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EFFECTS OF CANOPY, SUBSTRATE COMPOSITION, AND
GRADIENT ON THE STRUCTURE OF MACROINVERTEBRATE
COMMUNITIES IN CASCADE RANGE STREAMS OF OREGON!

CHARLES P. HAWKINS, MICHAEL L. MURPHY,?> AND N. H. ANDERSON
Department of Entomology, Oregon State University, Corvallis, Oregon 97331 USA

Abstract. The relative importance of surrounding riparian vegetation and substrate composition
on invertebrate community structure was investigated in six streams in Oregon, USA. We found that
canopy type was more important than substrate character in influencing total abundance and guild
structure. Streams without shading had higher abundances of invertebrates than did shaded streams.
Most guilds were influenced by qualitative differences in food availability rather than quantity of food
or substrate composition. Open streams had higher abundances in the collector—gatherer, filter feeder,
herbivore shredder and piercer, and predator guilds. Contrary to expectations, shredders were no
more abundant in shaded streams than in streams lacking a riparian canopy. Scraper density was
inversely related to standing crop of aufwuchs, but biomass was positively correlated with quantity
of aufwuchs. Examination of dominance-diversity curves showed that both canopy and substrate
influenced ranked abundances of taxa, but neither canopy nor substrate strongly influenced number
of taxa. Differences in community structure were not always revealed by analysis of community-level
properties, although differences in both the absolute and relative abundances of individual taxa were

observed.
Key words:

community structure; functional groups; guilds; land use practices; macroinverte-

brates; Oregon; riparian canopy; streams; substrate.

INTRODUCTION

Differences among stream ecosystems in food avail-
ability and habitat structure can strongly influence both
the structure and function of stream communities (e.g.,
Hynes 1970, 1975, Vannote et al. 1980). Land use
practices can modify both streamside vegetation, an
important determinant of food availability, and the
character of surficial sediments, an important aspect
of habitat (e.g., Karr and Schlosser 1977, 1978). Ma-
croinvertebrate communities in streams respond to
changes in these two factors. However, because pop-
ulations are concomitantly influenced by both factors
it is often difficult to specify the causal mechanisms
underlying observed patterns of community structure.
The main goal of this study was to determine the rel-
ative significance of canopy type and substrate com-
position as determinants of community structure and
invertebrate abundance in Oregon Cascade Range
streams.

In a previous paper (Murphy et al. 1981) we de-
scribed differences in vertebrate communities (fish,
amphibians) among the same streams on which this
report is based. In that paper, we showed that abun-
dances of most vertebrate species were strongly as-
sociated with overall abundance of the invertebrate
community and that degree of shading apparently de-
termined both invertebrate and vertebrate abun-
dance by affecting availability of primary food sources

! Manuscript received 4 January 1982; revised 1 March 1982;
accepted 8 March 1982.

2 Present address: National Marine Fisheries Service, Auke
Bay Laboratory, Auke Bay, Alaska 99821 USA.

(algae, high-quality detritus). We did not develop de-
tailed analyses of either food sources or invertebrates
but presented only those data necessary to explain
patterns of vertebrate abundance. We now present a
detailed analysis of differences in invertebrate com-
munities among these streams and discuss the relative
importance of food and habitat as determinants of
abundances of different guilds and taxa.

STUDY AREA AND METHODS

During 1978-1979 we studied communities in six
streams of the western Cascade Mountains of Oregon.
In our previous paper (Murphy et al. 1981) we
described the study area and general sampling pro-
gram in detail. Here we provide summary data on
streams sampled (Table 1) and describe sampling and
methods directly relevant to the invertebrate com-
munity.

Study design

Six stream sections were studied (Table 1). Three
sites were on relatively high-gradient sections (=10%)
and provided stream substrates that consisted mostly
of boulders and cobbles. Three other sites were on
lower-gradient sections (=1%); substrates here con-
sisted of cobble and gravel with significant amounts of
sand. Because gradient and mean particle size are gen-
erally correlated, we could not vary substrate com-
position independently of gradient. Within each set of
three streams, sections with an old-growth coniferous
canopy, a second-growth deciduous canopy, and no
canopy (clear-cut) were chosen for study. This design
allowed us to contrast streams with different primary
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TaABLE 1. Summary of stream environments at each study site (modified from Murphy et al. 1981).

Name of stream

Parameter -Mack N. F. Wycof Mack Fawn Cougar Mill
Riparian age (yr) 10 35 450 7 35 450
Canopy type clear-cut deciduous  coniferous clear-cut deciduous  coniferous
Dominant riparian vegetation Herbs and Red Alder Douglas-fir Herbs and Red Alder Douglas-fir
Shrubs and Hemlock Shrubs and Hemlock
Percent shaded 0 85 75 0 85 75
Percentage of watershed logged 10 32 10 36 70 65
Elevation (m) 730 500 760 500 500 360
Watershed area (km?) 5.5 4.0 5.4 6.8 8.2 6.4
Minimum discharge (m?/s) 0.07 0.03 0.07 0.06 0.09 0.02
Temperature (maximum°C) 18.5 15:5 15.5 20.0 14.0 18.0
Aspect N SwW N E w S
10 1 1 1

Approximate gradient (%) 10 10

food sources and substrate character. Replication of
streams was not possible because of time constraints
imposed by sampling and sample processing. Because
differences in temperature among streams can affect
community composition and structure, we attempted
to choose sites with minimal differences in tempera-

- ture. Maximum temperatures were observed during

late summer (August) at all sites (Table 1). A trend
existed for streams without shading to have slightly
higher maximum temperatures than shaded reaches;
however, temperatures during most of the year were
similar among sites.

Sampling and analysis

In addition to invertebrates, we sampled a number
of environmental variables that we expected to vary
with canopy and substrate composition. Each stream
was sampled for invertebrates with a Surber sampler
as modified by Newbold et al. (1980) during June, Au-
gust, and October 1978. Three riffle samples and three
pool samples were taken in each sampling period. A
total of 108 benthic samples was taken (3 samples per
habitat x 2 habitats X 3 seasons X 6 sites). For anal-
ysis, individual samples for a habitat and site were
lumped for each season. A total of 18 sample means
(3 seasons X 6 sites) was used to compare inverte-
brate data among streams (see below). At irregular
intervals over the year (June 1978-June 1979), organic
matter (aufwuchs), and chlorophyll standing crops on
cobble substrates were determined, and respiration rate
and chlorophyll associated with interstitial organic
matter were estimated. Respiration rate was measured
with a Gilson respirometer, and amount of chlorophyll
pigment was estimated by acetone extraction (see
Murphy et al. 1981 for details). We did not measure
the surface area of cobbles on all dates that the auf-
wuchs was sampled. For this reason aufwuchs quan-
tity and chlorophyll standing crop are reported for six
dates, whereas chlorophyll associated with the auf-
wuchs is reported for nine dates. During August 1978
substrate composition and organic storage were quan-

tified by taking six benthic cores (three riffies and three
pools) at each site. Particulate organic matter (POM)
was partitioned into a coarse fraction (>1 mm; CPOM),
a fine fraction (50 um-1 mm; FPOM), and a very fine
fraction (0.45-50 wm; VFPOM). These data are re-
ported in terms of ash-free dry matter (AFDM). Dur-
ing October and November, standing crops of decid-
uous leaves were estimated by picking leaf material
from 0.1-m? quadrats of stream bottom. Three riffle
and three pool samples were taken each of these months
for a total of six samples for both riffle and pool hab-
itats. When more than one estimate of a variable was
determined over the year, these values were used as
replicates in describing mean differences among
streams (see below).

Analyses of chlorophyll associated with VFPOM
were performed only on material from pools because
sufficient quantities of VFPOM from riffles could not
be collected. During the process of analysis we noticed
high levels of pheophytin a, occasionally close to 100%
of measured pgiment. It was not clear whether such
high levels were typical, or if degradation of pigment
occurred during transport to the laboratory and before
we could process samples. From an invertebrate con-
sumer’s view, chlorophyll a may be no better a mea-
sure of food quality than pheophytin a (i.e., is live
algae better than dead algae?). For these reasons we
report the sum of the two pigments as an index of
aufwuchs and detritus quality in these streams. Chlo-
rophyll pigment was converted to algal biomass using
the ratios of Lyford and Gregory (1975). For the same
study area, they estimated biomass:chlorophyll a ra-
tios at 54 in shaded streams and 75 in unshaded streams
of this size. We caution the reader that our chlorophyll
data do not provide quantitative estimates of chloro-
phyll or algal standing crops. We include these data
because they do serve as an index of differences in
autotrophic activity among sites and allow us to ex-
amine qualitative relationships between invertebrate
abundance and food quality.

Field experiments were conducted during summer
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(July—August) to investigate relationships between
substrate composition and invertebrate abundance
with somewhat more control. Trays of rubble (=5 cm
in diameter) embedded 0, 25, 75, and 100% with sand
(=1 mm) were placed in areas of three different cur-
rent velocities (0, 15, and 30 cm/s) in each of the low-
gradient streams. Each site thus had 12 trays for in-
vertebrate colonization and accumulation of organic
matter. Planar surface area of each tray was 600 cm?,
and each was 5 cm deep. All particles and animals
>100 um in diameter were retained when the trays
were removed after 30 d. Organic material and animals
were preserved in ethanol.

Only invertebrates retained by a 1-mm sieve are
considered in this report. Smaller animals were diffi-
cult to identify, and although at times they were a
significant portion of total numbers, subsamples
showed that they never comprised >5% of total bio-
mass. These data represented a reasonable compro-
mise between efficiency and reliability of processing
(counting, measuring, and identification) and data that
were representative of true differences, or lack there-
of, between streams. After sorting, the individuals of
each taxon were counted, and lengths (head to tip of
abdomen) measured. Biomass of all taxa was estimat-
ed by empirically derived length—mass relationships or
from published length-mass relationships (Smock
1980). All taxa were assigned to guilds (see Terminol-
ogy). Most taxa were put into only one group, but
some were placed into two. For the latter, half of the
density and biomass in the taxon was assigned to each
guild. Taxa which fit into more than two groups were
considered generalists and placed into a separate guild.
Hawkins and Sedell (1981) list most of the taxa en-
countered during this study and the guilds into which
they were placed.

Comparison of invertebrate community structure was
based on analysis of both bottom samples and tray
samples. In addition, detailed analysis of tray samples
from open (clear-cut) and shaded (old-growth) streams
allowed us to examine effects of both shading and
substrate composition on the absolute and relative
abundances of specific taxa.

Analysis of variance and correlation were used to
examine data statistically. In this study we have treat-
ed seasonal samples as replicates. We recognize that
if samples from one season are not independent of
samples from other seasons, analysis of variance is not
valid. Invertebrate samples were taken 2 mo apart.
Life cycles of many of the taxa encountered are short
(<6 mo), and we observed distinct changes in taxon-
omonic composition between seasons. Furthermore,
we lumped taxa into guilds for most analyses, so abun-
dance was not dependent on life history phenomena
of single taxa. For these reasons, we believe that sea-
sonal samples were meaningful replicates and that
analysis of variance indicated real difference, or lack
thereof, among communities. We also used similar
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analyses for environmental data. Analysis of variance
was used to identify any broad differences in these
variables that existed among sites and were associated
with the contrasts in canopy type and substrate com-
position. One effect of using seasonal samples as rep-
licates was to increase the within-site error term which
reduced the chance of detecting between-site differ-
ences. Because of the relatively high error introduced
by seasonal replicates and the relatively low number
of samples (N =< 9 after lumping), a significant F test
probably indicated distinct differences between sites.

Terminology

In this report we use a number of terms the mean-
ings of which are often either ambiguous or not clearly
defined. We use community structure to refer to the
number of taxa and their absolute and relative abun-
dances in a community and to the manner in which
taxa are apportioned among guilds. Trophic structure
refers to the structural patterns within communities
that are revealed when taxa are classified based on
their feeding relationships. In this study we have as-
signed taxa to guilds. It is important at this point to
distinguish the terms guild (sensu Root 1967) and func-
tional group (sensu Cummins 1973). Guild and func-
tional group classifications may often by synonymous,
but the two concepts are fundamentally different
(MacMahon et al. 1981). We use the term guild to
describe the various but limited strategies that aquatic
invertebrates have evolved to exploit food sources. A
guild classification considers not only how resources
are exploited but also what resources are eaten. The
term functional groups stems from an ecosystem per-
spective and emphasizes method of feeding, a classi-
fication that bridges community structure and ecosys-
tem function (i.e., the conversion of one kind of organic
matter to another state by certain types of consumers).
Our approach differs from a functional group approach
in that processes are not emphasized. When address-
ing community-level phenomena such as structure and
organization, we believe a guild classification is a nat-
ural and appropriate classification, because ideally it
reflects the selective forces that have shaped strategies
of resource exploitation. A strict functional group
classification does not necessarily imply the effect of
past selective forces, although it may. Our assignment
of taxa to guilds closely parallels the functional des-
ignations given taxa by Merritt and Cummins (1978).
If type of food is considered, their classification pro-
vides the basis for a guild classification as well as a
functional one.

Taxa were assigned to the following guilds based
both on their method or behavior of food aquisition
and what they eat: collector-gatherers (CG), which
feed on fine or very fine particulate organic matter
(FPOM and VFPOM); scrapers (SC), which harvest
organic films (aufwuchs) growing on cobbles and other
substrates; shredders (SH), which feed on coarse par-
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ticulate organics (CPOM), consisting mainly of alloch-
thonous detritus; filterers (F), which trap and feed on
suspended organic matter, wood gougers (WG), which
feed on woody debris; generalists (G), which feed on
a variety of food sources; herbivore shredders and
piercers (HSH), which feed on macrophytes including
macroalgae by either chewing or piercing (we will often
shorten this term to herbivore shredder); and preda-
tors (P), which feed on other invertebrates.
Throughout this report we refer to both quantity and
quality of food sources. Quantity refers to mass of
organic matter per unit area expressed as ash-free dry
mass (AFDM). Quality refers to differences among de-
trital or aufwuchs food sources in either the amount
of microbial respiration occurring or the amount of
chlorophyll per unit area or per unit AFDM. We as-
sume that differences in these measures are indicative
of differences in nutritional quality of organic sub-
strates to consumers (Anderson and Cummins 1979).

RESULTS AND INTERPRETATION
Contrasts of environments among streams

Percent composition of particle sizes of mineral sub-
strates differed significantly between high- and low-
gradient streams (see Murphy et al. 1981 for data).
High-gradient sites were dominated by boulders and
cobble with 9-25% of total sediment as sand and grav-
el; low-gradient sites had higher percentages (36-58%)
of sand and gravel. No differences in substrate com-
position were observed among streams with different
canopies.

Food sources were partitioned into interstitial or-
ganic matter (i.e., particulate detritus) and aufwuchs.
Both gradient and canopy affected food sources (Table
2). Low-gradient streams had larger quantities of de-
tritus than did high-gradient streams. Among streams
with different types of canopies, deciduous second-
growth sites had more leaf material, whereas open
(clear-cut) sections had higher quantities of aufwuchs
and higher quality detritus (respiration rate and chlo-
rophyll content). No differences existed among sites
with respect to chlorophyll content of the aufwuchs.

Our estimates of chlorophyll and algal biomasses
attached to cobbles were generally lower than esti-
mates reported by Lyford and Gregory (1975) and
Gregory (1980) for other streams in the area. The rea-
son is probably due to our method of sampling. We
removed attached matter from rocks, using a wire
brush, and then estimated AFDM and chlorophyll.
Gregory (1980) estimated chlorophyll by immersing
cobbles in acetone extractant. Our method evidently
failed to remove all attached algae (Karlstrom 1978).
However, seasonal trends and differences among sites
were similar to those observed by Gregory, so our
estimates should be a realistic index of differences
among sites.
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Abundance of different guilds

Canopy affected more groups than did gradient for
riffle habitats (Table 3). In almost all cases where sig-
nificant differences were observed, open sites had
either higher densities or higher biomasses of different
guilds than did the shaded sites. This was true for
collector—gatherers, filterers, herbivore shredders and
piercers, predators, and total invertebrates. Only gen-
eralists, a group which mainly consisted of the snail
Juga plicifera (Lea) (previously Oxytrema), showed
higher abundances in shaded sites. Gradient, and pre-
sumably substrate composition, had little influence on
abundance. Only generalists (i.e., Juga) showed a sig-
nificant difference between high- and low-gradient sites;
they were more abundant in the latter. A significant
interaction between gradient and canopy was ob-
served for density of predators and both density and
biomass of generalists.

Few significant differences among means for guilds
were observed for pool samples. Canopy had a strong
effect only on wood gougers, which had higher bio-
mass, although not density, in second-growth decid-
uous sites than in others. Densities of herbivore shred-
ders and piercers were greater in the high-gradient sites,
but biomasses were not significantly different among
sites. Generalists were more abundant in terms of both
density and biomass in pools of low-gradient sites than
in pools of high-gradient reaches. Trends in total bio-
mass were strongly influenced by generalists and par-
alleled the pattern observed for this group. Mean in-
dividual biomass of Juga (excluding shells) was usually
high compared with all other groups. Although den-
sities were not extremely high, snail biomass ap-
proached 80% of total invertebrate biomass for some
sites. Total density did not parallel density of gener-
alists, and no significant differences in total densities
were observed between gradients.

Analysis of percent composition of different guilds
showed that relative abundance (density or biomass)
did not always parallel patterns of absolute abundance
(Table 4). An increase or decrease in absolute abun-
dance did not always result in a similar change in rel-
ative abundance. For generalists, both absolute and
relative abundance showed similar patterns among
sites. In general for all other guilds, relative abundance
was influenced not only by their own absolute abun-
dances but also by the abundances of all other groups.
These data are interesting in that the relative abun-
dance of scrapers was not always highest in streams
without shading, and neither was the relative abun-
dance of detritivore shredders always highest in shad-
ed streams.

Comparison of abundances of invertebrate guilds
(Table 3) with differences in food sources and sub-
strate composition observed among sites (Table 2) and
correlation analyses revealed that invertebrates from
riffle habitats were more likely to be associated with
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TaBLE 2. Results of two-way ANOVA for effects of gradient and canopy on quantity and quality of food sources. To
number of samples for the different variables are: leaves, N = 6 per habitat at each site; total detritus, N = 3 per habi
at each site; aufwuchs (AFDM), N = 6 per habitat at each site; aufwuchs (chlorophyll and algae), N = 9 per habitat
each site; detritus quality, N = 9 per site for chlorophyll pigment and algae, N = 6 per site for respiration; for aufwuc
quality, N = 6 per site. Respiration (as O,) = uL-g™"h~'. HG = high gradient, LG = low gradient, OG = old-grow
CC = clear-cut, SG = second-growth. No significant interactions were observed.

Gradient Canopy
Habitat Measure HG LG Pt oG (88 SG Pt
Leaves (AFDM, g/m?)
Riffles 0.8 0.9 NS 0.2 0.1 2.4 e
Pools 6.2 1.9 NS 13 0.2 10.6 ¥
Total detritus (AFDM, g/m?)

Riffies Total 36.8 91.4 ¥ 61.2 64.3 66.7 NS
VFPOM 6.2 14.5 ¥ 10.3 6.9 13.9 NS

FPOM 15.6 54.4 e 34.8 36.8 334 NS

CPOM 14. 22.5 NS 16.1 20.6 19.4 NS

" Pools Total 187.3 456.6 * 410.7 211.1 344.1 NS
VFPOM 20.4 53.6 =¥ 40.3 24.3 46.4 NS

FPOM 51.2 206.0 ** 191.4 80.4 114.0 NS

CPOM 115.6 197.0 NS 179.0 106.3 183.7 NS

Aufwuchs

Riffies AFDM (g/m? 1:3 1.7 NS 1.3 2.0 1.3 NS
Pigment (ug/m?) 1600 1970 NS 1970 2080 1300 NS

Algae (mg/m?) 99 132 NS 106 156 83 NS

Pools AFDM (g/m?) 1.8 2:3 NS 1.8 3.2 1.3 *
Pigment (ug/m? 1860 2470 NS 2310 2910 1280 NS
Algae (mg/m? 125 157 NS 125 218 79 NS

Detritus quality

Pools Pigment (ug/g VFPOM) 268 146 NS 93 294 136 **
Algae (mg/g VFPOM) 19 10 NS 5 30 9 .
Respiration (VFPOM) 250 194 NS 117 376 172 R

Respiration (FPOM) 185 136 NS 86 269 127 wE

Aufwuchs quality

Combined Pigment (ug/g AFDM) 1401 1141 NS 1504 1246 1054 NS
Algae (mg/g AFDM) 88 74 NS 81 93 68 NS

1 Significance level of F value: *** = P < .001; ** = P < .01; * = P < .05; Ns = nonsignificant.

environmental variables reflective of food quality rath-
er than quantity of organic matter or substrate com-
position (Figs. 1 and 2). Abundances of collector-gath-
erers, filter feeders, and herbivore shredders and
piercers were positively correlated with either respi-
ration rate of detrital material or with algal biomass.
Scraper density was negatively associated with both
algal biomass and quantity of aufwuchs, although
scraper biomass showed a weak positive relationship
with both of these variables. Associated with these
trends, mean biomass of individual scrapers increased
as algal biomass or aufwuchs quantity increased. Pred-
ators were strongly and positively correlated with
abundances of collector-gatherers and filterers. Bae-
tidae and Chironomidae were the most abundant taxa
in each of these guilds and are commonly found in the
guts of invertebrate predators.

In pool habitats, abundance was correlated with
quantity of detritus for some guilds but rarely with

quality parameters. Generalists were correlated with
CPOM, POM, and leaf material. Wood gougers were
correlated with leaf material. Correlation coefficients
for these associations were: generalist density with
CPOM (r = .89, P < .01) and POM (R = .79, P < .05),
generalist biomass with leaf standing crop (r = .85, P <
.05) wood gouger biomass with leaf standing crop
(r =.97), P < .01); N = 6 in all cases. Correlations
between other guilds and the environmental variables
measured were not significant.

Data from tray samples revealed differences in guild
abundance among canopy types similar to those ob-
served for bottom collections (Table 5, cf. Table 3; see
Appendix A for ANOVA Table). Furthermore, differ-
ences in the abundances of some groups that were not
statistically significant based on bottom samples (i.e.,
scrapers, generalists, and total invertebrates) were
statistically different based on tray data. Substrate
composition was seldom important, affecting the
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TABLE 3. Results of two-way ANOVA for effects of canopy and gradient on abundance of invertebrates. Probability of
differences among means based on F values after log;,(x + 1) transformation. Degrees of freedom )
12 (canopy); and 2, 12 (interaction). Values listed are arithmetic means calculated before transformation. No interactions

for pool samples were significant.

1, 12 (gradient); 2,

R

Riffles Pools

Gradient
X
canopy
inter-
Gradientf Canopyi action Gradient# Canopyit

Guildf HG LG P OG €C SG 4 P Guildt HG LG P OG CcC SG P
Density (No./0.1 m?)

CG 238 220 Ns 108 360 220 * NS CG 330 191 Ns 159 240 383 NS
SC 51 22 Ns 32 29 48 NS NS SC 8 2 NS 3 5 7 NS
SH 42 40 Ns 34 43 46 NS NS SH 69 28 Ns 33 53 60 NS
F 17 30 Ns 24 40 6 NS NS F 7 6 NS 5 9 6 NS
WG NS s 0 NS NS WG 2 1 NS 2 2 NS
G 2 6 * 7 2 2 NS * G 3 23 = 17 7 15 NS
HSH 18 9 Ns 12 26 3 * NS HSH 33 2 *®* 22 27 3 NS
B 40 60 Ns 31 73 47 * L P 123 82 Ns 88 130 %0 NS
T 408 388 NS 248 574 372 NS NS T 575 335 Ns 329 472 565 NS
Biomass (mg/0.1 m?)
CG 7.6 9.1 Ns 54 139 5.9 NS CG 156 146 N~Ns 183 12.1 14.8 Ns
SC 3.9 7.5 Ns 3.6 11.6 2.0 Ns NS SC 1.5 2.2 Ns 0.8 3.3 1.3 Ns
SH 3.4 1.9 Ns 2.3 2.7 3.0 Ns NS SH 409 154 N~Ns 102 228 514 Ns
F 3.7 4.2 Ns 2.9 7.9 1.2 = NS F 0.5 0.2 Ns 0.2 0.1 0.7 Ns
WG 83 ... NS o5 o 0 0.1 Ns NS WG 3.0 5.6 Ns 1.1 0.8 11.0 *
G 0.6 9.7 - ** 12.6 1.6 1.3 i e G 1.2 216.6 *** 582 39.8 228.7 Ns
HSH 0.2 0.5 Ns 0.5 0.8 0 NS NS HSH 02 ... Ns 0.1 0.2 ... NS
P 21.3 17.8 Ns 149 3438 89 * NS P 26.0 499 N~Ns 50.2 31.1 326 Ns
T 40.9 50.7 N~Ns  41. 733 223 ¥* NS T 88.7 304. ** 139.1 110.2 340.5 Ns
+ CG = Collector-Gatherers; SC = Scrapers; SH = Shredders; F = Filterers; WG = Wood-Gougers; G = Generalists;

HSH = Herbivore Shredders and Piercers: P = Predators; T = Total animals; . . . = <1 individual, <0.1 mg, or <1%.

1 HG = high gradient; LG = low gradient; OG = old-growth; CC = clear-cut; SG = second-growth.

abundances only of shredders and filter feeders. In scrapers, shredders, filter feeders, generalists, and
both these cases trays with higher amounts of fine sub-  herbivore shredders and piercers, and a significant in-
strate had higher abundances of animals. Current was teraction between current and canopy was observed
also an important factor affecting the abundances of for some guilds. Neither canopy—substrate interac-

TABLE 4. Relative abundances of different guilds at different sites. Values are means of all three seasons and were calculated
from mean abundance data given in Table 3. Symbols defined in Table 3.

Riffles Pools
Gradient Canopy Gradient Canopy
Guild HG LG oG CcC SG HG LG oG cC SG
Relative abundance (%)
Density CG 58 57 44 63 59 57 57 48 51 68
SC 13 6 13 5 13 1 1 1 1 1
SH 10 10 14 7 12 12 8 10 11 11
F 4 8 10 7 2 1 2 2 2 1
WG 0 1
G @3 2 3 L 1 1 7 5 1 3
HSH 4 2 S 5 1 6 1 7 6 1
P 10 15 13 13 13 21 24 27 28 16
Biomass CG 19 18 13 19 26 18 5 13 12 4
SC 10 15 9 16 9 2 1 1 3 3§ 5
SH 8 4 5 4 13 46 5 74 23 15
F 9 8 7 11 5 1 sats a s 55 % ws i
WG Py S . 0 53 3 2 | 1 3
G 1 19 30 2 6 1 71 42 40 67
HSH 2 31§ 1 1 1 0 .

P 52 35 36 47 40 29 16 36 31 10




Vb

Vi 0 B

|
|

RRERERARTRRAL]

1846 CHARLES P. HAWKINS ET AL. Ecology, Vol. 63, No.
Collector - Gatherers € 4
5000+ e 250 < Filterers
40004 - " . 200 g 1000 4 O 00
3 800 - 80
3000 L1s0 2 .
° w 600 o + 60
2000- 5 o F100 «
= 400 o I 40
1000 8§ AL 50 @ e A —
o ~ 2004 o e F20
o T T T o E o . g E
0 100 200 300 400 O E o y ; . RN
Respiration Rate of VFPOM  © e E
V) ; -
(Oz,,u.L‘h"-g" AFDM) g Herbivore Shredders s
€ 400+ F20 oo
o Z ° u
€ < 30041 . <
N Herbivore Shredders r 2004 . ofl0 »
= = 5 8 4
O 100+
€ 300 . = . s
Z . 0 o8 ——0 ©
= 2004 o ° )
S B Scrapers
. ” 1000 250
w 0 L T T T 1
5 o] 10 20 30 40 800+ ° o [200
=) Algal Biomass(mg/g VFPOM) 600 - 150
4004 " L 100
[ ]
G
200+ - 50
Predators ° .
1200+ 0 Q o 80 0
L ] —
o
1ae0 E Scrapers
800 2 1.20- ®
S
600+ o 3 1.004
4004 e - > 0.804
°® o
2004 C E 0.60
~ 4
0 . 2 . 1 o 0-90
0 2000 4000 6000 8000 2 0.204 D
¥ L J
Collector - Gatherers (No./m?) = . s 8
O o W T T 1
. . = 1000 1500 2000
Fic. 1. Relationships between abundances of selected @ g e
guilds and different food sources. Data from riffle samples ALGAL BIOMASS
only. Densities are indicated by filled circles, biomasses by (AFDM, mg /m?)
open circles. Linear correlation coefficients for data without
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for densities, r = .84, P < .05 for biomasses; herbivore
shredders (B), r = .84, P < .05 for densities; predators (C),
r = .89, P < .01 for densities. N = 6 in all cases.

tions nor current-substrate interactions were com-
monly significant. In general, most groups were most
abundant in trays placed in areas with no riparian
shading and in the highest current velocity.

Both canopy and current also affected the accu-
mulation of detritus in trays (Table 5; see Appendix B
for ANOVA Table). Among canopy types both CPOM
and FPOM were lowest in abundance in the open site
and highest in the stream with the deciduous canopy.
Among currents, standing crops of both organic frac-
tions were highest in trays placed in the slowest cur-

guilds and standing crop of algae on cobbles. Symbols as in
Fig. 1. Filterers (A), r = .83, P < .05 for densities, r = .83,
P < .05 for biomasses; herbivore shredders (B), r = .81,
P < .05 for biomasses, r = .48, P = Ns for densities; scrap-
ers (C), r = —.80, P < .05 for densities, r = .81, P < .05 for
biomasses; scrapers (D), r = .81, P < .05 for all data points,
r = .84, P < .05 for five smaller values. Note that density of
herbivore shredders shows a positive relationship both with
algal biomass on cobbles (Fig. 2) and with algal biomass as-
sociated with VFPOM (Fig. 1).

rent and lowest where current was greatest. Substrate
composition had no effect on amount of CPOM, al-
though a slight but not significant difference existed
among trays for FPOM. Trays with no sand had lowest
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TABLE 5. Mean densities of invertebrates (per 600 cm?), mean number of taxa (NTAXA), and mean quantity of CPOM and
FPOM in the experimental trays. Means are given for each treatment of the three main factors. Symbols defined in

Table 3.
Canopy Current (cm/s) Substrate (% sand-embedded)
oG ccC  SG 30 15 0 0 25 75 100
TOTAL 258 641 231 423 361 345 354 334 449 368
CG 120 508 117 258 258 229 246 219 312 216
SC 14 9 18 25 10 7 12 11 17 15
SH 22 12 20 35 12 6 9 7 28 28
F 6 4 6 14 1 1 2 4 3 12
G 54 4 18 18] 20 41 34 28 17 21
HSH 0 18 0 14 3 0 2 8 4 9
P 43 86 50 61 58 61 49 56 68 66
NTAXA 16 21 19 21 20 16 18 18 21 20
CPOM (g AFDM) 0.9 0.5 1.8 0.6 1.3 1.3 1.1 1.3 0.9 1.0
FPOM (g AFDM) 2.1 1.9 4.8 1.6 3.0 43 2.3 3.0 3.4 3.1

amounts of FPOM, and amount of FPOM tended to
increase with increasing amount of sand.

These data do not allow us to distinguish unequiv-
ocally between the direct effects of canopy, current,
and substrate on invertebrate abundance and the ef-
fects of accumulated detritus. Within a site both de-
tritus and invertebrate abundance were highest in trays
with the most sand. Both detritus and many inverte-
brate taxa accumulated in the trays by a similar mech-
anism (drift); thus, it is unclear whether there was ac-
tive selection by invertebrates for trays with greater
amounts of detritus. The most pronounced pattern ex-
isted among streams rather than within a site and was
due to differences in canopy. Among streams, highest
abundances of total invertebrates in trays were found

TaBLE 6. Two-way ANOVA for effects of gradient and can-
opy on cumulative number of taxa in different functional
groups and mean number of taxa per sample. Data from
bottom samples. Values are arithmetic means for each
treatment. Analysis performed on nontransformed data.
Seasons were used as replicates. Some taxa were assigned
to more than one functional group so that total functional
taxa (TFT) is numerically greater than total real taxa (TRT).
NTAXA = mean number of taxa per 0.1-m* sample unit.
Other abbreviations as in previous tables. Degrees of free-
dom = 1, 12 (gradient) and 2, 12 (canopy).

Gradient
Group HG LG P oG CC SG P
Number of taxa

Canopy

CG 21.0 21.4 N~Ns 20. 24.0 19.0 *
SE 9.6 6.6  ** 9.3 6.8 8.0 Ns
SH 13.2 10.7 Ns 12.2 11.0 12.7 Ns
F 4.9 6.4 Ns 5.3 6.2 5.5 Ns
WG 1.2 1.1 NS 1.2 0.7 1.7 NS
G 1.2 1.9 nNs 13 1:3 20 s
HSH 2.0 2.1 NS 1.5 352 1.5 L
P 23.7 256 N~Ns 21.8 258 26.2 NS
TFT 76.8 758 Ns 733 79.0 76.5 Ns
TRT 72.1 722 Ns 683 742 740 Ns
NTAXA 329 306 ~Ns 30.7 32.7 31.8 NS

in the open stream, where the least amount of detritus
occurred (Table 5).

Community structure

Based on bottom samples, a few strong differences
in either total number of taxa or number of taxa within
different functional groups were observed among sites
(Table 6). Scrapers had more taxa in high-gradient
streams than in low-gradient streams and were the only
guild to exhibit significant differences between gradi-
ents. Among canopy types both collector—gatherers
and herbivore shredders and piercers had more taxa
in streams traversing the clear-cuts. Differences in
number of taxa for these groups among sites paralleled
differences in densities (cf. Tables 6 and 3).

Total number of taxa found in the tray samples dur-
ing summer were similar among all three low-gradient
sites (OG = 57, CC = 57, SG = 58). However three-
way ANOVA indicated that all major factors (canopy,
current, and substrate) and all but one of the interac-
tion terms probably influenced the number of taxa
found in a tray (see Appendix A). Number of taxa was
highest in trays with no shading, faster currents, and
highest amounts of sand (Table 5). Lowest number of
taxa was found in shaded trays under the old-growth
canopy, in the lowest current speeds, and with mini-
mal amounts of sand.

Communities observed in the open and shaded sites
exhibited different dominance-diversity curves (Fig.
3), and a Kolmogorov-Smirnov test for goodness of fit
between the two curves indicated they were signifi-
cantly different (P < .01). The two most common taxa
in the clear-cut site made up a greater percentage (51%)
of the total community than did the two most abundant
taxa in the old-growth section (34%). Because of this,
the next eight taxa were less important (i.e., their
relative abundances were less) in the clear-cut than in
the old-growth site. Much of the remaining portion of
the curves was very similar. This analysis indicated
that community structure differed between the two
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TaBLE 7. Comparison of invertebrate communities in substrate trays representing different environmental conditions. Tax:
comprising =1% of total number of individuals in at least one treatment are ranked in order of decreasing abundance
Treatments are: shaded (S), open (O), nonembedded (N), and embedded (E).

Canopy treatment

Substrate treatment

Old-growth shaded

site Open site
Rank Rank
Rank Treat- in Treat- in Treat-
at ment  nonem- ment  nonem- ment
old- with  bedded with  bedded with
growth highest  treat- highest treat- highest
site Taxon density  ment Taxon density  ment Taxon density
1. Juga plicifera S 1. Juga plicifera N 1. Orthocladini spp. N
2. Orthocladini spp. (0] 2. Micropsectra spp. N 2. Rheotanytarsus sp. N
3. Micropsectra spp. (6] 3. Orthocladini spp. E 3 Paraleptophlebia spp. N
4.  Calineuria californica S 4. Pentaneurini sp. N 4. Baetis parvus E
5.  Zapada cinctipes S 5. Glossosoma sp. N 5. Centroptilum sp. N
6.  Paraleptophlebia spp. (0] 6.  Baetis parvus N 6. Rheotanytarsus sp. N
7.  Baetis parvus o 7.  Paraleptophlebia spp. E 7.  Heptagenia sp. N
8.  Pentaneurini sp. (0] 8.  Psectrocladius sp. E 8.  Pentaneurini sp. N
9.  Glossosoma sp. S 9.  Calineuria californica E 9.  Ameletus sp. N
10.  Thienemanniella sp. S 10.  Polycentropus sp. N 10.  Paraleptophlebia bicornuta N
11.  Cinygmula sp. S 11.  Ptychoptera sp. N 11.  Baetis spp. E
12.  Rheotanytarsus sp. S 12.  Ameletus sp. N 12.  Thienemaniella sp. N
13.  Pentaneurini sp. S 13.  Zapada cinctipes E 13.  Calineuria californica E
14.  Polycentropis sp. S 14.  Hydropsyche sp. E 14. Oreodytes spp. E
15.  Hydropsyche sp. S 15, Thienemaniella sp. E 15.  Pentaneurini sp. E
16.  *“‘Alloperla’ spp. S 16.  Pentaneurini sp. N 16.  Agraylea saltsea E
17.  Heterlimnius sp. [0} 17 Cinygmula sp. E *17.  Skwala sp. E
18.  Lepidostoma spp. S 18.  Rheotanytarsus sp. E 18.  Juga plicifera E
19.  Baetis spp. (0] 19.  Ceratopogonidae spp. N 19.  Chironomini spp. E
*20.  Chironomini spp. (o} *20.  Wormaldia sp. E 20.  Malenka sp. E
21.  Rheotanytarsus sp. o 21.  *“‘Alloperla’’ spp. E
22.  Agraylea saltesa (0] 22.  Pentaneurini sp. E
23.  Heptagenia sp. (0] 23.  Lepidostoma spp. E
24.  Pentaneurini sp. o 24.  Heterlimnius sp. E
25.  Ameletus sp. (6] 25.  Baetis spp. E
26.  Skwala sp. (0] 26.  Despaxia sp. E
27.  Paraleptophlebia bicornuta o
28.  Centroptilum sp. (0]
29.  Oreodytes spp. (0]
30. Malenka sp. (6]

* Taxa prior to this are ranked in order of abundance in either the shaded or the nonembedded treatments. Subsequent
taxa are those that accounted for =1% of total density only in the open or the embedded treatments but may have had higher

densities than some previously ranked taxa.

communities by a shift toward a greater degree of
dominance (lower evenness) within the 10 most com-
mon taxa. The relative abundances of less common
and rare taxa were unaffected.

These same data were compared at the individual
taxon level. Taxa were ranked according to order of
abundance in the old-growth site. The abundance of
each taxon in the open site was then compared to its
abundance in the shaded old-growth site. For the 10
taxa most common in the shaded section, densities of
5 taxa were more abundant and 5 were less abundant
in the open stream compared with the shaded section
(Table 7). Of the nine other taxa that comprised at
least 1% of total numbers in the shaded section. all
but two had lower densities in the open site. In con-
trast, 11 other taxa that were either not found in the
shaded site or whose relative abundances were <1%
of the total comprised 1% or more of the total in the
open stream. Thus although major differences were

not apparent in proportions of taxa within the two
communities (Fig. 3), lack of a riparian canopy af-
fected communities by increasing the abundance of
some of the dominant taxa found in the shaded sec-
tion, decreasing the abundance of less-common (but
=1% of the total) taxa, and increasing the abundance
of taxa not typically found or usually uncommon in
the shaded stream. The overall result was that of a
total of 30 taxa, 12 had greater abundances in the shad-
ed section and 18 had greater abundances in the open
section.

We also compared data from trays in which stones
were completely embedded with sand (treatment), with
data from trays in which no sand was added (control).
Dominance curves for the two sets of trays from the
shaded section were different (Fig. 3; Kolmogorov-
Smirnov test, P < .01). The main difference was that
the most common taxon in the control trays was more
abundant than the most common taxon in the treat-
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comparisons are for both the shaded site and open site.

ment trays. Curves constructed from data in the open
section were also different (Fig. 3; P < .01); the four
most abundant taxa in the control trays showed slight-
ly higher relative abundances than their counterparts
in the treatment trays. The most rare taxa from the
control trays were slightly less abundant than rare taxa
from the treatment trays.

Comparison of differences in abundances of specific
taxa showed that embedding the trays with sand gen-
erally caused a decline in density of the dominant taxa
in both shaded and open environments (Table 7). This
trend was especially apparent for the most abundant
five or six taxa. If the top 10 taxa are arbitrarily chosen
for examination, 6 of 10 taxa showed lower densities
in the embedded trays relative to control trays in the
shaded stream. For the open site, 9 of 10 taxa had
lower densities in embedded trays than in control trays.
These results were significantly different from those ex-
pected by chance only for the open site. If we compare
all taxa accounting for =1% of total density for all
trays, no significant difference was observed in the net
number of taxa that either increased or decreased in
abundance for either site. These results indicate that
a moderate shift from one set of taxa to another set
occurred between control and treatment trays but that
the general pattern of relative abundance of taxa with-
in trays did not change. Furthermore, the number of
taxa that declined in abundance was matched by an
equivalent number that increased.

DiscussioN
Abundance of invertebrate guiids

Patterns of distribution and abundance of inverte-
brates in streams are in large part a function of the

specific requirements of different taxa and the partic-
ular environmental complex that exists at any section
of stream. Food and substrate are two of the most
important aspects of environment and have accord-
ingly received a great deal of study (e.g., see review
in Hynes 1970). In this study, we have attempted to
assess the relative effects of food and substrate on
invertebrate abundance. Within the range of condi-
tions encountered, our results indicate that canopy, or
lack thereof, was more important than substrate char-
acter in determining the abundance of different guilds
of invertebrates. Canopy development appeared to de-
crease the amount of high-quality food available to
consumers. Temperature effects cannot be completely
ruled out but were probably minimal in this study.

A growing body of literature has demonstrated or
implicated food quality as an important variable gov-
erning either growth rates or the abundances of spe-
cific taxa or groups (e.g., Cushing 1963, Birlocher and
Kendrick 1973, Iversen 1974, Mackey 1977, Ward and
Cummins 1979, Hawkins and Sedell 1981; and see re-
views by Anderson and Cummins 1979, Cummins and
Klug 1979). Our results imply that food quality in
streams is strongly linked to algal production. Algae
generally have lower C/N ratios than other primary
food sources in streams (Boyd 1973, see Anderson and
Cummins 1979). Increased primary production can re-
sult not only in higher standing crops of aufwuchs, but
also in increased concentrations of both live algae and
high-quality detritus (i.e., that derived from algae) in
both fine sediments (this study, Hawkins and Sedell
1981) and in the water column (Swanson and Bach-
mann 1976, Naiman and Sedell 1979). Guilds which
can consume food sources linked to algal production



HOPT LR (O 1

Peoy
4 ¢

’.

1850 CHARLES P. HAWKINS ET AL.

usually showed greatest abundances in stream sec-
tions without canopies (i.e., CG, F, HSH, G).

Scrapers, which were expected to be most strongly
affected by shading and most abundant in streams
without shading, did not exhibit a marked difference
in density among canopy types. In fact, densities of
scrapers in riffles were generally lowest in streams
without canopies, although biomass was greater in open
sections than in shaded reaches. During the study we
did not measure either primary production or scraper
production and hence cannot evaluate the relation-
ships that existed between scraper density, biomass,
and production and algal production. From data that
we did gather, we can postulate relationships that may
exist between scraper abundance and quantity of auf-
wuchs. These relationships do not depend on a knowl-
edge of actual production dynamics. Taxa within the
scraper guild appear to be highly adapted morpholog-
ically to a rather special stream environment, the tops
and sides of rocks and other large substrates. Food
and physical habitat are intimately linked. For those
taxa that harvest thin films of aufwuchs material, large
accumulations of algae may physically exclude them
from necessary habitat and limit access to required
food. Our results show that densities of scrapers de-
clined with increasing quantity of aufwuchs, whereas
scraper biomass remained constant or increased. The
overall result was that mean individual biomass of
scrapers increased as aufwuchs biomass increased.
Anderson and Cummins (1979) showed a similar trend
for Glossosoma and the photosynthesis:respiration ra-
tio in streams. However, the difference in mean indi-
vidual biomass that we observed was mostly the result
of shifts in taxa within the guild among sites rather
than differences in biomass of individuals within a tax-
on. Taxa with small- to medium-sized individuals, such
as Glossosoma, many Heptageniidae, Apatania, and
Neothremma, were found in shaded sites, whereas taxa
with larger larvae, such as Dicosmoecus and Neophy-
lax, were more common in open sites. An interesting
hypothesis is that larger individuals can exploit thicker
layers of aufwuchs, whereas smaller individuals can-
not. An alternative hypothesis is that these relation-
ships are not causal but rather reflect the influence of
a third variable (e.g., current) on both quantity of auf-
wuchs and size of scraper.

Herbivore shredders—piercers, a guild that exploits
macrophytes and large filamentous or mat-like forms
of algae, increased in both density and biomass as al-
gae increased in abundance. Density but not biomass
also was positively related to algal biomass in VFPOM.
This result would have been expected if small instars
function as collector—gatherers rather than obligate
herbivore shredders or piercers. Our results agree with
those of Towns (1981) who showed algal piercers to
be more abundant in an open section of stream than
in an experimentally shaded section.

Predators appeared to benefit indirectly from in-

Ecology, Vol. 63, No. 6

creased light reaching the stream by increasing in
abundance as availability of prey taxa, specifically col-
lector—gatherers and filterers, increased. Invertebrate
predators were often significantly correlated with
abundances of potential prey (CG, SH, F, or total an-
imals excluding predators). Similar correlations have
been observed by Fahy (1975) and Hawkins and Sedell
(1981). We have previously shown that vertebrate
predators are more abundant in streams with open
canopies and are strongly correlated with abundance
of collector—gatherers (Murphy and Hall 1981, Mur-
phy et al. 1981).

The shredder guild was a second group for which
our observations did not agree with our initial expec-
tations. We expected shredders to be most abundant
in streams with deciduous canopies (second-growth
alder) and least abundant in streams with no riparian
canopy. It is surprising that streams in clear-cut sec-
tions had densities and biomasses similar to those in
second-growth sections. Lack of differences in shred-
der abundances among canopy types could occur for
a number of reasons. Categorization of feeding behav-
ior of taxa within this group may not be very accurate
at this time. Many taxa that we classified as shredders
may be more facultative in both their feeding behavior
and food requirements than we originally suspected.
This is probably true for many of the Nemouridae,
Capniidae, and Leuctridae, but we also found high
densities and biomass of caddis shredders (Lepidos-
toma spp. and others) in open sections. Both aufwuchs
and macroalgae, either alive or after sloughing and
entering the coarse detritus pool, may be as suitable
a “‘shreddable’ food source as is leaf detritus. An al-
ternative explanation is that availability of food pre-
ferred by shredders may not have differed greatly
among sites. We did not measure organic inputs over
the entire year. We only measured standing crops of
detritus twice, and we did not partition total CPOM
into different sources (deciduous tree leaves, conifer
needles, herbaceous leaves, algae, etc.). Also, one open
stream (Mack clear-cut) was directly below an old-
growth section and may have been influenced by or-
ganic matter originating from upstream. In general,
however, our data indicate that a simple open-shaded
contrast among sites was not sufficient to produce dis-
tinct differences in shredder abundances.

We found wood gougers only in those sites sur-
rounded by a well-developed riparian zone. In these
streams (OG and SG) accumulations of large woody
debris were common. We did not specifically sample
this habitat, but a few individuals of wood-associated
taxa such as the elmid beetle Lara avara LeConte and
the caddis Hereroplectron californicum McLachlan
(Anderson et al. 1978) were collected in both riffles
and pools. Because their numbers were so low in the
habitats sampled, statistical differences among sites
were usually not evident. However, they were nearly
always more abundant and exhibited larger biomasses
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in shaded streams, particularly in streams with alder
canopies. Anderson et al. (1978) found higher densities
of gougers in Coast Range streams than in the Cas-
cades, and attributed this to greater quantities of alder
in the former.

We cannot draw inferences concerning factors that
regulate the abundance and distribution of generalists
as a guild because one taxon, the snail Juga plicifera,
comprised over 95% of all individuals assigned to this
group. Nevertheless, because Juga was such an im-
portant component of the invertebrate assemblage at
some sites, it is useful to consider factors affecting its
abundance and ecology. Based on our results, the dis-
tribution of Juga was shown to be influenced by at
least four factors: gradient, canopy, substrate char-
acter, and current. Two-way ANOVA indicated that
both gradient and canopy significantly affected its pat-
tern of abundance and that an interaction existed be-
tween the two treatments. Juga was absent from all
high-gradient streams. The effect of gradient may be
an effect of current rather than substrate composition,
an interpretation consistent with Ludwig’s (1932) ob-
servations that snail densities decreased with increas-
ing current.

The difference in abundance of Juga among canopy
types was probably not due to differences in food
availability or quality, but rather to past and present
differences in substrate dynamics among streams. In-
dividuals of Juga were conspicuously absent from the
low-gradient stream in the clear-cut watershed but were
abundant in both low-gradient shaded streams. The
clear-cut watershed is unstable, and massive erosion
and channel rearrangement occur each winter. Scour
associated with winter storms in this stream would
continually reduce populations of this long-lived in-
vertebrate (age up to 7 yr). Scour in the forested wa-
tersheds is not as intense because the upper slopes
and headwaters are relatively stable. Recolonization
for these snails also would be much slower than for
insect taxa with winged adults. Juga is abundant in
more stable streams in the study area that lack cano-
pies (Hawkins and Sedell 1981), and unpublished ex-
perimental data show that they grow more rapidly on
algal food sources than on leaf detritus (D. A. Mc-
Cullough, personal communication). Thus, the appar-
ently significant interaction of canopy and gradient was
probably in this case a spurious result due to historical
factors and not due to the treatments under consid-
eration.

Although Juga was restricted to low-gradient reach-
es where mean substrate size was smaller than in high-
gradient reaches, they nevertheless exhibited decreas-
ing abundances with increasing amounts of fine sedi-
ment in experimental trays. Increased embeddedness
evidently decreased the area of solid substrate avail-
able for attachment and feeding, resulting in lower
densities. Although the apparent interaction seen from
the ANOVA of field samples was quite likely an arti-
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fact, a real interaction may very well exist between
substrate and current (see Appendix, ANOVA for
canopy, current, and substrate). The percent decline
in abundance as embeddedness increased appeared to
be greater for trays in low current velocities than in
high velocities.

The tray data allowed us to examine relationships
among abundance of animals, current, and substrate,
but the quantity of detritus that accumulated in trays
is a confounding variable. Abundances of some guilds,
as well as accumulation of potential food material, were
affected by current and substrate, and the data are insuf-
ficient to unequivocally distinguish the interrelation-
ships among animal abundance, substrate, and quan-
tity of detritus. Our results are in this respect similar
to those of Rabeni and Minshall (1977), Bjornn et al.
(1977), and Williams and Mundie (1978).

Among sites, food quality rather than quantity prob-
ably determined the major differences in pattern of
abundance of different guilds. Abundances were sel-
dom correlated with amount of detritus, contrary to
the observations of Egglishaw (1964, 1968) and Hawk-
ins and Sedell (1981). Within sites, quantity of detritus
was less important than other factors (e.g., current).
These observations are significant in that a large amount
of past research has focused on the importance of de-
tritus in stream ecosystems (e.g., Nelson and Scott
1962, Vannote 1969, Cummins 1973, Fisher and Li-
kens 1973, Hynes 1975, Anderson and Sedell 1979).
Much of this work was oriented toward determining
the sources and fates of organic carbon in streams,
much of which is detrital. Toward this goal, inverte-
brates have been shown to be important links in pro-
cessing detritus in streams (Cummins 1974, Anderson
and Sedell 1979), and yet we have not adequately con-
sidered how symmetric the relationships between de-
trital dynamics and invertebrate abundances really are
(e.g., Malmaquist et al. 1978). A major portion of the
organic carbon in streams can be present as detritus
of poor nutritional quality, and large differences in
quantity of detritus may represent very small differ-
ences in actual food availability. Recent research has
begun to emphasize qualitative differences in food
sources, but much of this work still focuses on detri-
tus, especially detritus of allochthonous origin.

Minshall (1978) has questioned the general impor-
tance of allochthonous detritus in stream systems and
argues that autotrophic production can contribute a
significant if not major portion of the total energy (car-
bon) to many streams. Our results indicate that even
where allochthonous detritus may be very abundant,
invertebrate consumers may be mainly influenced by
the amount of autotrophic production occurring in a
stream. Furthermore, current was found to be more
important to invertebrate abundance than quantity of
detritus. Abundances of scrapers, shredders, filter
feeders, and herbivore shredder—piercers all increased
with increasing current velocity. McIntire (1966, 1968)
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has shown that for current velocities similar to those
examined here, both production and standing crop of
the periphyton community was highest where current
velocity was greatest. The greater availability of pe-
riphyton food sources as current velocity increases
may partly explain the trends in animal abundance that
we observed.

Trophic structure and guild distinctions

Trophic structure should have reflected differences
in the relative availability of food sources if: (1) guild
classification accurately characterized real differences
in the feeding behavior and food requirements of the
taxa encountered; (2) food availability was adequately
categorized; and (3) consumer populations track abun-
dance of food resources. As mentioned earlier, our
sampling was not thorough enough to unequivocally
distinguish differences in food availability among sites.
We also gathered no data that examined the growth
and production of consumer populations relative to
different food sources. The contrasts in canopy type
among streams do provide circumstantial evidence that
present classifications of macroinvertebrate feeding
guilds may not be very sensitive to broad differences
in available food sources. Abundances of collector—
gatherers, scrapers, and shredders often responded in
rather similar ways to the differences in food that did
exist among sites. There may exist more similarities
than differences in the ecology of these groups. Many
taxa probably do not separate into discrete guilds but
rather show a great deal of overlap both in what they
eat and how they exploit different resources. Differ-
ences in guild abundance among sites could therefore
be rather subtle and would manifest themselves as
gradual differences in abundance and distribution along
continua of food availability.

Many taxa may be much more generalized in not
only food eaten but also their feeding behavior than
we originally thought. Groups such as Baetidae,
Ephemerellidae, Nemouridae, Leuctridae, many Lim-
nephilidae, and others have generalized mouthparts
which may function equally well in consuming large
particles (leaf litter, macroalgae), attached food (auf-
wuchs, if thick enough), or loose particles (FPOM).
We do feel that guild classification is an extremely
valuable and necessary approach to examining inver-
tebrate communities, but ecologists should realize that
in many cases distinctions may be by necessity some-
what arbitrary. Caution should therefore be used when
basing either inference or theory on present classifi-
cations. Sufficient empirical evidence is not yet avail-
able from which we may examine the degree of eco-
logical similarity or difference that truly exists among
taxa both within and among guilds.

Some of our results are contradictory to earlier stud-
ies that examined functional organization of inverte-
brates in streams. In a previous study, guilds were
shown to be predictably distributed along a longitu-
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dinal stream gradient (Hawkins and Sedell 1981, see
also Vannote et al. 1980), and their distribution was
related to either quantity or quality of food resources.
In this study, modification of canopy and thus food
sources among similar-sized streams did not always
evoke patterns of trophic structure that we would have
expected based on previously observed associations
between guild abundance and food sources along river
continua. These different observations are not neces-
sarily incompatible but rather may reflect our failure
to consider the multiple environmental requirements
of taxa. After manipulation (i.e., canopy removal) of
a shaded headwater stream, many food sources may
be similar to a naturally open downstream reach, but
other factors probably are not. By manipulating stream
systems we may create conditions favorable to organ-
isms with broad tolerances rather than for different
sets of specialists.

Community structure: number of taxa

Our analyses revealed ambiguous results with re-
spect to the effect of canopy and substrate on either
mean number of taxa within a sampling unit or the
cumulative number of taxa encountered over all sam-
ples. Results derived from the bottom samples were
not similar to those from tray samples. The reasons
for this discrepancy are not clear, although bottom
data were from three dates, and tray data were from
only one. The additional variance acquired in the anal-
ysis due to using seasons as replicates may have been
sufficient to obscure real differences in number of taxa
among sites. Conversely, real differences among sites
simply may not exist regardless of the variance asso-
ciated with the data. Examination of data from bottom
samples taken on the same date in August as tray data,
revealed similar patterns of mean number of taxa among
canopy types as seen in the tray data. If tray data had
been collected each date, it is likely that trends similar
to the bottom data would have been observed.

To some extent our data support the contention of
Minshall and Minshall (1977) who question the rather
well-accepted generality that diversity or species rich-
ness of benthic invertebrate communities increases as
either mean substrate size or heterogeneity increases
(e.g., Bell 1969, Allan 1975, Friberg et al. 1977). In
fact some studies, e.g., Wise and Molles (1979), have
found more taxa on small substrates than on large ones,
a result not inconsistent with our data that showed
more taxa in trays with the largest amounts of sand.
Evaluation of this sort of community data is compli-
cated by at least two difficulties. First, as Minshall and
Minshall (1977), Khalaf and Tachet (1980), and Wil-
liams (1980) have observed, not all taxa show sub-
strate preferences over the range of conditions ex-
amined, and this may obscure trends which exist among
taxa that do exhibit preferences. Secondly, it is not
clear that percent composition, mean substrate size,
or heterogeneity (Allan 1975, Wise and Molles 1979,
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Williams 1980) are adequate measures of habitat struc-
ture as perceived by invertebrates.

When we analyzed our data by separating taxa into
guilds and examined cumulative number of taxa ob-
served over all samples for each site, we found that
number of taxa varied directly with guild abundance
for many groups. For example, high-gradient sites had
more scraper taxa and higher scraper densities than
did low-gradient sites. Canopy appeared to affect
clearly both the densities and number of taxa in two
guilds: herbivore shredders—piercers and collector—
gatherers. These data indicate that the factors that in-
fluence overall abundance of a guild also influence
number of taxa within a guild.

We would emphasize that the number of taxa in a
community is a function of many factors. Our data
from tray samples showed most major factors and in-
teractions to significantly affect number of taxa. These
results demonstrate why so many hypotheses have been
proposed concerning the different mechanisms that
determine number of taxa in communities (Ricklefs
1979) and why it is often difficult to generalize with
regard to the distribution and abundance of guilds or
taxa. For example, analysis of shredder densities pro-
duced evidence contradictory to river continuum ar-
guments concerning the reasons for the abundance and
distribution of taxa in this guild (Wiggins and Mackay
1978, Vannote et al. 1980, Hawkins and Sedell 1981).
There were more taxa of shredders (Table 6, P = .08)
in high-gradient reaches than in low-gradient streams,
but canopy had no effect. Taxa assigned to this guild
may therefore be restricted to small high-gradient sites
(i.e., those typically shaded) for reasons other than,
or in addition to, food.

Community structure: abundances of individual taxa

It is important to emphasize that significant differ-
ences can exist in community structure that are not
distinguished by analysis of community level param-
eters such as total density, number of taxa, guild struc-
ture, or the relative abundances of taxa within com-
munities (i.e., diversity or heterogeneity). We did not
quantify differences in the abundances of individual
taxa in the same manner as did, for example, Minshall
and Minshall (1977), but our analysis of qualitative
differences (greater or lesser abundances) between
either canopy types or substrates showed that real dif-
ferences in communities existed among treatments
(Table 7). Many invertebrate taxa are known to have
definite preferences for substrate character and other
environmental variables (e.g., Percival and Whitehead
1929, Linduska 1942, Cummins and Lauff 1969, Tol-
kamp 1980). The trends for different taxa to prefer
different environmental conditions is certainly not sur-
prising, and we should recognize that subtle to mod-
erate shifts in the species composition of a community
are manifested as differences in commonly measured
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community level attributes when environmental con-
ditions differ sufficiently.

Ecological analysis of stream communities

Our study design in part utilized large-scale pertur-
bation (i.e., canopy modification associated with log-
ging) as an experimental treatment. We showed that
the type of canopy surrounding a stream can signifi-
cantly influence the type of invertebrate community
observed, whereas substrate character was less im-
portant over the range of conditions encountered. We
believe that our results and those of others (e.g., Min-
shall and Minshall 1977, Newbold et al. 1980) indicate
the urgent necessity of examining stream communities
from a number of perspectives and based on a variety
of analyses. These perspectives include examination
of community level attributes, analysis of guild struc-
ture, and description of population or species level
responses. Ideally all of these analyses would be in-
terpreted within and integrated with even broader
frameworks. Such frameworks would include recog-
nition of how communities differ over broad gradients
of factors such as food, temperature, light, current,
and substrate. Community pattern observed at one
scale (e.g., watersheds, reaches, or habitat patches)
would ideally be interpreted in terms of processes that
produce pattern at other scales.

This study attempted to address the relative impor-
tance of differences in canopy and substrate on stream
communities. A second phase of this study has been
designed to compare communities over a more exten-
sive gradient of substrate size. Eventually the relative
importance of many factors must be recognized. These
sorts of data are necessary if we are to truly develop
a holistic understanding of stream communities.
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APPENDIX A

Three-way ANOVA for the effects of canopy, current velocity, and substrate composition on the abundances of different
invertebrate groups and the mean number of taxa. Data are for tray samples, and except for number of taxa, were transformed,
log,, (x + 1), prior to analysis.

Total Collector—gatherers Scrapers
Source of variation df F P F P F P
Canopy 2 27.8 .001 33.8 001 6.9 .010 U ‘
Current 2 0.8 452 0.0 .980 15.0 .001 !
Canopy X current 4 2.2 137 2.3 .119 14.2 .001 ‘4
Substrate 3 0.4 .888 0.3 .798 0.5 .700
Canopy X substrate 6 3.1 .047 0.4 .880 1.4 1280
Current X substrate 6 0.3 .802 2.8 .063 1.6 232
Error 12 | |
Shredders Filterers Generalists

F P F P F P
Canopy 2 1.7 221 0.5 .595 147.1 .001 !
Current 2 13.8 .001 21.1 .001 19.3 .001 i,
Canopy X current 4 2.1 .145 0.6 674 9.0 .001 i
Substrate 3 5.7 011 3.3 .058 I.2 .361 i
Canopy X substrate 6 1.1 430 1.9 .166 2.6 .072 i
Current X substrate 6 2.8 .061 1.8 .178 1.6 244 |
Error 12

Herbivore shredders Predators Number of taxa

F P F P F P
Canopy 2 27.7 .001 16.5 .001 14.0 .001
Current 2 6.2 014 0.5 .608 16.4 .001
Canopy X current 4 6.2 .006 5.4 .010 59 .007
Substrate 3 0.3 .788 1.1 .399 2.7 .096
Canopy X substrate 6 0.4 .895 0.9 518 1.4 .283
Current X substrate 6 1.0 .468 33 .038 55 .006
Error 12

APPENDIX B

Three-way ANOVA for effects of canopy, current velocity,
and substrate composition on quantity of CPOM and
FPOM. Data are from tray samples and were transformed,
log,, (x + 1), prior to analysis.

CPOM FPOM
Source of variation df F P F P
Canopy 2 129 .001 22.1 .00l
Current 2 5.4 .021 16.6  .001 l
Canopy X current 4 0.7  .595 2.7 .079
Substrate 3 0.3 .797 3.0 .074
Canopy X substrate 6 0.7 .640 1.2 .380 ;1
Current X substrate 6 1.4 .303 09 491

Error 12 §
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