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l. PURPOSE
The purposes of this report are to:

e Assess and report on the condition of
small streams in the Western Cascades
ecoregion of Oregon and Washington
(Map 1).

e Compare the overall condition of small
streams in the Western Cascades
ecoregion to selected streams with
minimum levels of human disturbance
(reference sites).

This report summarizes data collected as part
of the Regional Environmental Monitoring and
Assessment Program (R-EMAP). This R-
EMAP project is a cooperative effort between
the Environmental Protection Agency (EPA)
Office of Research and Development, EPA
Region 10, the Washington Department of
Ecology (Ecology), and the Oregon

Department of Environmental Quality (ODEQ).

Photo: French Creek, Oregon. Courtesy of Shannon
Hubler, Oregon DEQ

1. BACKGROUND

Ecoregions are distinct geographic areas based
on topography, climate, land use, geology,
soils, and naturally occurring vegetation.
Ecoregions can be viewed at a variety of scales
or levels. The Cascades ecoregion is a level 111
ecoregion (Omernik, 1987). There are 76 level
I11 ecoregions across the conterminous United
States. The Cascades ecoregion is comprised of
the Cascade Mountain Range in Oregon and
Washington. Most of the ecoregion is between
2,000 and 7,000 ft in elevation and is densely
forested (see Map 1).

Each ecoregion can be further refined into sub-
ecoregions, also referred to as level IV
ecoregions. In this project we will be
discussing two sub-ecoregions of the Cascades
ecoregion, the Western Cascades Lowlands and
Valleys sub-ecoregion and the Western
Cascades Montane Highlands sub-ecoregion
(Pater et al, 1998). Map 2 shows the two sub-
ecoregions. We will refer to these two sub-
ecoregions collectively as the Western
Cascades ecoregion.

The Western Cascades ecoregion excludes all
of the high Cascades and Subalpine Cascades
sub-ecoregions. It also excludes all of the
Cascades south of Lane County in Oregon and
all of the Cascades north of about 1-90 in
Washington. The Western Cascades ecoregion
is 10,859 square miles in area (about the size of
Massachusetts) and makes up 63% of the Level
111 Cascades ecoregion.

The Western Cascades Lowlands and Valleys
sub-ecoregion is characterized by a network of
steep ridges and narrow valleys. Elevations are
generally less than 3,200 ft and are the lowest
in the Cascades ecoregion. The mild climate
promotes lush forests that are dominated by
Douglas fir and western hemlock.
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Western Cascade Project Area
Regional Environmental Monitoring & Assessment Program
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Map 1. Map of Western Cascades ecoregion showing sites selected using EMAP probability design and reference sites.
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The Western Cascades Montane Highlands sub-
ecoregion is composed of steep, glaciated
mountains that have been dissected by high
gradient streams. It has lower temperatures than
the Western Cascades Lowlands and Valleys
sub-ecoregion and is characterized by a deep
annual snow pack. It supports forest dominated
by Pacific silver fir, western hemlock, mountain
hemlock, Douglas fir and noble fir (Omernik,
1987).

Lot

Map 2. Western Cascades Lowlands and Valleys
subecoregion in green and Western Cascades Montane
Highlands subecoregion in blue.

The predominant land cover type in the Western
Cascades ecoregion is forest (87%) (Figure 1).
The next most common land cover type is
transitional, which is defined as areas with
sparse vegetation (<25%) that are dynamically
changing from one land cover to another often

due to land use activities (e.g. forestry clear
cuts, construction) and natural processes (e.g.
fire, flood). There is no urban land cover and
very limited agriculture (1%) in the Western
Cascades ecoregion.

Transitional
7%
Grassland
4%
Wetland
0%

Barren  yrban

1% 0%
Agriculture
1%

Forest
87%

Figure 1. Percent of land in major landtype categories for
the Western Cascades ecoregion.

Timber harvest is the major industry in this
area. The primary land ownership is Federal,
followed by private (Figure 2). In Washington,
the federal land ownership is primarily the US
Forest Service (41%) followed by the National
Park Service. In Oregon, the US Forest Service
(58%) is also the primary federal landowner,
followed by the Bureau of Land Management.

The density of roads in Western Cascades
ecoregion (road length/ecoregion area) is
1.23km/square km. The density of roads in
forested portion of this ecoregion is
1.15km/square km.
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Significant Washington Ownership Significant Oregon Ownership

Tribal Land
0%

O Bureau of Land
tanagerment
A%

County Land
2%
Mational Park

Service
G%

O Private

33%

Private
42%

Forest
Serice
1%

OForest Senice
53%

Figure 2. Percent landownership within significant categories by state in the Western Cascades ecoregion.
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I11. PROJECT DESCRIPTION

This document summarizes data collected in
the Western Cascades ecoregion of Washington
and Oregon as part of the Regional
Environmental Monitoring and Assessment
Program (R-EMAP). The project is a
cooperative effort between the Environmental
Protection Agency (EPA) Office of Research
and Development, EPA Region 10, the
Washington Department of Ecology (Ecology),
and the Oregon Department of Environmental
Quality (ODEQ). Ecology and ODEQ
conducted all field sampling for this project in
1999-2000.

The Environmental Monitoring and
Assessment Program (EMAP) was initiated by
EPA’s Office of Research and Development
(ORD) to estimate the current status and trends
of the nation's ecological resources and to
examine associations between ecological
condition and natural and human disturbances.
The goal of EMAP is to develop ecological
methods and procedures that advance the
science of measuring environmental resources
to determine if they are in an acceptable or
unacceptable condition. Two major features of
EMAP are:
e the use of ecological indicators, and
e the probability-based selection of

sample sites.

Regional EMAP (R-EMAP) uses EMAP's
indicator concepts and statistical design, and
applies them to projects of smaller geographic
scale and time frames. R-EMAP provides
States and EPA Regional offices opportunities
to use EMAP indicators to answer questions of
regional interest. The following are general
descriptions of the EMAP sample design and
indicators.

A. Design — How to Select Stream Sites
to Sample
Environmental monitoring and assessments are
typically based on subjectively selected stream
reaches. Peterson et al. (1998; 1999) compared
subjectively selected localized lake data with
probability-based sample selection and showed
the results for the same area to be substantially
different. The primary reason for these
differences was lack of regional sample
representativeness of subjectively selected
sites. Stream studies have been plagued by the
same problem. A more objective approach was
needed to assess overall stream quality on a
regional scale.

EMAP uses a statistical sampling design that
views streams as a continuous resource. This
allows statements to be made in terms of length
of the stream resource in various conditions
(Herlihy et al., 2000). Sample sites are
randomly selected using a systematic grid
based on landscape maps overlaid with stream
traces. The EMAP systematic grid provides
uniform spatial coverage, making it possible to
select stream sample locations in proportion to
their occurrence (Overton et al., 1990). This
design allows one to make statistically valid
estimations from the sample data to the entire
length of stream in a study area (the Western
Cascades ecoregion), such as estimates of the
number of stream miles or kilometers that are
in “poor” condition.

Study sites were selected from a stream
population of all mapped (1:100,000 scale) 2nd
and 3rd order streams in the Western Cascades
ecoregion, using EMAP-Surface Water
protocols (Herlihy et. al., 2000). See Map 1 for
the location of the sites.
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Stream | Percentin Percent in Total
Order Oregon Washington Percent
*0 v 1.4 2.1
1% 31.9 31.9 63.8
2" 75 9.1 16.6
3" 4.8 5.4 10.2
>3" 3.8 35 7.3

*(0 order streams are usually side channels on rivers,
unconnected reaches, canals/ ditches or
intermittent/ephemeral)

Table 1. Proportion of streams in the Western Cascades
ecoregion in each stream order.

Although 1% through 3" order streams are
usually wadeable and therefore suitable for
sampling using EMAP protocols, this project
was limited to 2nd and 3rd order streams. First
order streams were excluded for two primary
reasons:

e Limited funding — we need to target the
aquatic resource most likely to be
affected by humans.

e Access issues - first order streams are
more likely to be the most costly and
difficult to access and have the most
restrictive time frame of accessibility
(snow for much of the field season).

There are approximately 19,489 total km
(12,100 mi) of streams in the Western Cascades
ecoregion. The 2" and 3" order streams
represent 26.8 % or 5224 km (3,246 mi) of
streams in this ecoregion.

The EMAP probability design was used to
select a random sample of the target
population. In this study, the “target”
population is 2nd and 3rd order streams. A total
of 108 sites were evaluated for field sampling.
Of these, 79 were selected as “target sites”
(useable sample sites). Sites determined to be

useable or “target” sites if they were 2" and 3"
order streams that were accessible, wadeable,
perennial, and free of physical barriers.
Reasons for excluding the remaining 29 sites
are shown in Figure 3. “Non-target” sites were
sites found to not be a 2™ or 3" order stream,
for example a wetland, when visited. The
estimated stream length represented by the 79
target samples is 3,779 km of the total 5,224
km. Each of 79 sites was sampled at least once
during the 1999-2000 field season. Sites were
sampled July 5™ through October 19™.

Access Denied

Physical
Vs 15%

Barrier
2%

Non-Target
3%

Not Wadable
7%

Total Sampled
73%

Figure 3. Status of sites initially selected for sampling
following sites evaluation.

Reference condition represents the biological
potential or goal for the waterbody. The
reference condition establishes the basis for
making comparisons and for detecting
impairment. The most common way to
establish the reference condition is to collect
actual data from a number of sites that
represent condition with minimal human
disturbance. The data is then aggregated from
these sites to develop a reference condition for
that area, ecoregion, or class of waterbody.
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For this project, in addition to the 79 sites
selected using the EMAP probability design, an
additional 22 reference sites were selected
(Map 1). The reference condition for each
indicator metric is the average value calculated
from these 22 sites. The reference sites were
selected by the state environmental agencies
(Oregon DEQ and Ecology) from 2" and 3™
order streams in the Western Cascades
ecoregion to represent minimal human
disturbance. The reference sites were sampled
using the same field methods as the probability
selected sites, which will enable us to compare
the dataset from these reference sites to the
probability dataset.

B. Indicators - What to Assess at Each
Selected Site
The objective of the Clean Water Act is to
restore and maintain the chemical, physical and
biological integrity of the Nation's waters. To
implement the Clean Water Act, States adopt
water quality standards. These standards are
designed to protect public health or welfare,
enhance the quality of water, and protect
biological integrity.

Biological Integrity:
"a balanced, integrated, adaptive
community of organisms having species
composition, diversity, and functional
organization comparable to that of natural
habitat of the region” (Karr and Dudley,
1981; Frey, 1977)

In general terms, a water quality standard
defines the goals of a waterbody by designating
the use or uses to be made of the water (such as
aquatic life, coldwater biota or salmonid
spawning), setting criteria necessary to protect
those uses, and preventing degradation of water
quality. Therefore, in order to assess the
nation’s waters, it is important to measure

water quality (stream water parameters),

physical habitat (watershed, riparian and in-
stream measurements) and biological
(vertebrate and invertebrates communities)
condition. EMAP uses ecological indicators to
quantify these conditions (Lazorchak, et al.
1998). Indicators are measurable characteristics
of the environment, both abiotic and biotic, that
can provide information on ecological
resources.

A general list of the indicator categories used in

EMAP to detect stress in stream ecosystems is
provided in Table 2. The following section
describes EMAP measurements in each of
these indicator categories.

Indicator Rationale

Stream water Water chemistry affects stream biota.

chemistry Numeric criteria are available to
evaluate some water quality
parameters.

Watershed Disturbance related to land use affects
condition biota and water quality.
Instream Instream and riparian alterations affect
physical stream biota and water quality.

habitat and Physical habitat in streams includes all

riparian physical attributes that influence
condition organisms.

Biological: Fish and amphibians are meaningful

fish and indicators of biological integrity. They

amphibians occupy the upper levels of the aquatic
food web and are affected by chemical
and physical changes in their
environment. They are direct measures
of aquatic life uses.
Biological: Benthic macroinvertebrates live on the
benthic macro- bottom of streams and reflect the
invertebrates overall biological integrity of the

stream. They are direct measures of

aquatic life uses.

Table 2. General EMAP indicators.
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IV. METHODS

Photo:OpaICreek, Oregon.CLirtey of Shannon
Hubler, Oregon DEQ

In this section, we briefly describe the methods
used for collecting stream water chemistry,
physical habitat and biological data. In
addition, the methods used to analyze the data
are presented. EMAP field methods were
primarily used and additional detailed
information is available in Lazorchak et al.,
1998. Any exceptions to the EMAP field
methods are noted below.

A. Field Measurements

Identical field data collection methods were
used for both the probability sites and reference
sites for all indicators described below.

Stream Water Chemistry

Stream water chemistry characteristics
influence the organisms that reside in streams.
A great deal of information is available on the
effects of specific chemicals on aquatic biota.
Data for 11 water quality parameters were
collected at most sites. Measurements of pH,
dissolved oxygen (DO), stream temperature,
conductivity, alkalinity, total phosphorus (TP),
Nitrite-Nitrate (NO2-NOg3), ammonia (NHj3),
chloride (CI'), sulfate (SO,) and total

suspended solids were made. The rationale
behind the selection of some of these stream
water measures are presented in Table 3.

Water Importance to Examples of
chemistry biota human activities
indicator that influence this

indicator

Stream -Influences - Riparian shade

Temperature biological reduction
activity - Altered stream
- Growth and morphology
survival of biota
Dissolved - Growth and - Erosion
Oxygen (DO) | survival of fish - Addition of
- Sustains organic matter
sensitive benthic - Riparian shade
invertebrates reduction
- Organic - Industrial and
material municipal waste
processing
pH - Fish production - Mining
- Benthic - Addition of
invertebrate organic matter
survival - Fuel burning
emissions (e.g.,
automobiles)
Conductivity - Indicator of - Agricultural
dissolved ions returns, industrial
input and mining
Nutrients - - Stimulates - Erosion
Total primary - Recreation, septic
phosphorous production tanks and livestock
(TP), Total -Accumulation - Stormwater
nitrogen can result in runoff

(TPN), nutrient - Sewage, livestock

Nitrite-Nitrate enrichment waste, and
(NO,-NOy), agriculture
and Ammonia - Salmon

(NHs5) overharvest

Chloride (CI') | - A surrogate for - Industrial

human
disturbance

discharge, fertilizer
use, livestock
waste, and sewage

Table 3. Stream water indicators.
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Individual states also collected some additional
parameters (such as dissolved organic carbon)
that will not be discussed in this document.
Physical Habitat Indicators

Physical habitat in streams includes all those
physical attributes that influence or provide
sustenance to organisms within the stream
(Kaufmann in Peck et al., 2003).

Physical habitat varies naturally, as do
biological and chemical characteristics, thus
expectations of habitat condition differ even in
the absence of human caused disturbance.
Degradation of aquatic habitats by nonpoint
source activities is recognized as one of the
major causes for the decline of anadromous and
resident fish stocks in the Pacific Northwest
(Williams et al., 1989).

Measurements of physical habitat parameters
fall into one of the following three types of
sampling method protocols.

1. Continuous measurements are collected
along the entire length of the sample reach.
Thalweg profile (a survey of depth along the
stream channel), and presence/absence of soft
sediments (fine gravel or smaller) were
collected at either 100 or 150 equally spaced
points along the stream reach. An observation
of the geomorphic channel type (e.qg. riffle,
glide, pool) was made at each point. Crews also
tally large woody debris along the reach.

2. Transect measurements are collected
from 11 evenly spaced transects. Measures/
observations of bankfull width, wetted width,
depth, substrate size, shade, and fish cover
were taken at each transect. Measures and/or
visual estimates of riparian vegetation
structure, human disturbance, and stream bank
angle, incision and undercut are also collected
at each transect. Gradient measurements and

compass bearing between each of the 11
stations are collected to calculate reach
gradient and channel sinuosity.

3. Reach measurements apply to the reach
as a whole. Channel morphology class for the
entire reach is determined (Montgomery and
Buffington, 1993) and instantaneous discharge
is measured at one optimally chosen
cross-section.

Some Useful Definitions- Habitat:

Bankfull width - The stream width measured at the
average flood water mark.

Canopy - A layer of foliage in a forest stand. This
most often refers to the uppermost layer of foliage,
but it can be used to describe lower layers in a
multistoried stand.

Channel - An area that contains continuously or
periodically flowing water that is confined by
banks and a stream bed.

Large Woody Debris - Pieces of wood larger than
5 feet long (1.5m) and 4 inches (10.1cm) in
diameter, in a stream channel.

Riparian area - An area of land and vegetation
adjacent to a stream that has a direct effect on the
stream. This includes woodlands, vegetation, and
floodplains.

Sinuosity - The amount of bending, winding and
curving in a stream or river.

Stream gradient - A general slope or rate of
change in vertical elevation per unit of horizontal
distance of the water surface of a flowing stream.
Substrate - The composition of the grain size of
the sediments in the stream or river bottom,
ranging from rocks to mud.

Thalweg - The deepest part of the stream.

The major types of physical habitat indicators
are channel form, substrate, riparian vegetation,
large woody debris, and fish cover. The
importance of each is described as follows.
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Channel Form

The cross section of a stream channel (width
and depth) provides information for evaluating
total habitat space available for fish and other
organisms. Because the data are collected in a
systematically spaced approach, the means are
estimates of the spatial distribution of the
habitat parameters measured.

Substrate

Substrate describes the grain size of particles
on the stream bottom, and ranges from rocks to
mud. Substrate is an important feature of
stream habitat. Stream substrate size is
influenced by many factors including geology,
gradient, flow and channel shape. Substrate
particle size data were collected at five
locations along each of the 11 evenly spaced
transects at each sample site. Data were
expanded to reflect the proportion of the stream
channel area.

Riparian Vegetation

Riparian (stream bank) vegetation is important
for several reasons: it influences channel form
and bank stability through root strength; it is a
source of recruitment for LWD that influences
channel complexity and provides cover for fish;
it provides inputs of organic matter such as
leaves; and shades the stream which

influences water temperature.

Expressed as a proportion of the reach, riparian
cover data were collected for three vegetation

layers: 1. Canopy - >5m
2. Mid level - 5mto5m
3. Ground cover - <5m

Visual estimates of cover density and general
structural/species vegetation classes (e.g.
coniferous, deciduous) of each layer were
recorded. Three types of riparian canopy
(riparian vegetation >5m) cover types were
considered: coniferous, deciduous, and mixed
coniferous and deciduous cover.
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Stream Shading

In addition to riparian vegetation presence,
stream shading from riparian canopy was
assessed using densiometer readings at each of
the 11 transects. The amount of riparian
shading influences the amount of solar
radiation that reaches stream. Shade conditions
were estimated for both bank and mid-channel.

Large Woody Debris (LWD)

Large woody debris (LWD), as single pieces or
in accumulations (i.e. log jams), alters flow and
traps sediment, thus influencing channel form
and related habitat features. The quantity, type
and size of LWD recruited to the channel from
the riparian zone and from hillslopes can be
very important to stream function. Each pieces
of LWD that is at least partially in the baseflow
channel is tallied by length and diameter
classes.

Pools

In streams, pools are areas of deeper, slower
flowing water that are important habitat
features for fish. The abundance of pools and
their size and depth depends on the stream’s
power and channel complexity. Stream size,
substrate size and abundance, and the presence
of larger roughness elements (e.g. LWD) all
contribute to the frequency and quality of
pools.

Fish Cover

Many structural components of streams are
used by fish as concealment from predators and
as hydraulic refuge (e.g. bank undercuts, LWD,
boulders). Although this metric is defined by
the likelihood of fish use, fish cover is also
indicative of the overall complexity of the
channel which is likely to be beneficial to other
organisms.
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Biological Indicators

Fish/Aquatic Vertebrate Assemblage

The physical degradation of streams can cause
changes in the food web and the composition
and distribution of habitats (Lonzarich, 1994).
In some regions, fish are good indicators of
these long-term effects and broad habitat
conditions because they are relatively long-
lived and mobile (Karr et al., 1986). Fish
assemblages integrate various features of
environmental quality, such as food abundance
and habitat quality and therefore may be better
indicators of land-use impacts than single
salmonid species (Karr, 1981).

Some Useful Definitions - Biota

Aquatic Assemblage - an organism group of
interacting populations in a given waterbody, for
example, vertebrate (fish and amphibians)
assemblage or a benthic macroinvertebrate
assemblage.

Benthic Macroinvertebrates - animals without
backbones, living in or on the sediments, and of a
large enough size to be seen by the unaided eye
(e.g. aquatic larvae of insects).

Amphibians are also sensitive to alterations in
the environment. When amphibian data are
combined with fish data, the more general term
aquatic vertebrate will be used.

The objectives of the vertebrate assemblage
field methods are to:

1) collect data useful for estimating relative
abundance of all species present in the
assemblage, and

2) collect all species except the most rare
species in the assemblage.

Fish were sampled along the entire length of
the reach with one-pass electro-fishing
(Lazorchak, et al., 1998). All portions of the
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sample reach were fished. Fish were identified,
counted, and measured and voucher specimens
were collected for species that were difficult to
identify. Only amphibians that were captured
during electrofishing or found on the banks
were identified and counted. Although these
methods were not used to estimate absolute
abundance, standardized collection techniques
allow for calculation of proportionate
abundance of species (Reynolds, et al, 2003).

Benthic Invertebrate Assemblage

Benthic macroinvertebrates inhabit the
sediment or surface substrates of streams. The
benthic macroinvertebrate assemblage reflects
the overall biological integrity of the benthic
community. Monitoring this assemblage is
useful for assessing the status of the stream and
monitoring trends. Macroinvertebrates respond
to a wide array of stressors in different ways,
thus it is often possible to determine the type of
stress that has affected a macroinvertebrate
assemblage (Klemm et al., 1990). Because
many macroinvertebrates have life cycles of a
year or more and are relatively immobile, the
structure of the macroinvertebrate assemblage
is a function of present conditions and
conditions of the recent past.

Macroinvertebrates were sampled from the
riffles using a D-frame kick net (500..m mesh).
Riffles were defined as the portion of the
stream with relatively fast currents and shallow
depth. A composite sample was collected by
combining five kick samples (10 ft total) from
separate riffles. Each composite was then sent
to a laboratory that identified and counted
organisms.

In the laboratory, a random subsample
comprised of one sixth or more of each
composite was processed for macroinvertebrate
identification. For each sample, at least 300
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organisms were identified to the finest practical
taxonomic level. For samples with less than
300 organisms, all individuals were identified.
If less than 100 organisms were identified in a
sample, metrics were not calculated for that
sample. This only happened in three samples
that had a mean abundance of 45, as compared
with the mean abundance for the remainder of
the samples which was 374.

The macroinvertebrate methods used in the
Western Cascades REMAP project are slightly
different than that used in other EMAP studies
(Lazorchak et al., 1998) where
macroinvertebrate data is collected at each
transect regardless of habitat type. This
difference was to ensure consistency of this
REMAP project with earlier State REMAP
datasets.

B. Data Analysis

In this report, the primary method for
evaluating indicators for sites selected using
the EMAP probability design is the cumulative
distribution function (CDF). A CDF is a graph
that show the distribution of indicator or
parameter data for the entire population. The
“population” in this report is the total length of
2nd and 3rd order (wadeable) streams of the
Western Cascades ecoregion. For example,
Figure 4 (CDF) shows that approximately 50
percent of the 2" and 3" order stream length
has an indicator value above 10 (and the other
50% of the stream length are below 10).

12

80%  100%
L L

60%
L

Percent stream length
40%
—K

20%
L

0%
L

9 10 11 12
Parameter or indicator of interest

o]

Figure 4. Example cumulative distribution function
(CDF).

When data from probability sites are used in
this report, they are weighted so that the results
can be used to represent the entire stream
length of 2" and 3™ order streams in the
Western Cascades ecoregion.
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V. DESCRIPTION - of the overall
condition of Western Cascades

ecoregion streams
Ty T

Photo: Hideay Falls, Tumblig Creek, Oren.
Courtesy of Shannon Hubler, Oregon DEQ

A. Introduction

In this section of the reyoort we will describe the
overall condition of 2" and 3 order streams in
the Western Cascades ecoregion of Oregon and
Washington based on analysis of probability
site data. These data were collected from 79
randomly selected sites in the Western
Cascades ecoregion (see Map 3) using the R-
EMAP protocols (described in Section V). In
the next section (Section V1), we will compare
this assessment of overall ecoregion-wide
condition, with data from the reference sites. In
Sections V and VI, we present only a portion of
the indicators that were generated from the
field data due to the large volume of
information that was collected. Additional
indicators are summarized in Appendices 1-6.
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There are approximately 19,489 total
kilometers of streams (all stream orders) in the
Western Cascades ecoregion. The results
presented below are from 2" and 3" order
streams that represent 26.8 percent of the
streams in this ecoregion.

s
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Map 3. Western Cascades ecoregion showing sites
selected using the EMAP probability design.

B. Stream Water Chemistry

Data for 11 stream water indicators were
collected from most sites. Summary statistics
for all water chemistry indicators are available
in Appendix 2. The results reported below are
for only variables that most influence the biota.
Data interpretation reflects a single view in
time at these representative locations as sites
were not continuously sampled and timing of
sampling was not intended to capture the peak
concentration of chemical indicators. Some
aspects of stream water chemistry are
temporally variable and a single measurement
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is of limited value for characterizing specific
stream water chemistry conditions.

Dissolved Oxygen (DO)

Dissolved oxygen is the oxygen dissolved in
water that is available for organisms to use in
respiration. In the Western Cascades ecoregion,
DO ranged from 7.4 mg/L to 12.4 mg/L, with a
mean of 10 mg/L (Figure 5). This is an
expected condition in streams with low
temperature, hydraulic turbulence and low
primary productivity, typical of 2" and 3"
order streams in the Pacific Northwest.
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Figure 5. CDF of Dissolved Oxygen (DO).

pH

Another important stream water variable, pH, is
a numerical measure of the activity of the
constituents that determine water acidity. It is
measured on a logarithmic scale of 1.0 (acidic)
to 14.0 (basic) and 7.0 is neutral. The pH of the
Western Cascades ecoregion sites ranged from
6.2 to 9 with mean 7.3 (Figure 6).
Measurements of pH collected during the day
are typically elevated, as CO, is depleted due to
photosynthesis which effectively shifts the pH

up.
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Figure 6. CDF of pH.

Temperature
Water temperature is a critical stream variable.

Water temperatures ranged from 3.3°C to
17.6°C and the mean temperature was 11.2°C
(see Figure 7). The extent of the sample period
(July 5™ to October 19™) is likely to influence
the range of these results.
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Figure 7. CDF of stream temperature.

Total Suspended Solids (TSS)

Total Suspended Solids (TSS) is a measure of
the suspended organic and inorganic solids in
water and is expressed in mg/L. TSS is
measured by weighing the particles suspended
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in water which will not pass through a filter.
TSS of streams in the Western Cascades
ecoregion is shown in Figure 8. The mean
value for TSS was 31mg/l and the median was
35mg/l. Approximately, 93 percent of the
stream length had TSS values less than 12mg/I.
Four sites had TSS levels above 275mg/I; all
were glacially fed streams originating from
Mount Rainier, and were in or near the Mount
Rainier National Park.
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Figure 8. CDF of Total Suspended Solids (TSS).

Nutrients

Excessive nu