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Field investigations
12 “To stick your hands in the river is to feel the cords

that bind the earth together in one piece.”
— Barry Lopez

Data collection and monitoring
Ideally, a classroom unit about watersheds and
streams will lead to a series of field investiga-
tions where students can apply their new knowl-
edge and skills.

Data collection, analysis, and interpretation
help students develop higher learning skills. And
that in itself is a valuable reason for completing
field investigations. Once involved in watershed
studies, it is natural to want to spend the time
collecting “real” data that would be of use to
someone or some agency. Properly collected data
is useful to landowners, concerned citizens, and
agencies. Poorly collected data of unknown
quality is an unfortunate loss of significant time
and money. It is important to apply guidelines

that will help students collect accurate, reliable
data.

Because of quality control concerns and the
ever-present threat of litigation, resource agen-
cies may be hesitant or skeptical about using
student- or volunteer-collected data. They men-
tion inconsistent training, lack of discipline in
adhering to sampling protocols, variable student
skill levels from one year to the next, and lack of
time to provide close oversight. That does not
mean student data is not useful or that students
cannot achieve quality control standards. In fact,
the opposite is true. But, as the teacher, the
responsibility for determining, training, and
meeting the quality control standards falls on
your shoulders.

Adapted from original artwork by Sandra Noel, Adopting a Stream: A Northwest Handbook, Adopt-A-Stream Foundation, 1988.
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Opportunities do exist for well-

trained students and volunteers

to collect credible data and

become key players in local

watershed monitoring efforts.

Even though student data may not meet all
the standards of a research quality study, there
are many examples of students alerting communi-
ties about serious environmental problems dis-
covered while exploring streams. Even if student
data does not become part of agency data bases,
students can compare data sets from previous
years, draw conclusions, and make recommenda-
tions.

Opportunities do exist for well-trained stu-
dents and volunteers to collect credible data and
become key players in local watershed monitor-
ing efforts. Students also develop valuable career
skills and establish contacts with resource profes-
sionals. Look into partnerships with the local
watershed council, soil and
water conservation district,
city or county planning
departments, conservation
organizations, and others
involved in watershed
work. These agencies and
organizations may have
funds available to assist
with equipment purchases
and transportation to stream
sites. If a partnership does
develop, be prepared to
implement stringent quality control standards and
to develop and maintain open avenues of commu-
nication with resource professionals.

Preparing for field
investigations
Field investigations reinforce watershed, upland,
and riparian concepts learned in previous chap-
ters.

By completing the field investigation tech-
niques in this section, students learn to test for
water quality parameters (dissolved oxygen and
pH), measure stream velocity, and inventory
stream habitat features such as riffles and pools.
Other field exercises include fish population
inventory, macroinvertebrate (aquatic insect)
sampling, and drawing a stream map to scale.

None of the methods in this book is designed
to serve as full-scale monitoring protocols
although some are quite similar. When consider-
ing long-term monitoring work with your stu-
dents, consult the shaded boxes for resource
specialist contacts and other reference informa-
tion.

Spend as much time as needed to train the
students for proficiency in the field investigation
procedures, especially if you plan to move into
more rigorous monitoring protocols. Make it
clear to students what behavioral and quality
control expectations must be met.

Most of the investigations can be “practiced”
in the classroom. A good rule of thumb for pre-

field trip training is 95%
preparation time to 5%
field trip time. Do test runs
of all the field activities
until students are confi-
dent and accurate with the
procedures.

One way to practice
mapping at the school site
is to use chalk to draw a
stream on the tennis court,
gym floor, sidewalk, or
other large surface. In-

clude curves and crossings and habitat features
you want students to include on the map. Train
students how to produce a map drawn to scale
using this model stream. Students can practice
the water quality sampling procedures on water
samples brought from local ponds or other water
bodies. Collect insects from a nearby stream the
night before you plan to train students in
macroinvertebrate sampling procedures. Use a
small children’s swimming pool, aquarium, or
buckets to hold the insects until the training day.
Add a small aquarium pump and aerator to sup-
ply oxygen for the insects. Include rocks, aquatic
plants, water-logged wood, and about two inches
of stream water. Use a small aquarium net to
demonstrate the sampling procedures within the
container. Fish sampling cannot be completed in
the classroom, but practice with data sets from
other fish sampling is helpful with the data analy-
sis process.
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If training is to take place in the field, con-
sider rotating groups of students through a series
of stations. Generally, it works best to put the
macroinvertebrate training station furthest
upstream, followed by fish sampling, water
quality, and mapping stations as you move down-
stream. This requires a staff person or team
leader at each station. Team leaders give multiple
presentations as students rotate through the
stations. Remind students to keep disturbance to
a minimum, both on the bank and within the
stream. If the stations are spread out, turbidity
will have a chance to settle before reaching the
next station. When rotating stations, shift rota-
tions upstream to keep the water as clear as
possible. Plan for 45 minutes to an hour at each
station so students have enough time to experi-
ence the procedures. Assign someone as the time
keeper to keep the rotations moving on time.

When the training is complete, divide the
students into teams to complete a “real” stream
survey. The following list suggests the number of
students for each team. Students can sign up for
their own particular area of interest or you can
assign teams based on student skill level. Each
team is responsible for their own data and for
contributing it to the entire group’s findings. Ask
the students to choose one individual from their

group who will have responsibility for the equip-
ment. Using the equipment checklist as a guide,
this person must see that all equipment is gath-
ered and ready to go before the field trip, trans-
ported to the field trip site, and returned in good
condition following the field trip. Do an equip-
ment inventory before leaving the field site.

Remind students to bring a set of dry clothes,
socks, and shoes. Expect someone to fall in.
Have a few towels and some extra, warm sweat-
ers on hand.

Visit the survey site as many times as neces-
sary before the field trip. Be thoroughly familiar
with the site. Choose and mark sample site
boundaries. Avoid areas of deep water, danger-
ous streambanks, or other safety risks. Check out
bus parking and turn-around options.

• map team (5–6)

• invertebrate survey team (6–8)

• fish survey team (5)

• water quality survey team (3–4)

• photo record team (2)

• general stream survey team (2)

• wildlife inventory team (2)

One other team could research the general infor-
mation below to round out the stream study.

_____  What species have historically occupied this area?

_____  Has the spawning run changed significantly over time?

_____  Have any “alien” species been introduced into the stream?

_____  What factors have acted to stop spawning or eliminate rearing habitat over time?

_____  What factors have served to modify the spawning or rearing habitat over time?

_____  What is the historical pattern of land use near the stream and in the watershed?

_____  What is the historical pattern of land ownership in the study area?

_____  What are the past activities of humans that have controlled vegetation or altered the stream?

_____  What are the records of water rights, terms, and conditions?

_____  What are the past governmental policies that have affected the area?

_____  What are the geomorphological and geological record of the area?

STEP Survey and Habitat Restoration Background Preparation
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Monitoring program design
Contact local biologists or consult Chapter 3,
page 44, of the Adopt-A-Stream Foundation’s
Streamkeeper’s Field Guide, Watershed Inven-
tory and Stream Monitoring Methods (ISBN 0-
9652109-0-1) as a guide for setting up a
monitoring program.

For specific Oregon water quality monitoring
program guidelines, see Water Quality Monitor-
ing Guidebook.

Consult Chapter 9, page 205, of the Adopt-A-
Stream Foundation’s Streamkeeper’s Field Guide,
Watershed Inventory and Stream Monitoring
Methods (ISBN 0-9652109-0-1) for hints about
presenting credible data. Other data analysis and
presentation ideas are found throughout Stream
Scene and within each field investigation section.

The Water Quality Monitoring Guidebook
also contains information about data quality, data
storage, and data analysis.

Dealing with controversial
issues
Stream studies can sometimes create interesting
situations. Different interest groups within a
community may object to student involvement in
controversial issues. Consider the information
below as you design the field portion of a stream
studies program for your students.

Reputable environmental education
programs must provide students with opportu-
nities to identify, investigate, and participate
in the attempted resolution of environmental
issues and problems in their own community.
Environmental issues and problems are usu-
ally controversial due to significant differ-
ences of opinion and value differences among
different groups of people. Controversy is
inherent in a free democratic society, and
educators often have promoted the discussion
of controversial issues as essential to educa-
tion for citizenship in a free society. More
than a discussion of the controversial issues is
needed. Students must be immersed in the
identification, investigation, and resolution of
environmental issues and problems in their
own community.

The successful resolution of environmen-
tal issues and problems requires proficiency in
the following skills:

• communicating effectively—orally and
in writing;

• collecting and interpreting informa-
tion;

• justifying personal decisions and
action strategies on controversial
issues;

• working cooperatively with other
people;

To order Streamkeeper’s Field Guide: Order
from The Adopt-A-Stream Foundation, 600-
128th Street SE, Everett, WA 98208, phone
(206) 316-8592. The cost is $29.95 + $4.00
shipping and handling plus WA residents add
$2.37 sales tax.

Order the Water Quality Monitoring Guide-
book from the Oregon Department of Environ-
mental Quality, 1712 SW 11th Street, Portland,
Oregon 97201, phone: (503) 229-5983 or the
Oregon (formerly Governor’s) Watershed
Enhancement Board, 255 Capitol Street NE,
3rd Floor, Salem, Oregon 97310-0203.

Collecting, managing, and
presenting credible data
Consult with local resource managers or see
Chapter 8, page 188, of the Adopt-A-Stream
Foundation’s Streamkeeper’s Field Guide, Wa-
tershed Inventory and Stream Monitoring Meth-
ods (ISBN 0-9652109-0-1) for hints about
collecting credible data.

If collecting annual data from a specific
stream site, students will benefit from evaluating
data collected in previous years. Ask students to
help devise a data storage system, both electronic
and hard copies, that will make their data avail-
able for future students. Include raw data, photo
records, data analyses, and other supporting
information in your files. A three-ring notebook
is one suggestion for keeping the data in a man-
ageable form in one place.
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• recognizing relationships between
specific events that are part of the
issue resolution process and the issue
itself on a more general level; and

• understanding and using selected
citizen actions required to influence
decisions on specific issues—persua-
sion, consumerism, political action,
legal action, management—or combi-
nations of these strategies.

For students to develop these kinds of
skills, teachers must help students:

• recognize and clearly state issues;

• identify and evaluate relevant informa-
tion;

• learn the techniques of analysis, synthe-
sis, evaluation, and application; and

• learn to make independent judgments.

In dealing with most issues, the atmo-
sphere of the classroom must be as neutral as
possible. Teachers must be familiar with all
sides of issues, stand firm for each advocate’s
right to be heard, and use the classroom as a
stage for rational, informed debate. Teachers
should be as value-fair or value-free as
possible in their roles and resist the tempta-
tion to let their own positions on issues be
known and thus bias the conclusions reached
by students.

ownership maps) from the tax assessor’s office.
Consider a field trip to the assessor’s office as
part of the training process.

In some areas, landowners are especially
sensitive about providing access to their land. Do
not enter private property along the stream with-
out either verbal or written permission for access,
even if it is not posted. If you enter private prop-
erty without permission, you are trespassing and
are liable for any problems that arise.
1. Contact a landowner by telephone before

visiting in person. Farmers and ranchers are
seldom near a telephone during normal
business hours and other landowners may be
away from the home during the day. Try
calling during the lunch hour or in the
evening, but avoid calling after 9:00 P.M.
Even with written permission, you should
always call in advance to let the landowner
know the exact day or days you will visit.

2. Once a landowner is contacted, explain who
you are, what school you represent, and what
your project is about. Provide opportunities
for the landowner to ask questions. Be truth-
ful in your responses. Be prepared to de-
scribe your sampling techniques, how many
individuals will be present on the property,
time frame for your survey, and uses for the
data collected. Consider providing a one-
page description of the students’ project for
the landowner’s reference. Ask students to
help develop this information.

3. If your request is denied, be polite and under-
standing whether the landowner explains the
reason for the decision or not.

4. While visiting the property, be respectful and
use common sense. Leaving tire tracks in a
newly planted field is a sure way to sour
relations between your class and the land-
owner.

When possible, work closely with private
landowners. It takes time and trust to develop
good landowner relationships. Most landowners
are cooperative and interested in providing mean-
ingful experiences for students, but disrespect
and poor judgment can ruin relationships with
more than one landowner. Develop a communi-

Adapted from A Guide to Curriculum Plan-
ning in Environmental Education, Wisconsin
Department of Public Instruction, 1985,
printed in Clearing, Environmental Educa-
tion Association of Oregon, Issue 71,
November/December 1991.

Private property rights
Do not attempt to complete a stream survey or
any of the field investigations without research-
ing land ownerships or getting permission for
access from the various landowners. In Oregon,
all land ownership information is part of the
public record and is accessed at the county tax
assessor’s office. Stop by the county assessor’s
office and learn how land ownership information
is stored. You can also get copies of plat (or
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Safety
• Consider safety at all times.

• Watch for slippery stream bottoms, undercut
banks, waterfalls, and fast flowing areas. Log
jams can be unstable, so walk around them.
Avoid wading in fast water and water above
the knees. Use a wading staff or other device
for balance and felt soles or cleats to reduce
slipping. If flows are too high or a route is
unquestionable in terms of student safety,
avoid it until it is no longer threatening or find
an alternative route. Get out of the woods if
conditions are windy and trees or branches are
falling.

• Students should always work with a “buddy.”
Do not send students into the field without
supervision. Make sure students know proce-
dures to follow in the event of an emergency.

• Avoid drinking water from a stream unless it
is filtered or treated.

• Know the symptoms and treatment for hypoth-
ermia. Prepare for unpredictable weather
before beginning a survey. Keep a well-sup-
plied first-aid kit and extra food, and each
student should have a change of warm cloth-
ing and footware in the vehicle. Carry a small
personal safety pack while in the field.

• Alert students to the possibility of hazardous
waste materials. Avoid foul smelling areas,
spills of unknown substances, or containers of
hazardous or unidentified materials. Do not
jeopardize student safety or your own. If
observed, note extent from a distance and

report immediately. Contact emergency re-
sponse agencies like local Oregon State Police
offices, the Oregon Department of Environ-
mental Quality or the Oregon Emergency
Response line (1-800-452-7888).

• Always have a plan in case of an emergency.
Carry student emergency contact numbers as
well as police and ambulance. Not all areas
access emergency services via 911. Check
before you go. Be sure the school knows
exactly where you are going and when you are
due to return.

cation process and provide opportunities for
students to share their goals and objectives and a
summary of the data obtained. Invite the land-
owner to any student presentations of the data.
Finally, do not underestimate the value of thank-
you notes sent from you and the students.

Adapted from “Enhancing Relationships With
Private Landowners,” by Jeff Tilma, Fisheries,
September 1997.
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A general stream survey collects informa-
 tion about stream habitat. While walking
 the entire length of a survey section, fill

out the General Stream Survey forms on page
448. Stream width, water and air temperature,
and flow information needed for this survey can
be obtained from the water quality team.

Survey data: Part A
Stream, river system, county, surveyors, date:

Self-explanatory.
Stream mouth location: Record township

range, and section of stream mouth. Refer to
map.

Survey section: Record beginning and end of
survey section on each form by stream mile
to nearest quarter mile. Note common land-
marks at the beginning and end of the sec-
tion, such as tributary mouths, bridges or
other crossings, a nearby house, etc.

Stream width: Record average wetted surface
width on day of survey and as it would be
when at normal high flow as indicated by the
high-water line.

Temperatures: Record air and water tempera-
tures and time taken.

Flow: Record average width of stream in feet
and average depth (measure across channel
in at least five places) to the nearest tenth of
a foot. Measure velocity by putting a float in
the stream (stick, fishing bobber, orange) and
timing its travel over a measured distance (at
least 20 feet) in seconds. Repeat at least three
times and calculate the average. Check
whether bottom type is rough (gravel,
cobbles, boulders) or smooth (sand, silt,
bedrock). Cubic feet per second (cfs) is
calculated as follows:

(Average width × average depth × velocity
feet/second water travels) × 0.8 (for rough
bottom) or 0.9 (for smooth bottom) =
cubic feet/second
(1 cfs = approximately 450 gallons/
minute).

Substrate: Record the nature of the stream
bottom as an estimate of the total from the
entire surveyed section.

Percentage of pools: This factor helps deter-
mine the rearing potential of the stream.
Estimate what percentage of the stream’s
surface is quiet, slack water where fish can
rest out of the current and where depth offers
some cover.

Determine an individual’s stride length
in feet. Step off pool lengths in strides. Add
totals of pool lengths (in strides) and multi-
ply by the number of feet in each stride.
Divide by the total stream length surveyed
(in feet) to determine the percentage of pools
(see example on the following page).

General stream survey team

Checklist
_____ clipboard, data sheets, pencil

_____ insect repellent (if necessary)

_____ bucket or daypack for equip-
ment

_____ thermometer

_____ map (large scale, preferably 4”/
mile or larger) of survey area

_____ waders or hip boots, rain gear,
extra set of clothes

_____ polarized glasses

_____ depth staff (marked in tenths of
a foot or tenths of a meter)

_____ watch with a second hand
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• stride length = 5 ft

• total length of pools in section = 56 strides

• total length of section = 1,320 ft
56 strides×5 ft/stride=280 ft
280 ft÷1,320×100=21.2% pools

Percentage of shade: Shade on the water’s
surface helps keep the water cool. Estimate
the percentage of water surface in the section
shaded during the hours of 10:00 A.M. to 3:00
P.M. Streamside vegetation is also important
as it harbors insect life that contributes to the
fish food supply. Notations of vegetation
types, if known, would be useful.

Streamside cover type: Indicate the relative
abundance of each type in the riparian area.

Erosion points: Note locations where you feel
erosion is contributing to silt loads in the
creek, is threatening stream stability, or is
endangering an adjacent road or bridge. Give
the location by river mile as closely as pos-
sible and mark location on the map.

Barriers: Note the type, height and location of
each observed barrier. Although all such
conditions may not prevent fish passage, if
you feel there is a problem, record the site
and mark on the map. It will be evaluated
later by ODFW personnel to determine if
correction is needed.

Instream structure (woody debris): The pres-
ence of woody debris in the stream is impor-
tant to fish habitat. It helps stabilize the
streambed, traps gravel, fosters insect pro-
duction, and creates pools, hiding places and
resting areas. Record by checking the appro-
priate space to indicate the relative abun-
dance of each type.

Survey data: Part B
Valley profile: Check the space that best de-

scribes the shape of the stream valley. The
stream section may have more than one type
of shape.

Channel profile: Make the same judgment as
above for the actual stream channel, noting
undercut banks and braided or split channels.
Usually a stream section will have a combi-
nation of types. Check all that are observed.
If possible, note the percentage of each type
in the section.

Pollution sources: Check appropriate space. If
“other” is checked, describe in the comment
space at the end.

Gradient: This is a judgment factor, not easily
measured without a clinometer. If the per-
centage of pool area in the section is 30% or
less, the gradient is usually steep; if between
30% and 70%, it would be moderate; if more
than 70%, then classify it as flat. Reference
to a contour map is helpful.

Surrounding land use: Record by checking
appropriate box (or boxes, if mixed land-use
exists) in the area.

Water clarity: This item indicates turbidity
levels (water visibility).

Relative fish abundance: From observations
and the fish survey crew.
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Going further
1. The data collected in this general stream

survey is very basic and often does not
provide enough information for biolo-
gists to determine limiting factors within
the stream. A more detailed survey
protocol—an aquatic habitat inventory—
is available from your nearest Oregon
Department of Fish and Wildlife STEP
Biologist or local watershed council
office. See the list on page 430 for the
STEP Biologist nearest you or pages
507-510 for a list of watershed councils.

The Aquatic Habitat Inventory is
available in three levels. The “basic”
level works well for schools. Although
special training is valuable, it is not
required. The “intermediate” level re-
quires training and coordination with
ODFW personnel prior to completing the
survey. This survey provides important
information for local fish biologists.
Level three is the “research quality”
survey. It requires extensive training and
close supervision by ODFW personnel.
Data collected from all three levels of
the survey is compatible with Oregon
Department of Fish and Wildlife data
bases and is managed through the Natu-
ral Production Program’s Aquatic

Inventory Project. There is no charge for
these materials, but training is required for
the intermediate and research quality
levels.

2. The U.S. Environmental Protection
Agency’s (EPA) Streamwalk survey is
similar to the survey in this book but with
more detail. Contact Environmental Pro-
tection Agency, Region 10, 1200 6th Ave,
Seattle, WA 98101, (206) 553-6686, to
get copies of this survey. There is no
charge for these materials.

3. The Adopt-A-Stream Foundation’s
Streamkeeper’s Stream Reach Survey (pp.
93-95) is also similar to the survey in this
book. In addition they have a watershed
inventory protocol (pp. 32-41) that may
work well for students. You can find the
Stream Reach Survey and the Watershed
Inventory in the Streamkeeper’s Field
Guide: Watershed Inventory and Stream
Monitoring Methods. It is available for
$29.95 + $4.00 shipping and handling
(WA residents add $2.37 sales tax). Order
this guide from the Adopt-A-Stream
Foundation, 600-128th Street NE, Everett,
WA 98208, phone (206) 316-8592.
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General stream survey data:

Part BPart A
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Wildlife inventory team

W hile walking the entire length of the
survey site, record any sightings of
wildlife. All survey teams should

report any wildlife and wildlife sign to this team.
Use the following categories to classify

sightings, recording them on the form provided
on p. 450.

• Songbirds: All other species not noted
below

• Upland game birds: All pheasant, par-
tridge, quail, grouse, including band-
tailed pigeon and mourning dove

• Shorebirds: Check in a bird field guide
for shorebirds commonly found in your
area

• Waterfowl: All ducks, geese, swans, and
coots

• Raptors: All hawks, owls, and eagles
• Reptiles/Amphibians: All snakes, lizards,

turtles, toads, frogs
• Mammals: All mammal species

Mark locations of significant sightings (evidence
of sensitive, threatened, or endangered species or
other species of note) on the map created by the
map team.

Wildlife are easily disturbed by people
moving through their habitat. Consider complet-
ing a wildlife survey (especially the bird portion)
in the early morning hours or when other teams
are not present. Sit quietly in one place for a time
to observe more wildlife.

Be careful not to duplicate sightings of the
same wildlife between teams. One coordinated
data sheet for each surveyed stream segment
should reflect the most accurate total possible for
all wildlife species. Only record the totals for

each of the seven categories. Record individual
species names, if known.

This information is used as an index to the
relative abundance of wildlife species in the
Riparian Management Area (RMA). Record
other observable evidence of wildlife use such as
droppings, nests, burrows, and tracks in the
additional information column on the data sheet.

Adapted from Investigating Your Environ-
ment—Wildlife, USDA Forest Service, Pacific
Northwest Region, 1993 and previous versions.

Checklist
_____ clipboard, data sheet, pencil

_____ binoculars

_____ appropriate field guides (bird,
mammal, reptile/amphibian)

_____ insect repellent (if necessary)

_____ bucket or daypack for equipment

Going further
1. Contact the local Oregon Department

of Fish and Wildlife and ask to speak
with the wildlife diversity biologist.
Find out if they need help with wild-
life surveys.

2. The Adopt-A-Stream Foundation’s
wildlife field procedures are described
on pp. 80-82 of the Streamkeeper’s
Field Guide: Watershed Inventory and
Stream Monitoring Methods. It is
available for $29.95 + $4.00 shipping
and handling (WA residents add $2.37
sales tax). Order this guide from the
Adopt-A-Stream Foundation, 600-
128th Street NE, Everett, WA  98208,
phone (206) 316-8592.
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Wildlife Inventory Data Sheet

Stream:
Location:
Date:
Time:

Observers:

Weather:

Category

Number of
individuals
observed

Species
(optional)

Additional
information

Songbirds

Shorebirds

Waterfowl

Raptors

Reptiles/
amphibians

Mammals

Upland
game
birds
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Checklist

_____ camera (preferably 35 mm)

_____ film (Ecktachrome 200 ASA, 36
exposure)

_____ clipboard, data sheet, pencil

_____ flagging

_____ insect repellent (if necessary)

_____ bucket or daypack for equipment

Photo Points

Point 1—Upstream Boundary

Point 2—Midpoint

Point 3—Downstream Boundary

Point 4—
Overview

(6 shots total, 3    , 3   )
    * under-exposed one f/stop
    * normal exposure
    * over-exposed one f/stop

(6 shots total, 3    , 3   )
    * under-exposed one f/stop
    * normal exposure
    * over-exposed one f/stop  

(6 shots total, 3   , 3   )
    * under-exposed one f/stop
    * normal exposure
    * over-exposed one f/stop

(3 shots total )
    * under-exposed one f/stop
    * normal exposure
    * over-exposed one f/stop

A photo record provides a visual method of
 of monitoring change in the Riparian
 Management Area (RMA). Use one roll

of 36-exposure slide film—Ecktachrome 200
ASA. A heavily shaded area may need faster
film.

Record the f/stop, speed and a careful de-
scription of each photo taken on the photograph
log provided (p. 454). This description must be
sufficient for others to take an identical shot
during subsequent visits. Prominent, easily
defined natural locations are preferable to stakes,
rocks or posts, as man-made markers may be
difficult to find in later years. Be sure the map
crew makes an accurate record of photograph
sites.

Four photo points will be required the day of
the initial survey and on each subsequent moni-
toring visit to the RMA. Points will be:

• Near the upstream boundary

• Near the mid-point

• Near the downstream boundary
Take three shots looking upstream and
three shots looking downstream at each
photo point. Of the three shots facing each
direction, one should be an exact meter
reading, one under-exposed by one f/stop
and one overexposed by one f/stop. This
should ensure one good photo of each
point.

• Overlook
This photo should be taken
from some point showing
the relationship of the RMA
to its surroundings. Try to
find a site that can easily be
relocated and take three shots as
described on the previous page.

If using a camera that will not allow an
exposure change, use a 24-exposure roll and
reduce the number of shots at each site to two.

This should still provide at least one good photo
from each point while allowing a few remaining
shots of other suggested photos for the record.

The photo points listed below will require 21
exposures of a 36-exposure roll. Suggestions for
the remaining shots on the roll include:

• The most common vegetation (grass,
shrubs and trees at a range of not more
than 4 feet, 4 shots)

Photo record team
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• One shot of a typical pool; one shot of a
typical riffle

• One shot of a typical water line

• Nontypical pools

• Shots of groups performing testing proce-
dures

• Group shot of survey teams

• Scenic or panoramic views of the area

The above photos will help complete the
photo history and final report for the project.

Submit several photos from each visit to the
site to appropriate agency personnel, such as a
STEP biologist. A good rule of thumb includes
one photo from the overlook and two photos
from each of the other three points (one upstream
and one downstream shot for each photopoint).

Some things to consider
• For long term accuracy and consistency,

use the same camera, lens size, and film
type for subsequent duplications. Also
shoot the photo points as close to the same
calendar date as possible each year.

• Devise a system to cross reference all
points to the map. (For example: Photo
Point 1-C means the third photo point in
transect #1.) This “code” system must be
marked on each slide or photo and on the
map. Maintain a code reference sheet with
the data and the photo record.

• To easily identify photos after processing,
include a plot marker in each photograph
(see example). Words and letters must be
an inch or more in height. Attach the
8½"×11" plot marker to a clipboard. Place
the plot marker in the bottom right corner
of the photo plot.

• Record the date, project name or location,
photo point reference, and photographer
on each slide immediately upon receipt
from the processing lab. To avoid damage
to the photograph, use a fine-point felt
marker to label the backs of any prints.

• Store slides or prints in clear plastic
sleeves for protection from dust or han-
dling damage. Plastic sleeves are usually
three-hole punched and can be stored in a
three-ring notebook.

• Try to include some permanent physical
feature within the aiming point (e.g., trees,
large rocks, background mountain peaks,
fence panels, etc.)

• To photographically measure changes in
vegetation height, include a measuring rod
in the photograph. Placement of the rod
must be consistent each time the photo-
graph is taken.

• Always take careful notes as the photos
are taken. Use the photo record data sheet
to record this information. Include reasons
why a particular photo point was chosen.
It helps viewers not involved in the initial
process to understand the objectives for
the photos.

• Pick photo points that will monitor spe-
cific recovery sites. Consider the future
desired condition when choosing the exact
location for the shot. For example, if you
want to record the changes in riparian
vegetation, shooting the photo from the
edge of the stream may only be effective
for one or two years. Once the vegetation
reaches a certain height, the photo point
only shows a mass of vegetation. This
may be dramatic but not useful for view-
ing long-term changes.

• Other useful shots might include a photo
point every quarter mile, every visible
reach (from one stream meander to the
next), or other interesting points within
the study reach.

Pine Creek
Transect # 1
July 6, 1999
Plot # C
Upstream
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• From a technical standpoint, duplicating
the photo points once every two or three
years is sufficient time for changes to
occur in the ecological conditions of the
study site. If you are doing this procedure
with students, however, duplicate the
photos each year (at the same time of
year). Each class can then understand and
appreciate the process and the need for
photographic documentation as an integral
part of any monitoring program.

• It is best to take slides, then have a series
of prints made from selected slides. Prints
are useful as field references when the
next series of photos are taken.

Going further
1. For more detailed information about

using photos as a monitoring tool,
obtain the pamphlet Photo Plots: A
Guide To Establishing Points and
Taking Photographs to Monitor
Watershed Management Projects
from the Oregon (formerly,
Governor’s) Watershed Enhancement
Board, 255 Capitol Street NE, 3rd

Floor, Salem, OR 97310-0203, phone:
(503) 378-3589.
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Photographic Record

Photo
No. Description

Aperature
(f/stop) Speed

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Stream:

Location:

Date:

Photographer:

Weather:
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Checklist
_____ fish measuring board

_____ 100-foot tape

_____ block nets (2)—furnished by
ODFW if electrofishing

_____ electrofishing equipment and
catch nets (used only with
assistance of ODFW personnel)

_____ hand seine (4'x4')

_____ fish anesthetic (furnished by
ODFW)

_____ clipboard, data sheets, calcula-
tor, and writing tool

_____ thermometer

_____ juvenile fish ID key

_____ polarized glasses

_____ waders or hip boots with felt
soles or cleats

_____ buckets (at least 2) for equip-
ment and fish-holding

_____ flagging

_____ small dip net

_____ plastic jar (for viewing and
identifying individual fish)

Fish survey team

F ish population sizes are a result of the
chemical, biological, and physical factors
surrounding them in the stream, especially

those factors influencing levels of the food
chains below them. This type of survey is de-
signed to obtain information on the abundance,
size and distribution of salmon and trout popula-
tions in Oregon’s streams. The data collected
will assist fish biologists and volunteers in deter-
mining fish habitat needs.

The fish population survey helps determine
whether the stream is supporting numbers of fish
consistent with its carrying capacity. It will
reveal species present, age classes, condition of
the fish, and some habitat conditions. Sampling
for juvenile fish above suspected migration
barriers helps determine if adult spawners are
getting by the obstruction. Numbers of juveniles
found may provide clues to spawning success.

Fish sampling can be difficult and requires
good ability to identify species. Juvenile fish are
difficult to identify when in hand, harder yet
when seen in the water. It is sometimes impos-
sible to distinguish between juvenile steelhead
and cutthroat. Part of the training emphasizes
fish identification. The illustrations on p. 462 are
also useful as a guide.

Polarized glasses improve visibility signifi-
cantly. Waders or hip boots must be used as a

A number of Oregon’s fish species are
listed as threatened or endangered under
the stipulations of the Endangered Spe-
cies Act (ESA). Do not proceed with
any fish sampling procedures without
approval of local Oregon Department
of Fish and Wildlife fish district per-
sonnel. Permits are required for sam-
pling in some areas and sampling is not
allowed in others. Some streams do not
require permits. Ask first!

safety consideration when electrofishing. Trac-
tion devices, like felt soles, improve maneuver-
ability in slippery streams.

Simple fish survey methods
Although it is often difficult to identify fish
without having them in hand, students can at
least document the presence or absence of fish
and relative size classifications by simply view-
ing them from the streambanks. A pair of polar-
ized sunglasses helps to cut the glare from the
water’s surface, making viewing easier. Fish are
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sometimes spooky so a quiet stealthy approach to
the edge of the stream is advisable. Patience is
also important. Sitting quietly on the streambank
near suitable habitat can sometimes reveal inter-
esting views of fish and their behaviors.

Angling surveys are sometimes used to
document the presence of fish populations.
Angling surveys can reveal the types of fish
species (at least those willing to bite) in an area
and provide size class information. Angling
surveys also provide an opportunity to involve
students in the Oregon Department of Fish and
Wildlife’s Angler Education program. Contact
the Angler Education Coordinator, Oregon De-
partment of Fish and Wildlife, PO Box 59, Port-
land, Oregon 97207, phone: 503-872-5264 ext.
5366 for more information.

Use angling surveys to teach students about
“catch and release” procedures and good angling
ethics. Angling efforts can focus on riffle areas
or pool areas or other sites to obtain specific
information about fish present in certain habitat
types.

Data from angling surveys is called “creel
data.”  One way creel data is analyzed is by
“catch per unit of effort” (CPUE). In other
words, how many fish did the angler catch per
hour throughout the entire fishing experience.

Electrofishing method
1. Measure a representative 100-foot section of

stream, placing a block net at both the up-
stream and downstream ends to keep fish
within the reach. Secure the bottom and sides
of the nets carefully so fish do not escape
when crowded into the net. This also pre-
vents new fish from coming into the sam-
pling section from either above or below the
site. Have the map crew note the sampling
reach location on the survey map.

2. Note all information requested on the data
sheet. All temperature and weather condi-
tions should be noted before and after each
pass as they can change considerably
throughout the sampling time period.

Going further
1. Contact the nearest Oregon Department of

Fish and wildlife fish district personnel for
historical fish species and population
information for your study stream. If it is
not possible for students to collect their
own data they can practice the analysis
procedures and interpretations with the
historical information or they can use the
older information as background data for
their ongoing studies.

2. For more advanced fish population moni-
toring procedures contact your local STEP
Biologist (see map and information pages
430) or the ODFW Aquatic Inventory
Project at (541) 757-4263. It may be pos-
sible for students to assist fisheries person-
nel with fish population surveys in local
areas. Training is required for these more
advanced procedures.

3. Completing a spawning survey is another
way to monitor fish populations. Contact
your nearest ODFW fish district person-
nel for more information about spawning
survey opportunities in your area. Train-
ing is required for anyone participating
in spawning surveys. Viewing spawning
salmon, steelhead, or trout is a good way
to reinforce the fish life cycle concepts
presented in Chapter 9.2, page 355.

4. A snorkeling survey is another way to
assess fish populations in streams. Snor-
keling surveys require snorkeling gear
and the ability to identify fish species
under water. Snorkeling data is analyzed
in a different manner. Consult with your
nearest ODFW fish district before
attempting snorkeling surveys.
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3. Practice electrofishing techniques outside of
the sample section. Make two complete
passes in the sample section with the electro-
shocker. Record the results from each pass
separately on the data sheets provided.

4. As the fish are netted, place them in a bucket
of stream water to which a small amount of
anesthetic has been added (ODFW personnel
will provide and monitor this if it is neces-
sary to use it).

5. Using the fish measuring board, measure
each fish from the tip of the snout to the fork
of the tail to the nearest millimeter. Trade
buckets frequently with those doing the
netting to avoid overstressing the fish.

6. If possible, determine the species of fish and
record all information on the data sheets
provided. As soon as the data has been col-
lected from each fish specimen, return it to a
bucket of fresh water.

Keep all fish from the first pass separate
from those captured in the second pass. Be sure
the water in the bucket stays cool and well-
oxygenated.

It is essential to work quickly to avoid harm-
ing the fish. Return all fish to the stream section
from which they were taken as soon as possible.

Note:
Errors in the data may arise from several sources.
It is important to note these possibilities to accu-
rately interpret the data.

Poor netting during electrofishing may result
in the loss of several fish and less accurate popu-
lation estimates. Poor netting technique can be
attributed to inexperience. It takes practice to
learn the best techniques.

Inability to see fish as they come to the
water’s surface in response to the electrical
current is another factor. Using polarized glasses
helps.

Too much current can injure or kill fish.
Awareness of problem areas helps training

and procedures move more smoothly. Consult
with your STEP biologist for more information.

Analysis
Population density
Calculate the density of the fish population using
the following formula:

N =     (U1
)2

     U
1
–U

2

Where N =  fish population estimate
U

1
= # fish collected in first removal

U
2

= # fish collected in second removal

Example:

N =    (121)2

        121–59

N =  236.1 fish / 100 ft section

Standard error of the estimate
The standard error of the estimate is calculated
using:

SE(N) =     (U
1
)2×(U

2
)2×T

            (U
1
–U

2
)4

Where: SE(N) = standard error of estimate
T = total number of fish (U

1
+U

2
)

Example:

SE(N) =      (121)2×(59)2×180
                                  (121–59)4

SE(N) =   24.9 fish

The standard error of the estimate is the
statistician’s way of expressing the variability
associated with the population estimate.  Many
factors, including water conductivity (determined
by dissolved mineral content), pool depth, and
fish size, can affect the accuracy of the sample.

Generally, the larger the standard error
figure, the less reliable the population estimate.

Confidence interval
To take this estimate one step further, we can
calculate the 95% confidence interval by using:

√

√
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95% CI =  ± 1.96 SE(N)

Where: SE(N) = standard error of estimate
CI  = confidence interval

Example:
95% CI =  ± 1.96×24.9
95% CI =  ± 48.8 fish

In other words, there is a 95% chance the
population of fish in the 100 foot section is
between 187.3 and 284.9 fish (236.1±48.8 fish).

The size of the confidence interval is a func-
tion of the reduction in numbers of fish captured
on the second pass compared to those captured
during the first pass. The larger the reduction
(more fish caught on the first pass as compared
with the second pass), the better the confidence
interval will be. A good rule of thumb in the field
is to try for at least a 50% reduction in the fish
captured on the second pass. For example, if 20
fish are captured during the first pass, the esti-
mate will be more accurate if 10 or fewer fish are
captured during the second pass.

In instances where large numbers of fish are
captured on the first pass (>50 fish), or if less
than a 50% reduction in fish is captured on the
second pass, the confidence interval can be
improved greatly by doing a third pass. A differ-
ent calculation is required if a third pass is done.
Your STEP biologist can provide you with the
appropriate formula.

In determining the fish population in a
stream reach it is not necessary to capture every
fish living in the sampling site. By running
through this series of calculations, an estimate of
the actual population is obtained. Consistency
with technique and sampling the same areas over
time will provide the most reliable data for the
biologists who use this information in making
management decisions.

Age classes
Another way to analyze fish sampling data is to
graphically represent the size distribution of the
fish captured. This will show the various age
classes of fish present in the stream.

Referring to the graph below, based on size
distribution, three age classes of fish are likely
present in the sampling area. With large numbers
of fish less than 8 cm. in length, it can be con-
cluded these fish represent young of the year
(0+), the most recently hatched fish. Fish repre-
sented in larger size ranges are likely 1+ fish,
that is, fish that have been in the stream for over
a year. Some of the larger fish may be slow-
growing two-year-old (2+) fish.

Hand-seining method
Another way to sample juvenile fish populations
is with the use of a hand seine. A hand seine is
composed of a 4'×4' foot piece of seine netting
attached to a length of wood on either side that
serves as a hand hold and aids net manipulation.

Choose a representative sampling section
within the survey area. Different species of fish
use different parts of a stream at various stages of
their life. It is important that a good cross section
of these habitats be sampled within a given area.
Mark the sampling section with flagging and
inform the map crew of its location.

Several small units will be sampled within
the established site. Designate a starting point
and ending point for each sample unit. The
ending point should rest against a cutbank, pool
tailout, or anything that can effectively trap fish
in the area.
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Sample Unit Measurements

Measure the length and average width and
depth of each unit (see diagram below).

• Measure the length of the unit from the
upstream midpoint to the downstream
midpoint. “Midpoint” refers to the mid-
point of the current wetted width. This is
most likely not a straight line from the
upstream end to the downstream end of
the sample unit.

• Measure at least three widths across the
current wetted width of the sample unit
and average.

• At each of the three places where you
measured width, measure five to 10 depths
(to the nearest tenth of a foot) across the
current wetted width of the sample unit
and average.

Enter these measurements on the data sheet
(p. 463). Also note if the sample unit is a riffle or
a pool. Try to balance the sample units between
the two types.

Starting at the upstream end of the unit, walk
slowly downstream, moving the seine through
the water. Continue moving downstream through
the section. Do not raise the net until close to a
containment area such as an end point location.

Place netted fish in a bucket of fresh water to
be counted, measured, and identified when each

unit is completed. Record the information in the
appropriate sections of the data sheets (p.463-
464).

Repeat the above procedure for each sam-
pling unit in the survey section.

Analysis
Hand-seining sampling information is evaluated
in a number of ways.

Calculate the area (ft3) for each unit in the
sampling reach (from Hand-seining Data Sheet,
Part 2, p. 464). Make sure all measurements are
in the same units before multiplying.

Area (ft3) = L×W×D

Where: L = length (ft.)
W = width (ft.)
D = depth (ft. or tenths of a ft.)

Example:
Area (ft3) = 20'×4'×3'

Area (ft3) = 240 ft3 or 8.9 yd3

Note: (ft3×0.03704 = yd3)

Determine the size of the total sampling area by
adding the areas (ft3 or yd3) of all sampling units.

Divide the total number of fish captured
(transferred from Hand-seining Data Sheet, Part
1, p.463, to Hand-seining Data Sheet, Part 2, p.
464, for each unit sampled) by the total sampling
area (ft3 or yd3) to get the number of fish per
cubic foot or cubic yard. This figure can be
analyzed by a biologist and compared to other
streams with a known population density. This
evaluation will indicate whether the stream is
producing up to its potential.

25 fish÷240 ft3 = 0.1 fish per ft3

25 fish÷8.9 yd3 = 2.8 fish per yd3

Another way to evaluate this information is
to determine the number of fish caught per unit
of effort (CPUE).

CPUE = total # fish÷total # unitsMeasured depths along
a measured width

Measured length along
current wetted edges

Measured
width
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Example:
CPUE = 25 fish÷13 sampling units

CPUE = 1.9 fish

or
CPUE = 10 cutthroat÷13 sampling units

CPUE = 0.7 cutthroat

or
CPUE = 15 RB-ST÷13 sampling units

CPUE = 1.2 rainbow/steelhead

Data collected with the hand seining tech-
nique is evaluated differently than that obtained
by electrofishing. As with electrofishing, how-
ever, consistency with technique and sampling
the same areas over time will provide the most
reliable information.

Notes
References useful for evaluating fish population
studies:

Lagler, Karl. Freshwater Fishery Biology.
Dubuque, IA: Wm. C. Brown, Co., 1956, pp.
167-177.

Seber, G.A., and Ed LeCren. “Estimating Popula-
tion Parameters From Catches Large Relative
to the Population.” Journal of Animal Ecol-
ogy, 1967, 36:631-643.

Zippin, Calvin. “The Removal Method of Popu-
lation Estimation.” Journal of Wildlife Man-
agement, January 1958, 22:82-90.
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Fish Survey: Electrofishing
Stream __________________________ River system ____________________

County __________________________ Surveyors _______________________

Date ____________________________

Weather conditions:  ____ cloudy (%)    ____ wind (direction)   ____ rain   ____ clear

Streamflow:  ____ very low   ____ moderate   ____ high            Visibility:  ____ less than 1'   ____ 1'–3'   ____ over 3'

Frequency _________   Voltage _________   Sample site: Length ________  /  Avg. width ________  /  Avg. Depth ________

1st pass (before/after): Time  ____________ / ____________   Air temperature  ____________ / ____________

Water temperature ____________ / ____________

2nd pass (before/after): Time  ____________ / ____________   Air temperature  ____________ / ____________

Water temperature ____________ / ____________

Description of sample site:   _______________________________________________________________

____________________________________________________________________________

Note:  Use as many sheets as necessary.

Total (1st pass) = Total (2nd pass) =

Key:
CH — Chinook
CO — Coho

RB-ST — Rainbow/Steelhead
CT — Cutthroat
O — Any other species

     (note kind if known)

Habitat type:
 pool

 riffle

 mixed

Sample site location  Start:  T ______ R ______ S ______

End:  T ______ R ______ S ______

Tally non-game species by fork length group. Measure salmonids and separate each with commas.

Pass 13-5.9 6-8.9 9-11.9 12-14.9 15-17.9 18-20.9 21.23.9 24-26.9 27-29.9 30-32.9 33-35.9 36-38.9 39-41.9 >42

Pass 2

Sample site # _____

Fish
code
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Juvenile Fish ID Key
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Note: Measure all fish collected or first 25 of each species and count remaining fish if large numbers are collected.
Transfer totals to appropriate row on catch/unit of effort summary sheet.

Fish Survey: Hand-seining, Part 1
Stream __________________________ River system ____________________

County __________________________ Surveyors _______________________

Date ____________________________

Weather conditions:  ____ cloudy (%)    ____ wind (direction)   ____ rain   ____ clear

Streamflow:  ____ very low   ____ moderate   ____ high            Visibility:  ____ less than 1'   ____ 1'–3'   ____ over 3'

Sample site: Length ________  /  Avg. width ________  /  Avg. Depth ________

(before/after):  Time  ____________ / ____________   Air temperature  ____________ / ____________

(before/after):  Water temperature ____________ / ____________

Description of sample site:   _____________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

CH CO RB-ST CT Other
Fish

collected
Lengths (mm) by species

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Totals

Sampling unit #:  ______

Key:
CH — Chinook
CO — Coho

RB-ST — Rainbow/Steelhead
CT — Cutthroat
O — Any other species

     (note kind if known)

Habitat type:
 pool

 riffle

 mixed

Sample site location  Start:  T ______ R ______ S ______

End:  T ______ R ______ S ______
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Fish Survey: Hand-seining, Part 2
Stream __________________________ River system ____________________

County __________________________ Surveyors _______________________

Date ____________________________

Number Caught Unit Size (ft) Unit Type

Catch/unit of effort summary

CH CO RB-ST CT Other  L  W  D  Ft3 Riffle Pool
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Totals

Sampling
Unit #

Sample site location  Start:  T ______ R ______ S ______

End:  T ______ R ______ S ______

Key:
CH — Chinook
CO — Coho

RB-ST — Rainbow/Steelhead
CT — Cutthroat
O — Any other species

     (note kind if known)
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Checklist
_____ Hach or other water quality test

kit (for dissolved oxygen and pH
testing)

_____ thermometer

_____ 50-foot (or longer) measuring
tape

_____ stopwatch (or watch with second
hand)

_____ orange (or other object which will
float low in the water)

_____ depth measuring rod

_____ clipboard, data sheets, and
writing tool

_____ flagging

_____ bucket for equipment

Water quality survey team

Air and water temperature
Take the temperature of the air and the water at
the same sites where pH and dissolved oxygen
tests are taken. Be sure the map crew marks the
sampling sites on the map. One site will be at the
upstream end and one at the downstream end of
the survey area. A third site is optional.

1. Record the time of day and the air tempera-
ture at the sample site.

• Make sure the bulb of the thermometer is
clean and dry.

• If you can see shadows, shade the bulb.
(Use a hand, body, hat, or whatever, but
keep it at least 2 inches away.) Direct
exposure to the sun will give a “false”
reading.

• Record the temperature in both °C and °F
on the data sheet. See conversion formulas
on p. 469.

2. Record the time of day and the water tem-
perature at the sample site.

• Put the bulb of a thermometer one-half
inch  to 2 inches into the water where the
other readings will be, or have been taken.
Choose a representative section of the
stream with about average water velocity.
Do not use side channels or backwaters.

• Wait two to three minutes for the ther-
mometer to reach equilibrium.

• Take the reading while the thermometer is
still submerged.

• Record the time each temperature was
taken.

• Record the temperature on your data
sheet.

pH
Water with a pH range of 6.7 to 8.6 will gener-
ally support a population of fish. Salmon and
trout species generally need a pH range of 6.5 to
7.5. Note that with certain species of fish, there
are also specific insects present. Data gathered
from this test, along with the invertebrate survey
information and other stream characteristics, can
give an idea of which fish might live in a particu-
lar habitat.

For the purposes of this study, the instanta-
neous value of pH is sufficient.

Do the pH tests at the same sites where
dissolved oxygen and temperature are tested.

1. Follow the test procedure outlined in the
Hach or other type of water quality test kit.
Dispose of plastic packets in the container
provided.

2. Pour used water into the bucket provided by
the team leader. Do not pour water contami-
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nated with chemicals into the stream or on
the streambank.

3. Perform the test procedure at least three
times and determine the average.

4. Report the test sites to the map crew.

5. Record the information on the data sheet.

Dissolved oxygen
The dissolved oxygen (DO) test is one of the
most important in determining water quality.

Dissolved oxygen is essential for the survival
of aquatic plant and animal life. For adequate
populations of game fish, dissolved oxygen
should be in the 8 to 15 mg/liter range.

Perform the tests for dissolved oxygen at the
same sampling sites used for pH and tempera-
ture.

1. Follow the directions outlined in the Hach or
other type of water quality test kit.

2. Take at least three (five is preferred) water
samples at each site. No air should be in the
bottle. Sample within 2½ inches of the
stream surface, at least 6 inches from the
streambank, in water moving at the average
velocity for the stream. Enter the results on
the data sheet.

3. Report the test site to the map crew. Record
the time of day the sampling procedure was
conducted.

4. Dispose of plastic packets in the container
provided. Pour used water in the bucket
provided by the team leader. Do not pour
water contaminated with chemicals into
the stream or on the streambank.

Streamflow
Flow site selection
Select two representative sites as far apart as
possible in the total study area. Sharp turns or
very rough bottoms will slow the water and
should not be considered representative.

Measure a 50-foot section at each site. Mark
the upper and lower ends of the section for easy
reference.

Width
At each flow site, measure the width to the near-
est tenth of a foot in three places (see example).
Select places that do not have large slack areas at
the edge. Record these measurements on the data
sheet and compute the average.

Depth
At each of the three places where you measured
the width of the stream, measure the depth to the
nearest tenth of a foot at five equally spaced
places across the stream (see example). Record
your measurements on the data sheet and com-
pute the average.

Velocity
Velocity is a measure of how fast something
moves. Water velocity can be measured by tim-
ing how fast a floating object travels 50 feet in a
stream deep enough to float the object. Wind can
be a factor, so use an object that floats low in the
water—an orange, fishing bobber, stick or leaf).
Dye specifically designed for streamflow deter-
minations may also be used. Calculate the veloc-
ity using the formula below.

The average of three to five trials should give
a good velocity figure.

V =  50 ft
 x sec

Where: x is the number of seconds it takes object
to float 50 ft
V = Velocity

Example: If your object floats 50 feet in 25
seconds, velocity is:

V =   50 ft
  25 sec

V = 2 ft/sec
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Bottom factor
Look at the bottom of the stream. If it is rubble,
gravel or plants, the bottom factor (a) = 0.8. If
the bottom is smooth mud, silt or bedrock, the
bottom factor (a) = 0.9.

Streamflow
Compute streamflow (discharge) in cubic feet per
second (cfs) using the formula below for each of
the two sites.

Streamflow in cubic feet per second (cfs)  =
width×depth×velocity×bottom factor

Example:
 15 ft×0.5 ft×2 ft/sec×0.9=13.5 cfs

Streamflow procedures adapted from Investigat-
ing Your Environment—Water, USDA Forest
Service, 1993 and earlier versions.
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Going further
1. If your students have mastered the basic

water quality sampling procedures and
want to do more, consider becoming part
of the Oregon Plan for Salmon and Water-
sheds monitoring team. One of the require-
ments of the Oregon Plan for Salmon and
Watersheds is monitoring to determine the
status and trends of salmon populations
and of stream and landscape conditions
that affect them. Many different agencies,
volunteer groups, and private citizens are
involved in data collection, so it is impor-
tant to apply a consistent approach to all
monitoring efforts. These standardized
statewide monitoring procedures for water
quality were developed by a water quality
monitoring team established in 1998. The
protocols rely heavily on Oregon Depart-
ment of Environmental Quality and Or-
egon Department of Forestry procedures.
The protocols are packaged in the Water
Quality Monitoring Guide Book. The
guidebook describes methods for getting
specific, field-based data about your site,
reach and watershed and for successfully
assessing water quality. Protocols are
provided for monitoring:

• stream temperature
• stream macroinvertebrates
• sediments
• dissolved oxygen
• surface water conductivity
• pesticides and toxins
• surface water pH
• fecal coliform
• nitrogen and phosphorus

Properly collected data is useful to land-
owners, concerned citizens, and agencies.
Poorly collected data of unknown quality
is an unfortunate loss of significant time
and money. The guidebook provides
guidelines to accurately collect data that
will help everyone work toward a solution
to restoring healthy watersheds and fish
populations.

Additional training may be necessary
for you and your students to use the proto-
cols described in the Water Quality Moni-
toring Guidebook.

To get a copy of the Water Quality
Monitoring Guidebook contact the Oregon
Department of Environmental Quality,
1712 SW 11th Street, Portland, Oregon
97201, phone: (503) 229-5983 or the
Oregon (formerly Governor’s) Watershed
Enhancement Board, 255 Capitol Street
NE, 3rd Floor, Salem, Oregon 97310-0203.

2. The Adopt-A-Stream Foundation’s
Streamkeeper’s streamflow (pp. 108-117)
and other water quality sampling proce-
dures (pp. 168-183) are described in the
Streamkeeper’s Field Guide: Watershed
Inventory and Stream Monitoring Meth-
ods. It is available for $29.95 + $4.00
shipping and handling (WA residents add
$2.37 sales tax). Order this guide from the
Adopt-A-Stream Foundation, 600-128th

Street NE, Everett, WA 98208, phone
(206) 316-8592.
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pH data record
Date: _______   Observers:  ___________________

Sample 1 Sample 2 Sample 3 Ave.

 Site 1

 Site 2

 Site 3
 (optional)

Temperature data record
Date: _______   Observers:  ___________________

Air temperature Water temperature

°C °F Time °C  °F Time

 Site 1

 Site 2

 Site 3
 (optional)

Note: 9/5 °C + 32 = °F           5/9 (°F – 32) = °C

DO data record
Date: _______   Observers:  ____________________

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average Time

 Site 1

 Site 2

 Site 3
 opt.
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Checklist
_____ sorting screens (1-mm sieve)—

optimal

_____ magnifying glass or hand lens

_____ containers for sorting (cartons
and/or ice cube trays)

_____ forceps and probes

_____ single-edge razor blade (for
scraping rocks)

_____ eyedroppers

_____ small artist’s paintbrushes

_____ clipboard, data sheet, and
writing tool

_____ field guides and/or other
identification aids

_____ bucket for equipment

_____ collecting net (D-frame aquatic
sampling net is recommended)

_____ viewing scope for substrate

Macroinvertebrate survey team

Aquatic insects are a major food source for
 fish. In the same way food availability
 affects the distribution of fish in a stream,

aquatic insects live in that part of the stream that
provides the right food source.

In this activity you will learn about the types
of aquatic insects, how they feed, where they
feed, the role they play in the stream, and what
they can tell us about stream health.
1. When you arrive at the stream, look for

different habitats where fish and insects live.
Examples are pools where the water is deep
and the surface is fairly quiet, riffles where
the water is shallow and ripples over the
rocks, and backwaters at the stream’s edge
that are shallow and quiet. These habitats are
identified primarily by characteristics of water
flow. The size of rocks in the stream, the
amount of leaf or fine woody litter, and large
woody debris (branches or logs) also help
determine the distribution and abundance of
invertebrates.

2. Use the following procedures to collect a
sample from each of the habitat types—
riffles, pools, and backwaters.

a. To avoid disturbing the sample area, ap-
proach the habitat type from the down-
stream end. Place the D-frame aquatic
sampling net or other sampling device
firmly on the bottom, perpendicular to the
flow at the lower end of your sampling site.

b. Collect a sample from a one square foot
area immediately upstream from the net
opening. Pick up any rocks
that are more than 2
inches in diameter
and while holding
them underwater
in front of the net,
gently rub, scrape,
or brush their
surfaces so the

water will carry any dislodged organisms
into the net. Place “cleaned” rocks outside
of the sample area.

c.  If present include coarse organic matter
(primarily leaf, needle, and fine wood
litter) and pieces of water-logged branches
and wood in your sample.

d. After larger rocks and debris have been
rubbed and set aside, stir up the bottom

of the one foot square sample area to
a depth of at least 1 inches to 2
inches, allowing the current to carry
particles and organisms into the net.

e. Collect at least three samples per
habitat type (riffles, pools, back-
waters) to get an average count
per habitat.



472  •  The Stream Scene: Watersheds, Wildlife and People Oregon Department of Fish & Wildlife

Adapted from: Bill Hastie, “What Wiggles in Winter Water,” Oregon Wildlife, December 1983, p. 15.

Builds a portable “house” or case to live in  .........................................................................................   Caddisfly
If case is made of material that was once living (wood, leaves, etc.)  .............................................   Shredder
If case is made of mineral material (rocks, sand grains)  ...................................................................   Scraper

Has two tails, without abdominal gills  ...................................................................................................   Stonefly
If dark and uniformly colored  .........................................................................................................   Shredder
If large and brightly colored and/or mottled  ....................................................................................   Predator

Has three tails (sometimes two), with abdominal gills  ............................................................................   Mayfly
If flat, sometimes egg-shaped  ...........................................................................................................   Scraper
If cigar-shaped  ..............................................................................................................   Gathering Collector

Worm-like, without true legs  .......................................................................................................................   Flies
If <1 cm long, 1 pair stubby “legs,” head well developed  .............................   Gathering Collector (Midge)
If >1.5 cm long, head reduced, often found in leaf litter  .............................................   Shredder (Cranefly)
Antennae modified as tiny fans  .....................................................................   Filtering Collector (Blackfly)

Free-living, 3 pairs of legs  ......................................................................................................   Odonates/Beetles
If large, with gills at end of abdomen  .....................................................   Predator (Damselfly, Dragonfly)
If no gills, usually tough outer covering, jaws often easy to see  .........................................................   Beetles

Dark brown; tough outer covering  ..................................................   Gathering Collector (Riffle Beetle)
Color varied; abdomen soft-bodied  .............................................................................   Predator (Beetle)

Aquatic Insect Guide

3. Wash the material from the sieve into a
shallow white pan. Add just enough stream
water to cover the sample. (Optional: Wash
each sample into a 1-millimeter sieve, then
wash the materials into the sorting pan.)

4. Use tape and a waterproof marker to label
the sections of the ice cube tray. Use labels
like mayflies, stoneflies, caddisflies, beetle
larvae, dragonflies, and others appropriate
for the area you are sampling. You may need
to consider subdividing some of the groups,
for example, stony case caddisflies and
organic case caddisflies. Fill the labeled ice
cube tray with stream water. Using forceps,
plastic spoons, eyedroppers, or small brushes
gather the insects and place them in the
appropriately labeled cube

5. Use a dichotomous key to separate inverte-
brates into functional feeding groups: shred-
ders, scrapers, filtering collectors, gathering

collectors, and predators. (See below or
consult other similar guides.)

6. Count the kinds of invertebrates and the
numbers of each kind for each functional
feeding group. Enter these numbers on the
data sheet. Complete the percentage of each
group/habitat from the numbers.

To gain a better idea of the variety of organ-
isms, list invertebrates within each functional
feeding group by “kind.” Riffle beetles and
mayflies are different kinds. If you can tell
two different types within a “kind” (e.g., two
different caddisflies), but do not know the
specific names, simply list them as
“caddisfly A” or “caddisfly B.”

7. If possible, estimate the kinds and types of
substrates where you sample and record on
the data sheet before you collect the sample.
An aquascope, or clear plastic mounted at the
end of a long styrofoam box, will help cut
surface water turbulence. Refer to the sizes
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listed on the chart for rock categories. Use
the following categories for organic material:

• Coarse organic matter (primarily leaf
needle and fine wood litter >1 mm in
diameter)

• Fine organic matter (<1 mm to 0.45 mm)
• Large wood (logs, stumps, branches)

For each sampling site list substrates as
percentages (e.g., 25% sand, 50% cobble,
25% coarse organic matter). The total of all
substrate types should equal 100%.

Analysis
The analysis compares samples, either as habitat
types within a small stretch of stream (a reach),
as different reaches along one stream, or even as
samples from different streams.
a. After sorting has been completed, calculate

the percentage of each functional feeding
group to the total. Total = number of shred-
ders + filtering collectors + gathering collec-
tors + scrapers + predators.

Example:

Habitat 1—Backwaters
# of shredders = 10
Total invertebrates = 20

Shredders ×100 =  % shredders
   Total

10 ×100 = 50% shredders
20

b. Draw a bar or pie graph (see examples be-
low) showing percentages for each func-
tional feeding group for the each habitat
type).

c. Compare these graphs for all of your study
all habitat types: riffles, pools, and backwa-
ters. Consider whether the proportion of each
functional feeding group fits what you might
expect in each habitat. For example, when a
lot of leaf litter is present, many shredders
could be expected. In a sunny spot with an
abundance of algae, more scrapers should be
found.

Example Bar and Pie Graphs
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Going further
1. If your students want to get more involved

with macroinvertebrate sampling, consider
becoming part of the Oregon Plan for
Salmon and Watersheds monitoring team.
One of the requirements of the Oregon
Plan for Salmon and Watersheds is moni-
toring to determine the status and trends of
salmon populations and of stream and
landscape conditions that affect them.
Many different agencies, volunteer
groups, and private citizens are involved
in data collection, so it is important to
apply a consistent approach to all monitor-
ing efforts. These standardized statewide
monitoring procedures for water quality
were developed by a water quality moni-
toring team established in 1998. The
protocols rely heavily on Oregon Depart-
ment of Environmental Quality and Or-
egon Department of Forestry procedures.
The protocols are packaged in the Water
Quality Monitoring Guide Book. The
guidebook describes methods for getting
specific, field-based data about your site,
reach and watershed and for successfully
assessing water quality. Protocols are
provided for monitoring:

• stream temperature
• stream macroinvertebrates
• sediments
• dissolved oxygen
• surface water conductivity
• pesticides and toxins
• surface water pH
• fecal coliform
• nitrogen and phosphorus

Properly collected data is useful to land-
owners, concerned citizens, and agencies.
Poorly collected data of unknown quality
is an unfortunate loss of significant time
and money. The guidebook provides
guidelines to accurately collect data that
will help everyone work toward a solution
to restoring healthy watersheds and fish
populations.

Additional training may be necessary
for you and your students to use the proto-
cols described in the Water Quality Moni-
toring Guidebook.

To get a copy of the Water Quality
Monitoring Guidebook contact the Or-
egon Department of Environmental Qual-
ity, 1712 SW 11th Street, Portland, Oregon
97201, phone: (503) 229-5983 or the
Oregon (formerly, Governor’s) Watershed
Enhancement Board, 255 Capitol Street
NE, 3rd Floor, Salem, Oregon 97310-0203.

2. The Adopt-A-Stream Foundation’s
Streamkeeper’s macroinvertebrate sam-
pling procedures are described on pages
129-163 of the Streamkeeper’s Field
Guide: Watershed Inventory and Stream
Monitoring Methods. It is available for
$29.95 + $4.00 shipping and handling
(WA residents add $2.37 sales tax). Order
this guide from the Adopt-A-Stream
Foundation, 600-128th Street NE, Everett,
WA 98208, phone (206) 316-8592.
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Checklist
_____ 100-foot tape (2)

_____ ruler

_____ gridded mylar (10 squares to the
inch, or graph paper treated with
Stormproof® or other water
repellent if possible)

_____ pencil (doesn't smear when wet)

_____ clipboard

_____ magnetic compass

_____ flagging

_____ depth staffs (3) marked off in
tenths of ft. (or meters)

Stream mapping survey team

A map is an integral part of any stream
 monitoring project. It is a permanent
 record of the stream, showing its original

state, data collection sites, where changes may be
effective, what changes were made, and what
effect the changes had. It also makes it possible
for others to find test sites on the stream.

Identify features
Include features that are useful for orientation or
that could be foundations for instream structures,
stream width and bends. Also record the scale
used to draw the map and an arrow showing true
north.

Examples of general features are:
• logs in the stream
• logs over or along stream
• root wads
• large boulders (2½' to 3')
• gravel bars
• falls
• rapids
• chutes (include dimensions)
• photo points
• water analysis points
• cliffs
• islands
• pools and pool depth
• undercut banks
• tributaries
• stream width
• riffles
• cutbanks (height)
• 100-foot marks
• fish sampling points
• invertebrate fish sampling points

Along streams with little streamside vegetation,
indicate on map:

• vegetation that may provide shade (note
time when areas are in shade)

Along streams with a shallow profile, note:
• floodplain width (if significant)

Scale
Accuracy of the scale determines the accuracy of
the map. A convenient scale for mapping quarter-
mile sections is 1"=100'. Using this scale, a
quarter mile of stream (1,320 ft) will fit on legal
size (8½"×14") paper.

Use 10-square-per-inch graph paper, with
each square representing a 10'×10' area.

True north
An arrow indicating true north makes the map
easier to use and more accurate. It can also help
determine stream shading, where cover is
needed, and other physical factors.

To compensate for the difference between
true and magnetic north, you would need to set
your compass. For example: if the magnetic
declination is 21ºE (determined by looking at a
topographic map of the area), then set your
compass bearing at 339º (360º–21º=339º). (See
Figure A on next page.) This offsets the compass
variation of 21ºE for your locality. Check a
topographic map for your area for the local
declination.
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log rapids

log jam
rocks

riffle

overhanging bank
or cutbank

Figure BFigure A

Read Heading

Mapping team
The map made during the survey is a sketch
showing relevant features. The mapping team of
six should be divided as follows:
1. A team of two (Tape Team A) measures 100'

lengths of the streambed. One person stands
at the beginning of the section while the
other walks up the stream to the 100' mark.
Both stay in place until the recorder has
finished the section.

2. A team of two (Tape Team B) measures
active channel and floodplain width at the
beginning of each section and again wher-
ever significant change in width of these two
parameters occurs. This team should stay
near the recorder.

3. The depth measurer (one person) uses a
depth measuring rod to measure the deepest
point of each pool and reports depths to the
recorder.

4. The recorder and a helper walk up the
streambed and sketch in the features using
the tape as a guide for placement.

Hold the stream grid
map with the long axis
parallel to the long axis
of the stream. Place the
compass on top of the
map and adjust until the
compass arrow is cen-
tered on the north point
(see Figure B). Mark
along a straight side of
the compass parallel to
the “direction of travel
arrow.” This is true north.

If you have a com-
pass with a mechanical
means for adjusting the
declination, read the
directions that came with
the compass.

Symbols
Use symbols to represent features on the map.
The simpler the symbols, and the closer to pic-
tures of the features represented, the better. Some
symbols useful for streams are shown below.
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5. When the recorder reaches the end of the
section, Tape Team A moves up to the next
100-foot section and the process is repeated.
There are slightly more than thirteen 100'
sections in a quarter  mile.

6. After the survey, the sketch should be traced
and redrawn into a finished master map.
Copies of this master can be used to show
data collection sites, proposed changes and
actual changes.

Mapping an angle
To map the angle of a bend in the stream:
1. Stand at the bend and hold the map so the

portion that has been mapped is parallel to
the drawing.

2. Place the compass on top of the map with the
“direction of travel arrow” parallel to the
portion that has been mapped and mark along
the edge of the compass.

3. Without changing the position of the map,
turn the compass so the “direction of  travel
arrow” now points along the new angle of
the stream and mark along the edge of the
compass. This will accurately show the angle
of the bend.

4. Make sure that the position of the bend is
accurately marked according to the estab-
lished scale.

Legend

Going further
1. Additional ideas for mapping investiga-

tions are found on pages 68-72 of the
Adopt-A-Stream Foundation’s Stream-
keeper’s Field Guide: Watershed Inven-
tory and Stream Monitoring Methods. It
is available for $29.95 + $4.00 shipping
and handling (WA residents add $2.37
sales tax). Order this guide from the
Adopt-A-Stream Foundation, 600-128th

Street NE, Everett, WA   98208, phone
(206) 316-8592.

H. Root wads
I. Cobbles
J. Marsh
K. Gravel bar
L. Alder’s canopy
M. Glide
N. Photo Point

1. Recorder with gridded map
2. Person with pole
3. Person with pole
4. Recorder’s helper
5. Depth measurer with pole
6. Person holding end of tape at 100' also

measures floodplain
7. Person holding end of tape for width of

stream also measures floodplain

A. Rapids
B. Log
C. Riffle
D. Overhang/cutbank
E. Pool
F. Boulders
G. Tree (alder)
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Stream Mapping Example
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Other field investigations and
monitoring techniques

Vegetation monitoring
A stream in a deteriorating trend develops soil
and water characteristics that result in decreased
riparian area width, decreased height and vigor
of water-loving plants, and decreased vegetation
overhang and canopy. In addition, the less
drought resistant shrubs and trees such as wil-
lows and cottonwoods are replaced by more
drought resistant species such as sagebrush and
bunchgrass. Ground cover is lost, exposing more
bare soils as plant density decreases.

Conversely, as a riparian area heals, the
vegetation trends reverse. The riparian area width
expands, vegetation increases in height and
vigor, vegetation overhang and canopy cover
improve, and more water-dependent plant species
thrive.

Variables such as riparian area width and
canopy cover can be monitored to determine
whether the overall health and vigor of a riparian
area is improving or deteriorating over time.

See the Streamkeeper’s Field Guide: Water-
shed Inventory and Stream Monitoring, pages
83-85 for ideas about vegetation monitoring in
riparian zones.

A line transect is a way to monitor the
percentage of soil surface covered by vegetation
at a specific site. This monitoring technique
works well in upland areas. A line transect is a

series of continuous points along a random line
of a given distance. A team of two or more mea-
sure the length of line intersected by each species
or plant type (grasses, forbs, shrubs, litter, bare
ground). The length of line intersected by each
species or plant type is divided by the total length
of the line giving a percentage of soil surface
covered by that species or type. Three lines are
averaged together for the average percent cover.

Contact the nearest office of the Bureau of
Land Management and talk with a rangeland
specialist. They can provide you with more
information about how to complete a line
transect.

A toe-point transect is another method of
estimating the percentage of plant cover types.
Step off a total of 200 paces, 100 on each side of
the stream for riparian area cover types or back
and forth in an upland transect area as long as
you do not count the same area twice. Each time
your right toe hits, note what kind of vegetation

The Streamkeeper’s Field Guide is available for
$29.95 + $4.00 shipping and handling (WA
residents add $2.37 sales tax). Order this guide
from the Adopt-A-Stream Foundation, 600-128th

Street NE, Everett, WA 98208, phone (206)
316-8592.
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or ground cover is touched by the toe of your
shoe. Keep a tally of each cover type (grasses,
forbs, shrubs, litter, bare ground). Divide each by
200 to obtain the percentage cover composition
for each cover type.

A solar pathfinder is a tool to measure the
effects of stream surface shading by vegetation
or topographic features. The solar pathfinder is a
transparent dome that reflects a panoramic view
of the area around the study site. It allows shad-
ing objects to be identified and mapped. Using
know radiation values you can determine a quick
estimate of the absolute energy available to the
stream surface. The manufacturer provides
worksheets to facilitate this process. The Solar
Pathfinder is available from Solar Pathways, Inc.,
7800 Highway 82, PO Box 914, Glenwood
Springs, Colorado.

Other vegetation monitoring parameters
include vegetative overhang, streamside cover
ratings, streambank stability ratings, canopy
closure, canopy distribution, forage utilization,
shrub age classes, and tree size classes. Contact
your nearest resource agency for more informa-
tion about these techniques. It is also helpful to
develop a complete plant species list for the area
of concern with notes about relative abundance
and density of plant types.

Stream cross-section profile
Cross-section profiles help track changes in a
streambed and its banks in response to manage-
ment changes. For example, a badly degraded
streambank is stabilized with juniper riprap to
protect the raw cutbank. The streambed at the
site is wide and shallow. Livestock have been
removed from the pasture for a five year period.
A baseline cross-section profile is completed at a
permanent transect site shortly after the habitat
restoration work is completed. The cross-section
profile is repeated over a span of several years.
Ideally, the graphic representation of the cross
section profile measurements should show a
narrowing and deepening of the channel as
recovery occurs.

See the Streamkeeper’s Field Guide: Water-
shed Inventory and Stream Monitoring, pages
97-99, for instructions in completing cross-
section profiles.

Other monitoring needs
Other watershed and stream parameters, both
physical and chemical, are regularly monitored
by various resource agencies. Students can assist
with some of these procedures. Culvert surveys
to evaluate fish passage problems, stream bottom
surveys to evaluate the extent to which the
cobbles and gravels are embedded or unavailable
for use by fish or macroinvertebrates, and other
water quality parameters including alkalinity,
biochemical oxygen demand, nutrients, phospho-
rus, bacteria, conductivity, turbidity, and solids.

Natural resource agencies can provide infor-
mation about monitoring the physical parameters
noted above.

The Water Quality Monitoring Guide-
book contains additional information about
monitoring sediments, road hazards, turbidity,
conductivity, pesticides and toxins, and fecal
coliform. To get a copy of the Water Quality
Monitoring Guidebook contact the Oregon
Department of Environmental Quality, 1712 SW
11th Street, Portland, Oregon 97201, phone: (503)
229-5983 or the Oregon (formerly Governor’s)
Watershed Enhancement Board, 255 Capitol
Street NE, 3rd Floor, Salem, Oregon  97310-0203.

See the Streamkeeper’s Field Guide: Water-
shed Inventory and Stream Monitoring, pages
179-182, for monitoring information about other
water quality parameters.




