 616 832 456 214
MONA 2 5 5 236 250 34 104
SUGA 3 6 7 210 222 26 64
CANE 4 7 7 700 94 58 80
SIMM S 5 6 462 316 72 162
WYCO 3 ., 4 S ‘82 250 46 158

a
Total number of taxa.

b 2 2
Mean of three samples for habitats; Biomass = mg/m and density =no./m .
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A
Appendix G, Data for mark-recapture estimates of population size {N) for salamanders { Dicamptodon
ensatus) in 31 sites. N = M(C+1)/( R4#1), where M = number initially marked, C =
number examined for marks, and R = number recaptured.

Site M M C R I/\I\ Mean wet Biomass

w eight (g) (g/m?)
1 MCOG 24 12 4. 60 9,57 26. 1
2, AROG 26 22 10 54 4,85 10.5
3, ws2 7 14 7 14 15,77 16,0
4, LSOG 31 29 6 133 8. 87 24,3
5. SADD 26 27 5 121 10, 33 32,9
6. MAOG 53 41 6 318 8. 54 14.4
7. MILL 11 6 3 19 25. 49 4.6
8. LLOG 34 15 3 136 . 14, 18 14,3
9. Co0G 33 23 4 158 13, 84 16. 8
10, MROG 2 3 0 8 35,54 1.8
11, . MTHA 29 33 7 124 4,26 4,2
12, WAOG 34 37 9 129 13,98 16. 6
13, REBE 14 13 3 49 19, 48 10. 3
14, MCRA 12 5 1 36 39, 33 9.9
15, LOOG 5 4 ) 25 20, 80 3.5
i6. Mccce 24 33 ‘5 138 11,18 51,4
17. ANCC 25 14 8 %2 11, 42 13,7
18, Iscc 29 15 3 116 7.78 24.6
19, MACC 64 41 7 336 13.41 20. 1
20. ILCC 17 32 5 94 23,12 12,5
21 cocc 30 35 13 77 15,28 8.5
22, TIDB 11 12 4 29 22,99 9.5
23, MRCC 5 1 0 10 3, 16 0.2
24, WACC 46 48 6 322 '18. 92 43,8
25, Locc 2 0 0 2 27. 80 0.4
26. THER 34 23 11 67 3,22 13.7

27. MO NA 15 11 2 60 12, 84 24.8
28. SUGA 3 0 12 33.66 6.6
29, CANE 1 4 1 4 13,08 0.6
30, SIMM 10 5 3 15 27.13 4,9
3. WYCO 1 1 0 2 91,00 1.8




Appendix H,' - Data for mark-recapture estimates of population size '(/I\\I) for juvenile {0%) trout,
Salmo clarki was the only trout species in 30 sites; Salmo gairdneri occurred zlone
in one site ({ SIMM). R= M(C+1)/(R+1), where'M = number initially marked, C =
number examined for marks, and R = number recaptured. : -

Site M C R I'\? Mean wet Biomass
weight (g)  (g/m%)
1, MCOG 0 0
2. AROG 0 0
3, ws2 0 0
4, 1SOG 0 0
5. SADD 0 0
6. MAOG? 37 25 112 1.40 0.28
7. MILL 37 15 4 118 1.28 1.44
8, LIOG 9 8 1 40 1.02 0. 30
9, COOG 15 30 4 93 0. 84 0.75
10, MROG 14 24 5 58 1. 61 0. 56
i1, MTHA 22 20 11 38 2,02 0. 60
12, WAOG 3 0 0 3 1.60 0. 07
13, REBE 14 12 2 61 0.94 0. 62
14, MCR A 3 5 1 9 1. 30 0. 08
15, LOOG? 16 4 21 1.36 0,24
16. MCCC 0 0
17. ANCC 0 0
18, Lscc 10 9 4 20 1.05 0, 04
19 MACC? 67 43 185 1.50 0. 46
20, LLce 17 19 7 42 1.65 0. 55
21, cocc 11 29 6 50 1.34 0.53
22, TIDB 11 10 4 24 1.18 0, 02
23, MRCC 4 8 2 12 1.99 0. 22
24, WACC 2 0 0 2 0.82 0. 02
25, Locc® 23 18 106 1.52 1.09
26, THER 3 0 0 3 0.70 0. 14
27. MONA 7 4 2 18 1.58 0.77
28, SUGA 16 7 4 26 1.53 0, 65
29, CANE 19 13 0 60 1.63 1,14
30, SIMM 25 15 4 80 1.09 0. 87
31, WYCO 14 8 0 33 1.85 0. 61

a :
Population estimate for a 200 m section, October 1975,

b
‘Estimate by removal method.
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Appendix I, Data for mark-recapture estimates of population size (N) for adult trout (I‘J‘g)° Salmo
clarki was the Aonly trout species in 30 sites; Salmo gairdneri occurred alone in one
site (SIMM), - N = M(C+1)/R+1), where M = number initially marked, C = number
examined for marks, and R = pumber recaptured.

Site M C R ﬁ Mean wet Biomass
weight (g) (g/ m?)

1, MCOG 0 0

2. AROG 0 0

3 ws2 0 0

4, LSO G 0 0

5, SADD 0 0

6. MAOG?2 70 14 87 14, 20 2.15

7. MELL 3 2 1 5 17, 35 0. 85

8. LLOG 22 15 8 39 18,74 5. 40

9, COOG 27 20 16 36 18, 30 4,86
10, MROG 11 14 4 33 14, 57 2,76
11, MTHA 12 10 6 19 18. 00 2.69
12, WAOG 3 12 2 13 14, 00 2..50
13, REBE 13 14 5 33 16, 25 5.77
14, MCRA 15 15 7 30 16, 43 3,45
15, LoogP 19 5 26 18, 40 2.58
16, Mccc 0 0
17. ANCC 0 0
18, LscC 3 2 2 3 14,92 0. 40
19, MACC?2 157 48 225 14, 90 5. 83
20, LLCcC 28 27 14 52 17. 49 7. 22
21, cocc 23 32 13 54 17. 40 7.19
22, TIDB 9 9 5 15 23,79 5. 10
23, MRCC 20 25 11 43 17. 10 4,30
24, WACC 1 6 0 12 32, 50 2.78
25. LoccP 31 13 53 18.50  6.63
26. THER 1 0 0 1 10, 93 1,09
27. MONA 9 7 6 10 16, 51 5. 40
28, SUGA 8 3 3 8 11. 60 1.52
29, CANE 2 5 1 8 16. 49 '1.53
30, SIMM 3 2 0 9 10, 35 0,75
31, WYCO 6 10 5 11 18, 92 2.08

a .
Population estimate for a 200 m section, October 1975, by removal method,

b
‘Estimate by removal method,
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Appendix J. - Data for mark-recapture estimates of population size‘(ﬁ) for Rhyacotriton elympicus
and Cottus spp. - = M(C+1)/ R+1), where M = number initially marked, C = number
examined for marks, and R = number recaptured.

Taxon Site M C R IG Mean'wet Biomazss
weight (g) (g/m"}

R. olympicus AROG 3 0 0 3 4.70 0.56
ws2 1 0 0 1 112 0. 15

SADD ‘ 3 0 0 3 2.62 0.32

MccCC 4 1 1 4 2. 62 0.35

THER 2 0 Q 2 2,01 0. 40

C. beldingi MILL ] 11 2 0 33 1.29 0.72
and C. perplexus A 14 6 3 24 5. 42 1.38
C. beldingi MROG ] 4 6 0 30 1.93 0.33
" A 9 8 3 22 5,09 0. 64

" MRCC ] 7 8 1 32 1. 62 0.30

" A 15 14 3 '56 5.14 1.68

" MCRA ] 37 16 4 126 1,10 0.97

" A 19 6 3 33 3.73 1.41

" MTHA ] 32 17 4 115 .26 111

" A 26 13 3 91 3.62 2.59

" SUGA ] 13 3 2 17 1.79 0.50

" A 7 2 2 7 4,39 0. 50

" CANE J 6 3 ] 24 1. 42 0.40

" A 16 8 4 29 4, 30 1. 35

C. rhotheus SIMM ] 13 7 2 35 1.30 0, 56
and C, beld-ingib A 6 0 36 3,74 1.13
C. confusus REBE ] 6 4 1 15 1.75 0.26
" A 21 17 6 54 12,68 7.36

] = juveniles & 60 mm length).
A = adults 60 mm length).

dRatio of beldingi:perplexus = 1, 0

b
"Ratio of rhotheus:beldingi = 10,0



Appendix K. Total biomass (g/mz) of predatory vertebrates in
paired clearcut and old-growth sections of first- to
third-order streams.

Site Pair- Clearcut Old-growth Difference
AR 14 11 | 3
MC 52 26 26
LS 25 24 1
LL 22 : 20 2
LO 8 6 2
MA 32 19 13
MR 7 6 1
WA 45 19 26
CcO 16 22 -6

a
For identification of site pairs see Appendix A.





