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Understanding the status and trends in native fish populations and the stream and landscape conditions that affect
them are essential to the success of the Oregon Plan for Salmon and Watersheds (OPSW). Having a standard tool
that helps local groups, agency personnel and others determine these trends and conditions in a consistent and
verifiable way is also essential. The use of standard monitoring techniques provides the public with such a tool.

The data collected through monitoring can be useful for developing plansto restore and protect a stream's
biological capacity, as well as determining whether completed restoration projects achieved their intended goals.
Watershed councils and other local groups play a critical role in identifying the causes of decline in a stream’s
ability to support salmon and trout populations and other beneficial uses, as well as documenting results of
restoration projects. The purpose of this guidebook is to provide technical guidance so watershed councils and
other volunteers may achieve their restoration goals as partners in the OPSW.

Many different agencies, volunteer groups, and private citizens are involved in data collection, so having a
consistent method isimportant. To assist in collecting consistent and accurate data, the OPSW Water Quality
Monitoring Team has prepared guidelines to measure water quality. These guidelines are designed for use by
individual landowners, watershed councils, other citizen groups, and agency personnel. These guidelines
complement the GWEB Watershed Assessment Manual (NES, 1999).

The Oregon Watershed Assessment Manual provides a guide for characterizing conditions in local watersheds and
provides a strong base for identifying specific restoration and protection opportunities and monitoring needs. The
monitoring techniques, or "protocols,” presented in this guide describe the steps used for obtaining specific,
field-based data about water quality. The Watershed Assessment Manual serves as a broad diagnostic tool. The
Water Quality Monitoring Guidebook is a verification tool that can be used to refine the public's understanding
and diagnosis of watershed and water quality conditions.

The initial chapters provide background information, monitoring strategies and ways to develop a monitoring
plan. Also explained in these chapters are criteria for selecting monitoring sites, data quality guidelines, and
methods to store and analyze water quality data. References and contacts are provided in each chapter to obtain
more detailed or up-to-date information. The subsequent chapters provide protocols for monitoring:

stream temperature

_dissolved oxygen _turbidity
_ pH _macroinvertebrates
_conductivity _ pesticides and toxic chemicals

nitrogen/phosphorus concentration

Each of these protocol chaptersis designed to be a stand-alone document that provides basic monitoring
techniques for that protocol. Information on additional referencesis also provided in each chapter. How each
individual, group, or agency works through these protocols will depend on their technical background,
experience, and what results they hope to accomplish. However, these protocols work best when integrated with
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the water quality, physical habitat, watershed assessment, and other monitoring protocols developed as part of the
OPSW. They may also be useful in assessing water quality in watersheds where Senate Bill 1010 plans, Total
Maximum Daily Load (TMDL) assessments or source area assessments under the Safe Drinking Water Act are
developed.

An additional benefit in following the manual's recommendations is providing credible data for a state-wide
database. Techniques for calibrating instruments, selecting appropriate sites, and managing data are included in
the guidebook and, if used, will help agency personnel develop such a database. The database would eventually
support the OPSW’ s effort to restore and protect fish habitat and watershed health throughout Oregon. But the
real value in using the monitoring techniques described in this manual is providing watershed councils and other
local volunteers with reliable methods for monitoring water quality in nearby streams which they can then use to
make their own assessments. Accurate monitoring data can help inform local decisions about how to best manage
for fish and watersheds.

The participation of local citizens in this effort is essential. Correctly collected data is useful to landowners,
concerned citizens, and agency personnel. Poorly collected data of unknown quality can result in loss of time and
money. Itisthe intent of this guidebook to share data collection techniques that will help everyone work toward a
solution to restore fish populations. While contacts for equipment manufacturers and models of instruments are
discussed in this guidebook, these references do not constitute an endorsement of any product.

Credits

This set of protocols was developed by a Water Quality Monitoring Team formed during the OPSW M onitoring
Plan Scoping Sessions (January 1997). The work group was made up of representatives from the United States
Environmental Protection Agency (EPA), United States Bureau of Land M anagement (BLM), Oregon Department
of Agriculture (ODA), Oregon Department of Environmental Quality (DEQ ), Oregon Department of Forestry
(ODF), National Council of the Paper Industry for Air and Stream Improvement (NCASI), Boise Cascade
Corporation, and the Mid-Coast Watershed Council. Key contributors to these guidelinesincluded: Dr. George Ice,
Liz Dent, Jenny Walsh, Rick Hafele, Dave Wilkinson, Lana Brodziak, Larry Caton, Travis Hunt, Ellen Hammond,
and Paul Measeles. The protocol relies heavily on protocols developed by the Oregon Department of
Environmental Quality (DEQ 1996) and the Oregon Department of Forestry (ODF). Valuable review comments
on earlier drafts were received from Ken Bierly, Dr. Bob Beschta, Dr Sherri Johnson, Dr. Bill Braumworth, Dr.
Alan Herlihy, Sue M auger, Stephanie Gunckel, Kristopher Wright, Andrew Talabere, Geoffrey Habron, Christian
Torgerson, Dana Hicks and others. Their recognition in no way indicates an endorsement of this guidebook.
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Chapter 1

Background

M any factors influence the health of aquatic
ecosystems and the plant and animal life that
depend on them. These factorsinclude physical
habitat, riparian function, water quantity,
watershed health, and water quality. This
guidebook focuses on methods for monitoring water
quality.

M onitoring involves a series of observations,
measurements, or samples collected and analyzed
over time. W ater quality varies naturally with
location and time. For example: the headwaters of
streams at high elevation tend to be cooler than
wide streams at lower elevations; solar radiation
influences stream temperature fluctuations
throughout the day; natural differences in climate
and the riparian vegetative cover cause differences
in stream temperature. Disturbances such as fires,
windthrow or even debris torrents can influence
stream temperature, turbidity, and other water
quality parameters. Geology, geomorphology, and
climate also influence water quality.

Pollution can be defined as the fouling or making
unclean air or water which harms beneficial uses.
W ater pollution is generally characterized as
originating from either “point” or “nonpoint”
sources. Point source pollution is associated with a
particular site on a stream and typically involves a
known quantity and type of pollutant that can be
controlled at the site. An example of point source
pollution is effluent from a factory outlet (an end-
of-pipe discharge) delivered directly to a stream.
Point sources are regulated under the Clean W ater
Act with National Pollution Discharge Elimination
System (NPDES) permits.

Nonpoint source pollution is more difficult to
manage and monitor than point source pollution.

N onpoint source pollution typically results from
multiple contaminant sources in the vicinity where
water quality has been impaired. The volume or
“load” from individual sourcesis difficult to

In Oregon, agricultural activities in watersheds
with water quality limited waterbodies can come

Background
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measure and often water quality may not be
degraded at the source site. Instead, the
accumulated impacts of multiple sources of
pollution can cause the water quality problem. An
example of nonpoint source pollution is fine
sediment deposition in a stream bed. The stream
may flow through a new housing development,
agricultural operations, and forested areas with
roads. All of these activities contribute various
quantities of sediment to the stream channel in
addition to the natural level of sediment the stream
contains.

Emphasis has increased on controlling nonpoint
source pollution because water quality cannot be
protected or restored by focusing on point sources
alone. Monitoring is an essential component of this
effort. The strategy for controlling nonpoint source
pollution includes the development of Best

M anagement Practices (BM Ps) to achieve water
quality criteria and meet non-degradation
requirements.

BM Ps are defined as practices selected by an
agency that are practical and effective in reducing
pollution from nonpoint sources to levels
compatible with water quality goals. Once an
agency's BM Ps are approved by the state water
quality regulatory agency, they may become a part
of the water quality management plan (W QM P) for
those landowners that implement them.

An approved WQM P includes descriptions of the
actions or activities that will allow a landowner to
achieve acceptable water quality. For example, the
Oregon Department of Environmental Quality
(DEQ) approved the Oregon State Forest Practices
Act as an acceptable BM P program. Itisthe
responsibility of the Oregon D epartment of Forestry
(ODF) to monitor effectiveness of these BM Ps in
achieving water quality standards.

While there are a number of water quality
parameters regulated by DEQ, this guidebook
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under the provisions of Senate Bill 1010. This bill
requires the Oregon D epartment of Agriculture
(ODA) to help reduce water pollution from
agricultural sources. Under the guidance of the
ODA, local committees develop a WQMP for the
agricultural portion of the basin.

W ater quality standards have been developed
under the leadership of DEQ and can be used in
assessing the effectiveness of BM Ps. W ater
quality standards involve three elements: 1) a
narrative that explains what the goals of the
standards are; 2) the numeric criteria; 3) and a
non-degradation policy.

The numeric criteria are set to protect the most
sensitive beneficial uses. These standards are
available on the web at
<http://waterquality.deg.state.
or.us/wqg/wgrules.htm>. The non-degradation
policy dictates that if a stream has better water
quality than the defined standards, that stream
shall not be degraded to a lower standard (unless
there are compelling reasons).

focuses on those that have the greatest impact on
fish and fish habitat or are important in the
listing of water quality limited streams (streams
identified on DEQ’s 303d list). Parameters for
Total Maximum Daily Load (TMDL)*
assessments, or parameters that are part of source
area assessments for municipal water supplies
are also included. These include stream
temperature, dissolved oxygen, pH, conductivity,
nitrogen and phosphorus, sediment,
macroinvertebrates, and pesticides and toxins.

Standards for each of these parameters have been
established in order to protect a stream’s
beneficial uses. These standards have been
developed after lengthy public review and
involvement and are based on the latest scientific
knowledge.

! Total Maximum Daily Load (TMDLSs) isatool used to meet water quality standards in those streamsthat do not meet such standards. TMDLsare
based on a scientific method that uses extensive water quality data to identify locations and times of water quality impairment and the sources and
volumes (loads) of the contributing pollutants. The TMDL processis rigorous enough that it can be duplicated by other parties using the same

techniques.

Background
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Chapter 2
M onitoring Strategy and Plan

A monitoring plan describes the monitoring strategy
that will be used. Itis developed before starting a
monitoring project. A monitoring plan provides a
guide for why, how, when, and where to monitor
water quality parameters. The monitoring plan can
be referred to throughout the course of a monitoring
project to help maintain consistency and provide
documentation to others.

W hy M onitor?

M any reasons exist for monitoring water quality.
M onitoring can be used to identify areas where
water quality standards are not being met and
resources such as salmon and trout are being
impaired. M onitoring can also be used to identify
the sources and loads of pollutants that are causing
these declines. Once the areas and causes of these
water quality problems have been identified, then
monitoring can be used to measure the overall
effectiveness of the water quality protection efforts
and individual practices. Monitoring is also
important when knowledge of the effects from past
restoration treatments or past management practices
are desired in order to help design future
management actions. Resource managers need
monitoring data to improve practices and to better
protect fish and fish habitat. The monitoring
process and the data generated can also provide a
valuable educational tool for a wide variety of user
groups, such as watershed councils, school groups,
researchers, and other interested people.

M onitoring without a defined purpose provides
little benefit, so the first step to ask is, "W hat are
the goals of the monitoring effort?" Typically,
specific questions need to be answered. The
questions vary depending on the aquatic resource(s)
of interest. For example, asking if the stream meets
the DEQ water quality standards for temperature
and dissolved oxygen, or whether the BM Ps are
effectively reducing sediment inputs to the stream
channel, leads to different monitoring approaches.

Monitoring Strategy and Plan
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Questions such as these will help focus the
monitoring efforts and give a better idea of where
and for how long monitoring is needed. Begin by
listing all relevant questions about the aquatic
system. Priorities can then be established in their
order of importance and a timetable for the
necessary monitoring projects developed.

[n general, monitoring projects may provide
information to address historical, current, or desired
future conditions. M onitoring projects can also
describe ecological trends that may or may not
result from the effects of management practices.

M onitoring can also describe the impacts from
management activities, as well as interpret the
effectiveness of management actions such as BM Ps.
Additionally, some problems cannot be addressed
through monitoring water quality parameters and
may need a research approach. M onitoring can
help identify these problem areas, as well. The
OPSW M onitoring Team has developed a
Monitoring Framework that depicts these areas of
monitoring (Appendix A).

Types of Monitoring

M onitoring strategies may be organized by different
monitoring types. The type chosen depends on the
project’s objectives. Refer to Appendix B for an
in-depth discussion on monitoring types.
[dentifying the monitoring type is useful when
coordinating with other monitoring efforts and
understanding how to interpret and apply results.
However, identifying the type of monitoring is not
as important as identifying the important resource
questions and properly preparing a monitoring plan
to answer them.

The Monitoring Plan

A plan usually consists of a few important sections.
By using this guide as a template and inserting
site-specific needs and objectives, a monitoring plan
can be developed for an individual stream or stream

Water Quality Monitoring Guidebook



reach. Stating the problem definition, goals, and
objectives at the beginning of the monitoring plan
structures it so that a reliable set of data can be
developed which answers the initial set of
questions. Without a monitoring plan to collect
data that answers specific questions about the
watershed, the data collected could be of limited
value.

Monitoring Plan sectionsinclude the
following:

Problem definition

This section defines the problem. For example:
People are concerned that temperaturesin Dry
Creek exceed water quality standards and are
harming fish.

Goal

The goal states the purpose for monitoring. W hat
information and/or analysis is anticipated from
monitoring? For example: The goal of this Plan is
to determine if temperatures are exceeding water
quality standardsin Dry Creek and if management
practices are contributing to elevated
temperatures.

Objectives
Objectives usually are structured in the form of a

specific question. For example: Are stream
temperatures above the state water quality
standard of 64°F and does irrigation withdrawal
from Dry Creek result in downstream
temperatures that exceed that standard? The kind
of questions asked will determine the type of
monitoring and amount of resources required.

Hypotheses
Identifying the objective leads to creating an

"experimental hypothesis" that tests whether a
relationship exists between an action or activity and
the water quality parameter of concern. The
experimental hypothesis for the Dry Creek example
could be: Irrigation withdrawal from Dry Creek
resultsin downstream temperatures that are
greater than 64°F. This experimental hypothesis

Monitoring Srategy and Plan
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leads to designing an experiment or monitoring
project to resolve whether the experimental
hypothesis can be confirmed or refuted. Simply
monitoring temperatures at different stationsin Dry
Creek may not answer this question because it does
not demonstrate why the temperature pattern
occurs. Patterns that can be tied to a cause-and-
effect response support experimental hypotheses
more strongly.

Inthe Dry Creek example, one approach might be
to stop water withdrawals during periods when
maximum temperatures are occurring and compare
stream temperature with periods when withdrawals
occur. The null hypotheses (a statement that
assumes no direct relationship exists) for the
experimental design could be: There isno
difference in the hours that Dry Creek exceeds
64°F for days with or without water withdrawal.

Natural variations in the temperature response of
Dry Creek will exist because no day is exactly the
same as another, but the experimental and
monitoring design can test whether the null
hypothesis is accurate or not (assuming that the
quality and variations of the data are within
acceptable tolerances). As the importance of these
questions increases, collecting high quality data and
a sufficient number of samples (for statistical
credibility) may be needed both to have confidence
in whether this null hypothesis can be accepted or
rejected and to minimize differences in interpreting
results.
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Site Description
This section describes the physical characteristics

of the sampling site(s) and places the monitoring
site in the context of other watershed sites. For
example, channel gradient, elevation, vegetative
cover, landuse, region, soils, and geology can be
described. Providing stream reach locations using
latitude and longitude allows comparisons to be
made to data sampled nearby or in other areas with
similar site conditions, using a geographic
information system (GIS).

Data Gathering Strategy

This section describes the physical location, date
and time of data gathering, the types of data to be
gathered and minimum and optimum data needs.
The locations of data sites should include
consideration of ecoregion, stream network, or
other variables depending on the scale of the
question to be answered (see Chapter 3, Selecting
Sites). The timing for gathering data should reflect
the hydrologic processes suspected of influencing
water quality. For example, if the data to be
gathered is related to storm events, low flows, or
other seasonal variables, these should be identified.
The need for monthly, daily, hourly or continuous
data gathering should be identified both to
determine the level of effort or equipment necessary
and to establish the level of confidence in the data.

M ethods

This section describes the technical portion of the
monitoring project. It explains to readers the data
collection techniques used, equipment calibration
and use (see pages 16-18), what types of data were
collected, and when. The methods section
essentially creates a contract regarding how the
data will be gathered, what types of data will be
collected, and how the equipment’s accuracy will
be maintained for those conducting the monitoring
and for others who may be depending on the data.

Data Quality
Quality Assurance and Quality Control (QA/QC)

are essential elements of any monitoring plan.

Monitoring Srategy and Plan
Version 2.0

They provide evidence that the data is accurate and
precise enough to address the questions being
asked. These elements are addressed in detail in
Chapter 4.

D ata Storage and Analysis

Thinking through this section is critical early in the
monitoring process in order to have the support
necessary to store, transport, or analyze the data. If
the data are to be used with the OPSW, knowing
how to transport the data to local watershed
councils, DEQ offices, or other public data
repositories in the agreed-upon format is important.
DEQ has developed a data storage template that
can be used to format data records (See Chapter 5,
Data Storage and Analysis).The monitoring team
will also want to establish its own database for the
streams it is monitoring. Planning ahead can save
time, money, and avoid the agony of lost data.

Timetable and Staff Requirements

Each monitoring project will have a unique
schedule of activities which must occur for it to be
successful. Planning and implementing these
activities take time. Figure 2-1 and Table 2-1 are
provided as general examples of the sequencing of
steps and time requirements for a temperature
monitoring project.

Confidentiality and L andowner
Permission/Relations

Obtaining prior permission from private
landowners for monitoring sites that could be
located on their property is essential. The OPSW
Is based on cooperation, so all monitoring efforts
need to maintain good will with the affected
landowners. Creating an agreement with the
landowner about how the data collected on his/her
property will be used and reported is also
important. In some cases, specific locations may
not be reported to maintain confidentiality. Itis
also useful to provide landowners with previews of
information collected. They may have insights
about the data and are often interested in using the
data to adjust their management decisions.

Water Quality Monitoring Guidebook



Table2-1. Estimated personnel time for a stream temperature-monitoring project.

Activity

Hours

Plan development *

Temperature recorder calibration
Pre-deployment
Post-deployment

Field site selection **

Unit placement installation

Field audits

Ancillary data collection

Unit retrieval

Download data

Data storage ***

Data analysis/interpretation ****

Total:

40 hours

4 hoursfbatch

4 hoursfbatch

hour/site + travel time

0.5 hoursfunit + travel time
0.25 hoursfunit + travel time
1-2 hours/unit + travel time
0.5 hoursfunit + travel time
0.25 hoursfunit

0.25 hoursfunit

4-8 hours/site

Minimum of 60 hours per project plus 10-20
hours per each study site.

Monitoring Strategy and Plan
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N
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Figure 2-1. Stream temperature monitoring timeline. The chart shown above depicts the steps one needs to complete during a typical season. Shaded boxes refer to
stepswhich would normally be performed the first year and every succeeding year of a long-term study. Stepsin unshaded boxes usually need to be completed only the

first year of a long-term study.
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* Thetime required to complete a plan will vary
with the complexity of the project and experience
of the personnel. Forty hoursisa good estimate,
but more or less time could easily be needed. The
most important consideration is to allocate
sufficient time to complete this step.

** Site selection begins with the project plan and
preliminary identification of sites on maps. The
field time involves walking planned study sites
and finding a suitable location to install each
temperature recorder.

*** Data storage can turn into a time draining
task if it isn’t planned at the beginning of the
project. Determine the software to be used (one
compatible with the temperature recorder’s
software), the data fields necessary, and the
personnel responsible for both setting up the
software and uploading the data. A suggested
data format is shown in the data analysis section
of this chapter and can be obtained from the
cooperating state agencies (ODF & DEQ ).

¥**xx Temperature recorders produce thousands of
data points. The data must be summarized to
provide a useful interpretation of the data. Thetime
to complete this step will vary with the complexity of
the project and level of experience of the personnel

This introduction to the basic structure of a
monitoring plan isintended to help provide project
volunteers with an understanding of a typical plan’s
components. Asa plan isdeveloped for a specific
stream or stream reach, more detailed descriptions of
the project’ s objectives will be needed. Please refer
to the Volunteer Monitor’s Guide to Quality
Assurance Project Plans (1996) by EPA, the
National Handbook of Water Quality Monitoring
(1996) by NRCS, and other monitoring guides
(Callaham 1990; Dissmeyer 1994; and M acDonald,
Smart, and Wissmar 1991) for further help. For help
or assistance at this stage, contact the monitoring
mentor for the OPSW shown in each protocol
chapter, the local ODFW office, or the regional DEQ
monitoring coordinator shown below.

Statewide DEQ Volunteer M onitoring Coordinator:
Karen Williams: (503) 229-5983
Email: williams.karen@ deq.state.or.us

Northwest Region:
Larry Caton: (503) 229-5983.
Email: caton.larry@ deq.state.or.us

Western Region:
Dennis Ades, (503) 229-5983
Email: ades.dennis@ deq.state.or.us

Eastern Region:
Larry Marxer, (503) 229-5983
Email: marxer.larry@ deg.state.or.us
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Chapter 3

Selecting Sites

Selecting the appropriate site or sites for monitoring
water quality depends on the desired objectives.
There are three geographic scales to consider in
selecting the appropriate monitoring site: (1) the
sample point provides representative’ data at that
spot, (2) the reach approach uses multiple sites to
reflect conditions and trends for a segment of
stream, and (3) the basin scale uses multiple
reaches to reflect conditions and trends throughout
a watershed.

In addition to the “ scientific” considerations for
monitoring sites (e.g. using standard data gathering
techniques for consistency, maintaining data
quality, etc.), there are also “practical”
considerations. Easy access (such as road
crossings) and landowner permission are two of
these practical considerations. “ Sampling stations
should be accessible for all flow conditions that
will be sampled” is a good working rule when
selecting sites (Stednick 1991). If equipment is
being installed for a long period of time, recognize
that flow will change throughout the year.
Equipment that was not designed to be submerged
can be flooded. Conversely, equipment that needs
to be submerged can be left “high and dry”.

Precautions against vandalism, theft, and accidental
disturbance should be considered when locating
equipment. In areas frequented by the public,
securing or camouflaging equipment is advisable.
Visible tethers and equipment stations are not
advisable since they attract attention. When
equipment cannot be protected from disturbance, an
alternative monitoring site should be considered.
Access to electrical power can also be a
consideration for some equipment.

2 Representative data" refers to the degree to which the data
represents the actual environmental conditions at the time of
monitoring. In this case, it should reflect the water quality integrated
across and through the water column and not isolated € ements.

Slecting Stes
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Sample Point Considerations

The simplest and most specific geographic scale is
a sampling point. Here, focus should be on
selecting a location that will result in the most
representative measure of the water quality
parameter at that site.

W hen selecting a sample point, remember that if
samples are collected where emerging groundw ater
or isolated eddies exist, the data will not represent
the main portion of the stream. In order to collect
representative data, sampling site selection must
minimize the influence of potential confounding
factors. Some examples of confounding factors
include:

+ the confluence of tributaries

« groundwater inflows

«  channel structure or "morphology"
(particularly conditions that create isolated
segments or pools)

« springs, wetlands, water withdrawals, effluent
discharges

*  Dbeaver ponds and other impoundments

By sampling in a section of a stream channel with
good water mixing, the data will represent the site’s
average water quality condition. However, special
cases can exist where monitoring should include
sites containing these confounding factors. In these
cases the objective of the monitoring may be to
determine their influence on overall water quality.

Reach Scale

A monitoring project can be expanded to document
water quality trends of a stream reach and/or effects
of management practices on those trends. Thisis
accomplished by monitoring the water quality
parameter at multiple sample points. If the
objective is to understand management impacts
on water quality, or water quality treatment
effects, then the most powerful and meaningful
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monitoring design will include a pre-project, or
"baseline," data collection period.

For example, if the objective is to determine
how alogging operation affects stream
temperature, then multiple sample points will
be needed. Ideally, these should be established
prior to the logging activity over the same

Harvest Unit

portion of the year when post-logging
conditions will be monitored. Two, or
preferably three, sample points should be
placed slightly upstream and one slightly
downstream from the harvest unit (Figure 3-1,
points 2 and 3).

/!

1000

0= Sample Point

Figure 3-1. Sample point and reach-scale locations.

Furthermore, in order to understand the observed
trends (e.g. any measured change in temperature)
through the unit, sample points around “control”
reaches will be needed. A control is designed to
measure the parameter of concern at sites that are
not impacted by management or other effects.
These control sites are designed to help isolate the

Slecting Stes
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management or other effects from trends that may
occur regardless of management or other impacts.
In figure 2-1, the reaches between points 3 and 4
and between 1 and 2 can act as controls. If these
reaches have intact riparian areas, then observed
temperature trends through the harvest unit can be
compared to these “ control” reaches. These
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reaches should be located upstream and
downstream of the harvest unit. Itis critical to
recognize that without pre-treatment data,
inferences about management effects can be weak.

M any documents and protocols recommend
establishing a “ reference reach” to help provide
comparisons and context between the stream reach
of concern and a similar stream reach with less
intensively managed conditions. (Dissmeyer 1994).
Stream and riparian conditions for reference
reaches represent the best available conditions.
The reference reach for a forested area would most
likely have good water quality, complex fish
habitat, high quality spawning gravels, shade,
cover, and rearing habitat for salmonids, ample
large woody debris in the stream, and future
supplies from the upstream adjacent riparian areas.
In some cases, the reference stream is the “least
impacted” reach available for monitoring
(Plotnikoff 1992).

However, limitations to the reference-reach
approach exist. For instance, a wide range of
conditions result from “natural” disturbances. Fire,
floods, and windstorms can cause major changes in
streams and water quality. The occurrence or lack
of occurrence of one of these events shapes stream
characteristics. Therefore, caution is needed when
comparing stream reaches with different
disturbance histories. In addition, not all stream
ecosystems should look alike. An
estuary-influenced reach will not look like a
headwater stream, and a high gradient, forested
reach will not look like a meadow-dominated, low-
gradient stream (see Oregon W atershed A ssessment
M anual discussion of channel habitat types).

Basin Scale Considerations

At the basin scale, landscape and stream patterns
become the focus of monitoring. Basin-scale
monitoring represents the major dilemma facing any
sampling project— it isimpossible to monitor
everything, everywhere, all the time. While every
location and stream reach in a watershed is unique,
general patterns can be identified that help in
understanding and managing watersheds.

“W atershed analysis” is a process that resource
professionals use based on identifying these
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patterns in the landscape and streams (N onPoint
Source Solutions, 1999). This analysis involves
developing hypotheses about how the watershed
conditions and management activities on the
landscape are linked to the riparian and stream
response. Good basin-scale monitoring involves
recognizing these linkages and developing
monitoring that can be extended from a few sites to
amore general representation of the watershed
response.

A basin approach is more than merely a strung-
together series of sites or reach-level monitoring
activities. A limited number of monitoring sites
must be identified whose information can represent
conditions across the entire watershed. Stratifying
the basin into similar environmental and land-use
conditions is one way of identifying candidate
monitoring sites. Defining the basin by "ecoregion
is another classification that can be useful in
identifying where factors such as geology or
climate are relatively uniform. (Ecoregions are
areas of relative ecosystem homogeneity containing
essentially similar characteristics such as
vegetation, geology, hydrology, soils, and climate).

Basin-scale monitoring programs should also
consider the most sensitive or critical sites, both for
sources of pollutant loads and water quality
impacts. For example, roads built near streams on
slopes with a high risk of landslides represent a
potential source of sediment. Critical stream
reaches, such as high value spawning or rearing
habitat for salmon, may be identified as sensitive to
sediment deposition. Again, these sites may have a
high priority for monitoring to understand the
watershed response.

An example of the value of basin-wide monitoring
compared to an assessment from individual
sampling points is a study of temperature patterns
in the Steamboat Creek W atershed of Oregon by
Holaday (1992). Holaday found that despite the
recovery of riparian vegetation in Steamboat Creek
from 1969 to 1990, no measurable change in the
stream temperatures at the mouth of Steamboat
Creek during summer extremes had occurred. Y et
water temperature reductions of 1° to 11°F were
measured for every major tributary to Steamboat
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Creek. The watershed-wide pattern, showing that
increased shade was reducing maximum tributary
temperatures, was clear. However, if temperature
measurements at the mouth of Steamboat Creek
were the only measurement taken, then it would
appear that water temperature had not improved.
Including tributary temperatures in the monitoring
project more accurately reflected the watershed-
wide temperature pattern..

Choosing Sites

Several types of sites may be selected for
monitoring surveys:

» Study sites are selected to answer specific
questions. These could include questions about
the effects of certain land uses, improvement
following restoration work, or the effectiveness
of Best M anagement Practices, among others.

» Reference sites reflect the best available
conditions present within a specific stream,
watershed basin or ecoregion. An ideal
reference site would be in a pristine, natural
condition. A realistic reference site usually
represents the best attainable conditions and
has experienced some level of human effect.
Ideally more than one reference site is used.
Five to ten reference sites should be sampled
for studies that include several streams over a
range of habitats.

» Randomly selected sites are chosen completely
at random, without regard to the level of human
disturbance. In most cases, random sites are
grouped, or stratified, according to certain
factors such as stream order, land use, or
ecoregion. Random site selection provides an
unbiased assessment of the range of conditions
present within a study area. (Note: In
Oregon, the EPA Research Lab in
Corvallis can provide a list of randomly
selected sites for specific projects.
Contact Phil Larson at 541-754-4362.)

Once potential sites have been identified, the actual
locations where data will be collected need to be
identified. Except for random sites, which are
picked independent of other factors, sample sites
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should be representative of the larger study area.
Physical and geographic characteristics like
vegetation, soils, geology, land use, gradient,
riparian characteristics, and substrate type need to
be considered to assure that sample sites are
representative of the larger population. For
example, sample sites should not be directly
downstream from anomalies such as culverts,
bridges, roads, landslides, or waterfalls unless these
are the conditions that the monitoring program is
evaluating.

Reference and study streams should be in the same
ecoregion or ecologically similar area (watershed or
basin) and be within an acceptable range of
elevation, gradient, and stream order (Gallant, et al
1989). Similar streams in the same ecoregion
would be expected to have similar water chemistry
and habitat conditions, and support similar
biological communities. Differences between well
chosen reference and study sites should be due to
human or natural disturbance and not due to natural
differences between the streams.

L ocating minimally impacted reference streams in
the same ecoregion can sometimes prove difficult,
especially at the lower elevation sections of
streams. In cases where unimpaired reference sites
are not available, one should select the least
impaired areas possible. Generally, impacted and
reference site selection is done in three stages:

» Office Reconnaissance: using maps, aerial
photos, published reports, and other materials,
the monitoring area is studied and likely
streams are identified.

» Consult the Experts: federal and state resource
management agency personnel are very
knowledgeable of the natural characteristics
and human impacts in the areas they
administer. They can also provide information
on work planned for the future in the basins
being considered for study, such as proposed
timber sales or stream improvement work.
Local fisheries biologists are a particularly
good resource.

e Field Reconnaissance: the streams identified in
the previous two steps are visited and visually
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surveyed to verify the representation and
similarity of the streams and to select specific
stream reaches for sampling.

How Many Sites Per Stream?

The location and number of sites per stream
depends on the objectives of the study, the type of
impacts, and the resources available. Generally,
program designs are of three types:

1) Paired stream approach, with several sites per
stream. A study stream is paired with a nearby
unimpacted (or least impacted) reference
stream where several sites are also selected.

2) Upstream/downstream approach, with several
sites along a single stream. Selected sites
upstream of some disturbance, with the best
available conditions, are used as the reference
sites. Sites are then selected within and/or
downstream from the area of concern.

3) Ecoregion approach. A number of least
impacted reference sites within a single
physiographic type or ecoregion are selected to
determine the natural reference condition. A
number of sites of concern are then selected
within the same or a similar ecoregion.

W hichever approach is used, it is important to
sample enough sites to determine the inherent
variability within and between different sites,
because water quality parameters vary in both
space and time. Gathering additional data collected
by other agencies or groups can improve the
effectiveness of monitoring to detect differences
between sites. The collection and analysis methods

Slecting Stes
Version 2.0

used by other studies need to be comparable,
however.
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Chapter 4

Data Quality

Background

The goal of data gathering is to produce data of a
known quality which is adequate for the intended
use. Environmental monitoring often requires large
investments of resources. Instituting techniques
which protect that investment and insure that the
data is valuable to other users is important.

The methods used to eliminate flaws and errors
before they compromise the quality of the data
collected are generally referred to as “ quality
assurance” (see next page). Toinsure that the data
are credible, procedures must be documented,
regular evaluations of precision and accuracy
should be conducted, and regular, independent
audits should also be conducted.

10 Steps To Quality Data

Proper planning is the key to producing high quality
data. The ten steps described below are useful
whether a project will sample two sites on a small
creek or 200 sites in a statewide monitoring
network.

1. Define the goals and objectives of the project.
Why is the project needed? W hat question is
being addressed? How will the data be used?
Who will use the data?

2. Collect background information about the
project area.

3. Refine the project goals based on the
background information gathered.

4. Design the project’s sampling, analytical, and
data requirements. Thisisthe “what, how,
when, and where” of sampling.

5. Write an implementation plan that describes
when tasks will be completed and who will
complete them.
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6. Write a draft project plan that includes
sampling methods and project objectives.

7. Get feedback on the draft plan from other
professionals such as state agency monitoring
staff.

8. Revise the project plan based on review
comments.

9. Implement monitoring work as described in the
final monitoring plan.

10. Evaluate and refine the project over time as
knowledge is acquired during the project.

K ey Data Quality Concepts

Quality assurance (QA) and quality control (QC)
are key components of any monitoring program.
They are defined as:

Quality Assurance

The overall management system of a project
including the organization, planning, data
collection, quality control (QC), documentation,
evaluation, and reporting activities. QA provides
the information needed to determine the data’s
quality and whether it meets the project’s
requirements.

uality Control

The routine technical activities intended primarily
to control errors. Since errors can occur in either
the field, the laboratory, or in the office, QC must
be part of each of these activities.

Aspart of QA/QC planning, certain data quality
objectives need to be defined. These relate to the
precision, accuracy, representation, completeness,
and comparability of the data.

Precision

Precision refers to the amount of agreement among
repeated measurements of the same parameter. To
determine precision, duplicate samples must be
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collected at a number of sample sites. Asan
example, volunteers may wish to collect one
duplicate sample per trip or duplicate samples for
10% of the total samples collected, whichever is
greater. Duplicate samples should be collected
during each sampling trip. The actual number of
duplicates depends on the variability of the data and
how precise the data must be to estimate the actual
water quality (EPA 1996).

Accuracy
Accuracy measures how close the results are to a

true or expected value. Thisis normally
determined by measuring a standard or reference
sample of a known amount and comparing how far
the results at the monitoring site are from the
reference value.

Representation
To what extent do the field samples actually

represent the true environmental condition(s) or
population(s) at the time a sample was collected?
Representation is largely determined by the
selection of the sample sites. Do these sites
accurately reflect (or represent) the conditions of
the waterbody being studied?

Completeness
The comparison between the amount of valid, or

usable, data originally planned for collection,
versus the amount actually collected.

Comparability

The degree to which different methods and data sets
agree or are similar. For instance, the Winkler
titration method for dissolved oxygen (a method for
measuring the concentration of dissolved oxygen in
water. See Chapter 7) and a polarographic probe (a
different method for measuring dissolved oxygen)
may not provide highly comparable data. Thisis
particularly important to determine when using data
from other studies.

The level of accuracy and precision will not be the
same for each parameter measured, and may not be
the same for each project. Precision and accuracy
will depend on the study objectives (i.e. how
precise and accurate the data must be to answer the
questions of concern), the amount of money
available for equipment purchases and data
analysis, and the level of training of the people
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collecting samples. The original data quality
objectives may not be met in a monitoring project
because funding can be cut (reducing the level of
analysis), the equipment fails, or project personnel
don’t perform as expected. If thisoccursitis
critical to report the data quality level attained and
explainwhy.

Data Quality M atrix

Determining the level of accuracy and precision
desired at the project’ s beginning is important.
Table 4-1 has been developed to help determine the
data quality objectives. The table identifies three
data quality levels for six commonly collected
water quality parameters. The purpose of the water
quality data matrix is to help collectors select the
level of data quality that meets their objectives,
experience, level of expertise, and budget. Data
quality levels depend on the methods used and the
QA/QC protocol followed.

Level A

Level A isthe highest level of data quality. It can
be used to assess compliance with water quality
standards, permitting requirements, or other
regulatory activities.

Level B

Level B isthe next highest level. Itistypically
easier and less expensive to collect. Level B data
can be used as an early warning of potential
problems or for screening information.

Level C

Level Cisthe lowest data quality level and is
normally the easiest to collect. Because of its lower
accuracy and precision, Level C data is best used
for educational purposes.

Not all field parameters will need to be at Level A,
or even Level B, data quality. A principal decision
for data collectorsis to decide how the data will be
used.

Depending on the data collection objectives,
equipment available, collector training and
adherence to QA/QC procedures, data quality
levels may vary for different parameters. The
procedures and instruments described in the
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specific protocol chapters are generally designed to
meet Level A data quality with appropriate
QA/QC. But, remember what the data will be used
for and determine what is the appropriate data
quality level.
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Table4-1. Water quality parameters by data quality level. Data quality level dependson a combination of quality control and method selection.

DATA QUALITY MATRIX
W ater Quality Parameters by Data Quality Level
Data Quality Level depends on a combination of quality control and method selection.

Data W ater Dissolved E. coli
ualit ualit Temperature Oxygen Turbidit Conductivit Bacteria | Potential Data
y y P g y y
L evel Assurance Plan M ethods PH M ethods M ethods M ethods M ethods M ethods Uses
Thermometer or - Winkler Titration | Mephlometric Meter. Temperature Regultory.
datalogger. Calibrated pH of calibrated Turbidity M eter correction to 25C DEQ Approved
QAPP approved Accuracy checked Electrode Oxygen M eter ' M ethods Permitting.
A with NIST standard. 5% of A=+/-7% of
QA criteria met, A=+/-0.2 A=4/-03mall A_|+/'5A] of st S Split Sample Compliance with
A=+05C 51104 =+/-0.3mg value. 0 std. value. P=+/-0.5 log water quality
' =+/- =+/- =4/.20, '
P=+/-1.0C P03 P4/-5% P=+l-2% standards.
Thermometer or
datalogger on Winkler Titration ¥| eer;erérature DEQ
NIST accuracy | Any method with: | or calibrated Any method with: correpction 0 25C Approved ,
B Meets DEQ Data check. Oxygen Meter " | Methods iS;]cfreenlrllqg (lje:‘l|6| r
Acceptance Criteria A=+/-0.5 A=+/-30% A=+/-10% ear?y;,\,ar?]mgag "
A=4/-2.0 C P=+/-05 A=+-1mg/l P=+/-30% Of <d. Valle Split Sample
P=+/-1.0C P=+/-1 mg/l P=+/.50% P>+/-0.5 log
C M ects Un-calibrated Any method +/-1 | Any method Observations clear, | Meter without Presence - Education
DEQ Data Acceptance | e ometer pH unit > 1mg/l muddy, etc. routine calibration. | Absence test kits | ~C a0
Criteria g
NOTE: In*“Methods" boxes, A = Accuracy and P = Precision
Data Quality 4-4 Water Quality Monitoring Guidebook
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Chapter 5

Data Storage And Analysis

Chapter 4 emphasized the importance of insuring
data quality. If the steps described in Chapter 4 have
been taken to achieve the desired level of data
quality, then the method of storing and analyzing
that data is equally important. Data properly stored
and analyzed is essential if the goal is to gather
credible data for use by volunteers, landowners and
agency personnel for monitoring, management or
regulatory purposes

Further, the level of precision and accuracy desired
(see Table 4-1, Chapter 4) will influence the ability
to detect meaningful differencesin the data. For
example, if a calibrated thermometer is used in
temperature monitoring with a precision of +1
degree, then it will not be useful in detecting
temperature changes of 0.5 degree (the criteria for
Level A accuracy). Data collectors, therefore, need
to be aware of the level of data quality they want to
achieve as they develop their monitoring plan,
purchase or acquire equipment, and analyze the data.

Data should be stored and backed up on both the
computer hard drive and disks. Data files should be
clearly labeled for quick identification of what the
file contains.

What basic data should be included in files will vary
depending on the water quality parameter. In
general, include the sampling point name and
number, latitude and longitude of the site, stream
name, and when the data was collected by date,
month and year. Attempting to remember the
particulars about how data was collected months
later can be difficult; therefore, enter the data as soon
as possible. Some of the equipment used in the
following protocols (temperature monitoring probes)
may actually create data files. It isimportant to
make sure that the dates and times recorded in those
files are correct.

Data Sorage and Analysis
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Data Analysis

Making generalized comments about data analysisis
difficult because such analyses will vary greatly
depending on the particular question(s) asked and
what parameters are measured. Different levels of
analysis can be appropriate for most parameters.

Graphical Technigues

Graphing data is very useful and important for
understanding the characteristics of the "data set"
(i.e. the total amount of data collected for a particular
monitoring site or project) and identifying any
potential relationships. Examplesinclude bar charts,
XY graphs, frequency distributions, or pie charts.

For example, by graphing stream temperature versus
distance from a divide, an understanding of basin
trends can develop. By graphing stream temperature
versus time, an understanding of when the highest
temperatures occurred can be gained. Thisalso
provides a means to check the data for accuracy.

Descriptive Statistics

These are the very basic statistics that describe a data
set (for more information on statistical analysis, refer
to the monitoring mentors listed on page 7 in
Chapter 2). Commonly reported statistics are:
median, average, maximum, minimum, and standard
deviation. By graphing the average plus and minus
the standard deviation, data collectors begin to
understand the distribution of their data.

Statistical M ethods

The presentation of data in a valid scientific manner
requires that a statement of the investigator’s
confidence in that data be included. Statistical
methods are the tools used to show what levels of
confidence, or the amount of error, investigators have
in the data. A number of statistical methods or
models are available for analyzing data.

However, it is critical to understand the assumptions
of these models prior to using them. For example,
many natural resource data sets may not be normally
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distributed (i.e. the sets don’t reflect a normal * bell
shaped” curve on a graph) and therefore standard
analytical methods may result in analyses that are
flawed. These problems can often be addressed by
logarithmic or power transformations of the data.
Non-parametric methods are also available (Hirsch et
al. 1992). Some statistical analysesinclude:
ANOVA, multiple and linear regression,
multivariate analyses, and correlation analyses.
Some user-friendly software packages are available
to aid statistical analyses. Without familiarity or
training in statistical analysis, however, help in
developing statistical models will be needed.
Contact one of the regional monitoring coordinators
listed on page 7 in Chapter 2 for further assistance.

Water Quality Criteria

Oregon water quality criteria are provided on the web
at <http://waterquality.deq.state.or.us/wg/
waqrules/wqrules.ntml>. These criteria may bein
terms of a seven-day moving average of the daily
maximum or minimum temperatures. Special
conditions may also be recognized which naturally
cause water quality to exceed the standards. For
example extreme low streamflows or prolonged
warm periods can cause streams to exceed state
temperature standards. It is useful to analyze the
data collected and compare the results to the water
quality criteria.

Depositing Data

The OPSW Monitoring Team is currently exploring
options for storage of the monitoring data collected
for the OPSW. Some of the attached protocols
contain example data sheets. These sheets provide a
template for organizing the data collected by
volunteersinto a format compatible with the OPSW
database. In general, some important components
include:

» Global Positioning Data Point or latitude and
longitude

» Date of data collection

e Stream name

» Responsible party

*  Project objective

» Sitedescription

* Monitoring question

» Parameters measured

e Maximums, minimums, averages

Data Sorage and Analysis
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These protocols will conform to the
recommendations for data storage that are being
developed and will, in the future, provide guidelines
for transporting and delivering the data to the OPSW
database. Ataminimum, guidelines for the data
storage format will be developed. Those wishing for
additional information on progress with data storage
issues should contact Kelly M oore with the Oregon
Department of Fish and Wildlife (541-737-7623)
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Chapter 6

Stream Temperature Protocol

Background

Water temperature is a key factor affecting the
growth and survival of all aquatic organisms. The
effect of stream temperature on fish, amphibians,
macroinvertebrates, etc. varies between species
and within the life cycle of a given species
(Armour 1991; Beschta et al. 1987; Bjornn and
Reiser 1991; Lantz 1971; DEQ 1995). Preferred
temperature ranges for major fish species and their
particular life stages are shown in Table 6-1.

Increases in stream temperature cause an increase
in an organism’s metabolic rate (Warren 1971). If
enough food is available, growth rates can actually
increase with some increase in temperature. For
salmonids, temperature ranges of 40-66°F support
healthy growth. Outside this temperature range,
salmon and trout generally don’t grow in size, and
extreme temperatures can be lethal. Research has
found that elevated stream temperatures often
result in increased competition for a limited food
supply, with young salmonids forced into habitat
areas where they are easier prey (Reeves, Everest
and Hall 1987). Asfood availability goes down,
so does the growth rate. In addition, elevated
stream temperatures increase the risk of
disease-related mortality.

A's stream temperatures increase, the amount of
dissolved oxygen (DO)*available to aquatic biota
decreases. Asaresult, even if food is abundant at
higher temperatures, decreases in DO may
metabolically stress salmonids, further increasing
their susceptibility to disease.

When temperatures reach stressful levels, pockets
of cool water provide “refugia” for fish and
amphibian species that are sensitive to high stream
temperature. Cool water refugia can sustain
populations of sensitive species (Sedell et al. 1990).
Cool water habitat can be sustained in deep pools,
cold springs, areas of groundwater inflow, and at
the junction of cooler tributary streams.

Stream temperature has been heavily researched
and monitored (DEQ 1996; Dissmeyer 1994).
Studies have investigated the effects of land
management on stream temperature, developed
models to predict stream temperature, and
evaluated the effects of elevated temperature on
aquatic biota. What followsis a detailed
description of how to monitor stream temperature
at multiple scales. Please refer to previous
chapters and Appendix B for information on
developing a monitoring plan, selecting sites, and
storing data.

: The term "dissolved oxygen" (DO) refers to the amount of oxygen that is dissolved in water at a given temperature and atmospheric pressure. The
amount of dissolved oxygen available in the stream isimportant for the respiratory and other metabolic functions of water borne organisms.

Stream Temper ature Protocol
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Table 6-1. Optimum and lethal limit temperature ranges for coho, chinook, and bull trout.

Preferred Juvenile

Adult migration,

Fish Species DEQ Standard Temperature Range holding, or spawning Lethal Limit
Coho 64°F 54-57°F 45-60°F T1°F
Chinook 64°F 50-60°F 46-55°F T1°F
Bull Trout 50 °F 39-50°F 39-59°F e
M entors Mechanical thermographs have been used successfully

Aswith any monitoring project, questions will come
up that are not answered or covered sufficiently in this
protocol. Therefore, a group of mentors that are
agency expertsin monitoring have been identified.
These mentors may be contacted with specific
questions about a particular monitoring effort.

Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983;
E-mail: caton.larry@ deq.state.or.us

South Coast & Willamette
Dennis Ades (503) 229-5983;
Email: ades.dennis@ deq.state.or.us

Eastern Oregon
Larry Marxer (503) 229-5983;

E-mail: marxer.larry@ deg.state.or.us

Equipment

Temperature Recorders

Temperature recorders include maximum/minimum
thermometers, mechanical thermographs, and digital
thermographs or temperature data loggers.

Max/min recording thermometers designed for total
immersion may be used, but require daily site visits
during the entire sampling period. Use of max/min
dataisalso limited because it lacks information about
the length of time when temperatures were at or near
the maximum. They are therefore not preferred in
most watershed studies.

Stream Temper ature Protocol
Version 2.0

in watershed studies. Reliability can be a problem for
some mechanical thermographs and the data needs to
be transferred from the instrument to a database.

Temperature data loggers are the preferred
temperature recorder for watershed monitoring.
These data loggers have temperature recorders that
can be set to record at regular intervals (usually
hourly). This allows them to capture the shape of the
water temperature over a day. Shorter time intervals
will more closely approximate the maximum for any
day. These types of instruments continuously record
data for weeks or even months. This makesit more
likely to detect the maximum daily temperature
during the critical stream temperature season. Data
loggers also significantly reduce the work load of the
person or group conducting the monitoring because
data can be directly downloaded to a computer
database. The cost of temperature data loggers
continues to decline while their reliability and ease
of use continues to improve. A list of manufacturers
who sell temperature recorders and their phone
numbersis provided in Table 6-2.

Table 6-2. Temperaturerecorder manufacturersand their

telephone numbers.
Company Telephone
Vemco (902) 852-3047
Onset (508) 759-9500
Ryan (206) 883-7926

Temperature recorders must have a temperature
range which is appropriate for the environment that
will be monitored. Water temperatures do not vary
as greatly as air temperatures, but they can change
10 to 15°C over a 24-hour period. Instruments with
ameasurement range of -5°C to 35°C are suitable
for monitoring all stream systems.
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Temperature recorders should have a an accuracy of
approximately 0.3°C or better for Level A quality data
(See Chapter 4). Thisinformation will be available
from the manufacturer.

Listed below are several useful materials and pieces of
equipment that should be taken to the field to install
or service temperature probes.

Securing devices such as rebar, aircraft cables,
locks, and/or diver's weights

Surveyors marking tape
2-pound sledge hammer
Wire cutters or pocket knife

Temperature recording equipment requirements
(silicone rings, submersible cases, silicone grease,
silica packets)

Portable computer and interface as needed by the
temperature recorder if downloading and
launching will be completed in the field

Backup batteries and temperature recorders
Timepiece

Field book

Waders

Camera and film

Machete or other brushing equipment
Maps and aerial photos

Wood or metal stakes or spikes Global
Positioning System Device

First aid kit and personal 1D

Calibration Vs. Accuracy Check

Checking the temperature logger against a known temperature is often referred
to as “calibrating” the instrument. This is a misnomer, however, since the
temperature readings of continuous temperature loggers cannot be changed to
agree with a known standard (i.e., calibrated). Their reading is simply checked
against a known temperature, and any deviation from the known temperature is
recorded. W e refer to this procedure as an accuracy check.

Stream Temper ature Protocol
Version 2.0
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Table 6-3. Estimated equipment costs.

Equipment Required Costs * Possible Shared Costs

NIST** thermometer $180

Audit thermometer $60

Computer (laptop if field downloads are planned) $2500

W aders $100

Rebar, cables, tubing, etc. $100

Surveyors tape $2 [ unit

Sledge Hammer $15

Wire cutters $10

Camera and film $100

M aps $3 Jeach

Compass $30

*** Global Positioning System (GPS) $500

Field notebook $10

W atch $20

Backup batteries $10/each

Backup temperature recorders $135/each
TOTAL $360 $3415

* Required costs are those expenses each study will incur. Actual total cost will depend on the number of study sites and temperature logging
units required. Shared costs are for items used infrequently and could be shared between different groups or projects.

** National Institute of Standards and Technology

*¥** Accurate location of study sites on a map and latitude and longitude information is necessary. A GPS unit is one simple way of collecting
this information, but it can also be obtained from good maps. A GPS unit is not required. Excellent map location information is also available
on CD-ROM s for about $20.

quality of the data being collected is necessary for any
monitoring effort. The following procedures describe
methods for documenting the accuracy of the
temperature recorders before and after they are deployed
in the field, and testing for proper function during the
sampling period. Temperature recorders not properly
tested may result in data showing streams cooler or
warmer than actual temperatures.

Equipment Costs
Estimates of equipment costs are based on 1997 prices

(Table 6-3). It may be possible to share some
equipment with others doing similar monitoring or to
receive funding from the DEQ Healthy Streams
Partnership program for equipment.

Equipment Set-Up

Hardware and Software Checks

Prior to going to the field, make sure the operator is
familiar with the software for the computer and data
logger. The clock on the computer should be
synchronized with the user’s watch. Knowing the

Pre- and Post-deployment A ccuracy Checks

The accuracy of temperature recorders needs to be tested
before and after field deployment to insure that they are
operating within their designed range of accuracy.

Stream Temper ature Protocol 6-4
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M onitoring equipment with detachable sensors should
be marked in order to match sensors with temperature
recorders. This allows an instrument and sensor to be
consistently tested together, and also makes
malfunctions easier to diagnose and correct. A loghook

is helpful to document each unit’s accuracy, check dates

and test results. (An example of a temperature audit
form is shown in Table 6-4.)

Accuracy checks should be made at one or more
temperatures, preferably two; one between 5-15°C (42-
62°F) and one hetween 15-25°C (62-82°F). Testing is
done using a stable thermal mass, such as a water-filled
thermos bottle or cooler. Procedures for determining
temperature recorder accuracy are as follows:

N eeded Equipment

NIST (National Institute of Standards and
Technology) traceable (calibrated and maintained)
thermometer accurate to £ 0.2°C or a field audit
thermometer accurate to £ 0.2°C or better, that has
been checked against an NIST traceable
thermometer. (NI1ST temperatures are given in
Celsius. Please refer to the table in Appendix G).

1 or 2 medium sized coolers
Temperature audit forms

Small weights (bags of sand, diver weights, lead
weights, etc.)

Temperature recorders. Note: If using HOBOs, do
not use their sealed plastic cases.

2 bags of ice

Accuracy Check Procedure

1

For the 20°C calibration test, pour room
temperature water into a cooler. Adjust
temperature in the ice chest with ice, cold water, or
warm water to the desired temperature near 20°C.
Ificeisused make sureit all melts. Close lid.
Repeat procedure for the 10° calibration test but
start with cold water.

Insert the NIST thermometer probe through a hole
in the cooler lid. Pull it through enough so that
when thelid is closed, the probe will be suspended
midway (or slightly higher) in the waterbath.

Stream Temper ature Protocol
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3. Useaccompanying software and a laptop computer
to set the recorders to a 1-minute time interval.

4. Most temperature probes can be placed directly into
the waterbath. If the temperature recorders are
either internal or external sensor HOBOSs, place the
temperature recorders without their cases into a

plastic pint-size Ziplock® bag. Place this bag
inside a gallon-size plastic bag along with the small
weight(s). Theweight(s) should be sufficient in
mass to hold down the combined lifting force of the
temperature recorders and the air trapped inside the

Ziplock® bags while allowing the temperature
recorders to be suspended in the water column.
Place the double bagged HOBOs into the
waterbath.

5. Wait approximately an hour or until the waterbath
temperature has stabilized before recording the
NIST temperaturesin a logbook. Record
temperatures every minute for five minutes (a total
of six readings). M ore readings may be necessary if
there is suspicion that the waterbath temperature
has not reached an equilibrium.

6. Download temperature results from temperature
recorders and record logger results and audit
thermometer results with time of record on an audit
form. W ater temperatures should not vary more
than £0.5°C between the NIST recorded
temperature and the data logger’ s temperature.
Units not passing the accuracy test should not be
used.

NIST thermometers are available at DEQ offices in
Coos Bay, Astoria, and M edford, and at the Hatfield

M arine Science center in Newport. DEQ has 60 NIST
thermometers available for use by watershed councils.
Contact the temperature mentor with additional
questions about accuracy checks. Remember, accuracy
checks should be made before units are deployed and
after they are retrieved at the end of the sample period..
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Table6-4. Temperaturelogger audit form.

Project Name:

Temperature Logger ID:
Data File Name:
Date of Battery Installation:

Start Date:
Interval:
Duration:

Pre- Deployment Temperature Check
Date of Check:

Site Name:

Site STORET #:

USGS Quad Name & #:

Site Latitude:

Site Longitude:

Site Description:

Pre- Deployment Temperature Check
Date of Check:

Master thermometer ID:  DEQ Master thermometer ID:  DEQ
Low Temp TEMP TEMP Room Temp TEMP TEMP
TIME MASTER  UNIT  Difference  STATUS TIME MASTER  UNIT _ Difference  STATUS
AUDIT VALUES Water Temperature |Air Temperature Audit Thermometer ID
Date Time Audit Logger Audit Logger Comments STATUS
COMMENT:
Post- Deployment Temperature Check Post- Deployment Temperature Check
Date of Check: Date of Check:
Master thermometer ID:  DEQ Master thermometer ID:  DEQ
Low Temp TEMP TEMP RoomTemp TEMP TEMP
TIME MASTER  UNIT  Difference  STATUS TIME MASTER  UNIT _ Difference  STATUS
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

Stream Temper ature Protocol
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Alternative M ethod

To achieve Level A data quality (the highest level
as described in Chapter 4, Data Quality) the
accuracy check procedure using an NIST
thermometer described above must be used. If a
lower level of data quality (Level B or C— see
page Chapter 4 Data Quality) is acceptable for a
project, an alternate accuracy check procedure can
be used that does not require a NIST thermometer.

For this method, create an ice-water slurry in a
large insulated cooler by mixing cold water with a
large amount of ice. Temperature recorders can be
placed into the cooler to check that they are
performing accurately. They should read 0°C
(£0.5°C). Multiple probes can be placed in the
cooler at the same time to provide cross-checks.
This method only assures accuracy at 0°C. If the
data will be used for regulatory purposes, the
described NIST method must be used instead

Field Checking Instrument Performance

In addition to pre- and post-deployment checks,
check temperature recorders during the field
measurement period. A field check compares the
continuous temperature recorder reading with the
reading on afield audit thermometer. The purpose
in conducting field checksisto insure data
accuracy.

Attempt to obtain at least two field temperature
audits for three months of sampling— one after
deployment when the instrument has reached
thermal equilibrium with the stream (approximately
30 minutes to 1 hour after placement), and one just
before temperature units are removed from the
stream. Additional field checks, while not critical,
are useful as they can minimize loss of data in case
loggers malfunction during the sample period.
Field audit thermometers used for field checks
should have an accuracy of +0.5°C (+1.0°F) and
resolution of £0.2°C (+0.4°F).

Check the temperature by placing the audit
thermometer next to the continuous monitoring
instrument’s sensor. The temperature is recorded
when a stable reading is obtained. A stable reading
is usually achieved within 10 “thermal response
times”. For example, a thermometer with a
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10-second response time (refer to manufacturer
specifications) should give a stable reading within
100 seconds.

M ost temperature recorders interrupt data
collection when the unit is connected to a computer.
With this type of unit, field checking data can only
be applied by “post-processing” (i.e., after the units
are retrieved and the stored data are offloaded).

For this reason, field audit times should be
scheduled close to the temperature recorder’s
logging time. Otherwise, rapidly changing water
temperatures may cause the audit thermometer to
record a different temperature than the logger.

Temperature recorders typically set date and time
based on the set-up computer’s clock. Field
personnel should synchronize watches to this time,
otherwise a poorly timed check could cause valid
data to be rejected. Post-processing audit accuracy
should be within + 1.5°C (£ 3°F) as well.

Field M ethods

Site Selection

Chapter 3 addresses site selection criteria. Some
additional considerations unique to stream
temperature (Figure 6-1) include:

Install temperature recorders at sites with
turbulence and mixing, such as riffles, runs, or
cascades (high stream energy, fast moving
stream reaches).

Install temperature recorders toward the lowest
point of the channel bed (the*thalweg”) of the
channel where possible.

Consider that flow will decrease throughout the
summer and a location that appears adequate in
June may leave the temperature recorder
exposed in August.

Some researchers have recommended shading
temperature recorders from direct sunlight.
Discuss this with a temperature mentor.

Do not place monitoring equipment in pools, areas
where stream temperatures can be stratified by
depth or channel width, or other confounding
variables (See Chapter 3), unless the specific
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purpose is to evaluate these areas for temperature

refugia.

Water surface

Thermistor secured
to substrate

Channel bottom

Figure6-1. Illustration of temperaturerecorder installation and site locations.

Adequate Mixing

If uncertain whether a selected site has adequate
mixing, a hand-held thermometer can be used to
evaluate the degree of mixing. M ake frequent
measurements horizontally and vertically across the
stream cross-section. If stream temperatures are
relatively homogeneous throughout the
cross-section during summer low-flow conditions,
then sufficient mixing exists.

[nstallation

Installation of the sensor* or probe at the
monitoring site can be an important consideration.
M onitoring equipment must be installed so that the:

e temperature sensor is completely submerged

e temperature sensor is not in contact with the
bottom or other mass that could serve as a heat
sink/source

e where possible, the sensor is set about half-
way in the water column

For non-wadeable streams, the sensor should be
placed one meter below the surface, but not in
contact with a large thermal mass like a bridge
abutment or boulder. If volunteers are working in a
large, non-wadeable stream, contact the
temperature mentor for guidance. Field checks

4 .
The sensor isthe thermistor or other temperature detector and isa

part of the temperature recorder. The sensor or probe must be

submerged in the water column, not the temperature recorder.

Stream Temper ature Protocol
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during the monitoring should confirm that the
temperature sensor has remained submerged, that it
is not buried in the substrate, and that it has not
been damaged by changing flows, animals or
vandals.

Temperature recorders frequently become coated
with algae or silt and can be difficult to locate when
one returns to retrieve the unit or check the
temperature. A photograph of the monitoring site
can be useful for locating equipment. The
Governor’s W atershed Enhancement Board (1993)
provides guidance for photo documentation of
monitoring sites.

[nstalling, maintaining, and retrieving the
temperature recorder is fairly simple. The general
procedure for field work is as follows:

1. Start the temperature recorder either prior to
going to the field or in the field with a laptop
computer. Follow instructions for the specific
logging device. Many temperature loggers
have a delayed start function which allows
them to be initialized prior to going to the field.
It also allows recorders to be synchronized to
have the same starting time throughout the
watershed.

2. Secure the temperature recorder with rebar,
cable, or weights depending on the streambed
characteristics, in a section of stream channel
with adequate mixing and flow.
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3. Record in afieldbook the time of deployment
and how long the monitor will record
measurements. Check the stream temperature
with an audit thermometer. Record site
conditions, weather conditions, and site
location using latitude and longitude.

4. Collect any additional environmental
parameters of interest such as riparian shade,
flow, channel width and depth, substrate
composition, and riparian vegetation
characteristics. For more information on these
measures, check the following references: EPA
1993; EPA 1996; Bjornn and Reiser 1991;
ODF 1994; and Appendix D.

5. Photograph the site location for future
reference. Write a description of the site and
sketch the exact location of the temperature
recorder. Record the serial number of the
logger with each site description.

6. If possible, permanently mark the site location.
Vandalism, theft, and landowner permission
should be considered.

Attaching and Securing the Temperature Recorder
DEQ uses aircraft cable to attach temperature
monitors for security purposes and stabilization in
large river systems. Other securing devices such as
rebar and hose clamps or diver's weights also can
be used.

Retrieval and/or M id-Season Redeployment

1. Locate the temperature recorder and check
stream temperature with audit thermometer
before removing it from the stream.

2. Offload the data using a laptop computer and
the temperature recorder’ s specific software.
Back up the data files on both the hard drive
and a disk.

3. Record the time of downloading, site conditions
(changes in streamflow, riparian vegetation,
etc.), and weather conditions.

Monitoring Timing

For assessing maximum stream temperature,
continuous temperature monitoring is generally
conducted from June through September when solar
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angles are high and streamflow islow. W here this
IS not possible, monitoring can be conducted during
a three-month period including July and August
when stream temperatures are generally the highest.
Depending on study objectives, temperature data
may be of interest during fish spawning seasons
also. Thistypically occursin the fall, winter, or
spring. Ideally, at least two weeks of data should
be collected on either side of the period of
maximum temperature.

M onitoring Frequency

The monitoring frequency should be adequate to
provide a realistic estimate of the maximum
temperature. 1f monitoring data are collected
infrequently, the maximum temperature may be
missed. The Monitoring Team recommends that
the monitoring frequency should be set for
continuous temperature recorders at one hour
intervals. More frequent monitoring can more
precisely determine the duration of daily maximum
temperatures. The disadvantage to more frequent
readings is fewer days of data collection are
possible and more data points for the same period
of time must be stored and analyzed.

Data Analysis

Data Qualit

Reviewing data for errors prior to analysisis
important. Viewing data graphically as soon as
possible is a good way of checking for errors.

Some data logging software actually graph the data
while it is offloaded from the temperature recorder.
Graphing the data provides a view of the entire
period of record. The collected data set can then be
scrutinized for illogical or incorrect segments. For
example, extremely high or low blips and sustained
periods of little or no change in temperature shown
by flat portions on the graph are areas of concern.
Often these areas exist at the beginning or end of
the data file and can result from starting the
temperature recorder long before it is placed in the
stream. Areas of concern in the middle of the data
period may have occurred when the temperature
recorder was exposed to the air because of low flow
or because of removal by animals, or vandals.
These areas of concern must be deleted from the
dataset. However, itisvaluable to keep a backup
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file of the complete unaltered dataset in case the
data quality comes into question.

DEQ will provide an electronic spreadsheet for
reporting temperature data. Contact one of the
mentors listed at the beginning of this chapter for a
copy, or for further information on data reporting.
An example of a data summary sheet is provided in
Table 6-5. What follows are some examples of
statistical parameters for summarizing stream
temperature data.

Seven-Day Moving M ean of Daily M aximum

The “ seven-day moving mean of daily maximum”
smoothes out some of the daily fluctuations in the
temperature profile and also provides a picture of
the average temperature affecting fish over a longer
period of time than daily maximum. Itisalso the
basis of the DEQ water quality standard for stream
temperature.

Before calculating the seven-day moving mean of
daily maximums, the daily maximum temperatures
must be determined. Using a spreadsheet, query
the maximum reading for each 24-hour period of
measurement. Store these temperature readingsin
a separate file or column accompanied by their
date. The seven-day moving mean is calculated as
the average of the 24-hour maximum temperature
for the day and the maximum temperatures for the
proceeding three days and following three days
Daily Fluctuation

Daily fluctuations are also often used in stream
temperature analysis. Thisis the difference
between the daily maximum and daily minimum
temperatures at a station.

Spatial Trends & Rate of Change

With two or more temperature recorders available,
changes in temperature between multiple stations
on a stream can be analyzed. Thisis calculated by
subtracting the temperature (maximum, minimum,
or seven-day moving mean of maximum) at one
station from the other station. The changeis
reported as an increase (positive value) or an
decrease (negative value) in temperature.

Temperature change can also be reported in terms
of rate of change. Thisis commonly reported as
change in temperature per linear distance (i.e.

Stream Temper ature Protocol
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2°C/1000 feet). Two or more probes are needed,
and the distance between stations must be
measured.

Basin Trends

Stream temperature generally increasesin a
downstream direction. If stream temperatures are
monitored throughout a basin (i.e. 5-20 probes) the
basin trend from the divide can be analyzed by
distance. Graph the highest 7-day maximum
temperature for each station versus its distance
from the ridge or watershed divide. Then answer
the following questions: How does the rate of
change (calculated above) vary from upstream
locations to downstream locations? Is there a point
in the basin where stream temperatures stop
increasing and level off? What is the maximum
stream temperature and where does it occur? How
does tributary input affect the basin trend?
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Template for stream temperature data management.

Table6-5. Examplesfor stream temperature data summary.

Stream Name Station Calibration Monitoring Highest Date of Absolute Date of Diurnal Rate of Change  Landuse
N umber M ethod Period 7-day M ax Occurrence Maximum Occurrence Fluctuation *
(NIST or (beginning  (end date) (mldlyr) (midlyr) (°F) (°F/1000 ft) (AG/
Alternative) date) Forestry/
Urban)
Deer Creek 1 NIST 6/15/98  9/15/98 58.3 8/4/98 60.2 8/3/98 2.0 Forestry
Deer Creek 2 NIST 6/15/98  9/15/98 60.3 8/4/98 62.9 8/5/98 2.5 3.0 Forestry
Deer Creek 3 NIST 6/15/98  9/15/98 62.2 8/4/98 65.7 8/3/98 3.0 2.5 Forestry
Deer Creek 4 NIST 6/15/98  9/15/98 62.1 8/4/98 63.3 8/2/98 2.5 -1.5 Forestry
Clear Creek 1 NIST 7/4/98  9/20/98 62.5 7/21/98 63.7 7/19/98 4.1 For. & Ag
Clear Creek 2 NIST 7/4/98  9/20/98 58.1 7/21/98 59.2 7/18/98 45 -0.8 For. & Ag
Clear Creek 3 NIST 7/4/98  9/20/98 58.9 7/22/98 60.1 7/18/98 4.6 0.5 For. & Ag
* If a Global Positioning Station was not used, then latitude and longitude will suffice.
* Rate of change can only be calculated when more than one station is established.

NOTE:  Other useful data that were not described in this protocol include: elevation, distance from divide, shade, channel gradient, substrate, channel width, and depth, and riparian buffer width.

These could be added as columns to this template.

Stream Temperature Protocol
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Chapter 7

Dissolved Oxygen Protocol

Background

The term “dissolved oxygen” (DO) refersto the
amount of oxygen that is dissolved in water at a
given temperature and a given atmospheric
pressure. DO iscritical to the entire biological
community in surface waters and is a key element
of healthy salmon habitat. DO is one of the
principal parameters used to measure water quality.
[n Oregon, water quality criteria have been
developed for DO based on the life history
requirements of aquatic species, particularly
salmonids (DEQ 1994).

DO isusually measured in parts per million (ppm)
or the equivalent of milligrams per liter (mg/l).

W ater can hold more dissolved oxygen (DO
saturation) at low temperatures than at high
temperatures. For example, at 08C and 1
atmosphere of pressure, the maximum
concentration of DO (100% saturation) is 14.6
mg/l; at 308C the same water sample would contain
only 7.55 mg/l (Hitchman 1978).

[n waters supporting salmonids, the necessary DO
levels range from 11 mg/l in spawning and rearing
waters (in order to support embryo and larval
production stages with no impairment) to 6 mg/l in
non-spawning waters (the absolute minimum to
avoid acute mortality).

In addition to temperature, various supplies and
demands influence the concentration of DO in
water. The primary sources for dissolved oxygen
are photosynthetic activities of aquatic plants and
reaeration (as water spills and splashes
downstream, atmospheric oxygen is trapped and
dissolved in the water). The major demandson DO
concentration come from plant respiration and the
biological breakdown (or decomposition) of organic
material by bacteria and other microorganisms.

Dissolved Oxygen Protocol
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The DO protocol described here is for sampling
surface water DO concentration (DEQ 1995; DEQ
1997; EPA 1996; M acD onald, Smart, and W issmar
1991). Intergravel DO concentration is also an
important measure of stream habitat for salmon

(M cCullough and Espinosa 1996; M acD onald,
Smart, and Wissmar 1991). Intergravel DO
samples can be collected by pumping a water
sample from the gravel near potential redds.
However, DEQ does not recommend that these
types of samples be collected by watershed
councils. Additional information of intergravel DO
sample collection should be referred to the mentor.

M entors

Aswith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified . These mentors may be contacted
with specific questions about a particular
monitoring effort.

For more information on dissolved oxygen, contact:

Dr. George Ice
E-mail: gice@wcrc-ncasi.orq

OR
Statewide DEQ Volunteer M onitoring Coordinator

Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983;
E-mail: caton.larry@deq.state.or.us

South Coast & Willamette
Dennis Ades (503)-229-5983;
E-mail: ades.dennis@ deq.state.or.us

Eastern Oregon
Larry Marxer (503) 229-5983;
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E-mail: marxer.larry@deq.state.or.us

Ordering Equipment

The sampling method for measuring DO
concentration outlined in this protocol is known as
the Winkler Titration Method (APHA 1998). The
Winkler M ethod can be done with liquid or dry
chemical reagents. Approximate costs for
equipment and reagents are shown in Table 7-1.
For information about the chemical reagents and
the other equipment required for this method,
contact:

The HACH Company
P.0. Box 608

Loveland, CO 80539-0608
1-800-227-4224

NOTE: The chemicals, liquid or dry, used in the
Winkler Titration method for measuring DO
concentrations are hazardous. M aterial Safety
Data Sheets are provided with each purchase, and
all safety precautions and procedures should be
employed during use

Table 7-1. Equipment costs.

Estimated Costs

Winkler M ethod Field Sampling Equip.:

Hach Digital Titrator DO Test Kit
Additional reagents

200 ml Volumetric Flask

Field Audit Thermometer

Field Notebook (Data Sheets)

$190.00 (50 tests)
$43.00 (50 samples)
$15.00
$60.00
$10.00

Field Protocol

The Winkler Titration M ethod is the most accurate
chemical method for measuring DO
concentration. Itisbased on the oxidation of
manganese, the liberation of iodine in proportion to
the DO present in the sample, and then the
“titration” of the iodine with sodium thiosulfate. °

M onitoring Frequency & Timing

M onitoring frequency depends on the objectives of
the project plan (M acDonald, Smart, and Wissmar
1991). The goal of DO monitoring is to provide a
realistic estimate of the stream’s typical DO

° "titration" isa standard analytical method that measures the
amount of one chemical or solution needed to react with another
chemical or solution. Inthis case, the amount of sodium thiosulfate
needed to react with the iodine present in the water sample.

Dissolved Oxygen Protocol
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conditions, therefore the frequency and total
number of monitoring samples should be based on
the attainment of that goal. The concentration of
DO insurface waters will vary throughout the day
due to oxygen production by aquatic plants,
respiration, and changes in water temperature. If
DO samples are not collected frequently enough,
the degree of daily DO fluctuation may be missed,
the immediate or potential problems may not be
identified, or the long-term trends may not be
determined.

The timing of collecting samples also depends on
the objectives of the project, which may target a
particular time of day. Low DO concentrations
usually occur in the early morning because plants
stop producing oxygen at nightfall and don't begin
again until sunrise. DO concentrations build up
throughout the day following the pattern of
photosynthesis. Concentrations usually peak in the
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afternoon, and then decline as respiration exceeds
photosynthesis (Ricklefs 1979; Willers 1991).

The timing of sample collection may also be
influenced by other oxygen sinks and sources that
occur at a specific time of day or season of the year.

For example, large inputs of organic material may
result in a significant drop in oxygen concentration
due to an increase in biochemical oxygen demand

(BOD)",

The dissolved oxygen needs of salmonids vary with
their life history stages, from embryo development to
growth and sexual maturity. Having experience
with regional weather patterns and knowing the
timing and length of salmonid spawning seasons is
important if monitoring duration must be limited.
For example, west of the Cascades, the majority of
salmon and steelhead spawning takes place during
the fall, winter, and spring months when water levels
are elevated and water temperatures are at a
minimum.

Recommended Sample Collection &
Analysis

Field Collection

The sample containers used for collecting water
samples for DO measurements are clean 300 ml
glass BOD bottles with glass stoppers (these bottles
come with the HACH monitoring kits). Field staff
can fill the sample bottle by: a) submersing it
directly into the stream; or, b) collecting the water
sample from a bridge or similar structure using a
suitable grab sample collection method.

1. Fill the sample bottle to overflowing to ensure
that no air bubbles are trapped in the bottle.
Replace the glass stopper. Invert to check for
air bubbles. This minimizes the risk of
additional aeration of the sample.

° B.O.D. isameasure of the amount of oxygen consumed in the
biological processesthat break down organic matter in water. The
greater the BOD, the less oxygen isavailable for other biological
uses (including salmonid respiration).

Dissolved Oxygen Protocoll 7-3
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2. Remove the glass stopper and add the contents
of 1 powder pillow of M anganous Sulfate
(Winkler Reagent 1), and 1 powder pillow of
Alkaline Azide (Winkler Reagent 2). Replace
stopper and repeatedly invert the sample bottle
so that the contents mix vigorously for 15-20
seconds. A flocculent precipitate (a cloudy
substance created from the chemical reaction)
will form in the sample (brownish-orange if
oxygen is present, white if oxygen is absent).

3. Allow the sample to stand until the “floc” has
settled approximately half way to the bottom of
the bottle. REPEAT the vigorous mixing for
15-20 seconds. Allow the sample to stand until
the floc settles a second time. Note: Vigorous
mixing is critical to dissolving the powdered
reagents and allowing the chemical reactions to
occur. Not all of the reagents will dissolve, but
large chunks of the reagents should not be
visible after mixing. Inadequate mixingin
steps 2 and 3 isa common error.

4. After the floc has settled again, remove the
glass stopper and add 1 powder pillow of
Sulfamic Acid. Replace the glass stopper and
invert the bottle several times, mixing
vigorously 15-20 seconds. The sample should
turn a clear amber color. (Some of the
powdered reagents may not have completely
dissolved - thisis normal.)

After the initial water sample has been chemically
preserved, it can be held for up to eight hours, in
the dark at 4°C, before the titration step is
performed.

Sample Titration

Note: The sample can be titrated with either a Hach
“Digital Titrator” or a standard burette.
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Option 1: Hach Digital Titrator M ethod

Use Hach M ethod 8215 as described below, using
0.2N sodium thiosulfate titrant.

1.

Remove the glass stopper and fill a 200 ml
volumetric flask with a sample. Transfer this
200 ml portion to a 500-ml Erlenmeyer flask.
Insert sodium thiosulfate cartridge into the
titrator.’

Insert a clean delivery tube (approximately

1/16th diameter “hook”) into the titration
cartridge (that comes with the monitoring kit).
Attach the cartridge to the titrator body. Lower
the plunger for the titrator gently until it
contacts the sodium thiosulfate cartridge.

Turn the delivery knob to eject a few drops of
titrant. Reset the counter to zero and wipe the
tip of the delivery tube.

Place the delivery tube tip into the sample.
Turn the delivery knob clockwise to add titrant
to the sample. NOTE: swirl the flask while
adding titrant to make sure it mixes. The
sample will gradually turn a pale yellow color.
Once the sample is pale yellow, the endpoint of
the titration is approaching. Adda 1 ml
dropper of Starch Indicator Solution (also a
part of the kit) and swirl to mix. Note: A dark
blue color will develop.

Continue the titration until the sample turns
from blue to colorless. Thisis the endpoint!
Record the number of digits on the Digital
Titrator’'s counter.

M ultiply the number on the counter by 0.01.
The result is the sample DO in mg/l.

! Contact the DO monitors listed in this chapter for more information
about equipment or techniques needed in the titration process.

Dissolved Oxygen Protocoll
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Option 2: Burette Titration M ethod

1. Remove the glass stopper and fill a 200 ml
volumetric flask with a sample. Transfer this
200 ml portion to a 500-ml Erlenmeyer flask.

2. Fill 210 ml burette with standard sodium
thiosulfate titrant (0.025N). Slowly add titrant
to the sample drop by drop.

3. Swirl the flask while titrating to ensure good
mixing. The sample will turn a pale yellow
color, which means the endpoint is
approaching.

4. Add 1 ml of Starch Indicator Solution. Note: A
dark blue color will develop..

5. Continue addition of titrant drop by drop until
the sample changes from dark blue to clear.
NOTE: Take care not to overrun the end
point.

6. Read the amount of titrant used to reach the
endpoint. 1 ml of titrant = 1 mg/l DO.

Oxygen Percent Saturation

Atmospheric pressure varies with weather and
elevation. Atsealevel, it averages near 760 mm
Hg. Aselevation increases, pressure decreases.
The average pressure at Burns (4,200 feet) is 750
mm Hg. Extremes observed in Oregon average
from a low of 632 to a high of 780 mm Hg.

D etermine the percent saturation of DO using
Table 7-2 and the following calculation method:
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Table 7-2. Oxygen solubility (saturation) in fresh water (mg/L)

Percent Saturation Table Elevation Correction
Water DO 100% Water DO 100% Elevation in Elevation
Temperature C Saturation Temperature C Saturation feet Factor
0.0 14.60 205 9.10 0 1.00
05 14.40 210 9.00 500 1.02
1.0 14.20 215 8.90 750 103
15 14.00 220 8.80 1000 104
2.0 13.80 225 8.75 1250 106
25 13.65 230 8.70 1500 106
3.0 1350 235 8.60 1750 1.06
35 13.30 24.0 8.50 2000 1.07
40 13.10 245 8.45 2250 1.08
45 12.95 25.0 8.40 2500 1.09
5.0 12.80 255 8.320 2750 110
55 12.65 26.0 8.20 3000 111
6.0 1250 26,5 8.15 3250 112
6.5 12.35 270 8.10 3500 113
7.0 12.20 275 8.00 3750 114
75 12.05 280 7.9 4000 1.15
8.0 1190 285 7.85 4250 116
85 11.75 29.0 7.80 4500 117
9.0 11.60 295 7.70 4750 1.19
95 1145 300 7.60 5000 120
100 11.30 305 7.5 5250 121
105 1120 310 7.50 5500 122
11.0 11.10 315 7.45 5750 123
115 10.95 320 7.40 6000 124
120 10.80 325 735 6250 125
125 10.70 330 7.30 6500 1.26
130 10.60 335 725 6750 1.27
135 1050 340 7.20 7000 1.29
14.0 10.40 345 7.15 7250 1.30
145 10.30 35.0 7.10 7500 131
15.0 10.20 355 7.05 7750 1.32
155 10.10 8000 134
16.0 10.00
165 9.85
17.0 9.70
175 9.60
180 9.50
185 9.45
190 9.40
195 9.30
20.0 9.20
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Alternative M ethod Using DO Probes

DO meters are an alternative method for collecting
data on water temperature and DO. However, DO
meters are not as accurate as the Winkler Titration
M ethod and may be subject to “drift,” thus requiring
frequent re-calibration. A useable meter will be in
the $1200 to $2000 price range. For these and other
reasons, using the Wrinkler Titration method is
probably more reliable for volunteer groups
collecting DO data in a cost effective, credible and
timely manner. For more information about DO
meters, contact the mentors listed in this chapter.
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Chapter 8

pH Protocol

Background

Just as “ degree” isa measure of temperature, pH is
a measure of how acidic or basic the water is’.

W ater pH is critical to fish habitat because it can
affect fish egg production and survival, aquatic
insect survival and emergence, and the toxicity of
other pollutants such as heavy metals or ammonia.
Like water temperature, pH naturally varies both
daily and seasonally.

M ost daily cyclesin pH occur as a result of the
photosynthesis of aquatic plants. Through
photosynthesis, plants convert the sun’s energy into
chemical products they need to live and grow.
During daylight hours, aquatic plants consume
carbon dioxide (an acid), and produce hydroxide (a
base). Asaresult, water becomes more basic
during the day (pH values get higher) and usually
peaks in mid-to-late afternoon. Virtually all
aquatic organisms produce carbon dioxide (acid)
through their normal metabolism of food
(respiration). Asaresult, water becomes more
acidic during the night (pH values drop) and
usually islowest just before sunrise. A similar
daily pattern occurs in dissolved oxygen
concentrations as a result of photosynthesis (see
Chapter 7).

When acids dissolve in water, hydrogen ions (H+)
are produced. Hydrogen ion concentrations in
water usually comprise very small fractions—
1/10,000,000, for example. For convenience, these
concentrations are converted to a pH scale— a
logarithmic numerical scale that ranges from 0 to
14. Pure water hasa pH of 7, and is the neutral
point— neither acidic nor basic. Water is acidic
when the pH value is below 7 and basic when the
pH valueisabove 7. Note that a unit change in pH

¢ This measure differsfrom acidity and alkalinity. Acidity and
Alkalinity are measures of the capacity of water to neutralize added
base or acid, respectively.

pH Protocol
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is a tenfold change in hydrogen ion concentration.
Thus, a solution of pH 7 is ten times as acidic as
one of pH 8, and one hundred times as acidic as one
of pH 9 (M cCutcheon, M artin, and Barnwell 1992;
Sawyer and M cCarty 1967).

W ater pollution can cause changes in pH through
the direct addition of acids or bases such as acid
mine drainage, acid rain, or chemical spills. More
commonly, pH is altered by excessive plant growth
that results from the addition of fertilizers.
Fertilizers end up in our waterways from sewage or
industrial discharges, failing septic systems, and
agricultural and urban runoff.

The most accurate way to measure pH iswith a
calibrated meter and pH electrode. The pH

electrode is sensitive to the concentration of H*
ions in the water. M easuring pH with an electrode
requires a very small electrical current to flow
through the water sample. When immersed in
water, the electrode develops an electrical potential
that is related to the pH of the solution. A
“reference” electrode completes the circuit and
provides a stable electrical reference potential. For
convenience, “combination” pH electrodes are
designed with the reference electrode built in. The
reference electrode makes electrical contact with
the water sample through a small opening (called
the junction) that allows slow leakage of a salt
solution or gel into the sample. A clogged or dirty
junction is a common source of measurement error.
Electrodes with a fouled junction may not calibrate
properly and typically show a slow response when
immersed in a sample or distilled water.

When a pH electrode is connected to a meter, the
voltage developed at the electrode is amplified, then
converted to the pH scale, and displayed as a digital
readout. The meter is calibrated with solutions of
known pH called “buffers” (pre-packaged and
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available through scientific supply outlets). Each
buffer has a specific pH at a specific temperature.

Temperature also influences the electrical potential
of the pH electrode. This potential source of error
is eliminated by using meters and electrodes
equipped with automatic temperature
compensation, commonly abbreviated asATC.

Buffer solutions that are used to calibrate pH
meters are relatively salty solutions. M ost of
Oregon’s surface waters have relatively low
concentrations of dissolved salts. These waters
have what is called “low ionic strength.” As noted
above, pH measurement with an electrode requires
a very small electrical current to flow through the
water sample, and dissolved salts carry the
electrical charge through the water. Sometimes a
pH electrode will appear to be working during
calibration in the buffer, but will give inaccurate
readings in low ionic strength water. These
problems can be avoided. First, start by using the
right equipment— pH probes specifically designed
for use in low ionic strength solutions. Second,
once the meter is calibrated, test the electrode
response in distilled water— it should read between
pH 5.4 t0 6.0 within 10 minutes.

Some companies advertise low ionic strength
buffers, but tests at the DEQ L ab have found that
these buffers are still too high in salt concentration
for Oregon surface water measurements.

One way to overcome the problem of measuring pH
in low ionic strength water is to add a small amount
of potassium chloride (K Cl) salt solution to the
sample: 1 ml per 100 ml of sample (see the section
on Measuring Water Sample pH below). These
“pH ionic strength adjuster” solutions are
commercially available from scientific supply
companies. NOTE: lonic strength adjustment is
the recommended pH procedure— but itisnot a
substitute for using good quality equipment with
careful calibration and maintenance.

Other possible problems with pH measurement
include damage to the electrode and chemical
interference.

pH Protocol
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Glass adhering materials

Substances that adhere to glass can interfere with
the response of the sensing glass bulb on the
electrode. The problem can be solved by cleaning
the probe according to the manufacturer’s
instructions.

Abrasives and physical damage

I the sensing glass bulb becomes scratched or
damaged in any way, it may not be able to establish
a proper potential with the sample solution.
Damaged electrodes should be discarded. Carein
handling the electrode should minimize this
problem.

Ordering Equipment

pH M eters
pH meters can be purchased from a variety of

scientific supply companies. Important features
include digital readout and accuracy to +0.1 pH
units, two-point calibration, automatic temperature
compensation, and the ability to use standard pH
electrodes.

pH Electrodes
pH electrodes must be designed for use in low ionic

strength water. Gel filled electrodes should be
avoided. Anexample of a good electrode is the
Orion Ross model 81-02 or equivalent.

lonic Strength Adjuster

The Orion brand “pHix" isrecommended. Orion
catalog number 700003.

Orion meters are also available from scientific
suppliers such as VWR (800-932-5000).

pH Field Protocol

Calibrating Equipment

One calibration per day is required. Follow the pH
meter manufacturer’s calibration procedure for a
2-point calibration using pH 7 and 10 buffers.

A proper calibration will include the following
steps:

1. Slide the plastic sleeve on the pH probe up so
that it no longer covers the filling solution
opening venthole near the top of the probe.
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2. Check the level of the filling solution in the
probe. Ifitis1inch or more below the
opening, add more filling solution.

3. Check for crystal formation in the electrode
body. Small amounts of crystal are tolerated.
However, if more than one-half inch of crystals
IS observed, empty out the electrode, rinse with
warm distilled water to dissolve the crystals,
then refill with the appropriate filling solution.

4. Observe the electrode-sensing bulb for any dirt
or damage. Clean with de-ionized water if
dirty and replace if damaged.

5. Rinse the probe thoroughly with distilled
water.

6. Insert the probe into pH 7 buffer and stir
moderately for 30 seconds. The electrode must
be inserted to a depth of at least one-half inch
in the solution. Do not allow the probe to
contact the walls of the container.

7. Set the meter to “pH" and begin the calibration
period. Stop stirring, wait for the reading to
stabilize. Instruct the meter to accept the pH 7
calibration.

8. Remove the electrode from the pH 7 buffer and
rinse thoroughly with distilled water.

9. Putthe probein the pH 10 buffer. Stir for 30
seconds. Stop stirring and wait for the reading
to stabilize. Instruct the meter to accept the pH
10 calibration.

Some meters display a “slope” value when the
calibration is complete. The slope is expected to be
>95%. If the slopeis<90%, use another meter or
electrode.

Once the meter is calibrated, re-check its readings
on the calibration buffers. Record the calibration
information in the meter’s logbook. Be sureto
include the date and time of calibration with the
monitor’s name, the buffer temperature, the buffer
value, and the meter’s pH reading. W hen recording
the buffer value, be aware that the buffer’s pH
changes with temperature— look on the bottle [abel
and record the buffer pH at the temperature just
measured.

pH Protocol
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Sample Handling and Preservation

Collect a water sample in a clean container. The
DEQ routinely measures pH in the field, but when
thisis not possible, samples are analyzed at the lab.
If pH can’'t be measured in the field, samples are
collected in clean, tightly sealed 500 ml (1 pint)
plastic containers. The desirable quantity of a
sample for analysisis 100 ml of solution. To
preserve the samples keep them cool at 4°C.
Acceptable storage time for laboratory pH
measurements is 36 hours after collection
(including transport time).

Samples are moderately agitated before pouring
into a beaker— it's important to avoid mixing air
into the sample because it could change the pH.
Air intrusion is also avoided when stirring during
pH measurements.

M easuring W ater Sample pH

1. Calibrate the pH meter as described above. If
the meter was calibrated earlier in the day, be
sure to remove the probe’s filling solution vent
plug before making any pH measurements.

2. Thoroughly rinse the probe with distilled
water. Put the probe in a beaker of distilled
water (DW) while preparing the water sample.

3. Gently shake the sample container and pour
approximately 100 ml of the sampleinto a
clean beaker. Remove the probe from DW and
insert it into the sample water. Rinse probes in
the sample for at least 30 seconds.

4. Dump out the sample, rinse, and pour another
100 ml of fresh sample into the beaker. Add
1 ml of pH lonic Strength Adjuster to the
sample using a 1 ml syringe.

5. Stir for afull 30 seconds (moderate to rapid stir
isrequired). Stirring should not be so vigorous
that air bubbles are entrapped in the sample.

6. Stop stirring and wait for the pH reading to
stabilize. Up to 10 minutes may be required
for this to occur. 1f more than 10 minutes are
required for readings to stabilize, the probe
should be cleaned or replaced. A reading may
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be considered stable when it changes at a rate
of less than .03 units/min. Even after a reading
has "stabilized" it will often fluctuate by £0.04
units.

7. Record pH to the nearest 0.1 units.

8. Remove the probe from the sample, rinse
thoroughly with DW, and insert it into the next
sample. Check the pH 7 buffer every 10
samples or at the end of the day to confirm
stability of the calibration. The pH should not
have changed by more than 0.2 units. If
necessary, re-calibrate before continuing with
the analysis.

When sample testing is completed, replace the
probe’s vent plug and store the probe in the
manufacturer’s recommended storage solution.

Analyzing Data

Verify that the data is meeting the data quality
objectives of the Quality Assurance Project Plan.
Accuracy is verified by checking meter calibration
records. Precision isverified by comparing the
results of duplicate measurements on the same
sample.

Data which passes the accuracy and precision
objectives can be compared to the water quality
standards for the entire basin.

W ater Quality Standards

The DEQ has adopted pH standards that are
intended to protect aquatic life. These standards
differ slightly from basin to basin because waters in
some parts of the state have naturally higher pHs.
In general, aquatic life suffers when pH drops
below 6.5 or goes above 8.5. Check the Oregon
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Administrative Rules for the pH standards that
apply specifically to the respective basin.

M entors

Aswith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified . These mentors may be contacted
with specific questions about a particular
monitoring effort.

Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983;
E-mail: caton.larry@deq.state.or.us

South Coast & Willamette
Dennis Ades (503)-229-5983;
E-mail: ades.dennis@ deq.state.or.us

Eastern Oregon
Larry Marxer (503) 229-5983;

E-mail: marxer.larry@deq.state.or.us
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Chapter 9

Conductivity Protocol

Background

Conductivity (or specific conductance) is a measure
of water’s ability to conduct an electrical current
(Sawyer and M cCarty 1967). The conductivity of a
water sample depends on the water temperature and
on the concentration of dissolved salts or other
substances that can carry an electrical charge.

There is no water quality standard for conductivity,
but conductivity can be a useful diagnostic tool for
interpreting other water quality information. For
example, domestic and industrial wastewater,
stormwater, and irrigation return water often have
higher conductivities than the receiving streams.
Groundwater inflows also typically have higher
conductivities than surface runoff. M easuring
conductivity is also informative in estuaries and
coastal rivers that may be influenced by salt water
as aresult of ocean tides.

Conductivity is measured with a meter and is
reported in units called micromhos/centimeter
(mhos/cm) or microsiemens.cm (s/cm).

Conductivity meters are usually factory calibrated,
but need to be periodically tested for accuracy in a
standard salt solution. Conductivity metersin
general require much less maintenance than pH
meters or dissolved oxygen meters. Problems
associated with a conductivity meter are usually
due to dead batteries, a cracked or damaged cable,
or a damaged or defective electrode.

Fresh surface watersin Oregon range in
conductivity from about 20 to 500 mhos/cm. In the
Willamette Valley and Coast Range conductivities
are typically 150 mhos/cm or less. Distilled or de-
ionized water that has been in contact with the air
usually has a conductivity of about 1 mho/cm.

Ordering Equipment

Conductivity meters can be purchased from a
variety of scientific supply companies. Important
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features include digital readout, automatic
temperature compensation, and accuracy of £0.5%.

Standard salt solutions for testing instrument
accuracy are also available from scientific
suppliers. The recommended standard solution for
fresh surface water measurements is potassium
chloride (K Cl) with a conductivity of 147
mmhos/cm.’

Field Protocol

Calibrating Equipment

M ost conductivity meters are calibrated at the
factory, but it is necessary to check the accuracy
against a standard solution. For surface water
monitoring the DEQ uses a standard solution of
potassium chloride which has a conductivity of
147 mhos/cm.

1. Turnon the meter and rinse the probe in
distilled or deionized water.

2. Rinse the probe with the Conductivity Standard
Solution.

3. Pour about 200 ml of Standard Solution into a
clean beaker and immerse the probe. M ake
sure the temperature and conductivity sensors
are fully submerged.

4. Set the meter to display temperature.

5. Adgitate the probe in the solution, but do not
allow probe to contact the walls of the
container.

6. Record the solution temperature when the
reading is stable.

7. Set the meter to display conductivity in
mhos/cm with the temperature compensation.

° Note: some meters display an equivalent unit to pmhos/'cm called
micro-semensg'cm (uS/cm). 1 pmhos/ecm = 1 uS/cm

Other metersdisplay in milli-siemens/m (mS/m). Be careful not to
confuse unitsl 10 pmhos/cm = 1 mS/m
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8. Adgitate the probe asin step 5 and record the
conductivity to the nearest whole number.

9. Calculate the Relative Percent Difference
(RPD) between the instrument reading and the
Standard Solution’s value.

10. The Relative Percent Difference should be
within 7% for Data Quality Level “A” or
within 10% for Data Quality Level “B" (refer
to Chapter 4, Data Quality ). If theRPD is
greater than the expected value, repeat the
accuracy test with fresh solutions. If that
doesn’t fix the problem, the meter or probe
needs service.

Sample Handling and Preservation

Collect a water sample in a clean container or lower
the probe directly into the water. The DEQ
routinely measures conductivity in the field, but
when this is not possible samples are analyzed at
the lab. If conductivity can’t be measured in the
field, samples are collected in clean, tightly sealed
500 ml (1 pint) plastic containers.

Sample preservation— samples are kept cool at
4°C onice or in arefrigerator. Storage time for
samples is up to 28 days after collection.

M easuring Conductivity of a W ater Sample
1. Turnon the meter and rinse the probe in
distilled or deionized water.

2. Rinse the probe with the water sample.

3. Put the probe directly in the waterbody or pour
about 200 ml of sample into a clean beaker and
immerse the probe. M ake sure the temperature
and conductivity sensors are fully submerged.

4. Set the meter to display temperature.

5. Adgitate the probe in the sample, but do not
allow the probe to hit bottom or contact the
walls of the container.

6. Record the sample’s temperature when the
reading is stable.

Conductivity Protocol
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7. Set the meter to display conductivity in
mhos/cm. M ake sure the meter is also set for

automatic temperature compensation to 25°C.

8. Adgitate the probe asin step 5 and record the
conductivity to the nearest whole number.

Analyzing Data

Verify that the data are meeting the data quality
objectives of the Quality Assurance Project Plan.
Accuracy is verified by checking the meter
calibration records. Precision is verified by
comparing the results of duplicate measurements on
the same sample.

M entors

Aswith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified . These mentors may be contacted
with specific questions about a particular
monitoring effort.

Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983;
E-mail: caton.larry@deq.state.or.us

South Coast & Willamette
Dennis Ades (503)-229-5983;
E-mail: ades.dennis@deg.state.or.us

Eastern Oregon
Larry Marxer (503) 229-5983;

E-mail: marxer.larry@deq.state.or.us
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Chapter 10

Nitrogen and PhosphorusProtocols

Background

The two primary nutrients of concern for water
quality are nitrogen (N) and phosphorus (P).
Excess ammonia and nitrate can be toxic to stream
organisms and humans. Of particular concern is
blue baby syndrome (infant methemoglobinemia)
caused by excess nitrate/nitrite. These concerns are
usually associated with concentrated loads from
municipal sites such as sewage treatment outfalls or
they may result from repeated heavy applications of
nitrogen fertilizer or animal waste.

The most common basin-wide concern with
nutrients is eutrophication of streams and lakes.
Eutrophication is an excessive growth of aguatic
plants. Eutrophication occurs when concentrations
of nitrogen, phosphorus and other environmental
conditions favorable to aguatic plant growth
(temperature, light, flow velocity) are elevated and
available.

This excessive plant growth causes daily
fluctuations in dissolved oxygen and pH and can
impart undesirable tastes and odors to water. These
water quality impacts can adversely affect the uses
of water for fish habitat, recreation, and drinking
water. The US Environmental Protection Agency is
currently developing new nationwide water quality
criteria” for nutrients. By the year 2000, numeric
criteria for nitrogen and phosphorus will be
developed which will reflect different types of
water bodies and ecoregions.

10 http://www.epa.gov/cleanwater/acti on/overview.html
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The protocols described here are designed for
collecting and preserving a sample for analysis by a
laboratory. Levels of concern are often below the
detection limits of field sampling kits and are
difficult to record accurately with specific ion
electrodes. Therefore these samples are best
analyzed at a commercial analytical laboratory.
The first step is to determine what forms of nitrogen
and phosphorus should be analyzed so that the
appropriate preservation protocols can be selected
(Stednick 1991).

Nitrogen can occur in many formsin the
environment. Nitrogen can also cycle between
these different forms (Figure 10-1.) The nitrogen
forms that are most commonly tested are those
which are the most biologically available: soluble
nitrate/nitrite nitrogen (NO3-, NO2-), ammonia
(NH3), and total Kjehldahl nitrogen (the sum of the
free ammonia and organic nitrogen). Nitrateis
especially important because it is relatively soluble
in water compared to other nitrogen forms. The

M onitoring Team for the OPSW recommends that
samples be analyzed for nitrate/nitrite and total

K jehldahl nitrogen.
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Figure 10-1. Thenitrogen cycle (from Sawyer and M cCarty 1967)

Phosphorus also comes in many different forms Equipment
(Figure 10-2). Thetwo forms for which analyses are
the most common are orthophosphate and total

phosphorus. Orthophosphates include H2PO4-, and

A list of equipment needed to sample for nitrogen
and phosphorousis shown in Table 10-1. Sample
bottles need to be clean and made of a material that

HPO42-, and PO43-. These are dissolved forms of does not leach or react with the sample. Cleaning of
phosphorus which are available for aquatic plant use, reusable sample bottles should be done according to
Total phosphorus includes dissolved and particulate, instructions from the laboratory receiving the sample
organic, and inorganic forms. because some detergents can contaminate samples.
Nitrogen and Phosphoras Protocol 10-2 Water Quality Monitoring Guidebook
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Table 10-1. Materialsneeded to collect samples for nitrate/nitrite, kjehldahl nitrogen, orthophosphate, and total phosphorous.

500 ml clean, reusable polyethylene bottle
250 ml clean, reusable polyethylene bottle
0.45 pm filter discs and syringe

Cooler and ice or blueice

Concentrated H9S04

Marking pen and labels

Total Phosphorus

Dissolved * Particulate
AR ////////////
/{Or!hophnsphmc) / Compiex Organic / Organic Inorganic

THLHIL

Detrius Plankton
Available for

Phytopiankton
Growih

Figure 10-2. Formsof phosphorusin water (from M cCutcheon, Martin, and Barnwell 1993).

Field M ethod 3. Add 12 drops of concentrated H2SO04 (sulfuric
acid).
Th|S Samp|e W||| be analvzed f0r nitraIEInitrite, 4, Labe| and p|ace in the Coo|er W|th ice to keep
kiehldahl nitrogen, and total phosphorous. The the sample preserved.
sample must be delivered to the lab for analysis
within 28 days. _ This sample will be analyzed for orthophosphates.
1. Rmse the 500 ml bOttleInthewater bOdy tO be The Samme must be de“vered to the'ab for
sampled, discarding initial water collected. analysis within 48 hours.
2. Fill the 500 ml bottle, leaving about an inch at
the top of the bottle.
Nitrogen and Phosphoras Protocol 10-3 Water Quality Monitoring Guidebook
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1. Using a45 pum filter disc and syringe, filter
about 200 mls into the bottle.

2. Label and store in the cooler

Take samples directly to the laboratory or ship
them immediately. K eep samples cool and
refrigerated (4°C) until analyzed.

M entors

A'swith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified . These mentors may be contacted
with specific questions about a particular
monitoring effort.

Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983;
E-mail: caton.larry@deq.state.or.us

South Coast & Willamette
Dennis Ades (503)-229-5983;
E-mail: ades.dennis@ deq.state.or.us

Eastern Oregon
Larry Marxer (503) 229-5983;

E-mail: marxer.larry@deq.state.or.us

Nitrogen and Phosphorus Protocols 10-4
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Chapter 11

Turbidity Protocol

Sediment Characteristics and Effects on
Stream Ecosystems

Sediment is an essential component of healthy
salmon and trout streams. Channel features such as
point bars, riffles, and floodplains are all products of
sediment inputs. Sediments provide substrate and
habitat for algae and macroinvertebrates, plus
spawning gravels and rearing habitats for fish. Y et,
sediment is frequently identified as a factor
contributing to the impairment of aquatic
productivity in salmon and trout streams throughout
the Pacific N orthwest because too much fine
sediment in the water column or streambed can be
detrimental to aquatic insects and the fish that feed
upon them.

Large inputs of fine sediment to the stream can
degrade aquatic invertebrate and fish habitats and
alter the structure and width of stream channels and
adjacent riparian zones (M acDonald et al. 1991).
Increased sediment input may elevate suspended
sediment concentrations and turbidity. Excess fine
sediments fill intergravel spaces used by aquatic
insects and young fish. Pool frequency and depth
may diminish and channel sinuosity"* and other
channel characteristics can be appreciably changed.
Land management activities can contribute to these
impacts by affecting watershed processes and
altering sediment delivery to a stream network.

Background

Sediment is the product of erosional and fluvial
processes. Erosion involves the processes of
detaching sediment particles, transporting them
from the original site and eventually depositing
those particles. Site characteristics such as
geology, soils, slope steepness and length,

11 [A- - -

Sinuosity is the amount that a stream channel
curves or meanders laterally across the land
surface.
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vegetation, precipitation regime, channel and
streamflow characteristics all influence natural
erosion rates. In addition land management
activities can cause increased rates of erosion.
Erosion and the delivery of sediment to stream
systems are complex and naturally occurring
processes in all watersheds.

M onitoring the sources of sediment, its
transportation by streams, and deposition trends can
often provide important information for better
management decisions. M onitoring turbidity
addresses one component of the erosional cycle—
the transportof fine sediment. Other components of
the erosional process include sources of sediment
and deposition of sediment.

If monitors are interested in identifying road-related
sources of sediment, they should refer to Appendix
D for the Road Hazard Risk Inventory. Other
sources of sediment within a watershed may also
need to be addressed (e.g. urban or residential
development, agricultural run-off, logging, etc.).

For methods to monitor the deposition of fine
sediment in stream reaches please refer to
Appendix E for the Sediment Deposition
Protocol. These protocols are designed to
complement watershed analysis activities identified
in the Oregon W atershed A ssessment M anual.

Turbidity

Sediment particles are characterized by their size.
They range from the finest clays and silt particles to
sand, pebbles, gravels, and boulders. Once
sediment particles have been introduced to a stream
system, the smaller particles (silts and clays) are
typically transported as suspended sediment in the
water column before eventually settling out and
depositing.

Processing and analyzing suspended sediment
samples and data can be complex and expensive. A
frequently used substitute for measuring suspended
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sediment is turbidity. Turbidity isrelatively easy
and inexpensive to measure and is often the basis
for water quality standards and can be correlated
with suspended sediment on a site-specific hasis.
M onitoring turbidity can provide valuable
information to help understand baseline trends over
time as well as the effects of a specific project on
water quality. The nature and attributes of
turbidity are described below to aid in data
interpretation.

Turbidity varies with the number and size of
particles present in the water column. Turbidity is
defined as the optical property of a sample that
causes light to be scattered and absorbed.

Since water-borne particles other than sediment can
scatter light (e.g., fine organic matter, plankton,
microscopic organisms), turbidity is not a direct
measure of sediment in the water column. The
relationship between suspended sediment and
turbidity can vary greatly between sites. For
example, a watershed with coarse soils may have
great fluxations in suspended sediment, but
turbidity may remain fairly stable. A watershed
with fine clay soils may have consistently high
turbidity, but low concentrations of sediment
(MacDonald et al. 1991).

Turbidity levels are influenced by the same factors
as suspended sediment with the additional
complication of turbidity’s sensitivity to
water-borne particles other than sediment (Brown
1983). In general, turbidity can be expected to
increase during high stream flow events, but this
will vary within a given storm and between storms.
For example, the first storm of the year may
produce higher turbidity levels than a storm of the
same magnitude that occurs later in the season.
Likewise, as stream flow initially rises during a
storm event (referred to as the “rising limb” of a
storm hydrograph), turbidities may be high. The
equivalent flow as the stream recedes (the "falling
limb" of a storm hydrograph) may produce lower
turbidity levels. Because of these characteristics,
the relationship between suspended sediment and
turbidity must be determined for each site (Beschta
1980) and a range of flow conditions (Brown
1983).
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The variability in turbidity between sites and over
time can make it very difficult to establish a natural
or background level. M easurement errors can
increase this variability aswell. Soitisimportant
to use caution when drawing conclusions with the
monitoring data about effects of management.

Turbidity measurements may be most useful for
project monitoring. In this case samples should be
collected upstream and downstream of a planned
project, before, during and after the project
commences.

The most commonly used measurement method for
turbidity is the nephlometric turbidity method
(Stednick 1991). Nephlometric methods measure
the scatter of light and perform better for high and
low turbidities (measured in Nephlometric
Turbidity Unitsor NTUs).

M entor Contacts

Aswith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified. These mentors may be contacted
with specific questions about particular monitoring
goals and efforts. Questions about turbidity
monitoring should be directed to one of the
following:

ODF M onitoring Coordinator
Liz Dent (503) 945-7493
E-mail: Liz.F.Dent@state.or.us
Oregon D epartment of Forestry
2600 State Street

Salem, Oregon 97310

DEQ
Oregon DEQ Laboratory

1712 sw 1100
Portland, OR 97201
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Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

Northwest Regional M onitoring Coordinator
Larry Caton (503) 229-5983
E-mail: caton.larry@deq.state.or.us

W estern Regional M onitoring Coordinator
Dennis Ades (503) 229-5983
E-mail: ades.dennis@ deq.state.or.us

Eastern Regional M onitoring Coordinator
Larry Marxer (503) 229-5983
E-mail: marxer.larry@deq.state.or.us

Equipment

The following equipment will be needed to sample
turbidity:

e A portable turbidimeter (available from DEQ’s
Volunteer M onitoring Program or scientific
supply houses). These instruments are
calibrated on the nephlometric turbidity method
(see above) and meets the criteria established
by EPA. The HACH 2100P (portable)
Turbidimeter is available to local watershed
groups through DEQ’s V olunteer M onitoring
Program and is referenced in this protocol. The
HACH Turbidimeter kit includes the Gelex
Secondary Standards (for checking the
accuracy of the turbidimeter in the field), and
small sample bottles for testing turbidity with
the turbidimeter.

e Stabilized Formazin Primary Standard K it
(available from the DEQ Volunteer M onitoring
Program) for a more thorough, periodic,
turbidimeter calibration. (see the “ Calibration”
section below)

e Any clean container for taking grab samples.

Site Selection

Site selection procedures described in Chapter 3
(Selecting Sites) apply to turbidity monitoring. All
water quality samples collected to measure
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turbidity must be representative of the
environmental conditions being investigated. For
example, if the monitoring objective is to determine
the effects of a grazing activity on turbidity, the
sample must be collected in a location directly
affected by the grazing activity (immediately
downstream of the activity). The easiest place to
obtain the sample may be a few hundred feet
downstream of the grazing site at a road crossing.
However, thiswould not provide a representative
sample because the likelihood of capturing other
turbidity-generating activities (a dirt road,
development site, etc) increases and the sample is
no longer representative of the grazing activity.

Grab Sample

M aterials that cause turbidity tend to be evenly
distributed in the water column and across the
stream cross-section. Therefore a “grab sample”
sufficiently represents the sample location. The
sample can be collected at any point in the stream
(either near the bank or the deepest part of the
channel) by lowering the lip of the sample bottle
below the surface of the water.

Sample Timing

Timing of the grab sample is just as critical as site
selection. Stream flow greatly influences turbidity.
Therefore, it isimportant to sample for turbidity
during similar flow conditions unless the objective
is to monitor the differences between low flow and
peak flow turbidity. For example, it would be
inappropriate to compare a pre-project sample
collected during a storm event with a post-project
sample that was collected during lower flow
conditions. Given the above discussion regarding
site selection and sample timing, consider the
following guidelines when designing a sample:

e Clearly define the project objectives and
monitoring questions. Thiswill help identify
sampling location and timing.

e Clearly identify the source, project, or activity
being monitored and locate sample points to the
closest proximity of these activities.
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e Clearly identify the time period or flow
conditions of concern and consistently monitor
during those times and conditions.

» |f the objective is to monitor a specific activity,
then obtain turbidity samples upstream of the
project site during the activity as a control to
monitor background turbidity conditions.
These samples should be collected in addition
to the samples obtained immediately
downstream of the project site.

» If the objectiveis to collect baseline data on
turbidity, the sample frequency and number of
locations must be large enough to capture the
range of flow conditions and turbidity-
generating activities that are occurring in the
reach or basin.

Accuracy Check
Field check the turbidimeter against the Gelex

Secondary Standards at the start of each set of
measurements. If numerous samples are to be
processed, periodically check the instrument against
the calibration standards and adjust accordingly.

e Placethefirst Gelex Standard (0 to 10
range) in the cell compartment of the meter
with the white diamond on the vial
aligning with the orientation mark on the
meter. Close the lid.

e Press“POWER”, and when 0.00 shows
in the display window, press“ READ." If
the reading is not within 5% of the
Standard, recalibrate the instrument with
the primary Formazin Standard (see
below).

e Repeat this procedure with the remaining
two Gelex Standards (0 to 100 and 01 to
1000 ranges).

Duplicate Samples

Obtaining duplicate samples is important for
documenting the variability from sample to sample.
Duplicate samples should be collected at a rate of
one duplicate sample for every ten regular samples
collected. All samples must be identified on a field
data sheet by:
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» Description of sampling point
 Identification (or Lat/Long.) of sampling site
« Date and time of collection

« Name of collector

Calibration

The Model 2100P Turbidimeter is calibrated with
Formazin Primary Standard at the factory and does
not require recalibration before use. With steady
field use, however, the HACH Company
recommends recalibration every three months, or as
often as experience dictates. Refer to the
Instrument M anual for complete instructions.

Field Turbidity M easurement Procedure.

Data collection can begin after following the
procedures described above for instrument
preparation and site selection.

1. Collect arepresentative sample in a clean
container. Fill one of the sample bottles
(included with the turbidimeter kit) to the line
(approx. 15-ml), taking care to handle the
sample bottle by the top to avoid fingerprints
and dirt on the bottle. Cap the bottle.

2. Wipe the bottle with a soft, lint-free cloth to
remove water spots and fingerprints.

3. Pressthe“ /0" button to turn the instrument
on. Place the instrument on a flat, steady
surface.

4. Put the sample bottle in the instrument cell
compartment so the diamond mark on the bottle
aligns with the orientation mark on the
instrument.

5. Select the manual or automatic range by
pressing the “RANGE” key. “AUTO RNG”
is recommended and will be displayed. Press
“READ."” Thedisplay will show *-------
NTU" then the turbidity reading in NT U.
Record the turbidity after the lamp symbol
turns off.

Notes: on taking M easurements

Water Quality Monitoring Guidebook



e Always cap the sample bottle to prevent
spillage of sample water into the instrument.

e Always place the instrument on a level,
stationary surface.

» Always close the cell compartment lid during
measurement and storage.

e Do not leave the sample bottle in the cell
compartment for long periods of time.

» Always use clean sample bottles.
» Avoid operating instrument in direct sunlight.

e Make sure that a cold water sample does not
fog the sample bottle.

» Avoid allowing the water sample’s contents to
settle prior to taking a turbidity measurement.

e Always take turbidity measurements within
24 hours of collecting the samples.

A permanent record of each sampling event should
be maintained and should include:

» Significant observations related to the sample

e Other ancillary environmental measurements
(see below)

e Weather and other physical conditions
e Sample date

e SamplelD

Ancillary Data

Once a site is selected, other important descriptive
information should be recorded such as general
flow conditions and depths, and references to
landmarks such as tributary names, river mile,
roads, and bridges. The latitude and longitude of
the site is an important piece of information that can
be obtained from a topographic map or from a
global position device (GPS).

Information about the landowner and contacts
(telephone, address, E-mail) should be recorded.
Document a landowner’ s granted permission for
access to private lands.

A photograph of the monitoring site can be useful
for locating equipment. Guidance for photo
documentation of monitoring sites is provided by
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the Governor's W atershed Enhancement Board
(1993).

Turbidity Data Analysis

Once the data has been stored on a computer and on
backup disks, data analyses can begin. Analysis of
turbidity data depends on the specific objectives.

Project M onitoring

I the collected data will be used to determine
whether management activities are increasing
turbidities above a given level, then the following
information should be included:

e Information on the activity or project.

e Turbidity data upstream and downstream of the
activity, and, depending on the objectives,
possibly within the reach affected by the
activity.

e Collecting data at these same locations before
the activity startsis also advisable.

With this information, an investigation of trends
between turbidity and the management activity can
begin.

Relationships between turbidity and other
stream characteristics.

Suspended Sediment

If the turbidity data will be used to determine
suspended sediment characteristics, the relationship
between suspended sediment and turbidity for the
particular sites must be established. Contact the
mentor for specific sampling procedures that must
be followed for suspended sediment.

Streamflow

Streamflow information can be collected at the
same sites as the turbidity data. M onitors should
investigate the relationships between increases and
decreases in streamflow and turbidity. The Oregon
W ater Resources Department is developing a
protocol for measuring stream flow. Contact a
turbidity mentor for more information on this.
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Chapter 12

Stream M acroinvertebrate Protocol

Background: Why M onitor M acroinvertebrates?

Evaluating the biological community of a stream
through assessments of algae, macroinvertebrates,
and fish provides a sensitive and cost effective
means of determining stream condition. Such
evaluations are particularly effective when stream
Impacts are from nonpoint sources, sporadic events,
or cumulative low level pollution. Each biological
community has its own advantages and
disadvantages for assessing stream conditions, and
they all have published protocols (Plafkin et al.
1989; EPA 1990). The protocols described here
are for macroinvertebrates--invertebrates large
enough to see with the naked eye.

Macroinvertebrates are fairly stationary, easy to
collect, and are responsive to human disturbance.
In addition, the relative sensitivity or tolerance of
many macroinvertebrates to stream conditions is
well known. In general, they provide a simple
"hands-on" approach to understanding and
measuring stream health without the problems often
encountered when measuring fish communities
impacted by sport fishing, stocking sport fish, and
the introduction of exotic fish species.

In order to adequately evaluate the overall
ecological integrity of aquatic systems, a
monitoring program that encompasses chemical,
physical, and biological integrity should be
developed (EPA 1990). The macroinvertebrate
bioassessment protocol described hereis part of a
comprehensive approach that involves analyzing
the stream habitat conditions, its physical and
chemical parameters, and the biological
community. The physical and chemical water
quality parameters routinely measured are listed in
Appendix A. The biological community evaluation
methods described in this manual are adapted from
the EPA Bioassessment Protocols (EPA 1996) and
other referenced sources.
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Types of M ethods

Three different levels of macroinvertebrate
sampling procedures are described in this protocol.
They have unique objectives and require different
levels of expertise.

Level 1

Level 1 methods are the simplest to use and require
the least experience. They also provide the least
amount of information about the health of the
macroinvertebrate community. Education isthe
main goal for Level 1. If the monitoring objective
is to inform citizens or students about the various
animals that live in streams, and only a very basic
assessment of stream conditions is needed, L evel 1
methods will be appropriate.

Level 2

The Level 2 protocol is designed to provide a
screening level assessment of stream conditions.
Sites can be classed as heavily disturbed, slightly
disturbed, or non-disturbed. Finer levels of
impairment will be difficult to detect. If the
objective is to screen the condition of a variety of
sites for prioritizing more in-depth studies, or if the
budget or expertise to complete Level 3 studiesis
unavailable, then the Level 2 protocol will be
appropriate.

Level 3

The Level 3 protocol provides a sensitive measure
of stream condition using macroinvertebrate
communities as the primary indicator. Four classes
of stream conditions can be determined: no
disturbance, slight disturbance, significant
disturbance, and severe disturbance. Applied
correctly, studies following this protocol can be
used for a variety of objectives such as identifying
levels of stream disturbance within a watershed or
region, effectiveness monitoring of restoration
projects, trend assessments, and evaluating whether
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the state’s standards for protecting aquatic life
(fish, macroinvertebrates, algae, amphibians, etc)
are met.

M entor Contacts

A'swith any monitoring project, questions will
come up that are not answered or covered
sufficiently in this protocol. Therefore, a group of
mentors that are agency experts in monitoring have
been identified. These mentors may be contacted
with specific questions about particular monitoring
goals and efforts. Questions about
macroinvertebratre monitoring should be directed to
one of the following:

Rick Hafele (503) 229-5983
E-mail: hafelerick@deg.state.or.us

or

Mike Mulvey (503)229-5983
E-mail: mulvey.mike@ deg.state.or.us

Oregon DEQ Laboratory

1712 sw 1100
Portland, OR 97201

Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams: (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

North Coast
Larry Caton (503)229-5983
E-mail: larry.caton@ deg.state.or.us

South Coast & Willamette
Dennis Ades (503) 229-5983
E-mail: ades.dennis@ deq.state.or.us

Eastern Regional M onitoring Coordinator
Larry Marxer (503) 229-5983
E-mail: marxer.larry@deq.state.or.us

Selecting Sites

For an overview of the process used for selecting
sites, please review Chapter 3, (Selecting Sites.)
The concepts presented here apply to any of the
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bioassessment Levels (1, 2, or 3). Level 1 studies,
designed primarily for education, don’t require the
same consideration as studies designed to assess
stream conditions within or between different
streams. A site with easy access and a good
diversity of invertebrates will be adequate for most
educational (i.e. Level 1) projects.

For Level 2 or Level 3 studies, remember that
stream habitats are complex and change over
distance and time. Different communities can
inhabit different portions of the same stream, due to
natural and human-caused factors. Also, the
composition and abundance of the
macroinvertebrate species present can change
dramatically between seasons due to life-cycle
patterns of the different species.

Careful site selection and monitoring timing is
critical to insure that the data collected are not
biased, and that the differences noted between sites
are not due to some artifact of the monitoring
program design.

Selecting Specific Sample L ocations

Streams with flowing water can generally be
divided into several habitat types: pools, runs,
glides, riffles, bends, undercuts, etc. Within the
major habitat types other habitat categories can be
created. Examples would be inorganic substrate
like rocks and gravel, or organic substrate like
submerged logs and leaf packs. Since each habitat
type can have a different macroinvertebrate
assemblage, deciding what habitat(s) to sample is
necessary.

Two approaches to habitat selection are commonly
followed: multiple and single habitat assessments.
Assessing multiple habitats involves a sample
design that evaluates two or more habitat types.
Each habitat type is sampled, processed, and
evaluated separately. Pools and riffles are the most
common habitat types sampled in a multiple habitat
design, but other habitats might be included. The
habitats most typical of the study stream should be
chosen.
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Riffles are usually the only habitat sampled in a
single habitat assessment. Riffles tend to contain
the most diverse and sensitive invertebrate
assemblage compared to other habitats (Plafkin et
al. 1989). In most cases, a single habitat
assessment of riffles will be adequate when
sampling streams. However, sampling only riffles
may not always be adequate. Defining the
questions in the sampling plan will help determine
whether single or multiple habitats should be
collected.

Note: The analysis procedures presented in this
chapter apply to “riffle” habitat only. If monitors
plan on sampling other habitat types, they should
contact one of the monitoring mentors to determine
the best sampling and assessment methods.

When Are Sites Sampled?

Stream habitats will have different
macroinvertebrate communities, habitat conditions,
and chemical water quality at different times of the
year. Bioassessment surveys are typically done
over the course of several years, so it is important
to repeat sampling at the same time of year to make
year-to-year comparisons possible. Sampling
several times per year may be desirable to describe

Equipment

the seasonal variability of the stream and to
determine the best time of the year to evaluate a
specific type of impact. Once the seasonality of a
stream has been adequately characterized, it may
be possible to reduce the sampling to a single
critical season that best indicates impacts.

Effective periods for macroinvertebrate sampling in
Oregon include:

Winter: December, January, February
Spring: March, April, May, June
Summer: July, August, September
Fall: October, early November.

Depending on a stream’s elevation or region in the
state, the months of M ay/June and
October/November can be transition months
between seasons, and invertebrate communities
may be changing faster than at other times. M ost
macroinvertebate studies in Oregon are done during
summer low flow conditions in July, August and
September. Whatever sampling period is selected,
sampling should be avoided during or immediately
after high water, because high flows can
significantly effect the ability to collect
representative samples.

The following equipment, listed separately for Level 1 and Level 2-3 assessments, will be needed to sample

macroinvertebrate populations:

Stream Macroinvertebrate Protocol
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Table12-1. Level 1 assessments.

Equipment: Costs:
»  Collection net - Kick screen, or D-frame kick net are the + $10-850
most versatile. If these are not available a large fish
aquarium net with fine mesh netting could also be used.
Simply picking up stones from the stream bottom is also
an option.
¢ Small buckets « 520
»  Waterproof boots or waders
o Waterproof, insulated, elbow-length gloves (if working in + $35
polluted or very cold water).
»  Shallow white plastic tray (ex. 12" x 16" or larger, 1 to 3 + $
inches deep).
»  2to4 whiteice cube trays + $
o Tweezers +  $5-510
«  Samplevials + $10
e Handlens + $5-830
e Macroinvertebrate field guides »  $10-50
»  Pencilsand paper + $
«  Denatured ethanol (80-90%) +  $20

Total Costs: $100 - $200

Table12-2. Level 2 and 3 assessments.

Equipment:

Costs:

»  Sub-sampling sorting tray (Caton Tray)

e Tripod for field sorting (optional)

» Random number table, or other random # generator

o D-frameKick net, 30 cm. wide D-shaped hoop net with
500 micrometer mesh opening

»  Plastic sieve bucket with a 500 micrometer mesh bottom
(optional)

»  Plastic jars with tight fitting lids or zip-lock bags, 0.5 to
1.0 liter

»  Denatured ethanol (80-90%)

»  Shallow white plastic tray (ex. 12" x 16" or larger, 1 to 3
inches deep).

o Waterproof, insulated, elbow-length gloves (if working in
polluted or very cold water).

o Labeling tape and alcohol-resistant marking pens (ethanol
dissolves most inks)

»  Small vegetable scrub brush

e Tweezers
o Samplevials
* Handlens

»  Macroinvertebrate field guides
»  Paper and pencils

» $150

e ($50) - optional
 $50

 $50

¢ $10 - optional

o« $20
. $5

e 835
« $10
. $5

« $10
o« $20
o« $30
e $50
. $5

Total Costs: $450
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Field Sampling M ethods

Level 1 Assessments

Field procedures for Level 1 assessments can
follow a variety of techniques using simple,
inexpensive equipment. The main objective is to
collect a representative variety of species from the
selected area.

Procedure

» If possible, select a shallow area having a
gravel/cobble bottom with a fairly fast current
(make sure the current is not too fast for safe
wading). Other habitats may also be sampled;
for example, wood and leaf debris, pools, and
stream margins.

e If using akick screen or D-frame net, place the
bottom of the net firmly against the stream
bottom and disturb the area upstream of the net
by picking up pieces of large gravel and cobble
and rubbing their surfaces by hand or with a
small vegetable brush upstream of the net.
After most of the cobble-sized pieces have
been moved, continue disturbing the stream
bottom immediately upstream of the net with
hands or feet to a depth of several inches.
Repeat this process at two or three locations in
the same habitat type and combine the contents
from each net into a single sample.

e Remove the net from the stream and wash its
contents into a small bucket. Clean and discard
large pieces of gravel, leaves, twigs, etc. from
the sample.

e |f nonetisused, pick up pieces of large gravel
or cobble and hold over the bucket while
rubbing the surfaces clean. Pieces of wood and
leaf packs can also be gently washed in the
bucket

» Pour the material in the bucket into the white
plastic tray, and remove all the invertebrates
found.

e Turnto Sample Processing M ethods section
(below) for final processing steps.

Stream Macroinvertebrate Protocol 12-5
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Level 2 and 3 Assessments
Both Level 2 & 3 assessments follow the same field
sampling methods.

M ethod Overview

The goal of the field sampling technique is to
collect an unbiased, representative sample of
macroinvertebrates. First, a“representative”
stream reach approximately 40 times longer than
the average (mean) wet surface channel width
should be selected. From within this sample reach
choose two riffles (e.g. if pools will be sampled,
select two pools). Two 0.18 square meter (2 square
feet) kick samples are randomly selected in each
riffle or pool. The four kick samples from each
habitat type (riffle and pool) are combined,
resulting in one composite riffle sample and one
composite pool sample to process in either the field
or the lab.

Procedure

e Randomly select two kick-net sites within the
downstream riffle or pool. Random numbersin
the table used by DEQ have four digits. The
first two identify the percent up from the
downstream end of the riffle or pool, and the
second two are the percent of stream width
across the channel. For example, a random
number of 3225 would place the sample at
32 percent up from the downstream end and
one quarter across the stream width. These
percentages are determined by visual estimates.

» After locating the random sample site, place the
net into the stream with the flat part of the hoop
perpendicular to the stream flow and resting on
the bottom. Collect the macroinvertebrate
sample by disturbing a 30 by 60 centimeter
area (1 ft x 2 ft) of stream bottom directly
upstream of the net so that the current carries
the macroinvertebrates and debris into the net.

o Carefully rub by hand, or with a small scrub
brush, all substrate larger than five centimeters
(golf ball size and larger) in front of the net to
dislodge any clinging macroinvertebrates.
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After rubbing, place the substrate outside of the
sample plot.

» Thoroughly disturb the remaining substrate to a
depth of five to ten centimeters with the hands
or feet. Thisusually takes between 30 seconds
and a minute.

o After the sampleis collected and the net
removed, the large substrate is returned to the
sample plot.

» Thecontents of the net are placed in a sieve
bucket and the sampling procedure is repeated at
three more plots for that habitat type. The
preferred order for sampling is from downstream
to upstream to minimize influences of
disturbance to each sample plot.

o All four samples for the same habitat type are
combined in the sieve bucket. Large organic
material and rocks are rinsed, carefully inspected
for clinging macroinvertebrates, and removed.
Asmuch fine sediment as possible is washed
away. Leaf packs from pool samples may
require considerable rinsing and removal of
debris before preserving the composite sample.

» Forlab sorting and analysis the composite
sampleisplaced in alabeled jar or double

Ziplock® bag and preserved with 90% ethanol

for sorting and subsampling in the lab. Change
the alcohol in the sample with fresh alcohol
within one week to ensure adequate
preservation. Place a label inside the jar (using
paper and pencil), as well as an exterior label.

 Forfield sorting, do not preserve the specimens.
Keep them alive and follow the subsorting
procedures described in the next section. Field
sorting is faster since live, moving specimens
are easier to see. Field sorted
macroinvertebrates also tend to be in better
condition than lab sorted specimens, making
identification easier.

NOTE: The disadvantage to field sorting is that it
adds one to three hours to the field time per site.
This s especially true for low productivity streams
that may require sorting most, if not all, of the
sample to get the minimum number of specimens
required for analysis.

Sample site:

L ocation:

Habitat sampled: riffle

other

Collected by:

Sampler type: D-net

Other:

# of kicks composited:

# of squares sorted:

Figure 12-1. Field sample label information.

Sample Processing M ethods

Level 1 Assessments
Level 1 assessments follow a simplified sample
processing procedure compared to Level 2 or
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3 assessments. For example, Level 1 assessments do
not utilize a specific subsorting method or require a
minimum number of invertebrates for identification.
The main objective is to group the invertebrates by
order and determine the number of sensitive or
tolerant taxa present (see the Analysis & Evaluation
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Section below for a discussion of “sensitive” and
“tolerant” taxa). Asaresult, Level 1 studies help
volunteers recognize the importance of the
invertebrate community as indicators of a stream’s
conditions and provide a general indication of
disturbance.

K ey Elements

1. Remove all invertebrates from samples
collected within the same habitat at the same
reach.

2. Sort specimens into individual containers (ice
cube trays are often used) by order: M ayflies,
Stoneflies, Caddisflies, etc.

3. Visually estimate the number of different types
of taxa within each order. For example, how
many different looking mayflies are there?

4. Record the number of different taxa within
each order and count how many are present.

Based on the numbers recorded, a general water
quality rating can be calculated as described in the
Analysis and Evaluation Section.

Level 2 and 3 Assessments

The goal of the sample processing procedures for
Level 2 and 3 studies is to create an unbiased,
random representative subsample of
macroinvertebrates from the composited stream
bottom sample of debris.

The size of the subsample is a minimum of 300
individuals. The same size subsample should be
used for all sites for effective comparisons.

Equipment

e Subsampling tray (see Caton, 1991) and
associated sorting equipment

» Tripod with sorting tray platform for field
sorting (optional)

* Random number table, or other random number
generator

» Denatured ethanol
» Vials, approximately 20 mls.

Stream Macroinvertebrate Protocol 12-7

Version 2.0

» Labeling tape and alcohol-resistant marking
pens

o Forceps
e Squirt Bottle & plastic spoon

» Tally counter (optional)

Procedure

e Tosort the sample, place the composited
sample into the mesh bottomed sorting tray.
DEQ uses the equipment described by Caton
(1991).

» Place the mesh bottomed tray into the plastic
outer tray and add approximately 3 cm of water
to facilitate the even distribution of debris. In
the field, place the tray on a level surface or
tripod platform.

e Evenly distribute the material in the tray and
lift the mesh bottom tray out of the water.

e Thesorting tray is divided into thirty separate
6 X 6 cm squares. Use the random number
table to select a minimum of four of these
squares. Usethe 6 X 6 square sorting device
(included in subsampling tray kit recommended
by Caton) to isolate the four square and remove
the selected material.

« Distribute the contents of the four squares into
a separate white plastic tray with a small
quantity of clean water. All the
macroinvertebrates are removed with forceps
and placed in a labeled vial of alcohol. An
inside paper and pencil label is recommended
aswell as an exterior label.

e A minimum of 300 specimens and four squares
are sorted. If necessary, an additional one or
more squares must be sorted to attain the
300 organism minimum sample size. All
organisms are completely removed from all
sub-sampled squares to avoid biasing the
macroinvertebrate sample toward the larger,
more visible species. Use atally counter for
best results. Keep track of the number of
squares subsampled in order to estimate the
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original macroinvertebrate density in the
stream.

» The Caton sorting tray has thirty squares, each
six centimeters square. When four D-frame
kick samples are composited, each square
represents approximately sixty square
centimeters of stream bottom.

Identifying Invertebrates

M ethod overview

Three different levels of “taxonomic identification”
can be used after specimens are sorted: order,
family or genus/species level. The level of
taxonomic identification isimportant in determining
the cost and expertise needed for the analysis, as
well as the resolution and sensitivity of the data to
detect environmental impacts.

Level 1 assessments do not identify organisms
beyond the order level (Ephemeropter, Plecoptera,
Diptera, etc.). Within each order organisms are
simply lumped into similar looking groups. This
approach is useful for demonstrating the variety of
organisms living in a stream reach, but has limited
value in assessing differences between sites. In
general arough approximation of the invertebrate
community can be determined and sample sites
categorized as having either an adequate or limited
invertebrate community. Further sampling and
more detailed analysis should be performed using
Level 2 or Level 3 assessment methods if concerns
about a stream’s condition exist.

Level 2 assessments rely on family level
identification for assessing the invertebrate
community. Family level identification is faster
and requires less expertise than genus/species
level, but is less sensitive. Three levels of
biological conditions may be determined from
family level identification: non-impaired,
moderately impaired, and severely impaired.

Level 3 assessments rely on genus/species
identification for most orders. Thisisthe most
effective level for evaluating stream conditions and
evaluating differences between sites. It also
requires the most time and expertise. Because of
the identification skills required, contracting
specimen identification to a qualified taxonomist
for Level 3 assessments is often the most effective
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approach (costs are typically $50 to $75 per
sample). Four impairment categories may be
discerned at this level: non- impaired, slightly-
impaired, moderately- impaired, and
severely-impaired. Table 12-3 shows the
recommended level of taxonomy for each order.

Level 2 and 3 Identification M ethods

Equipment
e Dissecting microscope (10X-60X zoom)

e Lightsource
» Forceps
o Petri dish

e Macroinvertebrate taxonomic keys. See
references for recommended keys (keysin bold
type are the most important)

» Datarecording form
Procedure

» If the sample was not sorted in the field, then
lab sort according to the procedure described in
the Sample Processing M ethods section
(above).

* Identify the macroinvertebrates to the
taxonomic level desired. Table 12-3 lists the
level of taxonomic identification for different
macroinvertebrate groups recommended for
Level 3 assessments.

* Identification to genus/species should be
performed by experienced entomologists using
current taxonomic keys (see Taxonomic
References) under the supervision of a senior
aquatic entomologist. Family level
identification is possible by less experienced
staff, but sufficient taxonomic training is still
critical.

e Thenumber of each taxon is noted on a tally
sheet along with other site identifier
information (see D ata Recording Forms).

*  Quality control procedures described in the Quality
Assurance section (see below and Chapter 4 Data
Quality) should be completed to evaluate the
quality of the sample identification.
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data are outlined in the Analysis and Evaluation

» Thebiometrics and biological condition section.

assessments used to analyze the macroinvertebrate

Table 12-3. Level of macroinvertebrate identification for Level I11 analysis.

Level of Identification
Taxon Order Family Sub-family Genus Species
Amphipoda X X
(scuds)
Arachnida X
(spider and water mites)
Coleoptera (most beetles) X
Elmidae X X
(riffle beetles)
Diptera (most true flies) X
Chironomidae X
(midges)
Ephemeroptera X X
(mayflies)
Gastropoda Some X
(snails)
Hemiptera X
(true bugs e.g. water boatmen)
Lepidoptera X
(butterflies & moths)
Megaloptera X
(hellgarmmites & alder flies)
Odonata Some X
(dragonflies & damselflies)
Oligochaeta X
(worms)
Ostracoda X
(seed shrimp)
Pelecypoda X
(clams)
Plecoptera Some X X
(stoneflies)
Trichoptera X
(caddis flies)
Turbellaria X
(flatworms)
Hirudinea X
(leeches)
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Analysis & Evaluation

Overview

Data analysis and evaluation of stream conditions
are often based on assessing the characteristics of
the macroinvertebrate community. Thisis often
accomplished through the use of “metrics.” M etrics
are measures of community characteristics based on
single or multiple taxa. The metrics used in this
manual have been selected because they are known
to change as a result of anthropogenic (human
caused) disturbance. Examplesinclude total taxa
richness, mayfly richness, % dominant taxa, etc.
Each metric is scored (usually 1, 3, or 5) based on
scoring criteria. All the individual metric scores
are then summed together for an overall “Biotic
Index” score for the site. The final biotic index
falls within a known range indicating different
levels of impairment.

Criteria for the individual metric scores and the
impairment categories for the biotic index scores
are based on data collected from reference sitesin
regions similar to the study sites being evaluated.
The metric values presented here are based on
reference site data collected by the D epartment of
Environment Quality (DEQ) in the Oregon Coast
Range. These criteria will work for assessing riffle
samples from other Oregon coastal streams, but
should not be used to assess other habitat types or
streams from other areas of the state. The mentors
listed at the beginning of this section should be
contacted for assessing streams outside the coast
range for the most appropriate metric criteria.

Level 1 Assessments

To develop a general evaluation of a site with Level
1 data the invertebrates are first separated by order,
then the number of different “looking” organisms in
each order are recorded and counted. The different
orders of invertebrates can be generally classed as
“sensitive,” or “tolerant.”

Sensitive organisms are those most sensitive to
pollution and are first to disappear from the
invertebrate community as a result of disturbance
or pollution. Those considered sensitive include the
following:
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* Mayflies (Ephemeroptera)
e Stoneflies (Plecoptera)

o Caddisflies (Trichoptera)

Tolerant organisms are those that tolerate high
levels of disturbance and pollution, and remain
present after other groups have disappeared. This
includes the following orders:

e Aquatic worms (Oligocheata)

» Leeches (Hirudinea)
e Blackflies (Diptera)

e Midges (Diptera)
e Snails (Gastropoda)

Since Level 1 assessments are primarily an
educational level, different levels of stream
impairment cannot be calculated. The generalized
data only provide enough information to determine
whether the macrovinvertebrate community appears
to be adequate or limited. Sites where each of the
three sensitive orders (mayflies, stoneflies, and
caddisflies) are present and tolerant organisms such
asworms, leeches and blackflies make up less than
50% of the total organisms counted from the
sample are considered adequate. If any one of the
three sensitive orders are absent and/or tolerant
organisms equal more than 50% of the total in the
sample, the site has a limited invertebrate
community. Level 2 or 3 assessments are then
necessary to evaluate the sites further.

Level 2 Assessments

Level 2 site assessments are based on family level
identifications. The number of organismsin each
family are counted and recorded. These values are
then used to determine metric values or scores.
Metric scores are summed to determine the overall
rating for the site. The following table outlines the
family level metrics and scoring criteria.

Taxa Richness
Thisis the total number of invertebrate families
identified from the sample.

Water Quality Monitoring Guidebook



M avflv Richness organisms sorted from the sample, multiplied by

Thisis the total number of mayfly families 100.

identified from the sample. % Dominance (top 3 taxa)

Thisis the total number of the three most abundant
organisms divided by the total number sorted from
the sample, multiplied by 100.

Stonefly Richness
This is the total number of stonefly families
identified from the sample.

Caddisfly Richness _ N Add up the scores for each metric to determine the
_Thls_ls_ the total number of caddisfly families total site score or biotic index. The total scores are
identified from the sample. used to determine three levels of impairment as

% Chironomidae indicated below.

Thisis the total number of chironomids (midges) in
the sample divided by the total number of

Table12-4. Family level metricsand scoring criteria.

Scoring Criteria

Raw Score
M etric Value 5 3 1 (Circle)
TaxaRichness >18 10-18 <10 531
M ayfly Richness >4 2-4 <2 531
Stonefly Richness >3 1-3 0 531
Caddisfly Richness >4 2-4 <2 531
% Chironomidae <15 15-30 >30 531
% Dominance <30 30-50 >50 531
(Top 3 Taxa)
Score Range Stream Condition
>23 Noimpairment: passes Level 2 assessment. Indicates good diversity of invertebrates and
stream conditions with little disturbance. Further sampling will help confirm the site’s
condition as unimpaired.
17-23 M oderate Impairment: evidence of some impairment exists. Requires further study and
more detailed analysis.
<17 Severe Impairment: fails Level 2 assessment. Evidence of stream disturbance exists.
Further study may be warranted to confirm level of impairment and potential causes.
Stream Macroinvertebrate Protocol 12-11 Water Quality Monitoring Guidebook
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Level 3 Assessments

Level 3 assessments are based on genus/species
level identifications, which provides a more
sensitive measure of the invertebrate community’s
condition. Two analytical approaches can be used
for Level 3 assessments: multimetric analysis, or
multivariate analysis. To make accurate
assessments between sites, using either multimetric
or multivariate analysis techniques, the same level
of identification must be used for each taxonomic
group for all sites being compared. Because levels
of identification can vary between taxonomists or
between sites due to maturity of specimens or
preservation quality, each data set should be
checked by a taxonomist for identification
consistency.

Multimetric Analysis

This approach is the same as that used for Level 2,
except more metrics are incorporated into the
analysis. The metrics and associated scoring
criteria for Level 3 metric assessments are listed
below.

Taxa Richness
Thisis the total number of invertebrate taxa
identified from the sample.

M ayfly Richness
Thisis the total number of mayfly taxa identified

from the sample.

Stonefly Richness
This is the total number of stonefly taxa identified
from the sample.

Caddisfly Richness

This is the total number of caddisfly taxa identified
from the sample.

Sensitive Taxa

Thisis the number of taxa identified that are known
to be very sensitive to stream disturbance. The list
of taxa that qualify as “sensitive” are listed in
Appendix F.
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Sediment Sensitive Taxa

Some taxa are known to be very sensitive to inputs
of fine sediment. The presence of one or more of
these taxa indicate that fine sediments are probably
not a major concern.

Modified HBI

“HBI" stands for Hilsenhof Biotic Index. Thisis
an index of a taxa’'s sensitivity to organic
enrichment that typically occurs as a result of
excessive nutrient inputs. Index values for
individual taxa range from 1 to 10. Low scores
indicate high sensitivity (found only in waters with
low organic enrichment). High scores indicate low
sensitivity (tolerant of waters with high organic
enrichment). HBI index values for each taxa are
listed in the taxa list for Oregon streams in
Appendix F.

% Tolerant Taxa

Thisis the percent of the invertebrate community
made up of taxa tolerant to disturbance. Taxa
counted as “tolerant” taxa are listed in Appendix F.
Divide the abundance of tolerant taxa by the total
number of organisms sorted from the sample, and
multiply by 100.

% Sediment Tolerant Taxa

Thisis the percent of the invertebrate community
made up of taxa tolerant to fine sediments (see
Appendix F). Divide the abundance of sediment
tolerant taxa by the total number of organisms
sorted from the sample, and multiply by 100.

% Dominant (single taxa)

This is the total abundance of the single most
abundant taxon in the sample divided by the total
number of organisms sorted from the sample,
multiplied by 100. A high percent of a single taxon
indicates some disturbance has likely occurred to
the invertebrate community.

After calculating each individual metric score add
them together for the total score or biotic index.
Stream condition levels are based on the ranges of
total scores listed below.
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Table12-5. Genus/specieslevel metricsand scoring criteria.

Scoring Criteria

Raw Score

M etric Value 5 3 1 (Circle)
Taxa Richness >35 19-35 <19 531

M ayfly Richness >8 4-8 <4 531
Stonefly Richness >5 3-5 3 531
Caddisfly Richness >8 4-8 <2 531
Sensitive Taxa >4 2-4 <2 531
Sediment sens. Taxa >2 1 0 531
M odified HBI <4.0 4-5 >5.0 531

% Tolerant Taxa <15 15-45 >45 531

% Sed Tol Taxa <10 10-25 >25 531

% Dominant <20 20-40 >40 531

(single taxa)

Score Range Stream Condition

>39

No Impairment; passes level 3 assessment. Indicates good diversity of invertebrates and

stream conditions with little or no disturbance.

30-39
20-29
<20

M ultivariate Analysis

Level 3 assessments can also be analyzed using
multivariate analysis techniques. In this approach,
reference sites (high quality, least disturbed sites) are
compared as a benchmark against the sites of interest
(test sites). The method has two basic elements: the
development of a relatively sophisticated predictive
model based upon reference conditions, and direct
comparisons of the stream taxa collected at a test site
against model predictions.

Multivariate analysis requires the appropriate
computer software and knowledge of multivariate
statistical techniques. While thislimits its current
use by volunteer groups, multivariate analysisis a
powerful technique that the M onitoring Team plans
to make more accessible to groups in the future.
Contact the mentors listed in this chapter for more
information about multivariate analysis.
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Slight Impairment: evidence of some impairment exists.
M oderate Impairment. clear evidence of disturbance exists.
Severe Impairment. conditionsindicate a high level of disturbance.

Quality Assurance

Qverview

Quality assurance procedures (QA) assess the
environmental variability, sampling procedures
validity, repeatability of the sample methods, and
identification quality. The quality assurance
procedures involve a system of following standard
methods and protocols, duplicate sampling, and
identification reviews. Please refer to Chapter 4 for a
general discussion of data quality.

Field QA Sample

Ten percent of all stream sites sampled, or one
sample per survey, whichever is greater, should have
aduplicate set of field samples collected. The
duplicate sample is from the same sample reach.
Thisis called afield quality assurance sample
(FQA). Field QA samples look at the natural
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variability within ariffle and insure that the field
sampling method is repeatable. Thissampleis
sorted and identified the same as any other sample.

Laboratory QA Samples

Ten percent of all composite samples collected or
one sample per survey, whichever is greater, is
re-sorted for an additional 300 specimen subsample
from the original preserved composite sample. The
result is a duplicate sample from the same composite.
Thisis a laboratory quality assurance sample (LQA).
Lab QA sampleslook at the variability inherent in
the subsampling procedure and insure that the
subsampling method is repeatable and within an
acceptable range of variability.

Type Collection

It is useful to maintain a macroinvertebrate type
collection for each major basin, watershed, or
ecoregion studied. Thiscollection hasa
representative of each taxon identified and serves as
a basin record, and as a reference for checking
identifications.

[dentification Review

For Level 3 assessments, data should be reviewed by
an experienced taxonomist for anomalous
identifications. Randomly selected samples should
also be identified by an experienced entomologist
independently of the first identification. Finally,
specimens entered into the type collection should be
checked by an experienced entomologist for accurate
identification.

General References

Burton, Timothy A., and Goeffery W. Harvey. 1990.
Estimating Intergravel Salmonid Living Space using
Cobble Embeddedness Sampling Procedure, W ater
Quality Monitoring Protocols-Report 2 (DRAFT),
Idaho Department of Health and Welfare, Division of
Environmental Quality, Water Quality Bureau,
Boise, Idaho.

EPA. 1990. Biological Criteria: National Program
Guidance for Surface Waters, U.A. Environmental
Protection Agency, EPA-440/5-90-004.

Stream Macroinvertebrate Protocol 12-14

Version 2.0

Plafkin, J.L., Michael T. Barbour, Kimberly D.
Porter, Sharon K Gross, and Robert M. Hughes.
1989. Rapid Bioassessment Protocols for Use in
Streams and Rivers: Benthic M acroinvertebrates and
Fish, U.S. Environmental Protection Agency,
EPA/444/4-89-001.

Platts, William, S., Carl Amour, Gordon D. Booth,
Mason Bryant, Judith L. Bufford, Paul Cuplin,
Sherman Jensen, George W. Lienkaemper, G. Wayne
Minshall, Stephen B. Monsen, Roger L. Nelson,
James R. Sedell, and, Joel S. Tuhy. 1987. M ethods
for Evaluating Riparian Habitats with Applications
to Management, General Technical Report INT-221,
U.S. Department of Agriculture, U.S. Forest Service
Intermountain Research Station, Ogden, Utah.

Ralph, S.C.. 1990. Timber/Fish/Wildlife Stream
Ambient Field Manual, Version 2.1, TFW-16E-90-
004, Center for Streamside Studies, AR-10,
University of Washington, Seattle.

Robinson, C.T., and, G.W. Minshall. 1991.
Biological Metric Development for the A ssessment
of Nonpoint Pollution in the Snake River Ecosystem
of Southern Idaho, 1990-1991 Final Report,
Department of Biological Sciences, Idaho State
University, Pocatello, ID.

Wisseman, R.W. 1990. Biomonitoring of Stream

M acroinvertebrate Communities in Forested
Watersheds of the Umpqua National Forest, Oregon,
1989 Sampling Progress Report, Western Aquatic
[nstitute, Corvallis, OR.

Taxonomic References (referencesin bold are the
most useful for taxonomic identification)

Allen, K., and G. F. Edmunds, Jr. 1959. A Revision
of the Genus Ephemerella

(Ephemeroptera:Ephemerellidae), I. The Subgenus
Timpanoga, The Canadian Entomologist, 91:51-58.

Allen, Richard K., and George F. Edmunds, Jr.
1960. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), [I. The Sub
Genus Caudatella, Annals of the Entomological
Society of America, 54:603-612.

Allen, Richard K., and George F. Edmunds, Jr.
1961. A Revision of the Genus Ephemerella

Water Quality Monitoring Guidebook



(Ephemeroptera:Ephemerellidae), [11. The Sub
Genus Attenuatella, Journal of the K ansas
Entomological Society, 34:161-173.

Allen, Richard K., and George F. Edmunds, Jr.
1962. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), IV. The Sub
Genus Dannella, Journal of the Kansas
Entomological Society, 35:332-338.

Allen, Richard K ., and George F. Edmunds, Jr.
1962. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), V. The Sub Genus
Drunellain North America, Miscellaneous
Publications of the Entomological Society of
America, 3:146-179.

Allen, Richard K., and George F. Edmunds, Jr.
1962. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), V1. The Sub
Genus Seretella in North America, Annals of the
Entomological Society of America, 56:583-600.

Allen, Richard K., and George F. Edmunds, Jr.
1963. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), VII. The
Subgenus Eurylophella, The Canadian
Entomologist, 95:597-623.

Allen, Richard K., and George F. Edmunds, Jr.
1965. A Revision of the Genus Ephemerella
(Ephemeroptera:Ephemerellidae), VIII. The Sub
Genus Ephemerella in North America,
Miscellaneous Publications of the Entomological
Society of America, 4:234-282.

Allen, Richard K. 1968. A New Species and
Records of Ephemerella (Ephemerella) in Western
North America (Ephemeroptera:Ephemerellidae),
Journal of the Kansas Entomological Society,
41:557-567.

Anderson, N.H. 1976. The Distribution and Biology
of the Oregon Trichoptera, Technical Bulletin 134,
Agricultural Experiment Station, Oregon State
University, Corvallis, Oregon.

Baumann, Richard W., Arden R. Gaufin, and
Rebecca F. Surdick. 1977. The Stoneflies
(Plecoptera) of the Rocky M ountains, M emoirs of the
American Entomological Society, Number 31,

Stream Macroinvertebrate Protocol 12-15

Version 2.0

Academy of Natural Sciences, Philadelphia,
Pennsylvania.

Brown, Harvey P. 1976. Aquatic Dryopid Beetles
(Coleoptera) of the United States, Water Pollution
Control Research Series 18050 ELD04/72, U.S.
Environmental Protection Agency, Cincinnati, Ohio.

Edmunds, George F., Jr. 1959. Subgeneric Groups
within the M ayfly Genus Ephemerella
(Ephemeroptera:Ephemerellidae), Annals of the
Entomological Society of America, 52:543-547.

Edmunds, George F. Jr., Steven L. Jensen, and Lewis
Berner. 1976. Mayflies of North and Central
America, University of Minnesota Press,
Minneapolis.

Johnson, Stephen C. 1978. Larvae of Ephemerella
inermis and E. infrequens
(Ephemeroptera:Ehpemerellidae), The Pan-Pacific
Entomologist, 54:19-25.

Hafele, R. and S. Hinton. 1996. Guide to Pacific
Northwest Aquatic Invertebrates. Oregon Trout,
Portland, OR.

Hafele, R. and S. Roederer. 1995. An Angler’s
Guide to Aquatic Insects and Their Imitations.
Johnson Books, Boulder, CO.

Lehmkuhl, Dennis. 1969. An Annotated K ey to
Some of the Oregon Mayfly Larvae, unpublished.

Lehmkuhl, D.M., and N.H. Anderson. 1971.
Contributions to the Biology and Taxonomy of the
Paraleptophlebia of Oregon (Ephemeroptera :
Leptophlebiidae), The Pan-Pacific Entomologist,
Vol. 47:85-93.

McAlpine, J.F., et.al., eds. 1981. Manual of
Nearartic Diptera, Volume 1, Research Branch,
Agriculture Canada, Monograph No. 27, Canadian
Government Publishing Centre, Hull, Quebec.

Merritt, Richard W., and Kennith W. Cummins.
1984. An Introduction to the Aquatic Insects of
North America, second edition, Kendall/Hunt
Publishing Co., Dubuque, lowa.

Merritt, Richard W., and K ennith W. Cummins.
1996. An Introduction to the Aquatic Insects of
North America, third edition, K endall/H unt
Publishing Co., Dubuque, lowa.

Water Quality Monitoring Guidebook



Morihara, D.K., and W.P. M cCafferty. 1979. The
Baetis Larvae of North America
(Ephemeroptera:Baetidae), Trans. Amer. Ent. Soc.,
105:139-221.

Pennak, Robert W. 1989. Fresh-W ater
Invertebrates of the United States, third edition,
John Wiley and Sons, New Y ork.

Stewart, K. and B.P. Stark. 1993. Nymphs of
North American Stonefly Genera (Plecoptera).
University of North Texas Press, Denton, TX.

Stream Macroinvertebrate Protocol
Version 2.0

12-16

Wiggins, Glenn B.. 1977. Larvae of the North
American Caddisfly Genera (Trichoptera),
University of Toronto Press.

Wiggins, Glenn B.. 1996. Larvae of the North
American Caddisfly Genera (Trichoptera),
second edition, University of Toronto Press.

Water Quality Monitoring Guidebook



Chapter 13

Pesticidesand Toxins Protocol

The following protocol describes methods to
determine if pesticides or chemical toxins are present
in surface waters of streams. Pesticidesinclude
herbicides, insecticides, rodenticides, and other
chemicals used to control unwanted vegetation or
pests. Chemical toxins can include a suite of
materials often associated with urban or industrial
discharges. Examples of chemical toxinsinclude
chlorinated phenols and polychlorinated biphenyls
(PCBs). How each individual, group or agency
works its way through the protocol will depend on
their respective technical background, experience,
and the goals of the monitoring project. By
following the protocol recommendations given below
for maintaining sample integrity, collection methods,
and sample analysis options, it will be possible to
develop regional data sets. These data sets will be
extremely valuable to the OPSW effort to restore and
protect salmonid habitat throughout Oregon.

M entor Contact

Aswith any monitoring project, questions will come
up that are not answered or covered sufficiently in
this protocol. Therefore, a group of mentors that are
agency expertsin monitoring have been identified.
These mentors may be contacted with specific
questions about particular monitoring goals and
efforts. Questions about pesticides and toxins
monitoring should be directed to one of the
following:

ODF Monitoring Coordinator
Liz Dent (503) 945-7493
E-mail : liz.f.dent@ state.or.us
Oregon Department of Forestry
2600 State Street

Salem, Oregon 97310

or
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Statewide DEQ Volunteer M onitoring Coordinator
Karen Williams (503) 229-5983
E-mail: williams.karen@ deq.state.or.us

General information of pesticide and toxics s
available from the following references:

Background Information On Pesticides and
Toxins

This section and the following sections will focus on
monitoring for pesticides associated with nonpoint
source activities like agriculture or forestry.
However, urban point sources can also be a source of
pesticides and industrial/urban toxins. When
samples are being collected for these materials in
urban areas, the same guidelines to avoid
contamination or degradation of the samples should
be used.

Why Monitor?

High levels of pesticides or toxins in water may
affect fish and other aquatic organisms' health and
productivity. Toxicity isrelated to both the level of
exposure (dose or concentration) and the duration of
the exposure (acute or chronic). Some chemicals are
highly mobile in water while others are not. In order
to be detected, chemicals must first enter the water
column through either a direct application to the
water body, aerial drift, transport through ground
water, or overland flow.

After entering the water column, chemicals differ in
their potential effects. Some herbicides, depending
on their concentration and duration, may indirectly
effect aquatic animals through effects on aquatic
plants. Insecticides, rodenticides, or fungicides may
have direct effects on aquatic animals depending on
the chemical and concentration. Chemicals used in
forest, agricultural, and urban settings differ. County
extension offices or the Oregon Department of
Environmental Quality (DEQ) are resources for
associating land use and stream habitat setting with
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the kinds of chemicals that may be affecting
streams.

Pesticide Use and Runoff Patterns in Oregon

A number of studies have been conducted or are
underway to assess the introduction of pesticides
into Oregon waters. The USGS recently published
results of monitoring in their report entitled
“Occurrence of Trace Elements and Organic
Compounds and Their Relationship to Land Use in
the Willamette River Basin, Oregon, 1992-1996”
(Anderson, Rinella and, Stewart, 1996). They
found that

“... of the 25 most frequently detected
pesticides, 3 were found primarily at urban
sites, 6 were found primarily at agricultural
sites, and 7 were found at all types of sites
except for forested.”

For some land-uses, chemicals can only be detected
for a short time immediately after a spray operation
or when a storm causes runoff (see the discussion
under Selecting and Sampling Sites below). For
example, Oregon Department of Forestry (ODF)
monitoring has found herbicide concentrations at or
below detection levelsin most of their samples even
when they were collected at the time of a herbicide
application (ODF 1992). W atershed Councils need
to carefully consider when and if to monitor for
these chemicals.

M onitoring Plan Considerations

A monitoring plan provides a guide for how, when,
and where to monitor surface water toxins. A more
detailed discussion about developing a monitoring
planis provided in Chapter 2 (Monitoring Strategy
and Plan) in this document.

Selecting and Sampling Sites

M ost chemicals reside for a very short time within
the water column of a flowing stream. Through
time they either:

« metabolically break down into other
compounds,
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e remain active hut settle into the stream
sediments,

 or dilute into undetectable, biologically benign
amounts.

Asaresult, sampling to detect pesticides in the
water column often requires that sampling occur
immediately after chemical application or following
a storm event. Depending on chemical stability and
longevity in the environment, run-off events after
heavy rainfall may cause more contamination to
streams then aerial drift during spray application.

M ost pesticides will be collected as nonpoint source
samples. This means that the potential pollution
source originates from a large area of land and may
enter the water column through a number of means
and at a number of points. Point source pollution
sampling may also apply in some agricultural and
urban settings. Sampling for point source pollution
isrelatively simple. The effluent from a pipe,
culvert, or other outlet originating from the
polluting source (factory, sewage treatment plant,
feedlot) is a direct connection to the stream and
sampling can be done at the discharge site. Point
source sampling should occur at the mouth of the
outlet pipe from the pollution source where the pipe
links to the stream system. Samples may be
collected directly from the outlet.

For nonpoint source sampling, the sample point
should generally be located within 200 feet
downstream from the lower edge of the chemical
application or land use boundary. Itiscritical
throughout the sampling process that neither the
sampling equipment nor the personnel come into
contact with the chemical. This contact could
contaminate the water samples. Therefore, do not
sample too close to the operation. However, a
distance too far from the application may introduce
confounding factors such as tributaries or incoming
ground water which can dilute concentrations in the
flow. The sample point should also have easy
access, even at night, and the stream should be deep
enough to adequately fill the collection jar. A
uniform stream bottom also facilitates stream flow
readings.
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Sample Analysis and Equipment Options

Laboratory methods for pesticides and toxic
chemicals tend to be exacting and expensive
because these chemicals are usually present in the
water in very small amounts. Also, they occur in
an already chemically-complex water column.
Quality assurance is important for both the
collection and transport of samples to the laboratory
and also in the analysis.

Different types of laboratory and field methods can
be used for analyzing pesticides and toxins. Some
analytical methods can be relatively simple and
inexpensive. Commonly, the most precise and
accurate methods are costly and involve trace
analytical techniques and equipment. Some
chemicals are more difficult to analyze than others.
The cost of the analysis is directly related to the
complexity of the analysis (type of chemical being
detected, matrix of chemicalsin the water) and the
minimum detection limit requirements.

Setting A ppropriate D etection Limits

For litigation or situations that require quantifiable
proof and testing to very low concentrations,
laboratory methods can provide excellent answers
with low margins of error. These tests are
expensive, however, ranging from $200 to $300 per
sample. Laboratory tests using a gas
chromatograph, high performance liquid
chromatograph (HPLC), or even mass
spectrometer, can detect some chemicals down to
ppb (parts per billion) and ppt (parts per trillion).

Often, however, analysis of such small amounts of
chemicalsin water samples are not needed. Rather,
local groups may want to know if the chemical
levels exceed an EPA, DEQ, or other water-quality
standard. These “action” concentrations can be
much greater than a few ppt or even ppb. The

W atershed Council needs to consider carefully
what detection limits are appropriate for which
chemicals as part of its monitoring plan.
Immunoassay A lternatives

One emerging analytical alternative is the use of
immunoassay techniques. These tests involve the
use of an antibody to the chemical of interest. Sites
on the antibody are tied up by the chemical. A
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colorometric reaction is often used which can
indicate the concentration of the chemical in the
water. Immunoassay techniques provide an
inexpensive alternative where they provide
sufficient detection limits, precision, and accuracy.
Costs range from about $150 to $400 for up to
twenty tests, depending on the chemical. Detection
limits as low as 0.05 ppb are reported for some
immunoassay methods but problems can occur with
false readings attributable to other chemicals.
Immunoassay test kits are only available for a
limited number of chemicals. Other chemicals still
need to be analyzed in alab. However, if the
chemical of interest can be analyzed by available
immunoassay techniques, these tests provide quick
and accurate results.

General Equipment Considerations

The type of analysis planned as well as the
chemical(s) to be tested will dictate the types of
equipment needed. Collecting samples and sending
them to a certified laboratory for analysis will
require one set of sampling equipment.
Immunoassay kits come with the equipment
required to collect the samples to perform the
specific analyses.

To successfully collect data for the OPSW, care
must be taken to collect clean, uncontaminated
water grab samples. The type of collection jars
used is part of that process. If the samples will be
analyzed by immunoassays, the immunoassay kit
will contain the appropriate collection jar.
However, if samples will be sent to a lab, the lab
must be contacted prior to ordering sample jars.
Some chemical toxins react to the plastics used in
non-glass jars while others are not affected. Other
chemicals require frozen storage until analysis,
which means plastic containers will be needed.

M ost labs require that samples be stored in jars
with special lids which provide a barrier and seal
against the introduction of outside contaminants
after closing. Be sureto ask what jars are best for
the chemical(s) that will be sampled.

Required Equipment for the L aboratory M ethod

* Appropriate sample jars and lids
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e Labels

» Sterile gloves

. Ziplock“ bags larger than the sample jars
e |celfrozen water jugs/blue ice packs

» Cooler

e Stopwatch

* Permanent waterproof marker

e Labformsand clipboard

e Flow meter

e Watch

The jars and gloves can be ordered from any
scientific supply company. Other equipment is easy
to find and purchase. Be certain to confirm the
sample collection requirements with the laboratory
where samples will be sent for analysis. The
Oregon Department of Agriculture (ODA)
Laboratory has defined specific container and
storage temperature requirements for given
chemicals. Some samples must be analyzed within
24 hours of collection or else they must be frozen.
If samples will be mailed to the lab, the lab
technicians may be able to recommend the most
efficient and safest method to prevent sample
degradation.

Contact alocal ODA or DEQ office or a
monitoring mentor to locate the nearest analytical
laboratories.

Equipment Required for Immunoassay M ethods
Field kits exist for some pesticides that can screen
for those compounds in the field. The kits contain
the following:

e Test tubes and rack

e Assay calibrators

» Control

e Appropriate enzymes
e Appropriate substrates
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e Stop solutions

Other recommended equipment include the
following:

» Sterile gloves

e Lab glasses

e Stopwatch

e Flow meter

e “Write-in-the-rain” data sheets
e Clipboard

e Watch

A variety of laboratory and environmental testing
companies offer immunoassay kits. Inquire with
the EPA, DEQ, or city/county water quality offices
for assistance and recommendations on criteria to
decide which kit will best fit the monitoring needs.

Laboratory Quality Assurance

In addition to delivering samples in good condition
to the laboratory, utilizing a laboratory that can
provide analysis of the samples at the desired level
of sensitivity, accuracy, and precision is also
important. Some of the components to high quality
analysis include the use of pre-treatment control
samples, field and laboratory blanks, internal
standards, and surrogate spikes. The following
discussion provides a short overview of the
treatments used to insure quality laboratory
analyses. If more information is desired about any
one these quality assurance processes, contact the
mentor listed in this section.

Pre-treatment control samples are collected before
an operation begins. They provide a measure of
existing chemical load or possible interferences
with the analytical technique. Field and laboratory
blanks are control samples that provide an
indication of potential contamination in the field or
from the sample collection or analytical equipment
and extraction materials. Internal standards are
either measured amount of the chemical of interest
or distilled water added to the sample which react
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similarly to the chemical of interest (referred to as
the “analyte”). “The ratio of the internal standard
response to the analyte response is called the
relative response factor, and it calculates analyte
concentration” (Keith 1991). Internal standards
are added at the end of the extraction process.
Surrogate spikes are added at the beginning of an
analysis. Like aninternal standard, they are
chemicals which are expected to behave similarly
to the analyte. Surrogate spikes allow for
determination of recovery efficiencies (percent
recovery) as part of the sample clean-up and
preparation (K eith 1991). Be prepared to ask
questions and work with the laboratory to insure
that data quality is maintained.

Field Protocol

The following field protocol is appropriate for
pesticide sampling below a planned spray
operation. Collecting water grab samples for
pesticide analysisis arelatively easy process. Two
important considerations must be remembered. The
firstis:

Do not contaminate the samples in the following
ways.

e Entering the spray area

» Driving through the spray area

« Coming in contact with operators or their
equipment

e Exposing the collection jars to potential
contamination

e Coming in contact with the water column
before it enters the collection jar (stand
downstream, do not let clothing or skin contact
the water upstream)

L/v

Equation:
60 seconds
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The second important consideration is:
Remember to collect a control sample and then
collect subsequent samples on the appropriate
time schedule.

Following these two important points will facilitate
a successful sample collection.

Sample L ocation
Sample sites should have already been selected.

Samples will be collected approximately 200 feet
downstream of the edge of treatment unit. Access
to the sampling site should be done without walking
or driving through the treatment unit. The site
should be protected from drift, have a uniform
cross-section (no backwater or eddies), and have
adequate flow to facilitate sample collection.

Sample Timing
A control sample will be collected within 24 hours

prior to the start of the application. Follow the
Laboratory Sample procedure below or the methods
indicated with the immunoassay kit.

After collecting the control sample, measure the
velocity of the stream (ft/sec) using a velocity or
flow meter (contact the mentors for information
regarding measuring flow in the field). Estimates
of velocity can also be obtained using the informal
“chip” method. Using a brightly colored, buoyant
object (light-colored wood chip, cherry, tennis ball,
etc.), record the time it takes the object to travel a
pre-measured distance. This provides a “ feet
traveled per second” reading. Three or more
readings should be taken and averaged. Record the
stream velocity.

Five more water quality samples will be collected
based on the travel time of the water moving
through the treatment unit. Samples will be
collected approximately 15 minutes, and 2, 4, 8,
and 24 hours after the first swath has been sprayed
near the buffer strip. The actual time of collection
is calculated as follows:

+15 minutes = 15 minute sample time
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where, L = length of stream between top of
treatment area and sample point plus length of
stream between bottom of treatment unit and
sample point divided by 2 (ft).v = average velocity
of stream (ft / sec)

Runoff Sampling
Runoff sampling is appropriate at all sites where a

runoff event occurs within the first 72 hours of the
chemical application. Samples can be collected
within the first 12 hours after the first runoff event.
Only one runoff sample need be collected as long as
the sample captures the runoff event.
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However, depending on the monitoring objectives,
samples may be collected at the beginning, middle,
and end of the event.

Operator Questionnaire

[t may be worthwhile to gather data about the
chemical application from the operator. A form
template is provided below for operators or
landowners to fill out. The information requested
deals with how the chemicals were applied. If this
monitoring site’s results will be compared to others,
thiskind of information is invaluable (Figure 13-1).

Water Quality Monitoring Guidebook



Landowner:

Person’s name completing questionnaire:

Unit Name;

Date of Application:

W eather Conditions:
Please fill in measurements of:

Time Time Time Time

Time

Time Time Time

Wind Speed:

Wind Direction

Relative Humidity

Temperature

Chemical Application
Start time

End time__
Target vegetation/pest: __
Active ingredient pesticide:

Additional pesticide used:

Was chemical directly applied within 60 ft of the stream?

Ibs/acre applied
Ibs/acre applied

Surfactant added: amount/acre
Other additives: amount/acre
Application rate for final spray mixture amount/acre
Carriers used:

EPA Registration number Trade Name

Operation
Helicopter/plan/tractor model:

Flight altitude:

Air/ground speed:

Boom length:

Boom Pressure

Flight centerline offset from edge of buffer:

Half Boomused  Yes  No
Nozzle type, size, angle, orientation:

Number of nozzles:

Figure 13-1. Operator questionnaire.

Procedures 3.

Laboratory Sample Procedure. Arrive at the
sampling site without physical contact with vehicles
or personnel from the spray operation. Comply with
the following procedure:

1. All equipment will be clean and free of chemical 4,

residues.

2. For each sample, put on a new pair of surgical-
type sanitary gloves and pick up container.
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Fill out two labels identifying the sample, the
date, the location, and the time. Place one on
the bottle and one on the lid. When using a
plastic container, the sample number should be
written directly on the bottle as well as on the
label.

Stand downstream of the sample location. Do
not let clothing make contact with the water.
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5. Triple-rinse sample container in the stream
water (unless a preservative is used) at the
sample site. Empty rinse water downstream.

6. Atthesampletime, face upstream and slowly
sink container into the mainflow of the water

column until the lip of the jar isjust below the
surface. Fill container.

7. Fill out Water Quality Sampling form (Figure

13-2).

Draw a schematic map of the unit, streams, buffers, and application patterns.

Notification number:

Applied pesticide:

Stream name;

M onitor’s name(s):

Spray start time:

Average stream velocity:

Sampling start time: Date:

(ft/sec)

SAMPLE DESCRIPTION DATE

SAMPLE COLLECTION

TIME SAMPLE ID NUMBER

Control Sample

15 minute

2 hour

4 hour

8 hour

24 hour

Runoff Sample #1 (optional)

Runoff Sample #2 (optional)

Runoff Sample #3 (optional)

Figure 13-2. Water quality chemical sampling form.

Upon submission of the water samples to the lab, a
Universal Sample Collection and Laboratory Report
form and a chain of custody form usually need to be
completed and turned in. Copies of these can be
obtained from the lab.

Sample Storage and Delivery to Laboratory. Thelab
should be notified ahead of time about delivery.
Samples should be put immediately in watertight
cold storage with a leak-proof cooling device
(blue-ice, frozen water jugs, double-bagged ice
cubes) and remain so until delivered to the lab.
Samples should be transported to the laboratory as
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soon as possible. Atnotime should any sample be
in contact with personnel directly involved with the
chemical operation.

Sample Analysis and Evaluation. The samples may
be analyzed individually to determine concentrations
of the chemical throughout time. Thisis highly
accurate but the most expensive option because each
of the six samples will be billed. A 24-hour average
can be approximated from these results with the
following formula. Thisformula applies a
time-proportionate weighting factor to each grab
result.
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Equation:

24 - hr average concentration =15- min(0.02) + 2 - hr(0.08) + 4 - hr(0.10) + 8- hr(0.30) + 24 - hr(0.50)

(Note: 15-min, 2-hr, 4-hr, etc., refers to the pesticide concentration collected at those time intervals, and not the time the sample was collected.)

Samples can also be combined into one sample for
analysis. Composites will usually be formed by the
lab so the samples should be delivered in individual
containers. Analyzing composites resultsin losing
the ability to detect a 24-hour maximum
concentration. The decision to analyze composites
or not is a budgetary one.

Immunoassay Procedure. The procedures for the
immunoassay tests will be detailed in the test
instructions within the kit. All sample integrity and
contamination concerns from the laboratory methods
apply to the immunoassay tests as well. Six samples
through time, including a control, should be taken.
Sample vials should be labeled and kept separate
from other samples. New sterile gloves and clean
equipment should be used with each sample. A
stable and sheltered area in the field either near the
stream or near the vehicle should be established to
complete the tests because they may take up to two
hours to complete. Refer to the directions and
technical assistance offered by the test manufacturer
for more questions.

Analyzing Data

The level of analysis will depend on the initial
objectives of the monitoring project. If the goal isto
determine if pesticide or introduced toxin levels are
above a state or federal standard, then the laboratory
or immunoassay results will answer the question
affirmatively or negatively. If the goal isto
determine if post-application levels exceed control
levels, then lab or test results will indicate that as
well.

If the monitoring project goal involves comparing
different site responses or application rates or
techniques, then a more complicated analysis will be
required. The sample size (number of individual
spray operations) will need to be larger. Multiple
sites or spray applications may be compared as long
asthe environmental conditions that differ between
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sites are thoroughly and completely measured and
documented. Graphical comparisons of the
condition of interest will be required. Contact the
OPSW surface water toxins monitoring mentor for
assistance on collecting reliable and pertinent
environmental data and analysis options.

Individual sites may be compared through time as
well. Changesin flow and other factors that directly
affect potential toxin levels must be documented and
changes in buffers or management techniques that
may indirectly affect toxin levels should also be
recorded to maximize the value of the data collection
effort.
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Addendum to Water Quality
Monitoring Technical Guide Book:
Chapter 14

Stream Shade and Canopy
Cover Monitoring Methods

This document is designed as an additional
chapter to the Water Quality Monitoring:
Technical Guidebook (OWEB July 1999).
Many of the broader monitoring concepts
presented in the Water Quality Monitoring
Technical Guidebook apply to shade and
riparian cover monitoring. Please add this to
your current version 2.0 as chapter 14.

Credits

This chapter was developed by a Stream
Shade Monitoring Team formed in 2000 as a
subcommittee to the Oregon Plan for Salmon
and Watersheds Monitoring Team. The work
group was comprised of representatives from
Oregon Department of Environmental Quality
(DEQ ), Oregon Department of Forestry
(ODF), Oregon Department of Fish and
Wildlife (ODF&W), and Oregon State Uni-
versity Extension, Bioengineering, and Range
Departments. Key contributors to these
guidelines included: Liz Dent, Micheal
Mulvey, Dennis Ades, Barry Thom, Jerry
Clinton, Derek Godwin, Kathy Lowson,
Tamzen Stringham, and Greg Pettit. The
protocol relies heavily on protocols devel-
oped by the DEQ, ODF, EPA, ODF&W, and
OSU. Valuable review comments on earlier
drafts from Mack Barrington, Bob Beschta,
Ken Bierly, Rick Hafele, Phil Kaufmann,
Bruce Mcintosh, Scott Peets, Steve Ralph,
Paul Ringold, and John Runyon were greatly
appreciated.
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Chapter 14
Stream Shade and Canopy Cover Monitoring Methods

Introduction cover is the percent of the sky covered by
vegetation or topography. Shade producing
features will cast a shadow on the water while
canopy cover may not. Two trees of equal
size and distance from the stream channel,
one on the north bank and the other on the
south bank of a stream with an east-west
stream channel, would have exactly the same
contribution to stream canopy cover while
making very different contributions to stream
shade. Unlike the tree on the south bank, the
tree on the north bank would cast little, if any,
shadow on the stream. Of the measurement
devices described in this chapter, the
densiometer and clinometer both measure
canopy cover while solar pathfinder and
hemispherical photography measure both
shade and canopy cover. Stream aspect can be
combined with clinometer measurements to
calculate stream shade. Information is pro-
vided in this chapter to assist in making the
choice on which device to use.

Riparian areas provide a number of important
functions that benefit salmonids and salmonid
habitat. For example, large conifer trees that
fall into the stream from the riparian area
provide critical fish habitat structure and
complexity that benefit fish reproduction and
refuge needs. Other riparian functions in-
clude, but are not limited to, bank stabiliza-
tion, flood plain development, nutrient inputs
for agquatic insects, and stream shade. This
chapteronly addresses stream shade and
cover measuremeand at this timeloes not
address riparian composition and structure.
The fact that stream shade is the only riparian
component addressed is not meant to mini-
mize the importance of the other riparian
components. On the contrary, the composition
and structure (e.g. species and size class
distributions, understory components, dis-
tance from stream, etc.) of the riparian area
can affect any or all of these functions and
may be of equal or greater interest to the user.
Various techniques for monitoring these other
riparian components are being used by Or-
egon State University (Borman and Chamber-
lain), Oregon Department of Forestry (ODF
1996, 1999), Department of Environmental
Quality (Mulvey et al 1992), Oregon Depart- | nere are many factors that affect stream
ment of Fish and Wildlife(ODF&W 1998),  temperature (incoming solar radiation, outgo-
EPA (Kaufman and Robison 1998, Bauer and I"d longwave radiation, evaporative and
Burton 1983), and US Forest Service (Platts conductive heat transfers, channel morphol-
et al 1987). Please contact these groups if ~ ©9Y. heat capacity of water, volume of water)

more information is desired on this topic (See SOmMe of which are outside the Coﬂtrgl of
the mentors section at the end of this chapter) mManagement practices. Stream shade Is one
factor that both affects stream temperature

Stream Shade Versus Canopy Cover and is also sensitive to management practices.
_ _ Also, in the summer, it is direct solar radia-

Shade is the amount of solar energy thatis  tjon that plays the dominant role in warming

obscured or reflected by vegetation or topog- streams. Therefore, providing shade to a

raphy above a stream. It is expressed in units stream is one of the most important mecha-

of energy per unit area per unit time, or as a nisms that mitigates potential negative effects

percent of total possible energy. Canopy of land management on stream temperature.

There are several reasons for monitoring
stream shade or canopy cover, and monitoring
designs will vary accordingly. The most
common motive for monitoring shade or

cover is in relation to stream temperature.

Stream Shade and Canopy Cover 14-5 Water Quality Monitoring Guidebook
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By monitoring shade in conjunction with
stream temperature the land manager can
begin to evaluate relationships between
management practices and water quality.

perature and cover is variable, particularly if
the canopy cover is neither exceptionally high
nor low. Figures 14-1 and 14-2 compare
shade to cover data collected at the same
locations using different tools. Clearly shade
Cover measures can be used as a surrogate oncreases as cover increases. However, the
index of shade. Both cover and shade mea-

variability about the lines{= 0.62 and 0.72)

surements are valuable for tracking changes indicate that the composition of the stream-

in riparian characteristics which may occur as side vegetation ulitmately dictates the amount
a result of management or restoration activi-
ties. The relationship between stream tem-

of shade that will be cast on the stream.
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Figure 14-1. Shade (measured with a solar pathfinder) versus canopy cover (densiometer).
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Figure 14-2. Shade (measured with a fisheye camera) versus cover (densiometer).

Stream Shade and Canopy Cover
Version 2.0

14-6

Water Quality Monitoring Guidebook



The data in figure 14.1 were collected from  Use of that classification system in the shade

forested streams in the Nestucca River basin monitoring study design can be used to

in north western Oregon, summer 1999. Each account for the variability in riparian and

comparison is an average of three transects channel characteristics and disturbance

within a 200- to 500-foot long reach. (Pro- regimes.

vided by Larry Caton, Oregon DEQ. ) The

data for figure 14-2 were collected in North-  The study design presented in this chapter is

east Oregon and Northwest Oregon during theclosely aligned with the field protocols

summer of 1999 and were contributed by the described in section 6 (physical habitat

Oregon Department of Forestry (Liz Dent).  assessment) of the EPA Environmental

Each comparison is a reach average. Reach Monitoring and Assessment PrograaMAP)

length varied from 500 — 800 feet. (Klemm and Lazorchak 1994). TiEevAP
methodology was intended for evaluating

Chapters 2 and 3 of this guidebook provide physical habitat in wadeable streams during

background information on how to design a low flow. The design requires systematic

monitoring plan and select field sites. This intervals for measurements (i.e. every 100

chapter provides additional detail on study  feet) rather than habitat-based intervals (i.e

design as well as detailed field measurement every time the habitat type changes measure-

procedures for measuring stream shade and ments are taken) and therefore results can be

cover. Six different tools for measuring readily compared to other systematically

stream shade are presented. The user of this collected data.

chapter can decide which tool to use based on

available resources and the particular moni- Chapter 2 (Monitoring Strategy and Plan) of

toring question being asked. this guidebook describes the basic compo-
nents of a monitoring plan. The objectives or
Study Design specific questions determine the appropriate
scale, data analyses, and type of monitoring
Riparian vegetation characteristics (stand approach that will be used. The following
density, height, species composition, proxim- discussion gives examples of shade-monitor-
ity to stream) and channel characteristics ing questions and how those questions influ-
(width and constraint) affect canopy cover  ence the study design. The questions are
and shade over the stream. The riparian organized under three scales: reach, water-
vegetation in turn is influenced by distur- shed, and region. See Appendix B for a more
bances such as wind, fire, flood and land detailed discussion of monitoring types (i.e.

management practices. Riparian vegetative baseline, trend, implementation, and effec-
trends are also dependent on local geomor-  tiveness).

phology and channel constraint. For example, _

terraces, meandering channels, abandoned Reach Scale Questions and Analyses

channels, beaver complexes, floodplains, and \onitoring Changes in Shade that Result
wetland areas are common in unconstrained from Management or Restoratidativities

systerrt15. Thege ;]/argable conditions iﬁvor 4 The reach scale is commonly used to monitor
SOME 1ree and Shrub SpPEcies OVer OINErs and gffactiveness of specific management prac-

thus result in patchy vegetation types. Con- inaq \vater quality management plans, and
strained reaches commonly have less geomoryggygration efforts. It is important to select a

phic and vegetative variability than uncon- o \hich is representative of the manage-
strained reaches. The OWEB Watershed ment or restoration activity. How to select a

Assessment Manual (WPN 1999) describes o asentative reach is discussed in greater

classification methods that can be used to el helow. Collection of pre-treatment data

define vegetation type (riparian condition greatly enhances the ability to answer effec-
unit) and channel type (channel habitat type). g eness questions. Measurements collected

Stream Shade and Canopy Cover 14-7 Water Quality Monitoring Guidebook
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upstream and downstream of the managementComparing Shade Under fefent Manage-
practice can also be utilized to understand ment Strategies
effectiveness of management practices and The user may be interested in monitoring the
strategies. Reach scale monitoring efforts are effectiveness of different management activi-
point measurements that can be aggregated taies along different stream reaches. Under this
larger scales depending on sample design,  scenario the study reaches should have the
budget and time. Example questions include: same vegetation potential, valley and channel
type. This assures the project is testing the
1. Have shade levels increase as a result of effects of the management practices and not
modifying riparian vegetation from grass inherent differences that would have occurred
and shrubs to trees? with or without management. Example
guestions include:

2. How much have shade levels increased
over the next 5, 10, 15, and 20 years?

Reach Descriptions

A — untreated grass and shrub riparian
area, pasture grazed by livestock

B — treated riparian area by fencing and
planting trees and excluding livestock
grazing

C — treated riparian area by fencing and
planting trees and allowing rotational live-
stock grazing

D — untreated riparian area with shrubs
and trees, amount of shade is below its
potential amount

E — untreated riparian area with trees and
some shrubs, considered to represent the
amount of shade that A, B, C, and D could
attain (a.k.a. reference reach, see Chapter
3, page 4, for the criteria of reference
sites).

Figure 14-3. Schematic of theoretical monitoring reaches.

1. How do the shade levels in an unmanaged
The study design would consist of measuring ~ Or “reference” reach compare with treated

shade levels before the treatment, then after agricultural reaches?

the treatment at 5-year intervals. The data The study design would establish sample
would be collected in one reach (Figure 14-3: reaches along reference and treated

sites B, C, or E). reaches. Average shade or cover along the

reference reach E (Figure 14-3) are then
compared with average shade from
reaches B and C.

Stream Shade and Canopy Cover 14-8 Water Quality Monitoring Guidebook
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2. How does the shade level of one treated
agricultural site compare to the other?

The study design would establish sample
reaches within two differently managed
agricultural reaches. Effectiveness of
treatments is evaluated by comparing
shade or cover between reaches B and C
(Figure 14-3).

Comparing Management Strategies on
Streams with Dierent Channelvalley, or
Vegetationlypes

Sometimes the channel, valley or vegetation
type has a greater effect on shade levels than
the management strategy. In this case, the

Watershed Scale Questions and Analyses

Multiple ReachAnalyses folWatershed

Trends

Monitoring efforts at the watershed scale can
look at effectiveness of treatments within the
context of the larger system (e.g. percent of
stream miles shaded, downstream effects). It
is also useful for understanding trends, condi-
tion, and disturbance regimes. The watershed
scale is a particularly important scale for
examining historic watershed processes and
how the disturbance regime has shaped the
current condition. Finally, the watershed scale
is essential to examining cumulative effects
of natural disturbances (flood, fire, etc.) and a
variety of practices (urban growth, roads,

same management strategy can be applied to vegetation changes, etc.).

different stream channel types to determine
the influence of other environmental condi-
tions. For example a channel with steep
valley walls might have greater shade than a
channel with a wide floodplain even if the
management practices are the same. Like-
wise, similar treatment strategies on different
vegetation types (i.e. fir versus pine, willow
versus cottonwood) may result in different
shade levels. In this case, the channel types

must be the same, but the vegetation types are,

different. Example questions include:

1. Will the riparian treatment make a greater 3

difference for valley-bottom streams than
it will for narrow-valley streams?

Do vegetation treatments in a white fir-
dominated stand result in different shade
levels than in a pine-dominated stand?

The study designs would establish sample
reaches along streams with similar man-
agement activities but with different
channel, valley or vegetation types.
Average shade levels are then compared
between reaches.

Stream Shade and Canopy Cover
Version 2.0
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Watershed level questions might seek to
understand trends in shade levels throughout
the basin, how those change over time, and
how management affects those trends. Ex-
ample questions include:

1. What percentage of streams in the water-
shed have desired shade levels?

How do shade levels change over time?

. Are there streams in the watershed with
significant shade deficits relative to
established reference conditions?

4. How do restoration and other manage-

ment activities affect shade levels?

The study design would establish sample
reaches distributed throughout different
channel, valley, and vegetation types to
account for the natural variability within
the watershed. The samples have to be
numerous enough to provide a reliable
estimate of watershed condition. Average
shade or cover can them be compared
between multiple reaches. Results can
also be reported in terms of what percent
of the watershed is in a given shade
condition for each of the channel, valley
and vegetation types. For example, 20%

Water Quality Monitoring Guidebook



of the streams sampled are providing their
maximum amount of shade possible, 60%
are providing half of their potential, and
20% are providing 1/3 of their potential.
Changes in shade over time can be
tracked by repeating the measurements
over time. Finally, the effectiveness of
management activities can be evaluated
by nesting pre-management and post-
management sample reaches within the
study design.

Regional Scale Analyses

Regional scale monitoring efforts are typi-
cally used to monitor trends in resource
condition over large geographic areas (Pacific
Northwest, State of Oregon) and long time
periods (e.g. decades). This type of monitor-
ing requires large sample sizes collected over
long periods of time. While monitoring at the
regional scale is beyond the scope of this
document, an awareness of the approach is
valuable since regional monitoring efforts
might draw on local efforts.

To address questions posed at this scale, the
site selection needs to be probability based. A
spatially balanced probability design distrib-

Selecting A “Representative” Reach

All sampling designs proposed in this chapter
require multiple measures of shade or cover
within a stream reach. A stream reach that
represents the shade or cover conditions to be
monitored is called a “representative” reach.
This manual proposes three main characteris-
tics to consider when choosing representative
reaches. They include:

1. Channel Typegradient, width, depth,
constraint within the valley, substrate,
sinuosity, etc.

2. Vegetation Type and Siz®nifer, hard-

wood, mixed tree, shrub, grassland, size

based on diameter and height,

3. Treatment or Management Strategy
examples include fencing and planting
with livestock exclusion, fencing and
planting with rotational grazing, increas-
ing percentage of conifers and reducing
hardwoods (and vise versa), reference
(represents potential future condition), no
activity, forestry BMP’s

The OWEB Watershed Assessment Manual

utes sample sites across the landscape, so thaiyPN 1999) describes classification methods
each stream segment has an equal chance of that can be used to define vegetation type and

being sampled within the area in question. As
an example, The Oregon Department of Fish
and Wildlife, Oregon Department of Environ-
mental Quality and U.S. Environmental
Protection Agency have randomly selected
sites across the landscape to monitor stream
health and fish populations. This is part of the
statewide monitoring of the Oregon Plan for
Salmon and Watersheds. The sample sites
were selected using a Random Tessellation
Stratified Design (Stevens, 1997). Sites were
distributed such that inferences can be made

channel type. Some variability is likely, but
no major changes in channel type, vegetation
type, or management strategy should occur
within the reach of stream that is going to be
monitored. This helps to assure that the
results are “representative” of the condition
being monitored. The stream should be
surveyed prior to monitoring to determine
where the major changes occur. The survey
results define the maximum extent of the
reach. The sample reach can be placed any-
where within the “representative” reach and

for Gene Conservation Areas and the coast asmay be determined based on where the

a whole. However, because of the sampling

management strategy has been implemented.

design, data from these studies cannot be used

to make inferences at smaller scales such as
watersheds.

Stream Shade and Canopy Cover
Version 2.0

14-10

Selecting A “Reference” Reach

Reference reaches can be established to
document comparisons for “optimal” or
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‘desired” conditions. Typically reference
reaches represent the best available condi-
tions and have minimal levels of anthropo-

Estimate the average wetted channel

' width by taking a few measurements

during step 1.

genic disturbance. Reference reaches should

be selected to represent variable disturbance 3. Multiply the average wetted width by 40.
regimes that can be tracked over time. Be- This is the length of your sample reach.
cause of the great variability that exists in

riparian characteristics throughout the state, it 4, The sample reach can be randomly placed
is important to recognize that each reference within the reference reach, or established

reach represents one possible condition that at a location which satisfies the objectives
will change over time. Selecting a reference of the study.

site is described in detail Reference site
selection: A six step approach for selecting
reference sites for biomonitoring and stream
evaluation studies. Technical Report BIO99-
03 (Mrazik 1999). Itis also discussed in
Chapter 3 of this guidebook.

. Divide the sample reach length by 10 to
determine the distance between transects.

6. Transects are placed perpendicular to
streamflow, numbered sequentially, and
; : can be marked with labeled flagging (i.e.
Sampling Designs Deer Creek Station 1).
Sample designs vary somewhat depending on
the scale of interest and the type of monitor-
ing question that is being asked. This chapter
proposes a design based on a reach with
consistent vegetation and channel types. Once
the representative reach has been identified,
the next step is to delineate the “sample”
reach within the representative reach to be
measured and determine the number of
samples that will be collected (Figure 14-4).

. Beginning at one end of the sample reach,
shade or cover measurements are taken at
11 evenly spaced transects. This sample
scheme can be used for analyzing indi-
vidual reaches, comparing one reach to
another, and analyzing multiple reaches at
a watershed scale.

The length of the “sample” reach is calculated
by multiplying the average wetted width by
40. Studies indicate that this length of stream
is necessary to adequately describe stream
habitat and biology (Kaufmann and Robison.
1998), although the number and configuration
of measurements may be different depending
on the needs of particular studies.

Procedure for Establishirithe Sample Reach

1. Survey the reach of interest to determine
where the major changes in vegetation,
management, or channel morphology
occur. Shifts in these characteristics
define the upper and lower limits of the
representative reach.

Stream Shade and Canopy Cover 14-11
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=representative reach

shaded areas indicate
different channel types

Figure 14-4. Study designs for different scales of

interest and different types of monitoring.
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Scale
— Reach

Types of Monitoring
— Effectiveness of water quality manage-
ment plans

Selecting a Reach
— Consistent channel, vegetation, and man-
agement

Sample Scheme
— Sample length= 40 x channel width
— 11 evenly spaces shade measures

Scale
— Comparing multiple reaches

Types of Monitoring
— Effectiveness
— Comparisons under variable conditions

Selecting a Reach
— Different management strategies in
streams with similar reach types

Sample Scheme
— Sample length= 40 x channel width
— 11 evenly spaces shade measures

Scale
— Watershed

Types of Monitoring

— Trend over time and space
— Baseline

— Statue

Selecting a Reach
— sample reaches within similar channel
and vegetation types

Sample Scheme
— 30-50 sample reaches per channel, vege-
tation and management types
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Field Methods This method measures canopy cover at 11
evenly spaced transects over a length of

This section describes how to measure shade stream 40 times the channel width with a 150-

and cover using six different tools or meth- ~ meter minimum reach length. Six canopy

ods. The user will need to determine which measurements are taken at each tra_nsect. Four

tool best fits their needs. What follows isa ~ measurements are taken facing in different

comparison of the different methods and then directions from the center of the stream and

a detailed description of how to apply each ~ one is taken at each stream bank.

method. No matter which field method is o _

decided upon, the physical setting of the Itis important to con_S|der the_ _seasonal flow

stream needs to be described as well. Alist ~and riparian vegetation conditions when

and brief description of ancillary data collec- measuring cover using this method since

tion is provided later in the chapter. stream widths and deciduous vegetation cover
measurements will differ seasonally. Ideally,
Method Comparison measurements would be taken during sea-

sonal low flow periods each time to minimize
the effects of varying wetted widths. Low
flow conditions are usually a time of critical
temperature stress to aquatic organisms and
stream shade is important. Also, measure-
' ments should be taken during a time of year
when deciduous plants have leaves. Usually
canopy measurements will not vary during
the low flow season unless the canopy is
predominantly rapidly growing vegetation.

All the tools presented in this manual basi-
cally do the same thing: measure the propor-
tion of sky that is shaded by vegetation or
topography. Which tool you choose depends
on several factors including ease of use, cost
level of data precision desired, and the ques-
tions asked of the monitoring data. Table 14-1
is designed to help you make your choice.
Each method is later described in detail in this
chapter.

. The densiometer reflects vegetation to the
Densiometer sides as well as overhead. Multiple measure-
The procedure described in this section uses aments taken in different directions from the
densiometer to measure stream canopy cover.same point will overlap vegetation measure-
The device used in this procedure is a spheri- ments on the sides. The method described

cal convex densiometer Model A (Lemon here is a modification of the instructions that
1957). The procedure is taken from the come with the densiometer that corrects for

Environmental Monitoring and Assessment  this bias by using only a portion of the mirror
Program monitoring manual for streams surface.

(Kaufmann and Robison 1998), that is de-

rived from Platts et al. (1987). Equipment

The densiometer is a small, convex, spherical 1. Convex spherical densiometer (Model A)
mirror with an engraved grid that reflects the 2. Tape measure

canopy over the stream. Canopy cover is 3. Flagging

measured by counting the grid intersections 4. Forms for recording data

covered by vegetation. Measurements are

taken by holding the densiometer level and  Procedure

0.3 meters above the surface of the water.

This standard height helps to minimize the _ _

potential to get different results from people 1. Tape the densiometer mirror exactly as

of different heights and to include the contri- shown in Figure 14-5.

bution of low hanging vegetation to stream

cover.
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Table 14-1. Comparison of shade measurement methods.
NOTE: All costs are estimates based on 1999 and 2000 price lists. Refer to vendors list (page 44) for more

specific sources.

monitoring data.

can be difficult.

Method | Description Advantages Disadvantages Cost
Densiometer | Small spherical mirror Inexpensive, quick, Difficult to keep hand- $100
with grid reflects sky. easy, and indestructible. | held device level.
Grid intersections are Small, light weight Taking into
counted to determine % | device. Procedure has | consideration different
canopy cover been widely used. vegetation qualities is
difficult. Measures
canopy cover, not shade
directly.
Clinometer | Measures angle from Inexpensive, quick, Internal moisture can $100
horizon to open sky. easy and fairly rugged. | obscure reading and
Gives percentage of Small, light weight foul moving parts if
180-degree arc that is device. Procedure has | dropped in stream.
covered by vegetation or | been widely used. Taking into cons-
topography. ideration different
vegetation qualities is
difficult. Requires good
vision in two eyes.
Measures angles to
open sky, not shade
directly. Tends to lump a
site into high or low with
no gradation.
Hemispherical | 180 degree photograph | Produces high-quality, Expensive, heavy, and $4000 to
photography | of the sky is computer permanent canopy delicate. Not simple and | $8000
analyzed cover records. Less easy to use. Different
prone to user error than | lighting conditions can
other methods. cause problems.
Computer analysis Requires more data
enables more com-plex | reduction than other
data mani-pulation, methods. This is a fairly
analysis, and storage. new technology that has
Directly measures had limited use.
shade.
Solar | 180 degree diagram of Fairly easy, and quick to | Light weight plastic parts | $200
Pathfinder | sky is hand drawn. use (not as quick and are not part-icularly
Open area on diagram easy as densio-meter). | rugged. Adjusting for
gives amount of solar Inexpensive and light different vegetation
energy reaching the weight. Produces shade qualities is
stream. permanent canopy possible but not
record. Mea-surements | automatic. Prone to user
are not effected by error. Operating
lighting conditions. equipment in center of
Directly measures rapidly flowing stream
shade. can be challenging.
Requires more data
reduction than other
methods.
Photo | Photographs are Easy and cheap. Does not measure $450 fixed
Documentation | repeatedly taken from Produces permanent shade or cover. costs
established locations visual record of status Qualitative rather than
over time to document and changes over time. | quantitative. Quality $3/photo
status and trends. Can be a very effective | varies with photo-graphy | film
com-munication tool. skills. Finding existing developm-
Complements other photo point landmarks ent
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. Following the procedures described in the

study design section of this chapter (page
12) establish 11 evenly spaced transects
along the sample reach (Figure 14- 6).
Transects can be flagged ahead of time, if
desired.

. Stand on the transect at mid-channel
facing upstream.

. Hold the densiometer 0.3 meters above
the water surface.

Hold the densiometer so that it is level
using the level bubble indicator and the
top of your head just touches the point of
the “V” as in Figure 14-5.

. Count the number of points covered by

vegetation. Values will be between 0 for
completely open and 17 for completely
covered canopy.

. Record the value on the canopy cover
form under “Center-UP” (Figure 14-7).

. Repeat steps 7 through 9 at the channel

center facing towards the right bank,
downstream and left bank. Record on the
canopy cover form. (Left and right direc-
tions when facing downstream.)

Stand on the transect with the densiometer

' 0.3 m from the left bank. Repeat steps 7
through 9 and record on the canopy cover
form.

10. Repeat for the right bank. At this point
you should have six measurements for the

transect: four from the center and one at
each bank.

11. Repeat steps 7 through 14 for each

transect and record on a separate line of
the canopy cover form (Figure 14-7).

Stream Shade and Canopy Cover
Version 2.0

12. Canopy cover is usually represented as
an average percent for either the center or
margins separately or combined for a
single canopy cover measurement for the
stream reach.
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Figure 14-5 Schematic of modified convex
spherical canopy densiometer. In this example, 10
of the 17 intersections show canopy cover, giving a
densiometer reading of 10. Note proper positioning
with the bubble leveled and the head reflected at
the apex of the “V.” (Mulvey et al. 1992).

Right bank

Figure 14-6. Study reach with 11 sample transects
and example of 6 densiometer measurements taken
at each transect.
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Site Name: Date:
Reach Length: Transect Interval: Initials:
Transect Left Bank | Center-Up Center - Center - Center - | Right bank | Comments:
stream Right downstream Left

1

2

3

4

5

6

7

8

9

10

11

Figure 14-7. Canopy Cover Form.

Complex Channels: Islands, Bars and Side

Channels

Sections of streams with side channels, mid-
channel bars or islands, or complex braided
channels are treated differently. In part, it
depends if a bar or an island forms the side
channel. Bars are stream channel features
below the bankfull flow height and may be
dry during summer field surveys. Bars are
wet during bankfull flows. Islands are chan-

ments are taken on the side channel if the side
channel carries 15% of the total stream

flow. If the side channel carries >16% of the
steam flow, then six densiometer measure-
ments are taken on the main channel and an
additional six are taken on the side channel.
Extra transects are designated as “X1”, “X2”,
etc. on the canopy cover form (figure 14-5).

DataAnalysis

nel features that are as high or higher than theThe 66 densiometer measurements for the

bank full flow height. Islands are dry during
bank full flows. Bars are considered part of

stream reach are typically analyzed separately
for the stream center and margins. The 44

the wetted channel and densiometer readings center channel measurements are averaged

are taken over bars and boulders, just as if
they were a part of the wetted channel.

Island-formed side channels are treated
differently than those created by bars. Visu-

ally estimate the percent of flow in the

smaller side channel. No canopy measure-

Stream Shade and Canopy Cover
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and reported as a percent of total possible
stream cover. The center channel average is
more independent of seasonal flow changes
than the margin measurements and is a better
overall indicator of stream cover. The average
percent cover of the 22 stream margin mea-
surements is a better indicator of riparian
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vegetation density and is independent of
stream size.

Measurement Precision

Precision of densiometer measurements can
be evaluated by repeating canopy closure
measurements at the same site with a second
field crew. Measurements can be repeated on
or close to the same day as the first measure-
ment, or can be repeated later in the study to
evaluate seasonal changes within the survey
period.

Figures 14-8 and 14-9 present 23 repeat
densiometer measurements at 20 sites. These
sites were a random sub-sample of a survey
of approximately 200 first through third order
streams in forested watersheds in western
Oregon. Of the 23 repeat measurements 9
were conducted on the same day and 14 were
conducted within the same July to September
survey season. Seasonal repeat measuremen
were separated by at least one to two months.
Repeat measurements were taken indepen-
dently by different workers.

Figure 14-8 represents the reach average
shade based on measurements taken along th
stream margin and Figure 14-8 represents the
reach average shade based on measurements
taken along the center of the stream. The
measurements were taken on 11 evenly
spaced transects as described above. The
diagonal solid 1:1 line represents repeat
values that agree exactly.

The graphs indicate that measurement
variability is partially a function of the
amount of canopy closure. Replicates tend to
be closer together when the stream is either
very heavily or very sparsely canopied.
Replicates tend to be further apart at more
intermediate levels of canopy cover <80%
and >20%.
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