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Lotic Macroinvertebrate Distribution Patterns in Northeastern Oregon
CHAPTER 1

INTRODUCTION

Ecological studies often seek to explain changes in assemblage
composition or in distribution and abundance of individual species across
environmental gradients. In stream ecology, physical variables relevant to
aquatic fauna include water temperature (Vannote, et at., 1980; Cummins &

Merritt, 1996), channel-unit type (Palmer, etal., 1991; Brown and Brussock,
1991; Rabeni, etal., 2002), hydraulic conditions (Statzner, et al., 1988; Allan,
1995), and substrates (Minshall, 1984; Allan, 1995). Availability and quality of
food resources can also affect the distribution and abundance of individual
species or the proportional feeding guild composition in a faunal assemblage
(Cummins, et al., 1989; Vannote, et at, 1980). Variation in environmental factors
can be gradual and continuous from headwaters to downstream reaches
(Vannote, et al., 1980) or patchy (Townsend, 1989), and the spatial pattern of
important environmental variables will be reflected in biotic patterns
(Montgomery, 1999; Wright, 2000).

Disturbance can disrupt biotic systems (i.e. populations, communities, or
ecosystems) and the resources and habitat they rely on (Resh, et at., 1988;
White and Pickett, 1985). Although most literature on disturbance in streams
and rivers relates to flow conditions (Resh, et al., 1988; Lake, 2000), a widely
recognized phenomenon with disruptive effects on biota is elevated fine
sediment input (Ryan, 1991; Wood and Armitage, 1997). The degree of
suspended sediment impact on aquatic biota has been related to the intensity
and duration of exposure, much like a dose-response of a toxicant (Newbold
and MacDonald, 1991). Deposition of fine sediment due to increased input has
been found to affect benthic invertebrates (Minshalt, 1984; Zweig and Rabeni,

2001; Nuttal and Bielby, 1973; Ryan, 1991). Although impacts of fine sediment
on aquatic macroinvertebrates are widely reported, types of changes to
invertebrate assemblages and proposed mechanisms of impact vary among
studies.

The North Fork John Day River was subject to historic alluvial gold
mining and to recent sediment input. Sediment delivery occurred as a result of
floodplain mine-tailing leveling from 1993-1997 and erosion following a 1996
forest fire. Mass inputs occurred in 1998 when three fire-influenced tributaries to
the North Fork John Day River were scoured out during intense spring storms
(U.S. Forest Service, 1999; W. Gerth, personal observation). Sediment inputs
occurred in multiple locations over a number of years along a 16km section of
this

5th

order river, with points of input varying among years. Concerns about

sediment impacts on aquatic macroinvertebrate assemblages prompted the
initiation of my original thesis project (Chapter 2).

Conducting studies of invertebrate assemblages over a limited spatial
extent provided a chance discovery of an unexpected distribution pattern for an
individual species, the caddisfly Lepidostoma pluviale (Milne). Like all
Lepidostoma species, L. pluviale is classified as a shredder (Cummins, et al.,
1996); thus it was presumed to feed primarily on coarse organic material
derived from terrestrial plants (Cummins, et al, 1989; Palmer and O'Keefe,
1992). The River Continuum Concept (Vannote, et al., 1980) predicts
decreasing contributions of shredders to assemblages from headwaters to
downstream reaches as primary energy sources shift from those produced
terrestrially to those produced instream. However, I found higher L. pluviale
densities than expected based on River Continuum predictions in the

5th

order

section of the North Fork John Day River that I was studying. My observations
were strengthened by findings of high L. pluviale densities in

4th

and

5th

order

reaches of the Middle Fork John Day River during the initial stages of a study
there (K. Wright, personal communication). This led to questions about L.
pluviale feeding and distribution along river continua (Chapter 3).
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In the following two chapters, lotic macroinvertebrate distribution patterns
were explored at various spatial and biological scales. In Chapter 2,
invertebrate assemblage patterns were investigated within a 16-km section of
the North Fork John Day River with respect to natural environmental gradients
(slope, habitat, substrate), and cumulative effects of elevated sediment input. In
Chapter 3, L. pluviale population distribution patterns were investigated in a
regional spatial context. Feeding habits were examined and related to
distribution of this caddisfly in northeastern Oregon at sites ranging from
through

5th

stream order.

1st

ru

CHAPTER 2

MACROINVERTEBRATE ASSEMBLAGE PATTERNS IN THE NORTH FORK
JOHN DAY RIVER DURING SEDIMENT INPUT

Abstract
Currently, the North Fork John Day River upstream of Dale, Oregon, is
designated as a federal Wild and Scenic River and about 25% of its watershed
is set aside as Wilderness. Nonetheless, historic alluvial gold mining and recent
sediment inputs have impacted this river. Sediment delivery occurred as a
result of floodplain mine tailing leveling from 1993-1997. As these disturbances
from human activities ended, erosion and tributary channel scour events
occurred following a 1996 forest fire. Sediment inputs occurred at multiple
points along the river, and these points changed from year to year. I studied
macroinvertebrates, fine sediment accumulation and other environmental
factors that could influence macroinvertebrate assemblages during 1997 and
1998 along a 16km,

5th

order river section. Fine sediment deposition in the

North Fork John Day River was greater in 1998, than in 1997; and in the one
year when detailed measurements were taken (1998), fine sediment
accumulation increased from upstream to downstream. During the study period,
some invertebrate assemblage variation was associated with local differences
in habitat-types. Proportional abundances of sediment tolerant taxa, especially
oligochaete worms, increased from 1997 to 1998, and from upstream to
downstream, indicating a response to fine sediment accumulation. However, an
expected decrease in invertebrate abundance with increased sediment
accumulation was not observed. Macroinvertebrate response appeared to
reflect cumulative impacts and/or increasing input of sediment over the course
of this study.
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Introduction
The North Fork John Day River has several outstanding natural values
and currently receives some protection under federal law. As a part of the John
Day River system, the North Fork is part of one of the longest rivers in the U.S.
without permanent impoundments (Benke, 1990). Although depressed from
historic levels (U.S. Forest Service, 2002), populations of naturally reproducing
anadromous salmonids are higher in the John Day River system than in other
Columbia River tributaries. The North Fork supports the largest populations
among the John Day subbasins (Oregon Water Resources Board, 1986). Since
1988 this river upstream of the town of Dale, Oregon has been designated as a
Federal Wild and Scenic River (McKinney and Calame, 1994). Most of the
watershed of the Wild and Scenic section is public land managed by the U.S.
Forest Service with about 25% of this area designated as Wilderness since
1984.

Despite current protections, the NF John Day River has been and
continues to be subject to events and land-use practices that alter aquatic
habitat. The most obvious historic activity affecting river habitat was gold
mining, which occurred along the river and its tributaries since the late 1 800s.

Three regions of the watershed were most heavily mined: a section along the
NF John Day River upstream of Dale (approximately river km 107-123), a
region adjacent to the upstream tributaries of Granite and Clear Creeks, and a
section of the NF John Day River upstream of its confluence with Granite Creek

Fig. 2.1). Large-scale dredge mining took place primarily between 1938-1942
and 1947-1 957 (U.S. Forest Service, 1999; U.S. Forest Service, 2002). An
account from the 1 940s indicated that gold mining contributed greatly to silting

of the river bottom at the time of operations (Nielson, 1950). Dredge operations
also severely altered the morphology of mined river and stream sections,
leaving a legacy of kilometers of tailing piles up to 5 meters high on the
floodplain and on bars (McKinney and Calame, 1994; W. Gerth, personal

r1

observation). Tailings constricted and focused flow during high discharge, and
prevented the establishment of natural riparian vegetation. Focused flows
contributed to bank erosion and in some places erosion formed high flow side
channels.

Recent activities and events contributed fine sediment to the previously
dredged downstream river section, potentially altering aquatic habitat and/or
impacting aquatic organisms. Beginning in 1993, the Forest Service, concerned
about bank erosion and potential negative impacts on fish, began leveling
legacy tailing piles with heavy machinery to return a more natural floodplain to
the river. A side effect of this work was to increase suspended sediment in the
river. Monitoring upstream and downstream of a pilot leveling site in 1993
indicated that suspended sediment concentration increased (from 3.7 mg/L
upstream to 8.7 mg/L downstream) due to the tailing leveling during the three
days it took to complete the project, but downstream concentrations quickly
returned to background levels after the work was completed (McKinney and
Calame, 1994). An unusually large thunderstorm shortly after the project was
completed also increased suspended sediment downstream of the project (from
9.4 mg/L upstream to 17.6 mg/L downstream) for 3 days, indicating that bare
substrates exposed during the project or sediment resuspended from the
streambed could continue to have effects for periods longer than the duration of
the actual moving of tailings. Most of the tailing leveling occurred in the
summers of 1995 through 1997; leveling work took place at multiple locations
along this 16km dredged river section (Fig. 2.2a).

In addition, in summer 1996 a large forest fire, the Tower Fire, burned
much of the watershed just north of the same dredged river section (Fig. 2.3).
The entire fire encompassed an area of 208 km2; forty-five percent of this area

was drained by tributaries entering the river section under discussion (data
provided by U.S. Forest Service). Approximately 40% (38 km2) of the fire area

draining into the dredged river section was burned at high or moderate intensity,
presenting an increased risk of erosion and sediment delivery (Beschta, 1990;

a)

Tailing-leveling sites 1993-1 997

km

0

3

km

Scoured tributary inputs 1998
Fig. 2.2. Sediment input locations in the study section of the North Fork John Day River. Map a shows locations of
tailing leveling projects completed 1993 through 1997. Map b indicates where sediment was delivered to the North
Fork John Day River in 1998 as several tributaries draining watershed affected by the 1996 Tower Fire were scoured
out. Only tributaries with drainage areas of >12 km2 are shown as streams on the maps a and b.
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Gresswell, 1999) to the NF John Day River. Some sediment delivery probably
occurred in 1996 and 1997, but was not documented. However, intense spring
rainstorms in 1998 eroded material into 3 tributaries (Sheep Creek, Oriental
Creek, and an unnamed tributary) that were scoured as they delivered sediment
to the various points along the dredged river section (U.S. Forest Service, 1999;
W. Gerth, personal observation) (Fig. 2.2b). I also measured increased
suspended sediment concentration downstream of the largest of these scoured
tributaries (2.5 mg/L upstream, 19.3 mg/L downstream) fifteen days after an
intense summer thunderstorm in August 1998.

Erosion from watersheds and sediment transport and deposition within
streams and rivers are natural processes, and as such, aquatic fauna are likely
to be able to withstand periodic suspended or deposited fine sediment
increases (Ryan, 1991). Nonetheless, fine sediment has often been cited as a
cause of habitat degradation and negative impacts on aquatic fauna (Ryan,
1991; Wood and Armitage, 1997; Henley, et al., 2000), especially when human
activities are responsible for increased erosion and sediment input. Impacts of
fine sediment on aquatic invertebrates are variable (Ryan, 1991; Wood and
Armitage, 1997); however, benthic invertebrate densities often decrease with
increased sediment input (CuIp, et al., 1986; Quinn, et al, 1992; Shaw and
Richardson, 2001; Nuttall and Bielby, 1973; Hogg and Norris, 1991), and
changes in assemblage composition, especially increases in the proportion of
sediment tolerant organisms, can occur with or without changes in density
(Hogg and Norris, 1991; Nuttall, 1972; Nuttall and Bielby, 1973; Lemly, 1982).
Effects of sediment input on aquatic fauna appear to be related to sediment
dose, which is a product of the concentration and duration of input (Newbold
and MacDonald, 1991; Shaw and Richardson, 2001).
Forest fires are also a natural phenomenon, but the size and severity of
fires in the western U.S. since those in Yellowstone National Park in 1988 has
sparked some concern that natural fire regimes have been altered (Gresswell,
I 999). Studies of forest fire impacts on aquatic invertebrates have shown
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variable results, but effects are generally greatest when fires result in channel
alteration and sediment transport and deposition (Minshall, 2003). Sediment
delivery from burned areas to streams and rivers depends on watershed
topography and geology, the size and severity of the fire, proximity of the fire to
a stream or river, and the amount and timing of post-fire precipitation (Beschta,
1990; Gresswell, 1999; Minshall 2003).

The purpose of this study was to document benthic invertebrate
assemblages within the downstream, historically dredged section of the NF
John Day River during a period of sediment input from tailing-leveling project
sites and fire-influenced tributaries. Although fish distribution and abundance
has been evaluated in this river (Lindsay, et al., 1986; Torgersen, et al., 1999;
Torgersen, 2002), there is no published information on benthic invertebrates.
Fine sediment accumulation and other environmental variables were also
measured to relate to invertebrate assemblage gradients. I hypothesized that
sediment accumulation would increase from upstream to downstream in both
years, reflecting the cumulative impacts of sediment addition and transport from
multiple sites along the study section. Decreases in invertebrate density and
increases in the proportion of sediment tolerant invertebrates were expected to
reflect the sediment accumulation patterns. I also expected invertebrate
assemblage measures to reflect greater sediment accumulation in 1998 than
1997, because of mass sediment movement into the NF John Day River in
1998 from fire-influenced tributaries.

Methods
Sites

Sites were selected along a 16km section (river kilometer 107-123) of the
North Fork John Day River (Fig. 2.1) where the Forest Service was leveling
dredge tailings from 1993 through 1997(Fig. 2.2). This section of the river was
just south of the area affected by the 1996 Tower Forest Fire (Figs. 2.3a and
2.3b). Seven sites were sampled in 1997 and 13 sites (including the original 7
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sites) were sampled in 1998 (Fig. 2.4). The site at the highest point in the study
section was just upstream of the dredged river section, but was still downstream
of Big Creek, which drains a partially burned watershed. Sampling occurred in a
low-flow period from mid- to late-September, after the time of year when tailing
leveling occurred. Physical measurements and biological samples were taken
within the 150m long sites.
Data collection

Physical measurements
Physical habitat measures were generated at several scales, including
the invertebrate sample-scale, the site-scale, and the study section-scale (Table
2.1). Several field measurements were added in 1998.
Habitat categories associated directly with invertebrate samples in both
sampling years (i.e. habitat unit type, and dominant and subdominant substrate
types) were kept at the invertebrate sample-scale. Habitats were classified as
pool, glide, riffle or rapid and were summarized as pool/glide or riffle/rapid for
analyses. Substrates were classified using a modified Wentworth scale
(Kaufmann and Robison, 1998), and substrate types were considered dominant
or subdominant based on the proportions of invertebrate sampling area
covered.

Site-scale physical habitat was assessed with field measurements taken
at various points within sampling sites, which were averaged, or with GIS using
lOm digital elevation models (DEMs). Solar input was measured as the
proportion of available sunlight reaching the water surface (July-Sept);
measurements were made at 3 locations per site using a Solar Pathfinder®
(Platts, et al., 1987). Percent pool/glide habitat was calculated for sites using
habitat information collected with invertebrate samples. Velocity, depth, and
site-scale substrate measurements were taken in 1998, but not 1997. Velocity
was measured at the six invertebrate sampling locations per site at O.6X depth

with a Swoffer ® velocity meter. Average site depth was calculated from 42

a)

1997 Sampling Sites
km

b)

0

3

1998 Sampling Sites

Fig. 2.4. 1997 and 1998 sampling sites in a 16km study section of the North Fork John Day River. Closed circles
indicate sampling sites. Starred sites are locations where recording thermometers were deployed in summer 1998.
Only tributaries with drainage areas of >12 km2 are shown as streams on the maps a and b.

Table 2.1. Abiotic environmental variables measured at various spatial scales in the NF John Day River. Double
asterisks indicate variables only measured in 1998. DEM = digital elevation model.

Variable

Source

Invertebrate Sample Area

Habitat unit-type
Dominant substrate in sample frame
Subdominant substrate in sample frame

Field classification
Field estimate
Field estimate

Sampling Site
% of available sunlight reaching stream (July-Sept)
Distance downstream from upstream end of study section
Local slope % (1km length centered on sampling site)
Proportion of substrate <16mm diameter**
Average thalweg depth**
Average site depth**
Average site velocity at O.6X depth**
Percent pool/glide habitat**

Calculated from field measurements
GIS

GIS, lOm DEM5
Calculated from field measurements
Calculated from field measurements
Calculated from field measurements
Calculated from field measurements
Calculated from field classifications

Study Section
Elevation range
Section slope (%)
Average valley width @ 1 Om above river surface
Total drainage area
Average discharge during sampling (averaged year)
Summer water temperatures**

GIS, lOm DEM5
GIS, lOm DEM5
GIS, lOm DEMs
GIS, lOm DEMs
Calculated from field measurements
Temperature loggers

-
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depth measurements per site, and average thalweg depth was calculated from
6 depth measurements. Substrate composition was determined by doing a
pebble count (Kaufmann and Robison, 1998) of 42 substrate particles; data

were summarized as % of substrate <16mm in diameter. GIS with lOm DEMs
was used to calculate the slope in a 1km subsection centered on each sampling
site. GIS was also used to measure the distance from the top of the study
section to each sampling site.

Study section characteristics were assessed with GIS using lOm DEMs,
and field measurements. GIS measurements of elevation range were made at
the furthest upstream and downstream sites in the study section; average
section channel slope was calculated from slopes of eighteen 1 km long

subsections, and average valley width at lOm above the river surface was
calculated from measurements made at seventeen 1 km intervals. Discharge

was measured at a river cross-sections in each sampling site by a velocity-area
procedure (Kaufmann, 1998) and was averaged by year. River section water
temperature was assessed with two data-logging thermometers that were
deployed at river kilometers 108 and 115 from July 22 through August 25, 1998
(Fig. 2.4). Historic flow patterns were examined using 1930-1958 data from a
USGS gauging station (#14041500) on the North Fork John Day River just
upstream of Hwy 395 near Dale, Oregon.
Periphyton

In 1998, ten stones (-10cm in diameter) were selected at systematically
chosen locations in each sampling site. Periphyton was collected from these
stones by brushing and/or scraping a 6.5cm2 area on the top surface of each

rock. Periphyton from the ten stones was combined with water in a light-sealed
container and frozen for transportation. In the laboratory, each periphyton
sample was split in half using a plankton sample splitter. One half-sample from
each site was analyzed for chlorophyll a content; the other half was used to
determine organic matter biomass (ash-free dry mass) and inorganic content.
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Photosynthetic pigments were extracted by filtering the periphyton and
water onto a Whatman GF/A glass fiber filter, and then soaking the filter in 90%
buffered acetone. The extract was analyzed by spectrophotometry (Strickland
and Parsons, 1968) to determine chlorophyll a biomass.
Periphyton mass measurements were determined using the methods
outlined by Steinman and Lamberti (1996). Samples, filtered using pre-weighed
Whatman GF/A glass fiber filters, were dried (24 hrs at 105° C) and re-weighed
after cooling in a desiccator to obtain periphyton dry weight. Subsequently,
samples were ashed in a muffle furnace at 500° C for 1 hr, again allowed to cool

in a desiccator, and re-weighed. Ash free dry mass (AFDM) was calculated as
the difference between the dry weight and the ashed weight. Inorganic content
(%) was calculated as the ashed weight, divided by the dry weight, multiplied by
100.

Invertebrates

Benthic invertebrates were collected at 6 systematically chosen locations
30m apart within sampling sites. Samples were collected using a Surber
sampler modified for use in deeper water. This unit's 0.11 m2 sampling area is

enclosed in a plexiglass box with an opening in the front to allow water to flow
in, and holes in the sides where the sampler's arms are inserted to disturb the
substrate. Samples were sieved on a 500pm screen, placed in sealable plastic
bags (Whilpak ®), and preserved with 95% ethanol.

Samples were analyzed individually; all invertebrates in each sample
were identified and counted. Most insects were identified to the genus level,
except for chironomid and ceratopogonid midges that were identified to
subfamily or tribe and blackflies that were identified to family. Insects that were
too immature or damaged from sampling to identify to genus (or subfamily/tribe)
were identified to the finest degree possible. Non-insects were identified to
varying levels of taxonomic resolution, from phylum to family depending on the
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taxon. One sample from the site furthest downstream in 1997 was lost due to
inadequate preservation.
Statistical analyses
Environmental variables and periphyton

Average values of environmental variables were calculated to illustrate
physical characteristics of invertebrate sample areas, sampling sites and the
study section as a whole. Temperature and historical discharge data were
displayed graphically. Additionally, correlations and multiple regressions were
used to analyze interrelationships among environmental variables and
periphyton characteristics measured at the site-scale in 1998. Data were
transformed when necessary (arc-sine square root or log10) to satisfy normality

and equal variance assumptions. Final regression models were derived with
stepwise regression in S-Plus (version 6.1, Insightful Corp.) using a p-value of
0.05 for entry and removal of variables from the regression models.
Invertebrates

Summary metrics were calculated per sample for the entire data set to
describe the invertebrate community present in the stream section. Metrics
included total density, taxa richness, % of individuals considered sediment
tolerant, % of individuals considered sediment intolerant, and % of individuals in
the insect orders Ephemeroptera, Plecoptera, and Trichoptera (%EPT).
Numerically dominant taxa were also noted. Because organisms that were too
small or damaged could not always be identified reliably, taxa richness was
calculated using a conservative method; taxa not identified to the lowest level
possible for that group (e.g. mayflies identified to family instead of genus) were
not counted as a unique taxon unless there were no other representatives in
this group identified to a lower level. Taxa considered to be sediment tolerant
and intolerant were based on published classifications of Oregon
macroinvertebrates (Oregon Watershed Enhancement Board, 1999). For my
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data, sediment tolerant taxa were oligochaete worms, the mayfly Tricorythodes,
the craneflies Antocha and Hexatoma, the dragonfly Ophiogomphus, and
planorbid snails. The one sediment intolerant taxon present in NF John Day
River was the caddisfly Glossosoma. All other taxa in my dataset were not
given a sediment tolerance designation.

Relationships between invertebrates, sampling year, and environmental
variables were examined with ordinations and multiple regressions.
Environmental variables used in these analyses were the 6 variables (3 samplescale and 3 site-scale) collected in both sampling years.

Invertebrate assemblage composition and abundance patterns were
explored using non-metric multidimensional scaling (NMDS) ordinations
(Kruskal, 1964; McCune and Mefford, 1999) with Sorenson distance measures.
This nonparametric ordination method was chosen because it is one of the
most robust and effective techniques for the analysis of biological community
data (Minchin, 1987; McCune, 1994; Cao, et al., 1996). Two ordinations were
run with differing types of data transformation. For the first ordination, data were
log (x+1) transformed to reduce the influence of dominant taxa on the analysis.
For the second ordination, data were expressed in relative abundance to
eliminate the effect of differences in absolute abundances between samples.
Ordinations were run to produce the 2-dimensional solutions with the least
distortion (stress) possible. Graphs were rotated to facilitate interpretation.
Associations of environmental variables with invertebrate assemblage
patterns were investigated with coded symbol overlays and correlations. For
categorical variables, coded symbol patterns were assessed visually to
determine whether different types of samples formed distinct groups on the
ordination graphs. For continuous variables, correlations between variable
values and sample ordination coordinates were calculated. Correlations
between sample coordinates and invertebrate taxa abundances (logx+1

transformed or relative abundances) assessed which taxa were driving the
ordination pattern. Correlations with invertebrate metrics were also run.
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Multiple regressions were used to investigate factors associated with two
invertebrate measures: the proportion of sediment tolerant individuals, and total
abundance. Dependent variables for multiple regressions were transformed
(arc-sine square root for % sediment tolerant; logio for total abundance) to
satisfy normality and equal variance assumptions. Final regression models
were derived using stepwise regression in S-Plus (version 6.1, Insightful Corp.),
using a p-value of 0.05 for entry and removal of variables from the regression
models.

Results
Sample, site and section characteristics

Total drainage area at the downstream end of the 16km study section
was 1042 km2. Elevation in this section ranged from 913m to 1023m above sea

level with an average stream slope of 0.7%. There was a small, but statistically
significant linear decrease in stream slope in the downstream direction (Fig.

2.5a). Within this section, the river runs through a narrow valley constrained by
steep hillslopes (mean ± SD: 109 ± 32m at lOm above the stream surface).
Thaiweg depths at sampling sites were generally less than 1 m at the time of

sampling (Table 2.2). Discharge at the time of sampling was similar between
years (Table 2.3). Coarse substrates were more common than fine substrates
in invertebrate sampling areas (Table 2.3) and in sampling sites in general
(Table 2.2), but I observed coarse substrates often overlaid with a film of fine
sediment. Approximately 60% of invertebrate samples were taken in riffle/rapid
habitats in each sampling year, but the proportion of sample areas that
contained dominant or subdominant substrates <16mm in diameter increased
from 1997 to 1998 (Table 2.3).
Summer water temperatures at 2 stations in the study section in 1998
were consistently below the upper incipient lethal level (25°C) for salmonids
(Bell, 1986), but above the Oregon water temperature standard (1 6.0 C) for
rivers such as the NF John Day upstream of Dale that contain core cold-water
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Table 2.2. Summary of environmental data measured at the study site scale in
the NF John Day River. Double asterisks indicate variables oniy measured in
1998.

Variable

Mean ± SD

% of available solar input reaching the river (July-Sept)

71.0% ± 12.4%

Chlorophyll a biomass**

6.8 ± 1 .2pg/cm2

Periphyton inorganic content**

83.8% ± 5.2%

Proportion of substrate <16mm diameter**

14.5% ± 10.2%

Average thalweg depth**

65 ± 15cm

Average site depth**

39 ± 10cm

Table 2.3. Summary of NF John Day River invertebrate sampling area
characteristics and river discharges for 1997 and 1998 sampling periods.

Variable
% of samples taken in riffle/rapid habitats
% of samples taken from substrates
(dominant and subdominant) <16mm diameter
River discharge

1997

1998

58.3%

61.5%

9.5%

24.4%

2.03 m3

1.54 m3 s
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fish habitat (Oregon Department of Environmental Quality, 2003) (Fig. 2.6).

Temperatures were very similar for the 2 stations even though they are 8 river
kilometers apart.

Historic discharge data indicated that a snowmelt peak in spring
dominated the annual hydrograph (Fig. 2.7). Because the North Fork John Day
River is still undammed, the current hydrograph shape should be similar to the
historic hydrograph. However, more recent analyses of flow from active stream
gauges in the John Day Basin suggests that there are some decadal-scale
changes to the hydrograph with an increase in total annual discharge and
decreases in the proportion of water discharged during spring snowmelt and

summer low-flow (Oregon Water Resources Department, 1986). My sampling
occurred in September, during one of the lowest points in the annual
hydrograph.

Examination of 1998 data for interrelationships of environmental
variables and periphyton measures indicated that the proportion of a site with
pool/glide habitat was positively related to average site depth (r=0.88) and
negatively related to average water velocity at a site (r=-0.82), but there were
not significant correlations between site habitat and either longitudinal position
(Fig. 2.5b) or local stream slope (in 1 km subsections centered on each site).

The proportion of substrate less than 16mm in diameter (arc-sine squareroot
transformed) was highly correlated with periphyton inorganic matter content
(r=0.90), and was strongly related to longitudinal position and average site
velocity according to the formula:
Eq. 2.1.

Arcsin squareroot (% substrate less than 16mm diameter) = 0.504
0.688*Average site velocity + 0.01 3*Distance downstream.

This model explained 89% of the variation in % substrate >16mm (F=41.7 on 2
and 10 d.f., p<0.001). There was no interaction between velocity and distance
downstream (extra sum of squares F-test, p=0.54).

24

Site periphyton chlorophyll a biomass (pg/cm2) was not significantly

correlated with the proportion of available solar energy reaching the water
surface (p=O.23), but was negatively associated with % substrate finer than
16mm according to the following:
Eq. 2.2.

Chlorophyll a biomass (pg/cm2) =8.9
substrate less than 16mm diameter).

55* Arcsin squareroot (%

Although statistically significant (F=6.8 on 1 and 11 d.f., p=0.02), this model left
much of the variation in chlorophyll a unexplained (R2=O.38). Chlorophyll a was

also correlated with site % pool/glide habitat (r-0.49) and distance downstream
(r=-0.50), but neither of these variables was significant after accounting for the
variation explained by % substrate finer than 16mm (extra sum of squares Ftests: p=O.79 and 0.66, respectively).
Invertebrates

A total of 55,815 benthic invertebrates in 93 taxa were collected in the
study section when both years were combined. Median sample density was
2682 organisms per square meter; average taxa richness was 22. Taxa with the
highest median sample densities are listed in Table 2.4. The most dramatic
year-to-year differences in median densities were for the caddisfly,
Lepidostoma,

(15 times greater in 1997 than 1998), Tanytarsini midges (3.4

times greater in 1997 than 1998), and oligochaete and nematode worms (4.5
and 5 times greater in 1998 than 1997, respectively). For both years combined,
median sample %EPT was 26.7%, average sample % sediment tolerant was
35.2%, and average sample % sediment intolerant was 1.2%. When separated
by sampling year, average sample % sediment tolerant was 17.8% for 1997
and 44.4% for 1998.
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Table 2.4. Ten most abundant taxa ranked by median sample density from
North Fork John Day River benthic samples collected in September 1997 and
1998.

taxa

median sample density (# per

1997 and 1998

Oligochaete worms
Orthocladiinae midges
Serrate/Ia
Unidentified elmid beetles
Tanypodinae midges
Unidentified chironomid midges
Acari
Antocha

Zaitze via
Hydropsyche

536
227
118
91

82
73
45
45
36
36

1997 only

Orthocladiinae midges
Tanytarsini midges
Oligochaete worms

245
218
209

Lepidostoma

136

Serrate/Ia
Unidentified chironomid midges
Unidentified elmid beetles
Antocha

Acari

Hydropsyche

91

73
64
45
36
36

1998 only

Oligochaete worms
Orthocladiinae midges
Serrate/la
Unidentified elmid beetles
Tanytarsini midges
Unidentified chironomid midges
Unidentified ephemerellid mayflies
Acari
Nematode worms
Zaitze via

955
227
145
109
64
55
55
45
45
36

m2)
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Ordinations

For NMDS ordinations, samples close together on the ordination graph
have similar invertebrate assemblages; samples further apart on the graph
have dissimilar assemblages. Ordinations using log(x+1) and relative
abundance data produced 2-dimensional graphs that represented 87% and
85% the variation in assemblage dissimilarity, respectively.
Relationships between invertebrate assemblage patterns and
environmental variables were similar in the two ordinations along axis 1, but
differed along axis 2. Axis 1 for each ordination was related to habitat (Figs.
2.8b and 2.9b) and distance downstream (Tables 2.5 and 2.6), with samples
from riffle/rapid habitats and upstream sites towards the right and samples from
pool/glide habitats and downstream sites to the left. Axis 2 of the ordination
using log(x+1) abundance data was related to the ranked size of the dominant
substrate in the invertebrate sampling area (Table 2.5). In contrast, Axis 2 of the
ordination using relative abundance data reflected a difference between
sampling years (Fig. 2.9a).

Relationships between invertebrate assemblage patterns revealed in the
two ordinations and invertebrate metrics showed greater differences between
ordinations with different data transformations. In the ordination using log (x+1)
transformed data (Table 2.5, Fig. 2.8), samples from riffle/rapid habitats and
upstream sites had higher %EPT than those from pool/glide habitats and
downstream sites along axis 1. In this same ordination, samples with coarse
gravel dominant substrates (diameter 16-64mm; rank=3) had higher total
invertebrate abundances and taxa richness than samples with boulder
dominant substrates (diameter 256-4000mm; rank=5) along axis 2. For the
ordination based on relative abundance data, invertebrate metrics were related
to the ordination invertebrate assemblage patterns on a diagonal between axes

I and 2 (Table 2.6, Fig. 2.9). This means that 1998 samples from pool/glide
habitats and downstream sites had higher % sediment tolerants and lower %
EPTs than 1997 samples from riffle/rapid habitats and upstream sites.
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Table 2.5. Pearson correlation coefficients for individual macroinvertebrate
taxa, macroinvertebrate metrics, and environmental variables versus the 19971998 NMDS sample ordination coordinates (log x+l transformed data). Only
variables with the highest correlations (r> 0.45) are shown. Values in
parentheses are the correlation coefficients. Axes I and 2 explain 47% and
40% of the variation in assemblage dissimilarity, respectively.

Axis I scores

Axis 2 scores
R2 =0.40

R2 =0.47

Taxa

A centre/Ia (+0.78)
Hydropsyche (+0.78)
Pseudocloeon (+0.69)
Orthocladiinae (+0.64)
unidentified Hydropsychidae (+0.61)

Antocha (+0.55)
Rhyacophila (+0.55)
Lepidostoma (+0.54)
unidentified Perlidae (+0.52)
Drunella (+0.51)
unidentified Baetidae (+0.48)
Glossosoma (+0.46)

Unidentified Elmidae (+0.75)
Acari (+0.69)
Oligochaeta (+0.66)
Nematoda (+0.66)
Tanytarsini (+0.66)
Unidentified Chironomidae (+0.65)
Optioservus (+0.64)
Zaitzevia (+0.59)
Serrate/Ia (+0.57)
Paraleptophlebia (+0.52)
Ophiogomphus (+0.46)
Ceratopogoninae (+0.45)

Tricorythodes (-0.58)
Chironomini (-0.59)
Macroinvertebrate Metrics
Log10 Abundance (+0.89)
Taxa richness (+0.79)

%EPT (+0.68)

Environmental Variables
Distance downstream (-0.48)

Rank size of dominant substrate (+0.49)
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Table 2.6. Pearson correlation coefficients for individual macroinvertebrate
taxa, macroinvertebrate metrics, and environmental variables versus the 19971998 NMDS sample ordination coordinates (relative abundance data). Only
variables with the highest correlations (r 0.45) are shown. Values in
parentheses are the correlation coefficients. Axes 1 and 2 explain 59% and
26% of the variation in assemblage dissimilarity, respectively.

Axis I scores

Axis 2 scores

R2 =0.59

R2

0.26

Taxa

Orthocladiinae (+0.79)
Acentrella (+065)
Hydropsyche (+0.60)
Pseudocloeon (+0.59)
unidentified Hydropsychidae (+0.54)
Antocha (+0.49)

Oligochaeta (+0.83)

Nematoda (-0.47)
Chironomini (-0.52)
Oligochaeta (-0.60)

Tanytarsini (-0.47)
Lepidostoma (-0.67)
Macro/n vertebrate Metrics

% EPT (+0.64)
% Sediment tolerants (-0.57)

% EPT (-0.65)
% Sediment tolerants (+0.87)

Environmental Variables
Distance downstream (-0.51)

None
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Multiple regressions
The relationship between the proportion of invertebrates classified as
sediment tolerant and environmental variables was explored with stepwise
multiple regression. Arc-sine squareroot transformed proportion of invertebrates
classified as sediment tolerant (SEDTOL Proportion) was related to sampling

year and site longitudinal position. The final regression model (F=47.2,
p<0.001; 2 and 116 d.f.)was:
Eq. 2.3.

SEDTOL Proportion = 0.271 + 0.088*Year + 0.012*Distance
downstream.

This regression explained 45% of the variation in SEDTOL Proportion with Year
as a dummy variable (1997=0, 1998=1). Neither habitat nor interaction between
Year and Distance downstream were significant after accounting for the main
effects of Year and Distance downstream (extra sum of squares F-tests; p=0.25
and p=0.85, respectively). As a result, the multiple regression model simplifies
into separate equations for the two sampling years with identical slopes, but
different intercepts (Fig. 2.10):

Eq. 2.4.

1997: SEDTOL Proportion = 0.271 + 0.0112*Distance downstream

Eq. 2.5.

1998:

SEDTOL Proportion =

0.359 +

0.0112*Distance downstream.

A model describing the relationship of sample total invertebrate
abundance to environmental variables was also developed using stepwise
regression. A final model indicated that 3 variables were related to log10 sample

abundance (F=12.4, p<0.001; 3 and 114 d.f.) according to the equation:

Eq. 2.6.

Log Abundance=3.312 - 0.209* Rank size of dominant substrate +
0.1 16*Habitat + 0.099*Year
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upstream end of the study section. Linear regression lines (1997=solid;
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This model explained 24.5% of variation in log10 sample abundance. In this
regression, "Year" and "Habitat" were dummy variables (Year: 1997=0,
1998=1 ;Habitat: pool/glideO, riffle/rapid=1). Substrate ranks indicate the
following diameters: 1=<2mm; 2=2-16mm; 3=16-64mm; 4=64-250mm; 5=2504000mm; 6=>4000mm.

Discussion
I documented invertebrate assemblages and environmental conditions in
a 16km river section of the NF John Day River during two years when sediment
inputs from tailing-leveling sites and fire-influenced tributaries occurred.
Invertebrate assemblage composition varied longitudinally within the study
section (Table 2.6, Eq. 2.3), with sampling year (Fig. 2.9a, Eq. 2.3) and with
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local habitat-type (Figs. 2.8b and 2.9b). Habitat differences in invertebrate
assemblages evident in the NF John Day River are not unexpected and are
similar to patterns found in other streams and rivers (Palmer, et al., 1991;
Brown and Brusven, 1991; Rabeni, et al., 2002). To understand longitudinal and
year-to-year variation in invertebrates, however, I looked for relationships
between these factors and other environmental variables.
Longitudinal trends and sampling year differences in environmental variables
Longitudinal trends in environmental factors from headwaters to large
rivers have been related to invertebrate assemblage composition shifts
(Vannote, et al., 1980), however, the NF John Day River study section is
remarkably uniform with respect to many factors that could affect the
longitudinal distribution of invertebrates. The river is 5th order in the entire study
section and has only one tributary with a drainage area >12km2 (Fig. 2.2). In
rivers of this order, instream algal production is presumed to provide much of
the food for aquatic invertebrates (Vannote, et al., 1980); however, without a
trend in the amount of sunlight hitting the water surface throughout the study
section (Fig. 2.5c; p=0.23), I expected no longitudinal gradient in potential algal
production. Stream slope did tend to decrease from the upstream end of the
study section to downstream, but the decrease was small (from -1 % to

0.5%

slope) and local slope was variable (Fig. 2.5a). There was no longitudinal trend
in the proportional habitat composition of sampling sites (Fig. 2.5b; p=0.31).

Summer water temperature also varies little spatially in this riversection (Fig.
2.6; Torgersen, et aL, 1999). On the other hand, in 1998 when intensive
measurements were made, it was found that accumulation of sediment <16mm
in diameter on the riverbed did increase in the downstream direction in the
study section (Eq. 2.1).

Similarly, sampling years differed in accumulation of fine sediment on the
riverbed, as indexed by the proportion of invertebrate samples with dominant or
subdominant substrates <16mm in diameter (Table 2.3). Higher sediment
deposition was found in 1998 than in 1997. In other respects, sampling years
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were quite similar. Mean annual temperature and precipitation did not differ
substantially between the 1997 and 1998 water years, but both years were
above the 1971-2002 averages of these climatic variables for northeastern
Oregon (Oregon Climate Service, 2003). River discharges at the time of
sampling were also quite similar for these two years (Table 2.3).
RelationshiDs between deposited fine sediment and other factors

Based on pebble counts and periphyton data collected in 1998, I
documented an increasing amount of fine sediment accumulation in the
downstream direction and at sites with lower average water velocity (and higher
% pool/glide habitat)(Eq. 2.1). Pebble counts have been demonstrated to be
effective in documenting increases in surficial fine sediments due to deposition
following forest fires and a dam failure (Potyondy and Hardy, 1994). In this
study, the proportion of sediment <16mm in diameter was related to siteaverage water velocity and distance downstream. The correlation between
proportion of sediment <2mm and distance downstream was less clear than
that for sediment <16mm. Although sediments less than 2mm were common,
they were present primarily as a fine film mixed in with periphyton covering
coarser substrates (W. Gerth, personal observation). As a result, sediments
<2mm diameter were probably under-represented in pebble counts.
To account for the fine sediment film deposited on coarser substrates I
measured the inorganic content of periphyton. Graham (1990) and DaviesColley, et al. (1992) showed an increase in the proportion of periphyton
composed of inorganic matter in streams or reaches receiving increased
sediment input. Mean periphyton inorganic content (%) at my sites was 83.8%.
While this is a high value, this entire amount is not only from deposited fine
sediment; some of the inorganic matter is undoubtedly from diatom frustules
and minerals left over after combustion of the organic portion of the periphyton
(Davies-Colley, et al., 1992). Nonetheless, periphyton inorganic content was
highly correlated with my measure of fine sediment accumulation from pebble
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counts (r=0.90) and showed a similar pattern of increase in the downstream
direction and in sites with more slow-water habitat.
Responses of invertebrate metrics to deposited fine sediment
I examined the relationships between environmental variables and two
invertebrate assemblage metrics (% sediment tolerants and total invertebrate
abundance) found to be sensitive to sediment accumulation patterns in other
studies (CuIp, et al., 1986; Quinn, et al, 1992; Shaw and Richardson, 2001;
Nuttall and Bielby, 1973; Hogg and Norris, 1991; Lemly, 1982). The metric,
proportion of sediment tolerants, was sensitive to changes in sediment
deposition in the NF John Day River with values increasing from upstream to
downstream and from 1997 to 1998, but did not reflect the difference in
sediment accumulation related to local water velocity (Table 2.6, Eq. 2.3, Fig.
2.10).

Percent sediment tolerants is one of a suite used in a macroinvertebrate
index of biotic integrity (IBI) developed for use in Oregon (Oregon Watershed
Enhancement Board, 1999). Values for this metric are categorized into
impairment classes (<10%=least impaired, 10-25%=moderately impaired,
>25%=highly impaired by sediment). Based on these categories, the study
section was moderately impacted by fine sediment (mean % sediment
tolerants=17.8%) in 1997 and highly impacted (mean % sediment
tolerants=44.4%) in 1998. It should be noted, however, that the impairment
classes were developed for use with riffle samples from the Oregon Coast
Range. In my data, I used samples from both slow (pool/glide) and fast water
(riffle/rapid) habitats, but there was no evidence that the proportion of sediment
tolerants differed between these habitat types (Eq. 2.3). Unfortunately, because
the Coast Range and John Day Basin have very different geologies and climatic
conditions, the impairment category ranges may not apply to my data.
Nonetheless, upstream-downstream and year-to-year differences in percent
sediment tolerants are useful.

Although the proportion of sediment tolerants was responsive to fine
sediment accumulation in the NF John Day River, the response of this metric is
largely due to the changes in proportions of oligochaete worms. In my samples,
6 taxa were considered sediment tolerant (Oregon Watershed Enhancement
Board, 1999), but 93.1% of the sediment tolerants collected were oligochaete
worms. Several studies (Nuttall, 1972; Nuttall and Bielby, 1973; Hogg and
Norris, 1991) have shown increases in relative abundances of oligochaetes with
increased fine sediment deposition. Zweig and Rabeni (2001), who categorized
the sediment tolerance of a variety of benthic invertebrates based on
quantitative data, indicated the sediment tolerance of oligochaetes as well.
Other classifications of Oregon invertebrates as sediment tolerant (Oregon
Watershed Enhancement Board, 1999) appear to be based on professional
judgment, not empirical evidence, because no references are cited.
Modifications to the list of Oregon sediment tolerant taxa based on quantitative
methods (Zweig and Rabeni, 2001) may improve the performance of this
metric.

I did not find the decreases in invertebrate abundances I expected either
between years or from upstream to downstream (Eq. 2.6; Table 2.5). In fact,
multiple regression indicates that little variation in log abundance is explained
even when 3 variables are included in the final model (R2=0.245). In this weak

final model, the sign of the regression coefficient for Year indicates that
abundances, adjusted for sample dominant substrate and habitat, were actually
higher in 1998 than 1997.

Reduced invertebrate abundances were found in experimental studies
when sediment addition resulted in increased drift and decreased benthic
densities (Shaw and Richardson, 2001; Culp, et al., 1985), and in natural
streams when long-term turbidity reduced periphyton productivity (Quinn, et

al.1992), orwhere heavy fine sediment deposition occurred (Nuttall and Bielby,
1973). It is likely that invertebrate abundance decrease was not found in this
study because conditions in the NF John Day River differed from conditions in
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the aforementioned studies. Unlike short-term experimental sediment addition
studies, the NF John Day River had been experiencing periodic increases in
fine sediment input for several years before my sampling began. Surviving
invertebrate assemblages could have become less susceptible to short-term
sediment additions resulting from loss of sensitive taxa and larger populations
of sediment tolerant taxa. Invertebrate decrease due to negative effects of longterm turbidity on primary production (Quinn, et al.1992) was also not likely in the
NF John Day River because turbidity increases in most cases were short-term
and episodic (McKinney and Calame, 1994; W. Gerth, personal observation).
Finally, in contrast to the study of Nuttall and Bielby (1973), deposition in the NF
John Day was not so great as to bury coarse substrates.
Conclusions

A complex combination of human activities and watershed events led to
conditions in the NF John Day River during this study. Sediment inputs had
already taken place for a number of years prior to the initiation of this study, so
we do not know precisely what pre-input invertebrate assemblages were like.
Nonetheless, relative abundances of sediment tolerant organisms, especially
oligochaete worms, reflected riverbed fine sediment accumulation patterns
consistent with cumulative effects of sediment input from multiple points along
the river and downstream transport of sediment over time. Increased sediment
deposition and higher proportions of sediment tolerant organisms in 1998
relative to 1997 could reflect cumulative impacts of another year of sediment
input, increased input from scoured, fire-influenced tributaries, or a combination
of these.
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CHAPTER 3

DIET AND DISTRIBUTION OF LEPIDOSTOMA PLUVIALE (MILNE) IN
NORTHEASTERN OREGON

Abstract
Lepidostoma pluviale is one of 70+ Lepidostoma species in North
America. Like all Lepidostoma species, L. pluviale is placed in the shredder
functional feeding group, and as such is assumed to feed primarily on
conditioned, allochthonous, coarse organic material. L. pluviale mandible
morphology is consistent with shredder feeding group designation, but gut
content analyses indicated that this species is actually a feeding generalist. In
addition, although the River Continuum Concept (Vannote, et al., 1980) predicts
that shredders should make up a decreasing proportion of macroinvertebrate
community biomass from headwaters to downstream reaches, we found that L.
pluviale was more common and/or occurred in higher densities in

4th

and

5th

order sites than in sites of lower stream order. Taken together, these
observations lead us to hypothesize that feeding flexibility allows factors other
than availability of allochthonous food resources to determine the longitudinal
distribution pattern of this species.

Introduction
Many aquatic invertebrates can consume a wide variety of foods,
including items in several trophic levels (Brusven & Scoggan, 1969; Chapman &
Demory, 1963; Cummins, 1973; Hawkins, 1985; Voelz & Ward, 1992). Because
of the great degree of omnivory, Cummins (1973) proposed that diets of stream
invertebrates were most likely determined by the food items available in the
habitats in which they occur, but that groups of invertebrates tend to select food
particles of certain sizes and textures. This led to the genesis of the functional
feeding group concept.

Functional feeding group assignment is based on morpho-behavioral
adaptations that control the method of food acquisition, and the size and
location of food particles selected (Cummins, 1973; Cummins & Merritt, 1996).
Although this method of describing the relationships between invertebrates and
their food resources was developed as an easier and more useful alternative to
assigning trophic status, several ambiguities remain (King, et al., 1988;
Hawkins, 1985). For instance, functional feeding groups are often assigned at
the family or genus level based on studies of a few species, even though
congeneric species sometimes feed quite differently (Wiggins & Richardson,
1982; Hawkins, 1985). This means that when feeding methods of congeneric
species are known to differ, genera or families can be assigned to more than
one feeding group. On the other hand, a genus or family is often assigned to a
single functional feeding group with little knowledge of possible variation in
feeding method among species. Additionally, feeding group membership can
change as invertebrates develop (Cummins & Merritt, 1996; Gotceitas &
Clifford, 1983; Richardson, 1992), and aquatic invertebrates can be obligate or
facultative members of functional feeding groups (Cummins & KIug, 1979;
Mihuc & Mihuc, 1995; Mihuc & Minshall, 1995).

Taxa in the shredder feeding group are distinguished by 'mouthparts
adapted for tearing and shredding large particles" (Mihuc & Mihuc, 1995) and
are thought to feed predominately on conditioned coarse particulate organic
matter (CPOM) (Cummins, et al., 1989). Invertebrates have often been
considered shredders based on a high degree of association with leafpacks or
other CPOM (Beiser, et al., 1991; Mackay & KaIff, 1969), selection for CPOM in

food choice experiments (Palmer & O'Keefe, 1992), evidence of more rapid leaf
processing with higher densities of presumed shredders (Rowe & Richardson,
2001; Short, et al., 1980; Whiles, et al., 1993), and evidence of invertebrate
growth when fed CPOM (Groom & Hildrew, 1989; Grafius, 1977). In contrast to

other functional feeding groups, Palmer& O'Keefe (1992) indicated that
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shredders could be distinguished by gut analysis, because their gut contents
consist primarily of vascular plant fragments.
The River Continuum Concept (Vannote, et al., 1980) states that
changes within a river system from headwaters to large river lead to predictable
biological patterns along this gradient. One expected biological pattern is that
shredders should make up a relatively large proportion of biomass in
headwaters, but their contribution to community biomass should decrease
downstream as the importance of allochthonous inputs to secondary production
decreases. Consequently, we expected that densities of individual shredder
taxa would also decrease from headwaters to downstream reaches.
Lepidostoma piuviale (Mime) is one of 70+ species of Lepidostoma in
North America (Weaver, 1988). It has a sand-grained case throughout its larval
and pupal stages, and is the dominant LepIdostoma species in the eastern
portion of the western montane U.S. (Ross, 1946; Anderson, 1976). Even
though feeding has only been studied in few identified Lepidostoma species
(Grafius, 1977; Whiles, et al., 1993; Winterbourn, 1971), L. pluviale, like all
Lepidostoma species, is considered a shredder (Cummins, et al., 1996).
However, in preliminary studies conducted on the Middle and North Forks of the
John Day River in northeastern Oregon, we found L. pluviale densities in
and

5th

4th

order reaches that were much higher than we expected. This led us to

question how L. pluviale distribution varied along the river continuum and how
this distribution could be explained in light of the River Continuum (Vannote, et
al., 1980) and Functional Feeding Group (Cummins, 1973; Cummins & Kiug,

1979) concepts. We compared mandible morphology of L. pluviale and other
Lepidostoma species and used gut content analysis to determine whether this
species should be classified as a shredder. We assessed the longitudinal
distribution of L. pluviale using data from samples collected at 1st through
order stream sites in northeastern Oregon.

5th

Methods
Study collections

L. pluviale specimens and distribution data were gleaned from samples
collected at 47 sites in 5 river drainages of northeastern Oregon (Fig. 3.1). All
sites were within the Blue Mountain region, which is characterized by low to
high open mountains with mixed conifer forests interspersed with mountain
meadows (Franklin & Dyrness, 1988; Omernik & Gallant, 1986). Precipitation in
this region varies with elevation, with as little as 250mm per year in lower
valleys to >1000mm per year in the mountains. Currently land is used primarily
for timber production, grazing and recreation. Mining was also important in the
region historically.

Sites were located in

1st

through

5th

order stream reaches (as determined

from USGS 1:100,000 scale topographic maps). No stream reaches>

6th

order

were sampled. In general, elevation and slope decreased and solar radiation
input increased with increasing stream order (Table 3.1). Elevation at the sites
ranged from 490-1723m above sea level; stream gradient ranged from 0.33.6%. The proportion of available solar radiation reaching the water surface in
July ranged from 6.3% to 100%.

Invertebrate samples used in this research were primarily collected for
three separate studies (Fig. 3.1). Studies were conducted in the North and
Middle Fork John Day basins from 1996 through 1998 and in the Upper Grand
Ronde and Imnaha River basins in 2000 and 2001. For all of these studies,
some samples were collected across seasons from late spring through early
autumn. To expand this study, invertebrates were also collected in the lower
Wenaha River (fall & winter, 1999), and in the upper (early summer, 1998) and
lower (late spring, 2001) North Fork John Day River basin.
Lepidostoma species

Distribution, mandible morphology and diet of L. piuviale were
determined by examining larvae. L. pluviale larvae can be distinguished from
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Table 3.1. Characteristics of the 47 sampling sites in northeastern Oregon by
stream order. Elevation and stream slope were determined using GIS with lOm
DEMs. Solar radiation measurements were taken in the field using a Solar
Pathfinder ®.

Stream
Order

n

1st

Elevation (m)

Stream slope

% of solar radiation

median
range

median
range

median
range

1471

3.2%
2.4-3.5%

45.0%
36.9-80.0%

1367

2.1%
0.7-3.6%

53.3%
6.3-82.7%

1290
1031-1583

1.3%

0.7-1.8%

64.6%
43.7-96.6%

1129

0.8%
0.5-1.3%

96.4%
78.0-100

942

0.6%
0.3-1.0%

90.0%
67.3-98.9%

1346-1723
2'

6

3rd

ha

4th

5th

b

8

18b

702-1662

833-1213

490-1023

(%)

reaching the water
surface in July

tour sites did not have solar pathtinder measurements.
one site did not have solar pathfinder measurements.

many, but not all, other species by their posteriorly tapered, slightly curved,
sand-grained cases. Species identifications were verified by keying out adult
specimens (Weaver, 1988). Adults from the North and Middle Forks of the John
Day River and from the Wenaha River were obtained by lab-rearing individuals
from larvae. Wild adult specimens from the Imnaha River basin were caught
with pan traps.

Larval gut contents and/or mandible morphology of other Lepidostoma

species were also examined for comparison with L. piuviale. L. unicolor

specimens could be keyed to species as larvae. Larval specimens with paneltype cases could not be distinguished to species.
Mandible morphology
Mandibles of 2-4 specimens of larval L. pluviale and other Lepidostoma
species were examined to determine if morphological similarity could be a basis

for similar functional feeding group classification. L. pluviale specimens
examined were 4th instar larvae from the North Fork John Day (NFJD) River
and

5th

instar larvae from the Wenaha River. Other species of Lepidostoma

examined included L. unicolor and panel-cased species of Lepidostoma from
western Oregon. L. unicolor specimens were collected from the North Fork of
North Fork Gate Creek in the western Cascade Mountains. Specimens of
panel-cased Lepidostoma larvae were collected from two different sites,
Lookout Creek in the western Cascade Mountains, and Berry Creek in the
eastern foothills of the Coast Range. Because panel-cased Lepidostoma larvae
cannot be identified to species and sources were geographically separated, it is
possible that our panel-cased specimens represent more than one species.
Gut contents

L. pluviale specimens used in gut analyses were collected in benthic
samples or leafpacks from four sites. Sites were from several river basins and
represented a range of stream orders (Table 3.2). Spring benthic samples from

the North Fork John Day River were collected with a D-frame net (25Oim mesh)
at the river margins. Benthic samples from other sites/dates were collected at 6
randomly or systematically selected sampling locations within 50-150m stream
reaches, using fixed area sampling nets (O.09m2 or O.11m2 sampling area; 250

or 500pm mesh). At Big Sheep Creek (Imnaha River basin) in fall, leafpacks
were used in addition to regular benthic sampling to collect L. pluviale
specimens. For leafpacks, leaves of riparian trees and shrubs were placed in
stiff plastic cages (mesh openings 1.4 x 0.4cm). These were set at 5 randomly

Table 3.2. Collection locations, rephcates, and larval measurements of Lepidostoma specimens used for gut analyses.
L. pluviale specimens were all collected from northeastern Oregon. L. unicoior specimens were collected in the
western Cascade Mountains of Oregon.
Specimens

Stream!
stream order

Sample
type

collected

Date

Number
dissected

Number of
replicate slides

Head width
range (mm)

Total length (mm)

pluviale
4thinstars

North Fork John Day R.
5th
order

benthic

9/16/1997

18

3

0.40-0.44

2.83+0.29

pluviale
instars

Middle Fork John Day R.
4th
order

benthic

10/11/1998

18

3

0.40-0.44

3.64±0.37

pluviale
instars

benthic

10/1 0/1 998

18

3

0.40-0.44

3.34±0.59

benthic

9119/2000

18

3

0.40-0.44

3.23+0.40

pluviale
4th
instars

Squaw Cr. (MFJD basin)
2nd
order
Big Sheep Cr.
(Imnaha basin)
3rd
order
Big Sheep Cr.
(Imnaha basin)
3rd
order

leafpacks
set for
3 weeks

9/19/2000

18

3

0.40-0.44

3.51±0.38

piuviale
instars

North Fork John Day R.
5th
order

benthic

5/10/2001

15

5

0.64-0.72

6.29±0.86

pluviale
instars

Middle Fork John Day R.
4th
order

benthic

5/23/1 998

15

5

0.64-0.72

6.34+0.45

pluviale
instars

Squaw Cr. (MFJD basin)
2nd
order
North Fork of North Fork
Gate Cr.
(Mackenzie basin)
3rd
order

benthic

5/24/1 998

12

4

0.64-0.72

6.05±0.92

organic
deposition

5/21/2001

5

5

0.96-1.04

7.90±1.55

L.

L.

4th
L.

4th
L.

pluviale
instars

4th
L.

L.

5th
L.

5(h
L.

5th

L.

4th

unicolor
instars

mean±SD

01

0
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selected locations within the study reach and were left in the stream for 3
weeks. All samples were preserved by adding 95% ethanol to the benthic or
leafpack material.

L. unicolor specimens used for gut analysis, like those used to examine
mandible morphology, were from the North Fork of North Fork Gate Creek, a

3rd

order stream in western Oregon. Specimens were handpicked in spring from
organic depositional material and were preserved in 95% ethanol.
In our study sites, L. pluviale specimens in fall collections were
dominated by third and fourth instars, while fifth instars were most common in
spring samples. Fourth instars in fall and fifth instars in spring were chosen for
gut analysis to avoid possible confounding effects if diet varied within season by
instar.

As much as possible, Lepidostoma specimens were randomly selected
from those available in collections of the proper instar. However, because many
specimens had been previously handled for other studies, some specimens
were damaged or poorly preserved. When this occurred specimens were
randomly drawn from those of the proper instar that were in reasonable
condition.

To determine diet composition, slides of gut contents were prepared
using a simple two-step sucrose medium (Shapas & Hilsenhoff, 1976; Voelz &
Ward, 1992). Anterior portions of guts (prothorax3td abdominal segment) were
dissected out of larvae. Gut contents were teased out of dissected guts with
insect pins and were dispersed into a 30% sucrose solution with a pipette.
When specimens were small, contents of several guts were combined so that
there was enough material to examine and quantify. For each slide, gut contentsucrose solution mixture was transferred to a slide and allowed to dry until
tacky. A drop of 60% sucrose solution was added before cover glass
placement. Gut contents of between 12 and 18 L. pluviale larvae were
examined per site/date or collection type in three to five replicate slides (Table
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3.2). Because they were considerably larger, gut contents of five

L. un/color

specimens were examined individually.

For each slide, 10 random fields (100X) were viewed (Gray & Ward,
1979). Gut contents were classified into 5 categories: amorphous detritus,
diatoms, 2 size classes of vascular plant tissue, and a category called "other"
that included filamentous algae, pollen grains, fungal hyphae, sclerotized
invertebrate parts, and sand/silt. For each view, areal cover of each gut content
category was estimated using a Whipple grid (Gray & Ward, 1979; Gotceitas &
Clifford, 1982; Voelz & Ward, 1992). Gut content category cover was summed
for each slide and converted to a proportion. Proportions of gut contents
consisting of vascular plant material were compared using one-way ANOVA
with Bonferroni adjusted multiple comparisons. Data were arcsin square root
transformed to meet assumptions of equal variance for this test.
Longitudinal distribution
Larval

L. pluviale

distribution patterns along river continua in

northeastern Oregon were investigated using 2 complimentary approaches.
First, densities of this species were determined at

1st

to

5th

order sites (20 sites

total, some sites sampled in multiple years) within the Middle Fork John Day
(MFJD) River drainage. Samples at these sites were originally collected for a
separate study in which insects were identified to genus (Wright, 2000).
Specimens were re-examined to separate

L.

pluviale from other Lepidostoma

species. L. pluviale density was plotted against stream order.
To explore broader regional distribution patterns, presence/absence of
this species was determined at sites of different stream orders in 5 northeastern
Oregon river basins. For this, we examined invertebrate samples from 47 sites,
including the 20 MFJD River drainage sites used for analysis of density
patterns.
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Results
Mandible morphology

Mandibles of L. pluviale, L. un/color, and panel-cased Lepidostoma spp.
were all very similar (Figs 3.2 & 3.3). Mandibles of these species were robust
and had multiple teeth, cupped internal surfaces, and tufts of hair on dorsal
surfaces of mandible bases.
Gut contents
Gut contents of benthic, fall-collected 4I instar L. pluviale larvae were

dominated by amorphous detritus, and in most cases, diatoms (Fig. 3.4).
Diatoms in guts were primarily large pennate types. These larvae consumed
little vascular plant material. Mean proportion of vascular plant material in guts
was 2.2-5.2% in NFJD, MFJD, and Squaw Cr., but was 14.7% in Big Sheep
Creek where experimentally added leafpacks were present. Spring-collected 5th

instar L. pluviale larvae had gut contents dominated by amorphous detritus and
vascular plant material; diatoms were nearly absent in guts of these specimens.
Gut contents of fall-collected 4th instars from experimentally-added leafpacks
(Big Sheep Creek) were more similar to those of spring-collected
than to those of benthic, fall-collected

4th

5th

instars

instars. L. un/color larvae collected

from naturally occurring CPOM deposits in spring had higher proportions of
vascular plant material and lower proportions of amorphous detritus in their guts
than any of the L. pluviale larvae.
When the two size classes of vascular plant material were combined,
analysis of variance revealed that proportions of this plant material in guts of
benthic 4th instar L. pluviale larvae from NFJD, MFJD, and Squaw Creek

differed from those of L. un/color larvae,

5th

instar L. pluv/ale larvae, and

4th

instar L. pluviale larvae collected from leafpacks (F=1 5.69, 8 & 25 df, p<O.001)

(Fig. 3.5). Because replicate gut content slides for benthic 4th instars from Big
Sheep Creek were highly variable, gut contents of these larvae did not differ
significantly from either other fall- or spring-collected benthic L. pluviale larvae.

Fig. 3.2. Heads of Lepidostoma larvae in lateral view. Mouthparts were moved to allow clearer views of mandible
morphology. Specimens from left to right are L. pluviale (5th instar), L. unicolor, and a panel-cased Lepidostoma
species.

01

Fig. 3.3. Heads of Lepidostoma larvae in ventral view. Mouthparts were moved to allow clearer views of mandible
morphology. The left mandible was removed from the specimen in the center picture. Specimens from left to right are
L. pluviale (5th instar), L. unicolor, and a panel-cased Lepidostoma species.
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Longitudinal distribution

Within the MFJD drainage, densities of
and were highest in

4th

L.

pluviale increased downstream

order sites (Fig. 3.6). Regional presence/absence data

(Table 3.3) corresponded well with the within-drainage density pattern, showing
that

L.

pluviale were more likely to be encountered in higher order streams and

were less common in headwaters. No sites >6th order were sampled, so
information on possible distribution of

L.

pluviale in larger rivers is unavailable.

Discussion
L.

pluviale feeding group status
Although functional feeding group assignment is broadly based on

morpho-behavioral adaptations, emphasis often has been placed on similarity
of mandible morphology within feeding groups (Cummins & Merritt, 1996).
Mihuc & Mihuc (1995) stated that shredders have "mouthparts adapted for
tearing and shredding large particles." Wiggins and Richardson (1982)
observed that Dicosmoecus atripes, which they considered a generalized
shredder/predator, had stout, toothed mandibles. Based on our observations,
mandibles of L. pluviale were remarkably similar in form to those of other
Lepidostoma species and also resembled the mandibles of D. atripes. If 0.

atripes and Lepidostoma species other than

L.

pluviale are shredders, mandible

morphology would indicate that L. piuviale could be considered a shredder as

well. However, our analysis of L. pluviale gut contents brings this designation
into question.

Palmer & O'Keefe (1992) showed that vascular plant fragments
dominated gut contents of three South African shredders, and that the
proportion of vascular plant material in guts did not change substantially with
the size of specimens, or with collection habitat or season. In our study, springcollected

4th

instar L. unicolor also exhibited a diet typical of shredders with gut

contents consisting primarily of vascular plant material (Figs. 3.4 & 3.5).
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Table 3.3. Summary of L. pluviale presence/absence at sites in 5 drainages of
the Blue Mountain region in northeastern Oregon. Data are from 3 separate
studies plus some additional collection. Large rivers (6th order) were not
sampled. Stream order was determined using 1:100,000 scale USGS
topographic maps.
Stream Order

1St

Drainages sampled
Imnaha
Grand Ronde

MF_John_Day

2

3rd

Imnaha

MF_John_Day

Imnaha
Grand Ronde
MF John Day

of sites
sampled

Proportion of sites
with L. pluviale
present

4

0.00

6

0.50

11

0.36

8

1.00

18

1.00

#

NF_John_Day

4th

5th

Imnaha

MF_John_Day

MF John Day

NFJohnDay
Wena ha

60

Benthic

5th

instar L. pluviale and

4th

instars from experimentally added leafpacks

also consumed considerable quantities of CPOM (Figs. 3.4 & 3.5), although

proportionally less than L. unicoloror the South African shredders studied by
Palmer & O'Keefe (1992). On the other hand, the diet of benthic

4th

instar L.

pluviale larvae consisted mainly of amorphous detritus and diatoms, with little
vascular plant material (Fig. 3.4). This lack of a typical shredder diet in benthic
4th

instars and apparent diet switching indicate that classifying L. pluviale as a

shredder alone may be too simplistic.

Some other species classified as shredders exhibit ontogenic diet
switching from FROM or diatoms in early instars to CROM in later instars
(Gotceitas & Clifford, 1983; Richardson, 1992). Within given life-stages, other
presumed shredders are not as exclusively dependent on CPOM food
resources as might be assumed (Cummins & KIug, 1979; Freilich, 1991; Mihuc
& Mihuc, 1995; Cummins & Merritt, 1996; Plague, et al., 1998) and could be
considered facultative shredders or generalist feeders. In our study, benthic L.
piuviale from a variety of sites/stream orders switched from a diet dominated by
fine detritus and diatoms in fall-collected 4th instars to a diet with considerably
more vascular plant material in spring-collected
4th

instars (Fig. 3.5). However,

instar larvae were able to and did consume vascular plant material when

leaf packs were experimentally added. Moreover the diet of 5th instars was

composed of almost equal portions of fine detritus and vascular plant material,
indicating dietary flexibility even in later life stages. Therefore, we consider this
Lepidostoma species to be a generalist feeder rather than an ontogenic diet
switcher.

Mihuc & Mihuc (1995) found that an unidentified Lepidostoma species
from Idaho grew equally well in lab experiments when fed periphyton, FPOM or
CROM. Larval specimens sent to our lab from their collection site revealed that
the larvae of the Lepidostoma species they studied also had sand-grained
cases, and were probably L. pluviale. If these were indeed L. pluviale, these

I

Idaho specimens support our observations that L. pluviale are not wholly
dependent on CPOM as a food resource.

lmilications for distribution
Based on the River Continuum Concept (Vannote, et at., 1980),
headwaters, shaded by overhanging vegetation, are expected to have higher
inputs of allochthonous material and lower autochthonous production than
downstream reaches. We infer that changes in resource conditions with
increasing stream order in our set of 47 regional sampling sites are likely to
conform to River Continuum Concept predictions. Although we do not have
consistent, direct measurements of riparian vegetation, or CPOM or algal food
resources at our sites, data on the proportion of available sunlight reaching the
stream surface was available for most sites. These data indicated a trend of
greater openness to direct insolation as stream order increased (Table 3.1),
consistent with reduced shading by riparian vegetation and increased algal
production potential in wider channels.

Because shredders are often assumed to be dependent on conditioned
allochthonous material for their nutrition, they are expected to respond to
CPOM availability (Vannote, et al., 1980; Hawkins & Sedell, 1981; Rowe &
Richardson, 2001), and should therefore be more abundant and/or common in
headwaters than downstream reaches. Contrary to these expectations, L.
pluviale densities were higher in
the MFJD River (Fig. 3.6), and
4th

and

5th

4th

L.

and

5th

order reaches than in headwaters of

pluviale larvae were more reliably collected in

order reaches than in headwaters of several rivers in NE Oregon

(Table 3.3).

We hypothesize that the dietary flexibility of this species allows it to
expand beyond CPOM-rich headwater reaches, but stilt permits it to use
vascular plant material when this resource is available. Other non-food physical
and/or biotic factors may then be primarily responsible for the rarity of

L.

pluviale in headwaters and its more frequent occurrence in sites of higher
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stream order. A similar pattern was noted for another presumed shredder in the
Little Tennessee River basin of the eastern U.S (Plague, et al., 1998). There,
the greatest Pteronarcys spp. biomass occurred in a

7th

order river reach where

diatoms made up a large proportion of Pteronarcys diet. Our study and that of
Plague, et al. (1988) point out that more detailed information beyond functional
feeding group status or corresponding morphological characteristics may be
needed to understand distributions of macroinvertebrates currently considered
shredders. Our study showed that gut content analyses can reveal shredder
feeding patterns (generalist vs. specialist) that may influence whether or not the
distribution of a species conforms to River Continuum expectations.
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CHAPTER 4
CONCLUSIONS

This thesis project examined lotic macroinvertebrates distribution at
several hierarchical spatial and biological scales. Examination of assemblages
at a limited spatial scale led to questions about a population at broader spatial
scales. The way in which this project developed is a reminder of the valuable
information that can be gained by following observations that don't necessarily
address original questions of interest.

Although I pursued new questions in the course of my study, I was still
able to gain valuable information relating to my original questions of interest. In
the North Fork John Day River, during a period of sediment input from
floodplain reclamation activities and post-forest fire erosion, invertebrate
assemblages varied with both natural (habitat-type) and disturbance gradients.
Proportional abundances of sediment tolerant taxa, especially oligochaete
worms, increased from upstream to downstream and from 1997 to 1998. The
upstream-downstream invertebrate pattern, present in both sampling years,
reflected higher surficial fine sediment accumulations downstream (as
measured in 1998). The downstream increase in accumulated fine sediment
probably resulted from sediment added to the river from multiple sediment input
points and downstream transport from these points of entry. Increases in the
proportion of sediment tolerant organism from 1997 to 1998 corresponded with
higher levels of sediment delivery to the North Fork in 1998 from the scouring of
three fire-influenced tributaries.
Based on higher than expected densities of the caddisfly, Lepidostoma
pluviale, in the

5th

order study section of the North Fork John Day River, I

expanded my study to determine the distribution and feeding of this species.
This part of my thesis was not aimed at assessing impacts of disturbance, but
rather allowed us to explore basic biology and ecology.
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Lepidostoma pluviale is one of 70+ Lepidostoma species in North
America (Weaver, 1988), all of which are placed in the shredder feeding group
(Cummins, et al., 1996). Shredders are often considered to be closely tied to
food resources derived from terrestrial plants (Cummins, et al., 1989; Palmer
and O'Keefe, 1992) and are expected to be more common and abundant in
headwaters vs. higher order stream reaches (Vannote, et al., 1980). Shredders
can be distinguished by characteristic mandible morphology (Mihuc and Mihuc,
1995; Wiggins and Richardson, 1982), and by gut contents composed primarily
of vascular plant fragments (Palmer and O'Keefe, 1992). While I found that
mandibles of L. pluviale are similar to those of other shredders, gut content
analysis indicated that this species is more of a generalist feeder, rather than a
specialist on coarse particulate organic material (CPOM). In addition, I found
that this species was more common/abundant in 4th and

5th

order stream

reaches of northeastern Oregon than in headwaters. From this,
that feeding flexibility allows

I hypothesize

factors other than availability of terrestrially derived

food resources to determine distribution of this species.
The Blue Mountain Region of northeastern Oregon will continue to be a
fertile area for learning about relationships between macroinvertebrates
assemblages and disturbances, and for learning more about the basic biology
and ecology of individual species. Future work could include a re-examination
of invertebrate assemblages in the North Fork John Day River to track changes
during periods of lower sediment inputs. New and surprising facts about
invertebrate taxa could be learned, as assumptions about macroinvertebrate
taxa we thought we already understood are re-examined.
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APPENDIX

Appendix 1. Location and stream order of forty-seven northeastern Oregon sites used to examine regional
distribution of Lepidostoma pluviale. Benthic macroinvertebrates were collected at sites for 3 studies conducted by Dr
Judy Li's laboratory group between 1996 and 2001. A few additional sites were also sampled. Stream order was
determined using USGS 1:100,000 scale maps.
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