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Introduction Pages

Introduction
The Journey through the Bear River Watershed activity guide is composed of three main parts.
Part 1 contains introductory material. Part 2 includes a description of the components of a
watershed, an overview of the Bear River watershed, a more detailed narrative describing the
Bear River from its headwaters to its outlet, and a discussion of several water resource
management issues in the watershed. (Most the information included in this section is focused
on the Bear River itself. Additional information on some of the river’s tributaries can be found
in the Watershed Descriptions link at http://bearriverinfo.org.) Part 3 includes four activities for
grades 6-12, which are designed to help educators teach students about the Bear River
Watershed. Each of these lessons has been adapted from activities in Discover a Watershed: the
Colorado (Project WET International, 2005). Part 4 consists of the appendices, including crossreferenced charts that correlate each activity to Idaho, Utah, and Wyoming state standards, a
glossary, and a bibliography.
The material in this activity guide will help foster a deeper understanding of the watershed, its
physical properties, who lives in it, and how human activities affect different components of the
watershed. Through the information and lessons provided in this guide, we hope to inspire
students and teachers to take a greater interest in their local watershed and apply what they learn
from the different activities to make a difference through their personal actions and future roles
as members and leaders of their community.
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Activity Summaries
This guide includes a set of lesson plans that provide engaging activities for teachers to integrate
into their own curricular plans throughout the year. The lesson plans are detailed and correlated
to state core standards. Each lesson is written to leave teachers room for innovation and
enhancement. Each lesson plan has a similar format:
•
•

Subject Areas (a list of subject areas that the activity covers)
Activity Time (the time it takes to prepare for and complete the activity. Because the
activities were written for multiple grades, the time in which it takes to complete the activities
will vary by grade. This is indicated by the range of time listed in each activity.)

•
•
•
•
•
•
•

•

Setting (location in which the activity should be completed)
Purpose
Summary
Objectives
Materials
Teacher Background
Procedure (detailed instructions to help teachers prepare for and conduct the
activities and include the following sub-sections: Teacher Preparation, Warm Up,
The Activity, Wrap Up, Resources, e-links)
Student and Teacher Resources Pages

Summaries:
Define Your Watershed
Students learn to identify their local watershed on a map and the different components of their
watershed, including its mainstem, tributaries, headwaters, and boundary. Watershed-related
terms are introduced and defined.
How’s it Flowing?
Students analyze water quantity and quality as they track instream flows and sediments in the
Bear River.
Hunting for Habitats
Students learn about ecological communities and apply this knowledge by matching plant and
animal species with different habitats and ecosystems in the Bear River Watershed.
First Come, First Served
Students role-play various scenarios of competing water users as they learn about water rights
and the principles of how water is “allocated” or divided among users.
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How to Use This Guide
Many activities require maps and other related materials. Color copies of various maps,
supplemental activity pages (such as student worksheets and maps), a PowerPoint presentation to
assist teaching the activities, and additional photos of the watershed are available on the
Supplemental CD that accompanies the activity guide.
For the most complete learning experience for students, we suggest that these activities be used
in conjunction with Stream Side Science, a set of lessons focused on water quality and watershed
science. Though the activities in Stream Side Science are correlated to Utah’s 9th grade earth
system science core standards, the activities are appropriate for students in grade 6 and above.
Please see the Suggested Lesson Plan that integrates the lessons in this guide with the lessons in
Stream Side Science. Each lesson in this guide also includes tips on how to link it with lessons
in Stream Side Science. For more information and to obtain a copy of Stream Side Science,
please visit the USU Water Quality Extension website. Follow the Education Resources link at
http://extension.usu.edu//waterquality/. Or, contact USU Water Quality Extension at 435-7972580.
The Bear River Watershed Information System website is a valuable resource for educators and
others interested in this watershed (http://bearriverinfo.org). The site includes links to additional
photos of the Bear River Watershed, an interactive GIS mapping tool, specific watershed
descriptions and links to data, links to research projects and the people involved in the projects, a
digital library, a calendar with upcoming events and meetings in the Bear River Watershed, and a
searchable resource guide that has contact information for managers, agencies, organizations,
etc.
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Suggested Lesson Plan
Topic covered

Suggested Order of Activities

Introduction to the Bear River Watershed
(geography – in particular watershed delineation,
using maps)

•
•

Water quantity
(math skills and history – pertaining to water
storage and flow, history of water diversions)
Water quality
(math skill and science – pertaining to , physical
properties of water, water chemistry, aquatic
ecology, wetland functions, pollution)

Habitat and ecosystems
(science – pertaining to biodiversity, local plant
and animal species, ecosystem functions)
Water Rights
(history and social studies– pertaining to
irrigation water management, water users,
allocation of water in the west)
Water Management
(social studies – pertaining to western water
management with diverse water users)

Resource for
Activity*

JTBRW
JTBRW

•
•

Define Your Watershed
Optional Reading Assignment (The
watershed description in Part 2 of the activity
guide, including the historical timeline)
Where’s the Water?
Many Happy Return Flows (Part 1)

Time in which to
complete each
activity
(minutes)**
30-45
30

SSS
JTBRW

30-45
30-45

•
•
•
•
•
•
•
•
•
•
•

Many Happy Return Flows (Part 2)
What’s in the Water?
Who’s in the Water?
Missing Macroinvertebrates
Wetlands vs. Stream Macroinvertebrates
Nitrogen Cycle
When Things Heat Up
Hunting for Habitats
Riparian Review
That’s Predictable
First Come, First Served

JTBRW
SSS
SSS
SSS
SSS
SSS
SSS

30-45
90
70
70
100
50
70

JTBRW
SSS
SSS
JTBRW

60-90
70
30 + 2 weeks
30-45

•
•

Water Management
Biodiversity Debate

SSS
SSS

Varies
50

* JTBRW=Journey through the Bear River Watershed
SSS= Stream Side Science
**Total time to complete the 4 activities in Journey through the Bear River Watershed ONLY as a unit: approximately 1 week.
Total time to complete the 4 activities in Journey through the Bear River Watershed AND 11 activities in Stream Side Science: approximately 2-3 weeks.
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Common Units of Water Measurement
Definitions
Concentration: the amount (mass) of a material in a given volume of water; commonly used to
describe the mass of a pollutant in a volume of water.
Volume: the amount of space an object occupies; commonly used to describe storage capacity of
a reservoir or the amount of water in a stream; for example, 1 acre-foot is the volume of water
that would cover 1 acre to a depth of 1 foot.
Flow rate: a measure of the volume of water moving past a given point in a given period of
time; for example, 1 cubic foot per second (cfs) is the amount of water that would flow in a
stream one foot wide by one foot deep and moving at a rate of one foot every second.
Area: the size of a geographic feature measured in a particular unit; commonly used to describe
surface area, such as the drainage area of a watershed.

Conversion Table

Measure
Commonly used unit
Concentration 1 milligram per liter (mg/l)
Volume

= 1 part per million (ppm)
= 1,000 parts per billion (ppb)

1 acre-foot (af) (i.e., the volume that
= 326,000 gallons
would cover one acre with one foot of = 44,000 cubic feet (ft3)
water)
= 1230 cubic meter (m3)

Flow rate

NOTE: This is the average amount
of water that a family of 4 in the US
uses each year.
1 cubic foot/second (cfs)

Area

1 square mile (mi2)

=
=
=
=

7 gallons/second (gps)
450 gallons/minute (gpm)
646,000 gallons/day (gpd)
0.028 cubic meters/second (cms)

= 640 acres
= 260 hectares (ha)
= 2.6 square-kilometers (km2)
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Maps
a) Rivers and Streams – includes over 500 miles of perennial streams and rivers, lakes and
a few impounded waters (reservoirs) in the Bear River watershed……………………viii
b) Dams – includes 12 dams in the watershed, with a combined storage capacity of less than
200,000 acre-feet (less than 10% of the total storage capacity in the watershed.) Including
Bear Lake, which has a storage capacity of about 1.3 million acre-feet, the total storage
capacity in the watershed is about 1.4 million acre-feet…………………………………ix
c) Populated Places – includes 52 incorporated cities and towns in the Bear River
watershed with a combined population of about 140,000……………………….………x
d) Land Ownership – includes the US Fish and Wildlife Service, the US Forest Service,
the Bureau of Land Management, the State of Utah, and private land owners. Most land
(54% or about 2.7 million acres) in the watershed is owned by private landowners ….xi
e) Land Use – includes agriculture, rangeland, forest, and urban uses. The majority of the
land in the watershed (2.6 million acres, or about 60% of the total area of the watershed)
is used as rangeland ……………………..…………….…………………….…………xii
f) Annual Average Precipitation – includes annual average precipitation throughout the
watershed in inches per year. The annual average precipitation in the entire watershed is
21.4 inches, with a minimum of 9 inches per year (falling at the lower elevations) and a
maximum of 59 inches per year (falling at the higher elevations) ……………………xiii
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Bear River Watershed Human History Timeline
•

•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

8,000 to 14,000 years ago: Paleo-Indian big game-hunters, with Clovis (11,500 to 12,500 B.P),
Folsom (10,500 to 11,000 B.P), and Plano (8,000 to 10,500 B.P) cultures, lived in what is now
Idaho.
Pre- European Settlement: Shoshone, Bannock, and Ute Native American Indians inhabited the
Bear River Watershed.
1811-1812: Bear Lake was discovered by the early explorers and trappers, but was still within the
boundaries of land claimed by the Spanish.
1819: All land north of the 42nd Parallel (the line of latitude that now forms the northern
boundary between Utah and Idaho) was ceded to the United States, bisecting Bear Lake. The
Northern half became part of the Oregon Territory while the southern half remained Spanish land.
1821: Mexico won its independence from Spain and the southern half of Bear Lake became a
Mexican possession.
1833-34: Bear Lake was explored by US Army Capt. E. de Bonneville who claimed that "the lake
abounds with trout and other small fish".
1842-43: Numerous explorers and adventurers traveled through the Bear Lake Valley, including
John C. Fremont, Kit Carson, Bill Sublett, Jedediah Smith, and Jim Bridger.
1841: The first wagon train marked the beginning of the migration of settlers to this area of the
West.
1843: The Oregon Trail began and cut through Bear Lake Valley, bringing thousands of
emigrants through the watershed.
1847: The Mormon Trail ended in Utah.
1842-57: Bear Lake's first resident, Thomas "Peg Leg" Smith, established a trading post on the
Bear River.
1849: US constitutional convention proposed the State of Deseret, which encompassed the entire
Great Basin.
1850: On September 9, the Utah Territory was established. The Organic Act established the 42nd
Parallel as the northern boundary of Utah Territory.
1851: The first permanent European-American settlements were established when Mormons
moved north from the Salt Lake City area and settled in what are now Willard and Brigham City.
1854: The Malad River Valley was settled by European-Americans to raise horses and hay for
Ben Holliday Stage Lines. Soon these settlers left due to conflicts with the Native Americans.
1856: First settlement in Cache Valley at Wellsville.
1860: Idaho's oldest town, Franklin, was founded just north of the Utah border. Mormon settlers
in Franklin County began to irrigate land and plant potatoes.
1862: The Homestead Act was passed and offered settlers 160 acres of land in exchange for a
minor filing fee and a promise to reside on the land and improve it.
1863: On March 3rd the Idaho Territory is created.
- Mormon settlers established Paris, Utah, the first settlement in Bear Lake Valley. They
thought they were settling within the Utah Territory, but instead were on Shoshone land.
Charles C. Rich and Chief Washakie of the Shoshone Indians reached a cooperative,
peaceful agreement that the settlers would be allowed in all parts of the valley except the
Southern end of the lake.
- The Bear River Massacre near Franklin, Idaho occurred, killing of more than 300
Shoshone, making this the most costly Indian defeat in Western US history.
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•

•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

1864: During the spring, an additional 700 Mormon settlers established the towns of
Bloomington, Fish Haven, Liberty, Montpelier, Ovid, and St. Charles.
- By the summer of 1864, businesses in Montpelier were trading with travelers traversing
the Oregon Trail.
- The Malad River Valley was re-settled.
1868: Frontier railroad camp was established in Evanston, Wyoming for workers on the Union
Pacific Railroad.
1869:
- May 10: The first transcontinental railroad was completed with the ceremonial driving of
the Golden Spike at Promontory, Utah, about 32 miles west of Brigham City, near the
northern end of the Great Salt Lake.
- Butch Cassidy robbed the bank in Montpelier.
- First non-Mormon church was built in Utah (Church of the Good Samaritan) in Corinne.
1871: The survey done by the US Geological Survey reestablished that Bear Lake is half in Utah
and half in Idaho.
1874: First railroad line was constructed in Idaho, from Utah to Franklin.
1889: One of the first stream-gaging stations in the US was established at Collinston
1898: The Utah Sugar Company and the Telluride Power Company proposed to divert the Bear
River into Bear Lake for water storage.
1907: Bear River Project was authorized to provide hydroelectric power generation and
irrigation.
1911: The Dingle Canal and the Outlet Canal to and from Bear Lake were completed.
1918: Construction of the Stewart Dam was completed, allowing the Bear River to be diverted to
Bear Lake.
1946: Congress consented to the formation of a tri-state negotiation to settle Bear River water
disputes between the upper basin Wyoming users and the downstream users in Idaho and Utah.
1958: 12 years of negotiations resulted in the Bear River Compact and the formation of the Bear
River Commission.
1973: The Bear Lake Regional Commission was formed.
1983: Above average snowfall led to severe flooding in northern Utah, destroying part of the
Bear River Migratory Bird Refuge. Flows near Corinne, Utah, peaked at 9750 cfs on June 4.
1984: High Uintas Wilderness Area was established.
1986-92: Because of an extended drought and continual removal of water from Bear Lake
primarily for irrigation, the level of Bear Lake fell 19 feet.
1991: Bear River Development Act was signed, which ensured that 220,000 acre-feet of Bear
River water can be put towards new uses, as defined by the Bear River Compact.
1994: The summer of 1994 is one of the driest water years on record.
1999-2004: Most of the watershed experienced another extended drought, putting strains on local
users of water.
2005: A wet winter and several large storm events in the spring caused flooding in the southern
part of Cache Valley in Utah. Water levels in Bear Lake started to increase again after several
years of drought.

This timeline is based on information from the following sources: Bear Lake Watch
http://www.bearlakewatch.com/, Idaho State Historical Society http://www.idahohistory.net/dateline.html, Idaho
State History Summary http://www.u-s-history.com, Idaho State History http://www.shgresources.com/id/history/,
History of Evanston http://www.evanstonwy.org/tourism/history-evanston.asp, Utah State History to Go
http://historytogo.utah.gov/firstpeople.html
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Watershed Basics
No matter where you are
on a landscape, you are in
a watershed. John Wesley
Powell, a scientist and
geographer who first
explored the Colorado
River, defined a watershed
as “an area of land, a
bounded hydrologic
system, within which all
living things are
inextricably linked by their
common water course and
where, as humans settled,
Basic Watershed (Image by USDA NRCS)
simple logic demanded
that they become part of a community.”
We define a watershed as a geographic area of land that collects water, stores water, and releases
water. A watershed is also known as a drainage or basin. In a watershed, the water and the
materials carried by the water (such as sediment, organic matter, and dissolved materials) collect
in a common water body, or outlet, such as a larger stream or river, pond, lake, or ocean. The
stream or river that carries water to the watershed’s final outlet point is called its mainstem. The
length and volume of the mainstem is determined by climate, geology, geography and other
factors. The mainstem can be as small as a creek, such as a creek running through your
backyard, or as large as the Mississippi River.
Watersheds are nested systems and include smaller watersheds called sub-basins or subwatersheds. The boundary between any two watersheds is called a divide. A network of rivers,
streams, channels, storm drains, and wetlands, is also part of a watershed. How water moves or
travels through a watershed is determined by many factors including soil type, topography,
geologic base, and the type of vegetation in the watershed.
Because all water in a watershed collects at a single outlet, all activities throughout the watershed
can influence water downstream. Human influences, such as urban development, agricultural
practices, grazing, forestry, industry, mining, the placement of dams and reservoirs, recreation,
and daily human activities involving water, such as washing a car, can all impact the health of a
watershed and the quality of the water collecting in the watershed. Since all waterways in a
watershed are connected, actions in one specific area of a watershed may affect the conditions
downstream.
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Overview of the Bear River Watershed
The Bear River is the largest river that flows into an inland sea
(Great Salt Lake) in the western hemisphere. The Bear River
travels a total of 500 miles along its path and is shaped like a
horseshoe. It originates in the Uinta Mountains in Utah at an
elevation of approximately 11,000 feet, travels through parts of
Wyoming and Idaho until it returns to Utah, entering the Great
Salt Lake only 90 miles northwest of where it started. Along its
path, the river drops almost 7,000 feet in elevation and drains
approximately 7,600 square miles. This drainage area is referred
to as the Bear River Watershed.
The water in the Bear River is essential for humans and also
supports diverse ecosystems. The river’s headwaters begin in
high elevation conifer forests and snow-covered mountain slopes
Bear River Watershed (Adapted from
that provide habitat for elk, black bear, pika, and marmots. High
bearriverinfo.org)
shrubland, sage-covered grasslands, and pasturelands make up
the middle section of the watershed through Wyoming and support pronghorn antelope, sage
grouse, and many predatory and migratory birds. Most of the land in Idaho and Utah that the
river travels through, such as lands in the Bear Lake, Gentile, Gem and Cache Valleys, is utilized
for raising livestock or irrigated for agriculture. In the final section of its journey, the Bear River
travels through the vast open landscape of the Great Salt Lake valley in northern Utah, which is
also used for agriculture and raising livestock. The river supplies water to thousands of acres of
wetlands along its path, which in turn support nesting and feeding habitat for thousands of
migratory birds and other animals.
In addition to supporting abundant wildlife, the water in the Bear River and its tributaries
supports various commercial activities such as irrigated agriculture, raising livestock, and
producing hydroelectric power, all of which help to sustain the 140,000 people who live in the
basin, with the highest concentration of people living in Cache Valley. Complex systems of
canals and aqueducts carry water from the Bear River and its storage reservoirs (four of which
are on the Bear River itself) to different users within the basin for irrigation of croplands and
livestock. Water is also distributed and used for industrial purposes, such as mining and
manufacturing.
The Bear River delivers an average of 1.2 million acre-feet of water to the Great Salt Lake
annually, which accounts for over half of the total surface water that flows into the lake every
year. In the next fifty years, about one-fifth of this water will be diverted to locations outside the
Bear River Basin, specifically to the communities along the Wasatch Front in Utah for municipal
and industrial use.
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The Bear River’s Journey

Uinta Mountains

The Bear River originates on the north slope
of the Uinta Mountains in the High Uintas
Wilderness Area. High mountain snowmelt
and water from natural springs trickle down
through the vast conifer forests found in the
area to form its headwaters. Alpine meadows
and lakes are also common in this area, with
ridges that divide the wilderness into scenic
smaller sub-watersheds interspersed with
glacial moraines. The small mountain streams
are cold, clear, and pristine and provide ideal
breeding grounds for one of the watersheds
most important native species, the Bonneville
cutthroat trout. These small streams, such as
West Fork, Hayden Fork, Stillwater Fork, and
East Fork, eventually join together to form the
Bear River.
The forested areas at the headwaters and in
other parts of the basin are part of a critical
wildlife corridor for species migration in the
western United States. These forested areas
offer the only major link between the
ecosystems in the northern Rocky and the
southern Rocky Mountains.

Special Places:
High Uinta Wilderness Area
The headwaters of the Bear River begin
here, near Yard Peak. During the winter,
snowfall can exceed 450 inches. This
area is 460,000 acres and is the largest
wilderness area in Utah. Elevations
range from 8,000 feet to 13,528 feet.

(Photo by US Forest Service)
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Special Places: Rocky Mountain Wildlife Corridor
This corridor travels from Colorado north through
Utah and into Montana. The Uinta Mountains and
parts of the Wasatch-Cache National Forest in the
Bear River Watershed are part of this critical wildlife
corridor. The Bear Lake/Logan Canyon section is
the narrowest point in the entire corridor and thus of
added importance. Elk, pictured to the right, are
example of a species that uses this corridor.

The river travels north out of the high conifer-covered slopes of the Uintas and into narrow
valleys in Utah to Woodruff Narrows Reservoir in Wyoming, which is used for recreation and
storage. Below the reservoir, the river continues north through an open valley. As the river
travels from the Uinta Mountains through these areas, land uses begin to change. The mountains
give way to wide valleys that have been converted to pastureland and are used for grazing and
agriculture. Oil and gas exploration are also expanding in this part of the basin. Remaining
portions of undisturbed lands in these areas are covered by low shrubs, sagebrush and grass. As
land uses change, so does water
quality. Water at the headwaters is
pristine, but the river picks up
sediment, nutrients, and other
pollutants along its journey.
Sediment and high levels of
nutrients, specifically phosphorus,
remain the main water quality
concerns throughout the entire Bear
River Watershed.
The shrublands in this part of the
basin provide good habitat for
wildlife, such as elk, mule deer,
Bear River in low gradient lands in Wyoming
antelope, bald eagle, rabbit, badger,
bobcat, black bear, cougars, coyote, red-talked hawk, goshawk, grouse, and pheasants. The
edges of the rivers and streams provide good habitat for a variety of birds and mammals. Near
Woodruff, Utah, the Woodruff Cooperative Wildlife Management Area protects lands for
grazing, but also protects habitat for wildlife species.
Quick Fact:
Native Americans named the Bear River “Quee-ya-paw” for a tobacco root
that grew along its banks. Trappers called it "Bear River" because of the
many bears that frequented the area.
Source: Wyoming State Parks and Historic Sites: Bear River State Park (http://wyoparks.state.wy.us/BRslide.htm)
Journey through the Bear River Watershed
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Special Places: Woodruff Cooperative Wildlife Management Area
The Woodruff Cooperative Wildlife Management Area, located in
northern Utah near the Utah-Wyoming state line provides
protected habitat and is managed by the Utah Division of Wildlife
Resources and the Bureau of Land Management (BLM). This is a
4000 acre, high-desert site with sage and grassland habitat that
supports sage grouse, golden eagle, antelope, mule deer, and elk.
As the Bear River travels north from
Woodruff Narrows Reservoir, it crosses
the Utah-Wyoming border two times and
collects water from many tributaries,
including Sulphur Creek and Big Creek in
Wyoming, before it reaches a small
diversion structure, Pixley Dam, near
Sage Creek Junction.

Bear River below Pixley Dam

Below Pixley Dam, the Bear River
continues north through low gradient
sagebrush lands and grasslands towards
the town of Cokeville in Wyoming,
through the Cokeville Meadows National
Wildlife Refuge, and then finally into
Idaho.

Bear River near Cokeville
Journey through the Bear River Watershed
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Special Places: Cokeville Meadows National Wildlife Refuge
This refuge was established in 1993 and is located south of Cokeville, Wyoming. It is centered on a
20-mile reach of the Bear River and includes wetlands and uplands. The wetlands within the refuge
provide excellent habitat for a variety of migratory and resident wildlife species, supporting one of
the highest densities of nesting waterfowl in Wyoming.
North of the refuge and the town of Cokeville, Smith’s Fork River joins the mainstem. The
Smith’s Fork is the second largest tributary to the Bear River in the entire basin, draining about
172,800 acres. It supplies a substantial amount of water to the Bear River and causes flows
within the mainstem to almost double. Once in Idaho, the Bear River is met by another large
tributary, the Thomas Fork, which supplies additional water to the mainstem.
Below the confluence with
Thomas Fork in Idaho, the river
continues to travel northwest until
it reaches Stewart Dam, where
water is diverted to Bear Lake.
During the hundreds of thousands
of years that Bear Lake has been
in existence, the Bear River has
apparently been connected to the
lake multiple times during high
water periods; however, during
the past 11,000 years, the river has
not connected to Bear Lake. In
1911, a canal was constructed that
now diverts almost all flow in the
Bear River south at Stewart Dam
through Mud Lake and the Bear
Lake National Wildlife Refuge
into Bear Lake. The diversion
raised the water level in Bear Lake
as much as 21.5 feet, allowing an
average of 245,000 acre-feet of
water to be stored annually for
irrigation purposes downstream.
(See “Bear Lake: Storage
Development and Water Levels”
in the Special Issue Section.)

Special Species: Bonneville Cutthroat Trout
The stretch of the Bear River between Smith’s Fork and
Thomas Fork and the tributaries themselves make up
some of the most important aquatic habitat for the
Bonneville cutthroat trout (BCT) in the entire Bear River
watershed. The section of the Bear River between
Smith’s Fork and Thomas Fork links these tributary
populations and constitutes what is likely the last
connected large river habitat available to BCT. This
section also supports some of the most genetically pure
species of the BCT in its native range. However, habitat
loss, migration barriers, and potential reservoir
development on Smith’s Fork threaten the native BCT
populations in this reach of the river. Several different
groups, such as Trout Unlimited and Wyoming Game and
Fish, are involved in maintaining and restoring migration
corridors for the fish in Thomas Fork and Smith’s Fork.

Journey through the Bear River Watershed
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During the summer, water for irrigation
is returned to the Bear River through the
Lifton Pumping Station to the Bear
River. The agreements outlined in the
tri-state Bear River Compact, signed in
1958, control when and how much water
is released from Bear Lake, and allow
lake levels to fluctuate up to 21.5 feet
annually.

Quick Fact:
In the summer, the majority
of the irrigation water used
by Utahns who work and live
in north Rich County is
released from Bear Lake.

The lake supports a large population of lake trout, an introduced sport fish, and four species of
fish that are found nowhere else in the world: the Bonneville cisco, Bonneville whitefish, Bear
Lake whitefish, and Bear Lake sculpin. Bear Lake also has a strain of the Bonneville cutthroat
trout that evolved in Bear Lake.

Special Places: Geologic History of Bear Lake
Historically, the Bear River was a tributary of the Snake River. About 140,000 years ago, lava flows
near present-day Soda Springs, Idaho blocked the Bear River channel and diverted the river to the
south into the Great Basin. Erosion of the lava dam probably allowed the Bear River to eventually
drain oceanward again; however, about 35,000 years ago, another volcanic debris slide cut off this
northerly route and deflected the
river to the south, resulting in its
current almost circular route to the
Great Salt Lake. Some time after
that, Bear Lake formed, which
scientists believe was due to
landslides damming the north end of
the valley near present-day
Georgetown, Idaho. The Bear River
then flowed into this lake, creating
beaches and other shoreline features
25 feet to 200 feet above today’s
lake level.
Bear Lake

Journey through the Bear River Watershed
© 2006 Project WET International Foundation.
8

The Bear River’s Journey

Special Species: Fish and Ostracod Species in Bear Lake
Bear Lake supports four endemic species (meaning that they are found no where else in the world) of
fish: the Bonneville cisco, Bonneville whitefish, Bear Lake whitefish, and Bear Lake sculpin, as well
as a strain of the Bonneville cutthroat trout (BCT) that evolved in Bear Lake. This BCT was
originally called "bluenose" because the head of the fish was a brilliant azure color. Because the BCT
in Bear Lake spawn in streams connecting to the Lake during May and June, certain streams are
closed to fishing at that time to allow the fish to spawn naturally or to be trapped by Utah Division of
Wildlife Resources for propagation of their eggs in a fish hatchery.
The lake also supports a large population of Lake trout. The fish was initially stocked in Bear Lake
in the 1930s as a sport fish, and are still stocked today. Because of the combination of cold
temperatures and limited food resources (i.e., smaller foraging fish) in Bear Lake, lake trout rarely
weigh over 20 pounds which is half of what they weigh in ecosystems with more available food
resources.
Several endemic ostracods (tiny, swimming, crustaceans with clam-like shells) have been identified
from fossils, but no living specimens have been found in Bear Lake. These "missing" ostracod
species may have become extinct after the Bear River diversion started in 1912, or may continue to
occupy very small habitats today.

Bonneville Cutthroat Trout

Bear Lake Whitefish

Lake Trout

Special Places: Bear Lake National Wildlife Refuge
The Bear Lake National Wildlife Refuge provides the largest acreage
of wetland habitat in the Bear Lake area. It is located on the north end
of Bear Lake and includes 19,000 acres of marsh, open water, and
grasslands. The marsh is drawn down severely in the late summer to
be used for agriculture and is covered with ice in the winter. This
refuge is particularly important as a nesting area for white-faced ibis,
Canada geese and redhead ducks. It also provides a nesting, resting
and feeding area for other ducks, greater sandhill cranes, and a variety
of water and shorebirds. The refuge supports a white-faced Ibis colony
of 5,000 birds, which is one of the largest in the west.
Journey through the Bear River Watershed
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Bear River near Georgetown

Water released from Bear Lake travels through Mud Lake back to the Bear’s original river
channel about seven miles from where water is first diverted to Bear Lake. Downstream from
this junction, the river passes through lands used mostly for grazing and irrigated agriculture and
receives water from several additional tributaries, such as Montpelier Creek and Eightmile
Creek. The river travels about 100 miles
northwest to Alexander Reservoir near the town
of Soda Springs, Idaho. This reservoir is used to
store water for irrigation, recreation, and also to
generate hydroelectric power when water is
released through Alexander Dam (also known as
Soda Dam).
Below the dam, the river makes a hair-pin turn
around Sheep Rock (also known as Soda Point)
and heads south. About 1.5 miles beyond this
point is one of the major diversions on the river,
the Last Chance Canal.

Alexander Dam (courtesy www.UntraveledRoad.com)

Special Places: Last Chance Canal
Last Chance Canal is one of the oldest and most impressive
diversion canals in the entire watershed. Completed in the early
1900s, the Last Chance Canal diverts 60,000 acre-feet of water
(about one-tenth of the river’s annual flow at this point) from the
Bear River every year to Gentile Valley and is considered a
remarkable engineering feat of its time. This canal is part of an
extensive network of irrigation canals created by settlers of this
region which have allowed agriculture to occur in this arid basin.
Journey through the Bear River Watershed
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Last Chance Canal, Gorge and Bridge
(Photo © 1999 A. Crane)

The Bear River’s Journey

Below the canal diversion, the river continues south towards Grace, Idaho. Just above Black
Canyon, almost all of the water in the river is diverted at Grace Dam into an aqueduct and
delivered to the Grace Power Plant for power production. The water is then returned to its
original river channel just below Black Canyon at Cove Dam.
Special Places: Black Canyon
Black Canyon is an impressive basalt formation that
often takes visitors by surprise when they first see it.
The canyon appears almost from nowhere as an
astonishingly deep, narrow gorge cutting straight
through solid lava rock. The waters of the Bear River
were diverted from the canyon in early 1900s and
routed through Grace Power Plant. The canyon is
now fed mostly by seeps in the basalt. Its clear
Bear River through Black Canyon
waters, deep pools and gentle terraces make Black
Canyon a favorite spot for trout fishermen.
As part of the hydroelectric relicensing agreement for Grace and Cove dams, beginning in 2008,
PacifiCorp will provide scheduled releases of whitewater flows into Black Canyon during the spring
and early summer of each year to improve recreation opportunities in the canyon. (See
“Hydroelectric Power in the Bear River Watershed” in the Special Issues section.)

Bear River in Gentile Valley

Journey through the Bear River Watershed
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Below Black Canyon, the river continues south through the wide and relatively flat Gem and
Gentile Valleys in Idaho. Irrigated agriculture, grazing, and dairy production are the primary
land uses in this area, and are supported by water from fifteen different lakes and reservoirs
scattered throughout this part of the watershed. These reservoirs also provide recreation
opportunities. Once at Oneida Reservoir, Bear River water is stored for irrigation and
hydroelectric power generation. Just below the reservoir, the river travels through Oneida
Narrows, one of the more popular canoeing, kayaking and fishing sections of the Bear River
because of the steep grade and narrow channel of the river in this location. The river continues
south below the Narrows into Cache Valley passing Preston, Idaho, before it returns once again
to Utah.

Bear River at the Oneida Narrows

Bounded by the dramatic Bear River Range
on the east side of the Cache Valley and by
the Bannock and Malad Ranges on the
valley’s west side, the Bear River travels
through lands used for dairy production,
cropland, and other agricultural-related
activities. Just below the Idaho-Utah state
line, the Bear receives water from the Cub
River which contributes water from lands in
Idaho and portions of Utah, including the Mt.
Naomi Wilderness Area.

Special Places: Mt. Naomi Wilderness Area
Mt. Naomi Wilderness Area provides wonderful
recreational opportunities in the high mountains
on the east side of the Cache Valley in Utah. The
wilderness area is 44,964 acres and rises to 9,974
feet, at the summit of Mount Naomi. The western
side of the wilderness consists of deep and scenic
canyons, which open up into large meadows that
are carpeted with wildflowers in the summer. The
alpine scenery of this wilderness is considered
some of the most spectacular in the Rockies, with
unique floral species and an abundance of
wildlife, including moose, elk, deer, and beaver.

Journey through the Bear River Watershed
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Below the confluence with the Cub, the Bear River
Quick Fact: Cache Valley is the
travels through the flat valley and eventually enters
most populated area in the entire
the shallow wetlands complex of Cutler Reservoir.
Bear River Basin and is home to
The river’s flow approximately doubles in this
reservoir due to inputs from three large tributaries that 100,000 of the total 140,000 people
living in the basin. About half of
drain the south-central portion of the watershed. The
Cache Valley is geographically in
Logan River originates in the Bear River Range and
Idaho, but 80% of its people live in
passes through the city of Logan and outlying
Utah. The largest cities are
agricultural areas. It converges with the Blacksmith
Fork near the southeast end of Cutler Reservoir. The
Smithfield, North Logan, and Logan.
Blacksmith Fork, which also begins high up in the
Bear River Range, drains the lands south of the Logan
River. The entire Logan River drainage area, including the Blacksmith Fork, drain 374,000 acres
of land east and southeast of Cutler Reservoir, and together contribute the largest volume of
water of any tributary to the Bear River in the entire Bear River Watershed. The third tributary,
Little Bear River, collects waters from 182,000 acres south of Cutler Reservoir, most of which is
forested land or land used for agriculture. Two important reservoirs are located on this river,
Hyrum Dam and Porcupine Dam, which provide irrigation storage and recreation opportunities.

Cutler Reservoir looking towards Mt. Logan

Special Places: Hardware Ranch Wildlife Management Area
This 19,000-acre area is a unique spot in Blacksmith Fork Canyon for elk and other terrestrial
game species and served as a center for elk research. Although the area is maintained for elk
habitat, deer, moose, ruffed grouse, cottontail rabbits, and wild turkey are also hunted in the
management area. The refuge also contains 15 miles of fishable streams.
Journey through the Bear River Watershed
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Special Places: Cutler Reservoir and Marsh
Cutler Marsh, a large wetland area surrounding the shallow Cutler Reservoir, supports many song
birds, birds of prey, upland birds, and water fowl, including the American bittern, white-faced
ibis, snowy egret, cattle egret, great blue heron, northern harrier, common yellowthroat, American
white pelican, and sandhill crane.
Though the waters are turbid,
Cutler Reservoir’s shallow,
warmwater environment is very
productive and supports a diverse
and abundant fish assemblage,
including walleyes, black crappies,
channel catfish, common carp, and
black bullheads. Green sunfish,
bluegill sunfish, largemouth bass,
and smallmouth bass, rainbow
trout, and brown trout are also
found in Cutler, but not in great numbers. The Utah sucker is the only native fish found
in the reservoir at this time.
Quick Fact:
The second coldest temperature ever recorded in the continental
United States of -69oF, occurred in this watershed in Logan Canyon
near Peter Sinks on February 1, 1985.

Water leaves Cache Valley at
Cutler Dam through a small,
narrow canyon at the very
northern tip of the Wellsville
Mountains. From the dam, the
Bear River enters Box Elder
County in the Great Salt Lake
valley and travels about 45
miles through grassland and
pastureland. The Malad River
converges with the Bear River
about 45 miles below Cutler
Dam, near the town of
Bear River leaving Cutler Dam, looking southeast
Journey through the Bear River Watershed
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Tremonton. This river drains the entire northwestern portion of the watershed (about 10% of the
entire watershed). Below this confluence, the river travels 20 more miles until it reaches its final
destination, the Bear River Migratory Bird Refuge and Willard Bay located on the Great Salt
Lake. The Bear River remains the Great Salt Lake’s most important tributary, contributing over
half of the total surface flow entering the Great Salt Lake each year. The large volume of
freshwater from the Bear River helps to maintain temperatures, salinity, and water levels in the
lake.

Bear River near the Bear River Migratory Bird Refuge, looking east

Special Places: Bear River Migratory Bird Refuge
Located at the northern tip of the Great Salt Lake and 15 miles west of Brigham City, the Bear River
Migratory Bird Refuge includes 74,000 acres of marshes, uplands, mudflats, and open water and
attracts thousands of migratory ducks, swans, geese, shorebirds, and other fowl. Since 1990, many
efforts to restore the refuge have addressed the damage to the visitor’s center and the habitat caused
by flooding of the refuge in 1983.
Quick Fact:
Lands bordering the Bear
River between the Cutler
Dam and the Great Salt
Lake support more than
104,000 head of cattle.

Quick Fact:
Box Elder County is named
after the abundant number
of Box Elder trees that
grow in this part of the
Great Basin.
Journey through the Bear River Watershed
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Because of its ample flows, the Bear River sustains life within and outside its boundaries in this
arid region of the Great Basin, making it a river of ecological, cultural, and economic
importance. From its headwaters to its outlet, the watershed encompasses unique geologic and
ecologic features and supports a plethora of different ecosystems and landscapes. As a result, it
is one of the most beautiful watersheds in the intermountain west.

Bear River as it approaches the Great Salt Lake looking south

Journey through the Bear River Watershed
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Special Water Issues
Water Use and Diversions in the Bear River Watershed
The amount of water in the Bear River and its tributaries varies both seasonally and between
years. Snowmelt runoff results in high flows in the early spring, and the low “base flows” that
naturally occur during the rest of the year are often modified because of irrigation diversions, or
releases from upstream dams. Year to year variation in snow fall in the mountains can result in
enormous variability between years in total flow in the river. For example, daily flows in the
Bear River at the Idaho-Utah stateline average 1200 cfs (see Figure 1), but recorded annual
average flows at this location have ranged from a low of 380 cfs in 2004 to a high of 2743 cfs in
1986 (see Figure 2).
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Figure 1: Bear River Annual Average Flows

Source: Data adapted from Figure 3 in the Bear River Basin State Water Plan (Utah Division of Water Resources, 2004)

Based on average flows, the water of the Bear River is divided and diverted to meet the needs of
its users. Most diverted water is used for irrigating agricultural lands. When water is withdrawn
from the Bear River system, the amount applied towards different uses varies by state, with Utah
using the most water and Wyoming using the least. How much water is allocated and thus
diverted in each state is based on agreements in the Bear River Compact. (For more information
on how the water in the river is regulated and stored, see the Bear River Compact and Bear River
Development in Utah section below.)

Journey through the Bear River Watershed
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Figure 2: Average Annual Flows at ID-UT Stateline
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Source: USGS Daily-Streamflow Data for IS-UT Stateline stream gage (http://nwis.waterdata.usgs.gov/nwis/discharge/?site_no=10092700)

The largest diversions in the entire basin are the Last Chance Canal in Idaho, West Cache Canal
in Idaho, the Bear River Canal Company's West Side and East Side canals in Utah, and the Bear
River Migratory Bird Refuge in Utah. (For approximate diversion locations and amounts in the
basin, refer to the Utah State Water Plan: Bear River Basin at the following website:
http://www.water.utah.gov/planning/SWP/bear/bearRiver-1A.pdf.)

Bear River Compact and Bear River Development in Utah
Dividing the water in the Bear River among different users within the three different states has
been a challenge since water was first diverted in the mid-1800s. The Bear River Compact,
signed by federal lawmakers and made effective in 1958, is an agreement between Utah,
Wyoming and Idaho, and designates how the waters of the river are to be allocated or divided
among the three states. The Compact apportions the waters of the Bear River and its tributaries
above Bear Lake among the three states, as well as establishes and limits additional storage
rights. It also establishes Bear Lake as a storage reservoir for late summer irrigation and to
supply users who hold water rights downstream from Bear Lake. Over time, the Compact has
been amended to change the amount of water to be stored in Bear Lake and during the
relicensing of hydropower plants.
To administer and enforce the provisions in the Compact, an interstate administrative agency
known as the Bear River Commission was created. The Commission is composed of nine
commissioners, three commissioners representing each of the three states. There is one
additional commissioner who serves as a neutral chairman and does not vote. The role of the
Commission is to administer and enforce the provisions of the compact.

Journey through the Bear River Watershed
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Currently, less than half (about 40%) of the total flow of the Bear River is allocated and
controlled under the Bear River Compact. Taking into consideration current uses and existing
water rights in all three states, only a portion of the non-allocated water in the Bear River (i.e.,
water that is not “assigned” to or “owned” by any one user) can be put to new uses. In Utah, for
example, there is an average annual flow of about 275,000 acre-feet left in the Bear River that
can be put toward new uses.
Utah sees this unallocated water in the Bear River as an untapped water source. After years of
study, the Bear River Development Act was passed in 1991 by the Utah State Legislature. This
plan allocates 220,000 acre-feet of the 275,000 acre-feet of non-allocated water in Utah. Part of
the plan includes:
1. connecting the Bear River to a pipeline and/or canal to Willard Bay;
2. constructing a conveyance and treatment facility to deliver water from Willard Bay to the
Wasatch Front, including the Jordan Valley and Weber Basin Water Conservancy
Districts;
3. building a new dam or enlarging existing dams in the Bear River Watershed.
Utah’s Bear River Development Act Allocations (in acre-feet)
Bear River Water Conservancy District
60,000
Jordan Valley Water Conservancy District
50,000
Weber Basin Water Conservancy District
50,000
Cache County
60,000
Total
220,000
Source: Utah Division of Water Resources, 1999.

As of February 2006, the Utah House of Representatives passed a bill (HR45) that allows preconstruction work--such as design, engineering and acquisition of land & rights-of-way--to begin
on portions of activities outlined in the Bear River Development Act, before financing is
secured. This bill was signed by Utah’s Governor Huntsman on March 10, 2006.

Bear Lake: Storage Development and Water Levels
Because the primary use of water in the Bear River Watershed is for irrigation, the river has been
managed to ensure the delivery of irrigation water to various users. To guarantee a dependable
supply of irrigation water especially for late-season irrigation, water managers decided to make
Bear Lake a storage reservoir.
In 1898, diverting water from Bear River to Bear Lake was considered a viable solution to overly
abundant natural flows in the early summer followed by late summer low flows, inadequate for
irrigation. In 1902, Telluride Power Company (later called Utah Power and Light) constructed
inlet and outlet canals in an effort to divert Bear River water into the lake for later release during
the agricultural growing season. The Lifton Pumping Station, located at the north end of the
lake, was constructed in 1914 to pump water from Bear Lake into the outlet canal. These
modifications to the natural river system have created an active storage capacity of about 1.3
Journey through the Bear River Watershed
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million acre-feet in Bear Lake, which is about 93% of the total storage capacity in the watershed,
making Bear Lake the largest storage reservoir in the watershed. The next largest reservoir,
Woodruff Narrows Reservoir, has half of Bear Lake’s storage capacity at 573,000 acre-feet.
Bear Lake’s water levels change as a result of diversions to and from the lake, which affects
irrigators, property owners and recreationists. The water levels are measured based on the
elevation of the top of the lake and are controlled by the agreements outlined in the Bear River
Compact. Based on the agreement in the Bear River Compact, only the top 21.5 feet of the lake
are allowed to fluctuate. In 2004, Bear Lake reached its lowest level in 70 years at more than 18
feet below what is considered full or normal by water managers. However, a wet winter in 20042005 caused the lake levels to start to rise again.

Historic Bear Lake Hydrograph
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Source: Utah Division of Water Resources, 2005.

*Normal (or full)
** Historic Low (occurred in fall 1935)

Hydroelectric Power in the Bear River Watershed
Throughout the watershed, the Bear River is used to generate hydroelectric power. The most
concentrated area of hydroelectric power development is between Alexander Reservoir and
Cutler Reservoir, which are all administered by PacifiCorp Electric Company (now called Rocky
Mountain Power). Authorized in 1907, construction of these dams along the Bear River began in
1909 and was completed in 1927. Currently, five dams generate hydroelectric power (see the
Dams Map in Part 1):
Journey through the Bear River Watershed
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• Soda Dam – a 103-foot-high concrete dam at Alexander Reservoir, with a total capacity of 14
megawatts per year.
Quick Fact: The average
• Grace Dam – a 51-foot-high timber dam near the town of Grace,
US household uses about
with a total capacity of 33 megawatts per year.
10,655 kilowatt hours
• Cove Dam – a 26-foot-high concrete dam near Grace Power
(kWh) of electricity per
Plant, with a total capacity of 7.5 megawatts per year.
year. (One megawatt is
• Oneida Dam – a 111-foot-high concrete dam at Oneida Reservoir,
1000 kilowatts.)
with a total capacity of 30 megawatts per year.
• Cutler Dam- a 109-foot-high concrete dam on the west side of Cutler Reservoir, with a total
capacity of 29 megawatts per year.
These dams are nonfederal hydroelectric projects, but operate
under licenses issued by the Federal Energy Regulatory
Commission (FERC). Dam licenses extend for 30 years, and
at the end of the period, the dam can either be relicensed or
decommissioned. All of the dams listed above currently are
re-licensed to operate until 2033, with the exception of Cove
Dam which is scheduled to be decommissioned starting in
October of 2006, and Cutler Dam, whose license will expire in
2024. The removal of Cove Dam will open six extra miles of
river upstream of the dam for Bonneville cutthroat trout to
spawn and migrate upstream through Black Canyon.

Alexander Dam

Hydroelectric dams and reservoirs on the Bear River also
provide opportunities for recreation, such as water skiing,
canoeing, kayaking, and fishing. A settlement agreement
signed on August 28, 2002 and PacifiCorp’s license issued by
the FERC on December 23, 2003 includes several measures to
enhance whitewater recreation near the project facilities.
Some of these enhancements include:

• Providing put-in and take-out facilities near the Grace and Oneida dams for use by
whitewater recreationists;
• Providing scheduled releases of whitewater flows into Black Canyon during the spring
and early summer of each year (beginning in 2008);
• Providing streamflow information and scheduled whitewater releases on a website and
hotline so that the public can better plan their recreational experience.

Journey through the Bear River Watershed
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Water Quality in the Bear River
There is no simple definition of “clean water”
that applies to all water bodies in the United
States. This is because the local conditions of
a stream, lake or river determine the natural
temperature, pH, dissolved oxygen,
concentrations of nutrients, sediments and
other naturally occurring materials in the
water.
Because of changes in the landscape, water in
the Bear River at the end of its journey at the
Cub River, a tributary to the Bear River
Great Salt Lake has always been quite different
from the water at its headwaters. The river’s
water originates as pristine snow melt high in the Uinta Mountains. We expect water in such
areas to be cold, relatively clear, to have low concentrations of dissolved salts and nutrients, and
to be able to maintain cold water fish populations. (Cold water fish, such as trout or salmon,
prefer water temperature ranges between 45-65 degrees F, whereas warm water fish, such as bass
or bluegill, prefer water temperatures between 65-85 degrees F). As a river grows, broadens, and
moves into lower gradient lands with different natural soils, the natural condition of the river
changes. It becomes wider, warmer, and carries some dissolved salts, nutrients, and sediments
that it picks up along its path. Contrary to the headwaters, water at the end of the Bear River’s
journey has probably never been able to support a cold water fishery, but does support a healthy
population of warm water fish, and other organisms dependent on slow, meandering rivers and
wetlands.
The challenge is to differentiate a river’s natural condition from the polluted condition that
occurs when excess materials enter the river. These pollutants can affect the living organisms
that naturally occur in the river, or may affect the other uses of the water that its natural
conditions would have supported, such as irrigation of crops, recreation, and more.
Human activities which may affect a river’s
water quality include changes in the land uses,
direct discharges of pollutants to the water
body, and changes in the volume or seasonal
pattern of the river’s flow. Agricultural
development, urbanization, forestry, road
building, and mining are all activities which
can result in excess pollutants running off into
the river’s waters, such as sediments and
nutrients. When runoff collects pollutants
from a variety of sources on a landscape, this
is referred to as “nonpoint” source pollution.
On the other hand, “point” source pollution
comes from one particular source such as a

Sprinkler systems irrigate alfalfa in Cache Valley, Utah
(Photo by USDA NRCS)
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sewage pipe. Point sources of pollution to the Bear River are mostly comprised of discharge
from municipal treatment plants, although several industries such as fish hatcheries also
discharge waste directly into the river. Reservoirs in the Bear River and agricultural diversions
result in modified flow patterns. Water is withdrawn for irrigation uses, flows are modified for
hydroelectric generation, and reservoirs may impact water quality through warming the surface
waters, allowing sediments to drop out, providing conditions for nutrient rich water to feed
excess algae, and other effects.
The main water quality concerns in the Bear
River Watershed include excess sediments and
nutrients. Sediments enter the river from
agricultural fields, construction activities, roads
and logging. Poor stream bank conditions also
result in mass slumping of bank soil into the
river. Loss of riparian vegetation along the river
has also led to reduced shading and higher water
temperatures than may not have occurred
naturally. Excess suspended and settled
sediments have various consequences. For
Runoff carrying sediments from non-point sources
example, excess sediments can harm stream
pollution from a parking lot
organisms by clogging the gills of fish or aquatic
insects and reduce the amount of oxygen they can take up from the water, impair fish spawning,
and decrease the amount of light available for photosynthesis by submerged aquatic vegetation,
reducing stream productivity. Sediments can also fill in reservoirs reducing storage capacity,
and clog irrigation pipes.
Nutrients, another pollutant, enter the river
from agricultural and urban activities, from
deposits of phosphorus containing minerals
in the watershed, and from fisheries and
municipal discharges. In high
concentrations, excess nutrients in aquatic
systems can be toxic to individuals and
ecosystems. Too much phosphorus or
nitrogen in a lake or pond, for example, can
lead to excess algae or plant growth that is
out of balance with the natural forces of
decay and renewal. When these mats of
algae or plants die, they sink to the bottom
where oxygen is used as this organic matter
Eroding stream bank (Photo by USDA NRCS)
decomposes. As a result, the fish and other
organisms that live in the cool, deep waters may no longer be able to survive, upsetting the
balance of the ecosystem and reducing fishing population for human recreation.
One of the challenges in the Bear River is to coordinate water quality management between the
three states. Water quality managers in each state are addressing problems by identifying the
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different sources of pollution and implementing activities to help reduce the amount of pollution
entering the rivers and streams, such as reducing bank erosion by improving riparian habitat,
reducing runoff from
animal feeding
operations, and
restricting livestock
from grazing on
streambanks or directly
in the streams.
Organizations such as
the Bear River Water
Quality Taskforce
(BRWQTF), which was
formed in 1993, serves
as an advisory
committee to the Bear
River Commission to
Mountain pond and wetland
help facilitate the
management of this
multi-state watershed. In addition, other federal and state agencies are active in improving water
quality in the Bear River.

(For more information regarding total maximum daily load (TMDL) reports, restoration efforts
to improve water quality, and other projects in the watershed, visit the Bear River Watershed
Information System at bearriverinfo.org.)

Journey through the Bear River Watershed
© 2006 Project WET International Foundation.
24

Activity 1: Define Your Watershed

Part 3: The Activities
1. Define Your Watershed ……………………………………………………………….26
2. How’s It Flowing? …………………………………………………………………….37
3. Hunting for Habitats …………………………………………………………………..55
4. First Come, First Served ………………………………………………………………75

Journey through the Bear River Watershed
© 2006 Project WET International Foundation
25

Activity 1: Define Your Watershed

Activity 1: Define Your Watershed

Thank you Project WET (Water Education for Teachers) for permission to use the following activity: “Seeing
Watersheds” [“Define Your Watershed”] as published in Discover a Watershed: the Watershed Manager Educators
Guide, pp. 4-8. Copyright 2002 by the Project WET International Foundation. Used with permission.
____________________________________________________________________________________________

Suggested grade level:
6-12

Purpose: To introduce students to the concept of and
components of watersheds and to the components of their
local watershed.

Subject Areas: Geography, Earth
Science, Environmental Science

Summary: Students will learn to identify their local
watershed on a map and identify its mainstem, tributaries,
headwaters, and boundary. Watershed terms will be
introduced and defined. Students will locate their own
“special places” within the Bear River Watershed.

Activity Time:
Prep time: 20 minutes
Activity time: 30-45 minutes

Setting: Classroom

Objectives: Students will:
• Learn the basic components of a watershed;
• Locate their watershed on maps of different scales;
• Locate and trace the mainstem, tributaries, and
headwaters of the Bear River Watershed;
• Outline the boundaries of the Bear River Watershed.
Materials:
• Copies of the Basic Watershed Map, North
American Watersheds Map and Great Salt Lake
Watershed Map (1 classroom copy of each to be used
on an overhead projector).
• Copies of the Bear River Watershed Delineation
Map (1 per 3-4 students).
• Blue, red, green, and purple markers, crayons, or dry
erase markers (1 set per 3-4 students).

Teacher Background
On a map of the United States, could you find the Bear River Watershed? Most people
don’t know where the boundaries of their watershed are. In fact, a recent national survey showed
that only 20 percent of respondents were able to select the correct definition of a watershed from
a list of possible answers. One reason the concept of a watershed is difficult to understand is that
we seldom see the boundary of our watershed on a map. More often, streams, lakes, roads, and
political boundaries are labeled. However, seeing watersheds on a map is as easy as tracing a
line.
A watershed, also known as a drainage or basin, is defined as a geographical area of land
that collects water, stores water, and releases water. It can include a network of rivers, streams,
channels, storm drains, and wetlands. Defining a watershed begins with finding its mainstem,
which is the stream or river that carries water from the headwaters, where the river begins, to
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the watershed’s final outlet point, which is usually a waterbody such as a pond, lake, or ocean or
the confluence with another larger river. The mainstem can be as small as a creek (such as a
creek running through your backyard) or as large as the Bear River. Most often, watersheds are
named after the mainstem into which its tributaries drain (the Bear River, in our case). As the
mainstem travels through the watershed, it receives additional water from its tributaries, which
are smaller rivers, streams or creeks that connect to the mainstem at various points, often called
confluence points. The tributaries often start below ridge tops and flow to the lowest point,
driven by gravity.
Watersheds are nested systems and are made up of smaller sub-basins or subwatersheds. The boundary between two watersheds or sub-watersheds is called a divide. The
divide is located where the headwaters move off or flow in different directions into different
watersheds or sub-watersheds. Divides are usually the highest points on the landscape, such as
high mountain ridges.
The Bear River Watershed encompasses parts of three states in the western United States
and is defined as the land drained by the Bear River. Any river that flows into the Bear River is
a tributary and is part of the watershed. Similarly, any smaller stream flowing into a tributary is
part of the watershed. As the tributaries flow, they join other small streams, becoming larger and
more powerful. Eventually they reach the mainstem, the Bear River, which carries the water to
its outlet, the Great Salt Lake. In its journey from its headwaters to its mouth or outlet, the river
travels about 500 miles, but ends only 90 miles west of where it began.
Watersheds form a branching pattern, an intricate system of the small feeding into the
large, that is affected not only by terrain, but also by climate. (i.e., in drier climates, the
branching pattern is less dense.) This pattern is similar to those found elsewhere in nature: trees,
fingers on our hands, stemming patterns of leaves, webs, or arteries, vessels, and capillaries in
our bodies. To trace the branching pattern found in a watershed, use a map to follow the
mainstem to a tributary and the tributary to its source or sources. By doing this for each
tributary, you will begin to see the shape of the watershed. The source of the tributaries will be
on the ridgelines that separate river basins (e.g., the mountain ridges). Trace the ridgelines to see
the shape of the watershed.

Procedure

Teacher Preparation:
1. Familiarize yourself with the information in the Watershed Description in Part 1 of this
guide and the Teacher Background information in this activity.
2. Prepare overhead copies of the Basic Watershed Map, North American Watersheds
Map and Great Salt Lake Watershed Map.
3. Divide the students into working groups of 3-4.
4. Make copies of the Bear River Watershed Map for each group (i.e., 1 map for every 3-4
students).
5. Make sure each group has their markers.
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Teacher Preparation Tip: Make color copies of the Bear River Watershed Map and
laminate them. Instead of regular markers, use dry erase markers on the laminated maps so
the maps can be reused by students in other classes. Download a color map at the official
Stream Side Science Website under the “Supplemental Resources” section:
http://extension.usu.edu/cooperative/waterquality/index.cfm/cid.814/tid.1229/.

Warm Up:

1. Show students a copy of the Basic Watershed Map on overhead projector or in a
PowerPoint. Ask students if they can describe what a watershed is. Discuss the
components of the watershed with the students. Define and discuss the terms:
headwaters, outlet, mainstem, tributaries, divide/boundary, and sub-basins. With the
assistance of the class, label each of these features on the watershed map.
2. Using an overhead projector of PowerPoint, introduce the map of North American
Watersheds Map. Tell students that watersheds can be defined at different scales, in this
case, at a large scale. Have students guess the watershed in which they live (i.e., the
Great Basin Watershed).
3. Using an overhead projector of PowerPoint, introduce the Great Salt Lake
Watershed Map. Tell students that this is a smaller scale at which to see watersheds.
Again, have students identify the watershed in which they live at this scale (i.e., the Bear
River Watershed). Explain that watersheds are nested, meaning that the many different
sub-watersheds or sub-basins that make up one larger watershed or basin. Explain that
the Bear River Watershed is a sub-watershed or sub-basin of the Great Salt Lake
Watershed, and that the Great Salt Lake Watershed is a sub-basin/sub-watershed of the
Great Basin Watershed. Also, tell students that the Great Salt Lake Watershed is unique
in that it does not connect to a flowing outlet (i.e., it stops in the Great Salt Lake) and that
water only leaves this watershed by draining underground and by evaporating.
Therefore, we consider the Great Salt Lake Watershed part of a closed-basin watershed
system.
4. With the Great Salt Lake Watershed Map still on the overhead, discuss the following
points with the class:
•

How do we know where the watershed divides are located?

The divide of a watershed is located where headwaters move off or flow in different
directions into two different watersheds. High ridges or mountains form the divides of
each watershed in the Great Salt Lake Basin. On a smaller scale, high ridges and
mountains form the divides between the different tributaries within a watershed. The
divide is also the boundary of the watershed
Journey through the Bear River Watershed
© 2006 Project WET International Foundation
28

Activity 1: Define Your Watershed

•

Why might it be important to know the boundary of a watershed?

There could be a wide range of answers to this question, such as learning who or what is
affecting the water supply, how much water is available to different users, where the
water is coming from, or how the water and actions on the land in one place may affect
water quality and quantity in another.
•

Where does water flow to within the Great Salt Lake Watershed?

If the water that falls does not evaporate, flow underground or get used up, it flows from
the highest points (i.e. the mountain ridges) towards the lowest point in the basin (i.e.
Great Salt Lake.)
•

Other than the Bear River Watershed, what are the other sub-watersheds within the
Great Salt Lake Watershed?

Two other sub-watersheds feed the Great Salt Lake Basin: the Weber River and Jordan
River Watersheds.
5. Explain to the students that they will be delineating the Bear River Watershed. Divide
the class into groups of 3-4 students. Pass out 1 copy of the Bear River Watershed Map
to each group and make sure all students have their markers ready.

Activity:

1. Instruct students to use the BLUE marker to trace the main channel (main stem) of
the Bear River. Have students start from the river’s mouth at the Great Salt Lake and
continue to the headwaters in the Uinta Mountains Wilderness Area.
2. Have students use the RED marker to trace the tributaries of the Bear River. To do
this, they should start at Great Salt Lake again. Each time they encounter a tributary
connecting directly to the Bear River, which is now traced in BLUE, they should trace
the unmarked tributary from its mouth to its headwaters with a RED marker.
3. With a GREEN marker, repeat the process for any smaller tributaries following the
ones marked in Step 2 (i.e., students should use a GREEN marker to trace the smaller
tributaries that lead into the larger tributaries marked in RED).
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4. Find a spot above the top of each river marked in red or green and mark it with a
PURPLE dot to indicate the divide. Use the example of a shallow bowl to explain how
to identify the divide of the watershed. The rim of a bucket includes its highest points,
just like a watershed. For the Bear River Watershed, have students mark the divide
points on the outside of the watershed only. Remember that streams flow from higher
elevations to lower elevations. Thus, each tributary or stream actually begins at some
point on the land above the headwaters, usually a hill, mountain, or some other high
point. These high points divide this watershed from the one(s) next to it.
5. Have students trace the divide by connecting the dots with the PURPLE marker.
Start at the mouth of the Bear River at the Great Salt Lake and move in a clockwise
direction around the mainstem. Continue to connect the dots all the way around until the
purple line meets itself back at the Great Salt Lake.

Wrap Up:

1. Review the delineated Bear River Watershed Map with the class. Put a copy of a
delineated watershed map on an overhead projector. Have the groups compare their map
to your map. Do they look the same? Define terms by pointing out where they are on
your map:
•
•
•
•
•
•
•

Watershed
Mainstem
Tributary
Headwaters
Outlet
Confluence
Divide

2. Have students brainstorm some important places in their watershed. What do they
consider a “special place?” A place may be special because of ecological, recreational,
aesthetic, and emotional reasons, among other things. Have students try to locate and
label several important places on their maps.

Assessment

Have students:
• Compare the shape of watersheds to other branching patterns in nature.
• Identify the mainstem and tributaries of the Bear River.
• Discuss how water moves through a watershed.
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Extensions
• Using topographic maps of the Bear River Watershed, have students delineate a waterbody
on that map using the same methods as above.
• Have students complete a research project or personal reflection paper about one of their
“Special Places.”
• As a class, build a large watershed model using cardboard, plastic pipe, wood, or other
material. Simulate water movement using marbles, golf balls, water, etc. Or, contact your
local county extension office to borrow a plastic Watershed Model.
• Find out if there is a volunteer watershed-monitoring program for your local river that
students could participate in. Contact the USU Water Quality Extension for more
information.

Resources
Carlsen, William S., Nancy M. Trautmann, and the Environmental Inquiry Team. 2004.
Watershed Dynamics: Teacher Edition. Arlington, Virginia: National Science Teachers
Association Press.
Project WET (Water Education for Teachers). 2005. Discover a Watershed: The Watershed
Manager Educator’s Guide. Bozeman, MT: The Project WET International Foundation.
Utah State University Water Quality Extension. 2001. Utah Stream Team. Logan, UT: USU
Water Quality Extension.

e-Links

Bear River Watershed Information System
Http://bearriverinfo.org
Project WET (Water Education for Teachers)
Publications, products, and programs for students, teachers, agencies, and citizens.
www.projectwet.org
United State Environmental Protection Agency Watersheds Site
Allows you to locate your watershed using maps, keywords, or codes.
www.epa.gov/surf
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Basic Watershed Map

Basic Watershed Map

(Image from EPA)
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Activity 2: How’s It Flowing?
Thank you Project WET (Water Education for Teachers) for permission to use the following activity: “Many Happy
Return Flows” [“How’s It Flowing?”] as published in Discover a Watershed: the Colorado Educators Guide, pp.
307-319. Copyright 2005 the Project WET International Foundation. Used with permission.

_____________________________________________________________________________
Purpose: To introduce students to water quantity and
water quality concepts and issues in the Bear River
Watershed.

Suggested grade level:
7-12

Subject Areas: Earth Science,
Environmental Science,
Geography, Math

Activity Time:
Part 1:
Prep time: 15 minutes
Activity time: 30-45 minutes
Part 2:
Prep time: 15 minutes
Activity time: 30-45 minutes
Setting: Classroom

Summary1:
Part 1: Students discuss inputs and withdrawals of water in
the Bear River and calculate and graph changes in water
quantity as it moves from its headwaters to the Great Salt
Lake.
Part 2: Students calculate and graph the changes in
concentrations of suspended sediment in the Bear River as
it travels from its headwaters to the Great Salt Lake.
Students discuss sources of sediment and other pollutants
and develop creative solutions to this water quality
problem.
Objectives: Students will:
• Use addition and subtraction to track changes in water
quantity and quality as the Bear River moves through
the watershed;
• Learn about different uses of water and annual patterns
of flow in a river;
• Develop solutions for addressing pollution problems;
• Learn about the effects of sediments in the Bear River.
Materials:
Part 1:
• Copies of Watershed Location Cards (1 set per 3-4
students)
• Copies of Student Worksheet Part 1 (1 per 3-4
students)
• Copies of Watershed Map (1 per 3-4 students)
Part 2:
• Same as above, but substitute Student Worksheet Part
1 with: Student Worksheet Part 2 (1 per 3-4 students)

1

Teachers can choose to do either part or both parts of the activity. For example, because the activity includes
completing equations, teachers of the younger grades may want to have students complete Part 2 of the activity only
to make the activity easier.
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Teacher Background

Water Quantity

Rivers naturally increase in flow as they move through their watersheds due to inputs
from tributaries, local runoff from snowmelt and stormwater, and inputs from groundwater.
Water is also removed for a variety of purposes, ranging from municipal water supplies to
irrigation water for crops. Reservoirs constructed on the main rivers and their tributaries allow
spring runoff water to be stored and released during the growing season. In the Bear River
Watershed, this provides additional irrigation water for agricultural, but also modifies annual
flow patterns in the river, resulting in less flooding during the spring, and somewhat higher
flows during the summer
Water diverted from the Bear River
and its tributaries is used primarily to supply
farmers and ranchers with water to irrigate
crops and for watering livestock. A small
amount of water is used for industrial and
municipal purposes, although at this point
only a few tributaries of the Bear River are
used as a drinking water source. Bear River
water is also used to generate hydroelectric
power.
Most of what is removed from the Bear River and its tributaries does not make it back to
the river as surface return flow. It may evaporate, be processed by plants and transpired, or it
may percolate into the soil, continuing vertically to deep groundwater or moving horizontally
through soils back to the river. Water in the river is also removed by natural processes (i.e.,
absorbed by bank soils, taken up by plants in wetland areas, evaporation and consumption by
wildlife).
Spring snowmelt and large precipitation events provide significant amounts of water to
the Bear River and cause instream flows to increase greatly during the spring season.
Water is removed or diverted from the Bear River at different points and in varying
amounts throughout the watershed, mostly during irrigation season (late-spring through early
fall). The largest diversions in the entire basin are at Last Chance Canal in Idaho, West Cache
Canal in Idaho, the Bear River Canal Company's West Side and East Side canals in Utah, and the
Bear River Migratory Bird Refuge in Utah. Many smaller diversions occur throughout the basin
as well.
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Water Quality

Just like water quantity, water quality changes throughout the Bear River. Water quality
at the headwaters of the Bear River Watershed is generally good, but by the time the river
approaches the Great Salt Lake, it carries excess sediments and nutrients. Because all waterways
in watersheds are connected and are collecting systems, actions or influences in one area of a
watershed can travel downstream and affect areas far beyond where the pollution originated.
As the Bear River and its tributaries flow towards Great Salt Lake, pollutants from both
point sources and non-point sources collect in the water, and the accumulation of these different
pollutants can cause water quality to decline. A decrease in water quality can create problems
for fish and wildlife, riparian ecosystems, recreation, agriculture and industry, and communities.
As a result, improving water quality remains a high priority in the Bear River Watershed.
This exercise focuses on sediments suspended in water because it is easy to measure and
intuitively understood by students. Scientists estimate how much sediment or suspended
material is in water by measuring turbidity. Turbidity is a measure of how much light is
reflected by particles in water. In the Bear River, most of the particles in water are from
suspended soil and minerals. Highly turbid (murky) water has a high concentration of suspended
solids.
Turbidity at any point along the Bear River will vary
throughout a year High velocity water has more energy and is
capable of carrying more suspended sediments. Therefore,
during spring runoff and large storm events, it may be
impossible for light to penetrate more than a few inches below
the surface. By mid summer, flows in the river are
considerably lower and the water typically is much less turbid.
The challenge for water quality managers is to distinguish
between natural changes in turbidity, and changes that result
from human activities.
Sediment enters the Bear River and its tributaries from
natural sources such as stream bank erosion at high flows and
snow melt from natural landscapes. Excess sediment enters
from a variety of sources including runoff from agriculture
and grazing lands, logging or mining areas, from roads and
from construction sites.
Sediment carried in the water can clog ditches, canals
and pumps, making it harder to deliver water for irrigation purposes. Increased sediment input to
streams in the Bear River and its tributaries also affects the organisms that live in the stream,
such as the Bonneville cutthroat trout. In this case, the accumulation of fine sediments into the
small spaces between gravel and rocks prevents proper reproduction and larval growth.
Suspended sediments can affect the trout’s eating habits, because the accumulation of sediments
on the river bottom affects the trout’s primary food source, macroinvertebrates. Excess
sediments can suffocate these aquatic insects or fill in the spaces between gravels and rocks and
decrease their available habitat. Sediments also bring with them nutrients and other pollutants,
as well as fill in reservoirs.
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To solve sediment problems, managers and landowners try to reduce runoff and erosion
using methods such as:
• Planting vegetation along the streams and lake to prevent sediment and other contaminants
from washing into the water,
• reforesting after a logging event, or selective logging,
• restoration of surface mined areas;
• placing hay bales around a construction site to prevent sediment runoff,
• proper road construction;
• managing grazing to prevent damage to riparian areas.

Procedure
Teacher Preparation:
1.
2.
3.
4.
5.

Review the information in the background section of this activity.
Decided if you will complete Part 1, Part 2, or both.
Students can use the Watershed Map for reference to complete the activity.
Divide students into groups of 3-4.
Make copies of the Watershed Location Cards and the Student Worksheet 1 and Student
Worksheet 2, 1 per group.

Teacher Preparation Tip: Laminate the Watershed Map and Student Worksheet so
students can reuse them. Also, reuse the Watershed Location Cards.

Part 1: Water Quantity

Warm Up:
1. Have students describe how water gets into the Bear River. Rivers naturally increase
in flow as they move through their watersheds, due to inputs from tributaries, local runoff
from snowmelt and stormwater, and inputs from groundwater. Spring snowmelt and
large precipitation events provide significant amounts of water to the Bear River and
cause instream flows to increase greatly during the spring season. During this time, more
water is coming into the system than is being removed.
2. Ask students to discuss the ways in which surface water from the Bear River is used
in their watershed. Water that is diverted from the Bear River is primarily used for
irrigation and raising livestock. It does not supply municipalities with drinking water.
Most of what is removed from the Bear River and its tributaries does not make it back to

Journey through the Bear River Watershed
© 2006 Project WET International Foundation
40

Activity 2: How’s It Flowing?

the river as return flow, and either percolates underground, evaporates, or is processed by
plants and transpired.
3. Tell students that they will track the Bear River’s average annual flow, which is
commonly measured in cubic-feet per second, or cfs. Streamflow is measured at
gaging stations located in various places along the Bear River. Cubic feet per second are
used to measure water in motion. (For additional information, see the Common Units of
Water Measurements table in Part 1.)

Activity:
1. Divide the students into groups of three or four.
2. Give each group a copy of the Watershed Map, a set of Watershed Location Cards,
and a Student Worksheet.
3. Tell students that they are going to determine the changes in flow in the Bear River,
based on annual averages. Be sure to emphasize that the flows in the cards are only
representative, but are based on real data. Also, stress that these values are the averages
over an entire year.
4. Ask each group to become familiar with the different locations in the Watershed
Location cards on the map of the watershed. The number on each of the cards
corresponds with a location in the watershed, labeled with the same number in this case.

5. Direct the students’ attention to the Student Worksheet. Ask them to carefully read
through the location cards, focusing on clues that discuss streamflow. They will need to
do math to fill in the Student Worksheet. Explain the categories in the table and lead
them through the first three location cards, filling in Table 1. (Refer to the Teacher
Answer Key: Part 1 for the right answers.) Suggest that students do calculations on a
piece of scratch paper before entering their answers in the data table. Some of the cards
have tricky scenarios! When the table is complete, the final total for instream flow
should be 1500 cfs.
6. After they have completed their worksheet, have students graph the streamflow
information using the information in the worksheet. They should graph the instream
flow information. If using your own graph paper, the X-axis should be labeled with
“Watershed Location” numbers, 1-11. The Y-axis should be labeled “New Instream
Flow (cfs),” 0-1600, in increments of 200.
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Wrap Up:
1. Discuss why some streams flow year-round and why others dry up during the
summer months. A stream will flow year-round if rainfall is frequent or groundwater
reaches the surface year-round somewhere upstream. Much of this is determined by
climate and terrain, but human activities in a watershed can also affect base flow. For
example, in the Bear River Watershed, water is removed entirely in portions of the river
in the summer for irrigation purposes.
2. Discuss how water quantity in the Bear River changes as it travels through the
basin. The river gains water as is moves through the watershed, but in certain places,
some (or most) of the water is diverted from the river channel (such as near Bear Lake).
It is important to remember, though, that the river’s flow fluctuates seasonally. Most
diversions occur during irrigation season when water is most needed, and large inputs to
the river occur during the spring when the snow melts.
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Part 2: Water Quality

Warm Up:
1. Ask the students what water in the Bear River might “look” like at the headwaters
(high up in the Uinta Mountains) and at its outlet (the Great Salt Lake). Water
generally looks clean and clear at the headwaters. As the Bear River travels from its
headwaters to its outlet, loose soils (i.e., sediments) and other materials collect in the
waterways, and the water becomes muddy and murky at its outlet.
2. Discuss possible sources of pollution that might make the water murky. Possible
sources of pollution include soil erosion from rainfall, cattle grazing in the stream or on
the stream banks, forest fires, roads, and construction; runoff carrying fertilizers, soils,
and animal waste from agricultural and grazed lands; loose soils from construction sites;
and discharge from industries. However, there are other sources of pollution that don’t
make the water look dirty, but still affect its quality.
3. Tell students that they will be tracking one specific pollutant for the next part of the
activity, sediments. Explain that they will determine changes in the annual average
concentration of sediment or suspended solids in the Bear River, based on real data. In
other words, they will be determining how muddy the water is.
4. Explain concentrations. Explain that a concentration is the ratio of the mass of
sediment to the volume of water. They are commonly measured in mg/l (parts per
million). For this exercise, the concentrations are measured in mg/l. (For additional
information, see the Common Units of Water Measurements table in Part 1.)

Activity Extension:
1. Fill two liter bottles with clear tap water. Place them in the
front of the class. Tell students that water in the bottles is
clear, just like water at the headwaters and has very few
sediments and thus a very low concentration of sediments.
2. Change the concentration of sediments in one of the bottles to make it look
like water in the Bear River when it reaches the Great Salt Lake. Add
about two large spoonfuls of soil to one of the bottles and let some of the
sediment settle, but not all (test beforehand to make sure that the soil used will
not make all the bottle too dark). The water in the bottle with more soil has a
higher concentration of sediments and is murkier, making it more difficult for
light to pass through the bottle, just like in the Bear River as it approaches the
Great Salt Lake.
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The Activity:
1. Divide students into groups of three or four.
2. Ask each group to become familiar with the different locations in the Watershed
Location cards on the map of the watershed. The number on each of the cards
corresponds with a number on the watershed map.
3. Direct the students’ attention to the Student Worksheet. Ask them to carefully read
through the location cards again, focusing on clues that discuss water quality and
sediments. This time, they will need to do math to fill in Table 2 in the Student
Worksheet. Explain the categories in the table and lead them through the first few
location cards. (Refer to the Teacher Answer Key: Part 2 for the right answers.) Some
of the cards have tricky scenarios! When the table is complete, the total for the sediment
concentrations should be 75 mg/l.
4. After they have completed their worksheet, have students graph the sediment
concentrations in the river using the information in the worksheet. The X-axis
should be labeled with “Watershed Location” numbers, 1-11. The Y-axis should be
labeled “New Sediment Concentrations (mg/l),” 0-80 in increments of 10.

Wrap Up:
1. Discuss how the concentrations of sediment change as the river moves through the
watershed. What are the effects of wetlands or marshes on water quality, such as in Mud
Lake near Bear Lake? They help remove sediment from the stream. What happens to the
sediments as the river passes through reservoirs such as Alexander or Oneida Reservoir?
They slow the water and act as a sink, allowing sediments to sink to the bottom of the
reservoirs.
2. Compare the concentrations and mass of sediment at the headwaters versus outlet.
Based on annual averages, the concentration of sediment at the outlet is 7.5 times higher
than concentrations at the headwaters. This is not a significant difference because as the
amount of sediment increases, the volume of water in the river increases as well causing
concentrations remain low. The actual mass of sediment that the river carries, however,
is very different from the headwaters to the outlet. The river carries about 400 tons of
sediment per year (about 15 large dump trucks per year) at the headwaters and about
23,000 tons of sediment per year (about 915 dump trucks per year) at the Great Salt Lake.
Based on mass, there is about 60 times more sediment in the river at the Great Salt Lake
than at the headwaters, which is a huge difference!
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3. Ask students why sediment matters. Sediment restricts the use of water. For example,
when water looks muddy, people are less likely to recreate in the river. More importantly,
muddy water affects a fish’s ability to see, which impacts its ability to find food. Also,
sediment can fill in the small spaces between gravel on the bottom of the streams and
rivers, which makes it harder for fish to lay eggs or for macroinvertebrates to make a
home.
4. Have students develop one solution to help decrease sediment entering the Bear
River in their small groups.
5. Have students discuss their solutions and what they can do to help water quality.
What are some ways to decrease the amount of turbidity in streams around you? Would
there be additional costs associated with taking action to prevent sediment water
contamination? How would these be paid for? Some of the water users in the scenarios
contribute more to the decline in water quality than others, but they also may contribute
to the local economy in important ways. How do communities balance these issues?

Assessment

Have students:
• Haves students create a map of real water users in their watershed;
• Gather real streamflow data from the US Geological Survey (find links to data here:
http://bearriverinfo.org/data/usgsrealtimeflowstations.aspx) and have students calculate and
graph changes in streamflow as water moves through a series of water users in a watershed;
• Have students write a “proposal” discussing water quality issues in their watershed and
potential ways to improve water quality.

Extensions
• Have students complete Part 2 of the activity, but use parts per million (ppm) as the units for
concentration.
• Have your class complete water quality tests in a river or stream in your area, using the water
quality testing activities in Stream Side Science. (See the Suggested Lesson Plan Rubric in
Part 1 of this activity guide.) Testing stream water is the perfect introduction or
accompaniment to learning about water quality in your own backyard!
• Students may want to do an analysis of upstream and downstream users within their local
watershed and calculate diversions and return flows as they track the water’s path. Using
either of the extensions, students can identify water quality issues in their community and
work on solutions to these problems.
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Teacher Answer Key: Part 1
Table 1: Water Quantity
Watershed
Location
1
2
3
4
5
6
7
8
9
10
11

Instream
Flow
(cfs)
200
200
230
550
125
650
800
950
1200
1300
1550

-

Diverted or
Evaporated
Flow (cfs)
0
0
50
425
0
200
0
100
100
0
250

=
=
=
=
=
=
=
=
=
=
=

Remaining
Flow (cfs)
200
200
180
125
125
450
800
850
1100
1300
1300

+
+
+
+
+
+
+
+
+
+
+

Added
Flow
(cfs)
0
30
370
0
525
350
150
350
200
250
200

=
=
=
=
=
=
=
=
=
=
=

New Instream Flow (cfs)
(Move answer to next row down
in column 2)
200
230
550
125
650
800
950
1200
1300
1550
1500

New Instream Flow (cfs)

Water Quantity- Average Annual Instream Flows
1800
1600
1400
1200
1000
800
600
400
200
0
1
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W atershed Location
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Teacher Answer Key: Part 2
Table 2: Water Quality
Initial Sediment
Concentrations
(mg/l)
10
10
40
60
40
30
35
10
40
70
35

Watershed
Location
1
2
3
4
5
6
7
8
9
10
11

Change in Sediment
Concentrations (mg/l)
0
30
20
-20
-10
5
-25
30
30
-35
40

+
+
+
+
+
+
+
+
+
+
+

New Sediment Concentrations
(mg/l)
(Move answer to next row down in
column 2)
10
40
60
40
30
35
10
40
70
35
75

=
=
=
=
=
=
=
=
=
=
=

New Sediment
Concentrations (mg/L)

Wate r Quality-Av e rage Daily Conce ntrations
80
70
60
50
40
30
20
10
0
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10

W atershed Location
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Watershed Location Cards

#1 Bear River Headwaters
Three small streams come together in the Uinta Mountains to form the Bear River. They begin as trickles
in the high alpine meadows, gathering volume as they move down into the forest below, and provide 200
cfs of cold, clear water to the Bear River.
The water users are plants, wildlife, and the occasional backpacker, and the quality is good. However,
natural erosion causes the sediment concentrations to start out at 10 mg/l in the river.

#2 Sage Creek Junction
As the Bear River flows north through Wyoming and Utah, land uses change. The mountains give way to
wide valleys that have been converted to pastureland and are heavily used for grazing and agriculture. A
minor amount of water is removed from the river along this reach, but there are no significant diversions
(0 cfs). However, several tributaries feed into the river and add about 30 cfs of new instream flow.
Storm runoff carries sediments from these lands into the river, causing sediment levels to increase by 30
mg/l.

#3 Stewart Dam

Traveling through the open lands in Utah and Wyoming below Stewart Dam, about 50 cfs of the water
from the Bear River is diverted to support agriculture. The Bear River gains a significant amount of
water downstream of Cokeville from Smiths Fork, the second largest tributary in the entire basin, as well
as from other tributaries adding about 370 cfs to the Bear River.
These tributaries also contributes a large amount of sediments, increasing sediment concentrations by 20
mg/l.

#4 Bear Lake Inflow
At Stewart Dam, a canal diverts almost all flow (approximately 425 cfs) from the Bear River to the Bear
Lake Inlet Canal that carries the water through Mud Lake and into Bear Lake.
As the water travels through the wetland complex of Mud Lake and the Bear Lake National Wildlife
Refuge, the wetlands removes about 20 mg/l of sediment before water enters Bear Lake.
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Watershed Location Cards

#5 Bear Lake Outflow

Once in Bear Lake, the water from the Bear River remains in the lake until it is diverted back to the Bear
River back through Mud Lake for further use downstream. About 525 cfs of water is returned to the Bear
River.
As the water moves back through Mud Lake, the wetlands remove an additional 10 mg/l of sediment.

#6 Above Oneida Reservoir
From Bear Lake, the river travels through agricultural and grazing lands, through Alexander Reservoir,
and passed several major diversions. In total, about 200 cfs is removed form the system along this reach
for agriculture and power generation, but then tributaries add about 350 cfs of water back into the river.
Because the river travels through Alexander Reservoir and much of the water is diverted along this reach,
there is a net increase in sediment concentrations of only 5 mg/l at this point.

#7 Below Oneida Reservoir
This reservoir is used to store water for irrigation, hydroelectric power, and recreation. The dam releases
more water than enters the reservoir, adding about 150 cfs of to the river.
Water quality just below the river also improves substantially because the reservoir serves as a “sink” for
sediments, causing them to drop to the bottom of the reservoir, and concentrations of sediment decrease
by 25 mg/l.

#8 Idaho/Utah Stateline
Before the river makes it to the state line, about 100 cfs is diverted to various canals for irrigation and
other agriculture-related activities. However, tributaries and groundwater contribute about 350 cfs of
water to the stream
Sediments in the tributaries and runoff from agricultural land causes the concentration of sediment in the
river to increase by 30 mg/l.
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Watershed Location Cards

#9 Above Cutler Reservoir
About 100 cfs is diverted for dairy production and irrigation along this reach. Just below the state line,
the Cub River meets the Bear River. The water from this tributary, several additional tributaries, and
groundwater add a total of 200 cfs to the Bear.
The Cub and its tributaries travel through lands that are heavily farmed and grazed, and several large
feedlot operations sit along their riverbanks, causing high levels of sediments to enter the river. Inputs
from the Cub and runoff carrying sediments from agricultural lands causes sediment concentrations in the
Bear to increase 30 mg/l.

#10 Below Cutler Reservoir
In Cutler Reservoir, three tributaries (the Logan, Blacksmith Fork, and Little Bear Rivers) converge with
the Bear River. They contribute about 250 cfs of water to the Bear at this point.
Water from these tributaries is generally good, though the Little Bear does carry some sediment to the
reservoir from feedlots and dairy operations. The marsh, however, removes a substantial portion of
sediments that the Bear River and its tributaries bring into Cutler Reservoir, causing concentrations to
decrease by 35 mg/l.

#11 Great Salt Lake
On its journey to the Great Salt Lake, a good portion of water (about 250 cfs) is diverted from the river to
canals, irrigators, and wildlife refuges. However, tributaries such as the Malad River add 200 cfs to the
river.
The water quality declines through this reach, picking up sediments from natural erosion of the
streambanks (which are composed of materials of old Lake Bonneville). Runoff from agricultural lands
also contribute sediments to the river. As a result, sediment concentrations increase 40 mg/l.
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Student Worksheet 1
Table 1: Water Quantity
Watershed
Location
1
2
3
4
5
6
7
8
9
10
11

Instream
Flow
(cfs)
200
200
230

-

Diverted or
Evaporated
Flow (cfs)
0
0

=
=
=
=
=
=
=
=
=
=
=

Remaining
Flow (cfs)
200
200

Added
Flow
(cfs)
0
30

+
+
+
+
+
+
+
+
+
+
+

=
=
=
=
=
=
=
=
=
=
=

New Instream Flow (cfs)
(Move answer to next row down in
column 2)
200
230

1500

New Instream Flow (cfs)

Water Quantity- Average Annual Instream Flows
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Student Worksheet 2

Student Worksheet 2
Table 2: Water Quality

Watershed
Location
1
2
3
4
5
6
7
8
9
10
11

Initial Sediment
Concentrations
(mg/l)
10
10
40

+
+
+
+
+
+
+
+
+
+
+

Change in Sediment
Concentrations (mg/l)
0
30

=
=
=
=
=
=
=
=
=
=
=

New Sediment Concentrations
(mg/l)
(Move answer to next row
down in column 2)
10
40

75

New Sediment
Concentrations (mg/l)

Water Quality-Average Daily Concentrations

80
70
60
50
40
30
20
10
0
0

1
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Hunting for Habitats
Thank you Project WET (Water Education for Teachers) for permission to use the following activity: “Hunting for
Habitats” [“Hunting for Habitats”] as published in Discover a Watershed: the Colorado Educators Guide, pp. 172192. Copyright 2005 the Project WET International Foundation. Used with permission.

_____________________________________________________________________________
Purpose: To introduce students to several different
Suggested grade level:
ecosystems within the Bear River Watershed and the
6-12
animals that live within the ecosystems.
Subject Areas: Life Science,
Geography, Ecology,
Environmental Science
Activity Time:
Prep time: 30 minutes
Activity time: 60-75 minutes

Setting: Classroom

Summary: Students are assigned to one ecosystem and
travel to the other four ecosystems of the Bear River
Watershed in the classroom taking notes on each. They
determine which organisms belong to which ecosystem
and place organism cards in each ecosystem. Class
results are recorded the results on the board, and is
followed by filling in the blanks of a dendrogram.
Objectives: Students will:
• Explain the ecological concepts of ecosystems,
communities, and habitats;
• Identify and describe five major ecosystems of the
Bear River Watershed;
• Locate the five ecosystems on a map of the
watershed;
• Predict the locations/ecosystems of specific animals
based on their habitat requirements;
• Relate diversity of habitats to diversity of species.
Materials:
• Copies of the Ecosystems of the Bear River
Watershed (1 set for the classroom)
• One copy of the Five Ecosystems of the Bear River
Watershed Map to be used on an overhead projector.
• Copies of the Five Ecosystems of the Bear River
Watershed Map (5 copies total, 1 for each group)
• Copies of the Species Cards (5 copies of the complete
set of cards, 1 set for each group [each group should
have the full set of 25 cards])
• Copy of the Dendrogram: Ecological Organizations
Worksheet (1 classroom copy to be used on an
overhead projector)
• 5 paper bags
• Scissors
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Teacher Background

As the Bear River flows from its headwaters to its mouth, it passes through an incredible
variety of ecosystems. From alpine meadows to the Great Lake Salt Basin, a great diversity of
plants and animals make up the Bear River Watershed’s flora and fauna. Variations in the
physical environment of the watershed due to abundance of water, elevation, aspect, geography
and climate, contribute to the diversity of ecosystems and the plants and animals that are adapted
to the watershed.
All organisms are members of communities, which are groups of different species
(plants, animals, fungi, microorganisms, etc.) that live and interact together in a particular place.
A community together with its non-living environment (the soil, rock formations, water features,
etc.) makes up an ecosystem. An ecosystem may be as small as a cup of water, or as large as a
subcontinent. Some of the major ecosystems of the Bear River Watershed include conifer forests
at the headwaters of the Bear River and its tributaries, sagebrush and shrubland in the valley
bottoms, the aquatic ecosystem of Bear Lake, Bear River’s riparian wetlands, and the aquatic
environment and wetlands of the Great Salt Lake.
The place in an ecosystem where a species lives is called its habitat; for example, an
alpine meadow within a conifer forest or a marsh near the Great Salt Lake. Every habitat is
characterized by certain ranges of temperature, precipitation, elevation, vegetation structure, food
resources, predators, competitors, and the other living and non-living elements that make up the
environment; these characteristics determine which organisms can survive and successfully
reproduce there. Every organism performs a certain role, or fills a niche, in its community.
Species may be called either
specialists or generalists, depending
on whether their habitat
requirements are specific or broad,
respectively. The brine fly is
specialist, requiring saline lake
environments for habitat. The
coyote, on the other hand, is a
generalist. It can be found in
ecosystems throughout the
watershed.
Throughout the world,
certain species of plants and animals
are becoming rare due to habitat loss
or degradation of habitat, poaching
by humans, competition with
invasive species, and other factors. The Bear River Watershed is no exception, and there are
several species that formerly occupied the watershed in abundance, but have become vulnerable.
Some of the animals featured in this activity have been identified in the watershed as “sensitive
species” due to the risk of further population decline. The management and recovery of sensitive
species is an important issue in all watersheds.
In this activity, a dendrogram is used to illustrate the relationships among ecosystems,
communities, and habitats. A dendrogram is a branching diagram representing a hierarchy of
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categories based on degree of similarity or number of shared characteristics. Of course, as with
all living systems, these relationships can change. Habitats for certain animals may be found in
more than one community. Similarly, an ecosystem may be defined by a single community or
collections of communities. The dendrogram presents a visual aid to help students organize the
concepts of ecosystems, communities, and habitats. Students may notice that the dendrogram
resembles the network of a river system.
Quick Fact:
Nearly one-third of North
America's migratory ducks
inhabit wetlands fed by the
Bear River.

Procedure

Teacher Preparation:
1. Familiarize yourself with the Background section of this activity.
2. Post the classroom copies of the Ecosystems of the Bear River Watershed so that each of
the five ecosystems is in a different area of the room. Place one paper bag near each
ecosystem.
3. Make five copies of the Five Ecosystems of the Bear River Watershed Map and the
Species Cards. Cut the Species Cards apart, and keep each set separate but mix up the
cards within each set. Each set should have 25 cards.

Warm Up:
1. Ask students to brainstorm common local plants and animals. Which plants and
animals would they expect to find together in the same place? For example, would you
expect to find a moose and brine fly in the same place?
2. Discuss the way in which biologists organize species and habitats in the natural
world. Discuss and define the following terms: ecosystem, community, habitat, and
species. (Refer back to the Background section.)
3. Introduce the Five Ecosystems of the Bear River Watershed Map on an overhead
projector. Explain to students that there are many other ecosystems not included in this
activity for simplicity, such as hot springs, lake habitat in reservoirs, and the riverine
ecosystem of the Bear River itself.
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4. Discuss the five major ecosystems that the Bear River flows through, referring to
the Ecosystems of the Bear River Watershed that are posted around the classroom.
Show the students these areas on the map:
a. The high elevation conifer forests at the headwaters of the Bear River and other
tributaries.
b. The high sagebrush and shrublands of southern Wyoming and southern Idaho, and
parts of northern Utah (i.e. Rich County).
c. The unique waters of Bear Lake.
d. The riparian wetland ecosystems along the Bear River in Utah, Idaho, and
Wyoming.
e. The aquatic environment and marshes around the Great Salt Lake.

The Activity:
1. Organize students into five groups. Assign each group to one of the
ecosystems/stations: headwaters/conifer forests, high sagebrush and shrubland, Bear
Lake, Bear River riparian wetlands, and the Great Salt Lake.
2. Have each student group sit in the area of the classroom that represents its
ecosystem and read the description provided. Have one student in each group act as
the “recorder,” writing down three important aspects about the ecosystem. They should
repeat this for each ecosystem, staying with their group as they move from one station to
the next. Have students spend about three minutes at each station, and instruct them that
they should not move to the next station until the group in front of them is ready, or when
the teacher says “switch.”
3. When students have returned to where they started, give each group one set of all
the Species Cards and have them share the cards within their groups. Based on the
descriptions of the ecosystems and the characteristics listed on each species card, they
should decide as a group which ecosystem each animal most likely belongs to. Tell them
that some organisms may belong to more than one ecosystem, but for the purposes of this
activity, there is a “best” ecosystem for each one. They should end up with five
organisms per ecosystem. Some of the organisms will be easy to categorize, but others
will have more subtle clues. Stress to students that the Species Cards give good clues as
to which is the best habitat for that animal and that they should read them closely!
4. After organizing their Species Cards into five groups according to ecosystem, have
each group move around the room and place the cards in the brown bags in the
appropriate ecosystem. If necessary, they can visit each ecosystem once and make their
final decisions about which animals belong there. Have students place cards in a brown
bag. Tell the students that they can think of this process as “voting;” by placing their
animals in each area they are “casting their vote” that it belongs there.
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5. Have the groups assigned to each ecosystem “count the votes” and report to the
class the different species and number of each species that were placed there,
recording the results on the board. Make a list of the five ecosystems on the board and
have each group list what animals were placed in their ecosystem. Have them include the
number of votes each animal received. If each group of students matched the correct
cards with the correct community, there should be five of the same species cards in each
of the five ecosystems.

Answer Key:
Headwaters/Conifer forest: moose, northern goshawk, American pika, snowshoe
hare, American marten, (mule deer), (Bonneville cutthroat trout).
High sagebrush and shrubland: greater sage-grouse, pronghorn, mule deer, whitetailed squirrel, white-tailed prairie-dog.
Bear Lake: Bonneville cutthroat trout, lake trout, Bear Lake sculpin, Bear Lake
whitefish, Bonneville cisco.
Bear River Wetlands: American bittern, great blue heron, muskrat, long-tailed
weasel, carp, (moose).
Great Salt Lake: brine shrimp, Wilson’s phalarope, eared grebe, brine fly, Great
Salt Lake algae.

Wrap Up:
1. Lead the students in a discussion to decide which animals belong in each ecosystem
and why. Use the answer key to check the students’ decisions and share the outcomes.
Some species may be found in more than one ecosystem, though there is a “best”
ecosystem for each one. The organisms in parentheses in the Answer Key above
indicates which species can be found in more than one ecosystem and where.
2. Ask students which animals were the most difficult to categorize into a specific
community. Were these species typically generalists or specialists? Which ecosystems
had the most overlap of species and why?
3. Place a blank copy of the Dendrogram: Ecological Organizations Worksheet on an
overhead projector and further discuss the concepts of ecosystem, community, and
habitat. Explain that a dendrogram is a branching diagram that represents the
relationships among ecosystems, communities, and habitats. Emphasize that species are
members of all levels of the classification system (i.e., ecosystem, community, habitat).
For example, the Brine Shrimp is a member of the Bear River ecosystem and, within that
ecosystem, the Great Salt Lake ecosystem. Its habitat is aquatic environment of the Great
Salt Lake itself.
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4. With the help of the class, fill in the blanks on the dendrogram for one of the
communities featured in the activity, referring to the Dendrogram: Ecological
Organizations (Answer Key).
5. Guide a discussion of ecosystems and habitats. Possible discussion questions might
include:
- What are some important components of habitats? For example, discuss food,
water, hiding places, nesting and denning areas, temperature, vegetation, etc.
- What can we find out about plants and animals by examining the habitats in
which they live? Discuss adaptations.
- What characteristics can we predict a habitat will have if we know something
about the characteristics and habitats of a plant or animal that lives there?
For example, we wouldn’t predict that an animal with no hair or feathers would
live in the high, snowy mountains.
- How does the physical environment affect the distribution of species and how
does diversity in the physical environment relate to diversity of species?
Organisms are specifically adapted for their physical environment, so areas with
variation in the physical environment from mountains to the Great Salt Lake,
there is also a great diversity of species.
- Which animals in the Bear River Watershed are the sensitive species? Of the
species in this activity, the following are sensitive species: northern goshawk,
Bonneville cutthroat trout, Bear Lake whitefish, Bonneville cisco, Bear lake
sculpin, greater sage grouse, and white-tailed prairie dog. Discuss habitat losswhich is occurring in much of the watershed, especially in wetlands-and its effect
on species richness and diversity. Are specialists or generalists more likely to be
vulnerable to habitat loss?
6. Discuss other ecosystems in the Bear River Watershed. For example, the Bear River
itself and other lakes or reservoirs in the watershed are other ecosystems not discussed in
this activity.

Assessment

Have students:
• Identify and describe five major ecosystems in the Bear River Watershed;
• Explain the ecological concepts of the ecosystems, communities, and habitats;
• Locate the five ecosystems on a delineated map of the Bear River Watershed;
• Predict the locations/plant communities of specific animals based on their habitat
requirements;
• Relate diversity of habitats to diversity of species;
• Fill in the blanks on the dendrogram for one of the five communities from the activity; the
dendrogram should be specific, with habitats described for the animals from the activity.
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Extensions
• Complete the observation activity in Stream Side Science, Riparian Review.
• Plan a field trip. This can be to a very small natural area near your school. Organize students
into teams and have them explore the area to identify the most important physical features
that define different habitats (for example, a stream, a south-facing slope vs. a north-facing
slope, a marsh, etc.). Have students record their observations and report back to the group.
Ask them to identify the dominant plant species in the ecosystem. Have them search for
evidence of animals and write down or draw a description of their observations (may be
insects, bird calls, animal tracks, feathers, hair, etc.). For each animal observed, have the
students record their speculations on the animal’s niche within the community.
• Have students research additional animals or plants that are found in the ecosystems featured
in this activity, and make new animal cards to add to the activity. They could also do this for
additional ecosystems in the watershed.

Resources
Project WET (Water Education for Teachers). 2005. Discover a Watershed: The Colorado
Educator’s Guide. Bozeman, MT: The Project WET International Foundation.
Utah Division of Wildlife Resources. 2003. Utah’s Wonderful Wetlands: An educator’s activity
guide.
Utah Museum of Natural History (Sandra Zicus, Ed.). 1997. The Great Salt Lake Story. Salt
Lake City: Utah Museum of Natural History.

e-Links
Bear River Watershed Information System
http://bearriverinfo.org
e-Nature
Photos, information, and sound recording about wildlife species.
www.enature.com
Project WET (Water Education for Teachers)
Publications, products, and programs for students, teachers, agencies, and citizens.
www.projectwet.org
Utah Division of Wildlife Resources Website
http://www.wildlife.utah.gov.
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Headwaters/Conifer Forests

The headwaters of the Bear River and its tributaries gather high in the mountains where icy
snowmelt and drips from natural springs trickle down through the vast conifer forests found in
this ecosystem. The small mountain streams are cold and clear and provide aquatic habitat for
animals, such as fish and beaver. The forest slopes of these mountains are covered with
evergreen or conifer trees. Engelmann spruce and subalpine fir are the dominant species at the
higher elevations, and large groves of aspen trees may be found here, too. Many species of
shrubs and wildflowers are found on the forest floors and in open meadows. Winters are long
and very snowy, and summers are short and relatively cool. The forests provide habitat for large
mammals such as moose, elk, black bears, mountain lions, voles, mice, and numerous other
mammals and many predatory birds, such as eagles and hawks.
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High sagebrush and shrubland

Arid high sagebrush and shrublands cover the open valleys and hills in southwestern Wyoming
and southeastern Idaho. This ecosystem supports plant species such as sagebrush, rabbit brush,
bitterbrush, and various grasses. Pronghorn, mule deer, coyote, and sage-grouse roam these open
plains. You might also find pheasants, ground squirrel, western rattlesnake, bald eagle, rabbit,
badger, bobcat, cougar, red-tailed hawk, sharp-shinned hawk, and wild turkey in this vast
landscape.
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Bear Lake

Bear Lake is a unique aquatic ecosystem. Its rich turquoise-colored waters, which result from
the high concentrations of the mineral calcium carbonate, are home to four species of fish that
are only found in the lake: the Bonneville cisco, Bonneville whitefish, Bear Lake whitefish, and
Bear Lake sculpin. Bear Lake also supports a strain of the Bonneville cutthroat trout, a species
native to the watershed that evolved in Bear Lake. The large lake also has a popular sport fish
called Lake Trout. Other species in Bear Lake include zooplankton, Utah sucker, Redside
shiner, Utah chub, and the Speckled dace.
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Bear River Riparian Wetlands

Wetlands are the link between land and aquatic environments, such as rivers, ponds, lakes, and
reservoirs. They are also known as marshes, riparian areas, playas, and wet meadows. Saltgrass,
narrow-leaf cattail, reed canary grass, Nebraska sedge, and water sedge are just a few of the
hundreds plants found in wetland ecosystems in the Bear River Watershed. Many of the
wetlands in the Bear River Watershed are directly adjacent to the Bear River, and others have
formed around the edge of dams and lakes. The various communities of wetlands in the Bear
River watershed are important to many animal species, especially migratory birds. In fact,
nearly one-third of North America's migratory ducks inhabit wetlands fed by the Bear River.
Other water bird species you may find in the wetlands in the watershed include sandhill cranes,
white-faced ibis, black terns, black-necked stilts, American bitterns, white-faced ibis, Canada
geese and redhead ducks, snowy egret, cattle egret, great blue heron, common yellowthroat, and
American white pelican. Beaver, muskrat, voles, weasels, bats, and raccoons also inhabit the
wetlands in the Bear River Watershed.
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Great Salt Lake

Because the Bear River feeds into the Great Salt Lake, the lake is part of the watershed. This
inland saltwater sea is one of the most unique ecosystems in North America. It is composed of
an assemblage of distinct interrelated habitats which include the lake itself, marshes and salt
flats. Several species of algae, bacteria, and protozoa reside in the lake, in addition to brine
shrimp and the eggs, larvae, and pupae of two brine fly species, but the lake itself is too saline
for fish. The marshes are found where the Bear River and other freshwater rivers enter the lake,
or where natural underground springs occur. The marshes are full of life and support
microscopic organisms (i.e. algae), bulrush, spikerush, cattail, small crustaceans, and insects,
which make up the complex community that lives on the edges of the lake. Thousands of birds
depend on the lake and surrounding marshes for food and nesting resources. Heron, pelicans,
ducks, avocets, and black-necked stilts are common in the marshes. Open salt flats, found near
the edges of the lake occur due to the changing water levels of the Great Salt Lake, are too salty
to support plant life, but house very species tolerant to this condition such as the tiger beetle.

Journey through the Bear River Watershed
© 2006 Project WET International Foundation
66

Activity 3: Hunting for Habitats
Species Cards

moose
Alces alces
• 6-7 feet tall.
• Usually found near streams and ponds where there are willows.
• Eats twigs, bark, roots, and shoots of woody plants.
• Prefers aquatic plants (such as willows) in summer and evergreen shoots in winter.
• Lives in forested mountain areas where there is snow cover in the winter; can
withstand very cold temperatures.

snowshoe hare
Lepus americanus
• 15-20 inches long.
• Lives in forests, either coniferous or deciduous.
• Eats green vegetation, bark, twigs, and evergreen needles.
• Favors deep winter snowpack, which makes browse available in higher branches of
trees.
• Prefers dense, forests.

American pika
Ochotona princeps
• 6-8 inches long.
• Usually found at high elevations (above 9,000 feet).
• Usually lives in nests within rockslides high in the mountains.
• Eats vegetation; dries and stores plants for winter use.
• Sometimes lives in jumbles logs left behind after an avalanche.

northern goshawk
Accipiter gentilis
• Wingspan of 3 ½ feet.
• Hunts medium-sized birds in ambush attacks through dense forest.
• Builds nest out of sticks, lines it with bark.
• Brings fresh green evergreen branches to its nest during breeding season, perhaps to
signal to other birds that the nest is occupies.

American marten
Martes americana
• 19-27 inches long.
• Occurs in isolated areas of the Rocky Mountains and the Southwest and needs dense
forest to provide cover while hunting.
• Prefers dense, mature, spruce-fir forests.
• Dens in rotten logs or rockslides.
• Eats mice, voles, insects, fruit, and seeds.
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greater sage-grouse
Centrocercus urophasianus
• 22-30 inches long, depending on gender.
• Lives in open country and sagebrush plains.
• Builds a nest in a well-concealed grass-lined depression.
• In Utah, this species is listed on the state’s Sensitive Species list due to loss of
habitat.

pronghorn (aka antelope)
Antilocapra americana
• Height 3-4 feet.
• Lives in grasslands, grassy brushlands, and bunchgrass areas.
• In summer, it grazes on a number of plant species, including grasses, various
forbs, and cacti, and drinks little water when moist green vegetation is available.
In winter, it browses on many different plants, favoring sagebrush.
• It is the fastest animal in the western hemisphere, often making 20-foot bounds.
It has been clocked at 70 mph.

mule deer
Odocoileus hemionus
• Height 3-3 ½ feet.
• Lives in mountain landscapes, but also can inhabit open grasslands and prairies.
• Mountain Lions and wolves are the major natural predators of the mule deer.
• Its summer forage is chiefly leafy plants. In the winter, this animals browses on
aspens, willow, dogwood, serviceberry, juniper, and sage.

white-tailed antelope squirrel
Ammospermophilus leucurus
• Found throughout much of the west in desert and shrubland areas with sparse
vegetation.
• They are most active during the day. Nights are spent in underground burrows.
• Generalist feeder, eating such items as seeds, other plant material, small
vertebrates, insects, and carrion (animals that are already dead).

white-tailed prairie-dog
Cynomys Leucurus
• One of three prairie-dog species found in northeastern Utah and southern
Wyoming.
• Forms colonies and spend much of their time in underground burrows, often
hibernating during the winter.
• Eats grasses and bulbs.
• Major threats include habitat loss, poisoning, and the plague.
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Bonneville cutthroat trout
Oncorhynchus clarki utah
• A subspecies of the cutthroat trout native to the Bonneville Basin of Utah,
Wyoming, Idaho, and Nevada.
• Pure Bonneville cutthroat trout are rare throughout their historic range, but several
Utah populations exist, including populations in Bear Lake.
• Major threats include habitat loss/alteration, predation by and competition with
nonnative fishes, and hybridization with nonnative fishes, such as the rainbow
trout.
• Primarily eat insects, but large individuals also eat fishes.

lake trout
Salvelinus namaycush
• Can attain a very large size, with fish sometimes reaching fifty pounds.
• This trout is not native to the watershed, but the species has been introduced to some
of Utah and Idaho's large cold-water lakes, including Flaming Gorge Reservoir, Fish
Lake, and Bear Lake.
• Adult lake trout prefer to eat fish, but also eat zooplankton and other invertebrates.
• Cold water species, which limits its range to the deep, cold, and calm water of large
lakes.

Bear Lake sculpin
Cottus extensus
• Small fish that naturally occurs in only one place in the world.
• Like other sculpin species, the Bear Lake sculpin is benthic, spending much of its
time on the bottom of the lake.
• Eats invertebrate animals and, in turn, is an important food source for cutthroat
trout and the lake trout.
• Listed as a sensitive species by the Utah Division of Wildlife Resources.

Bear Lake whitefish
Prosopium abyssicola
• Generally do not exceed 10.5 inches in total length.
• Endemic fish, found only in one place in the entire world.
• Inhabit the cold areas of the lake, staying in deeper water during the summer
months.
• Eat a variety of small aquatic invertebrates, fish eggs, and occasionally other
fishes.

Bonneville cisco
Promspium gemmifer
• One of three whitefish species endemic to (found only in) Bear Lake
• Generally inhabit deep cool water.
• Eats small aquatic invertebrates.
• Individuals generally do not exceed 10 inches total length, and are easily
distinguished from the other whitefish in Bear Lake by their pointed mouths, slender
bodies, and absence of spots.
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American bittern
Botaurus lentiginosus
• Length 23 inches. Black stripe on neck distinguishes it from the least bittern.
• Found in marshes where cattails and/or rushes are thick.
• Eat fish and sometimes invertebrates.
• When at rest or when frightened, bitterns lift their heads to the bill is pointed up. The
coloration of brown and white stripes on their neck allow them to blend in will with the
marsh.

great blue heron
Ardea herodias
• 46 inches tall with a wing span of 72 inches wide.
• Colored chiefly blue-gray, with black stripe above the eye and along the foreneck.
• Eat mostly fishes and amphibians.
• Lives in freshwater marshes, and builds a large stick nest, often in trees or on cliffs.

muskrat
Ondatra zibethicus
• Length of head and body 10-14 inches, tail 8-11 inches.
• Dense brown fur with a long, think, naked, flattened tail.
• Live on the edges of ponds, lakes, and streams, as well as in open water. They make
their homes out of cattails and other wetland vegetation that are 2-3 feet above the
water.
• East mainly aquatic vegetation, but will also sometimes eat clams, frogs and fish.
• People often mistake their homes for beaver dams.

long-tailed weasel
Mustela frenata
• Length of head and body: 9-10 ½ inches (male) 8-9 inches (female).
• Has a long next and body, black tip on tail and yellowish-white underparts.
• Found in habitats near water.
• Eat small mammals and sometimes birds.
• They kill by biting the heads off their prey and piercing the skull with their canine
teeth.

carp
Cyprinus carpio
• Can lives in marshes.
• Is a benthic feeder (i.e. bottom feeders) and is omnivorous (i.e. eats small plants,
animals, and detritus).
• Displaces native species.
• Introduced to Utah in 1881.
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eared grebe
Podiceps nigricollis
• Small 12-inch water bird with a blackish neck and gold feather fanning out behind
its red eyes.
• Dive for a variety of aquatic invertebrates.
• Similar to other grebes, they eat their own feathers, presumably to protect the
stomach from sharp food items.
• Most eared grebes move to the highly saline environments, where they feast on
brine shrimp and alkali flies.

Wilson’s phalarope
Phalaropus tricolor
• 9 inch shorebird with a long thin bill; black stripe along the head and neck.
• Migrate to the watershed after nesting in southern Canada, northern US plains,
and Utah.
• Eats brine flies and other insects and double their weight.
• In fall, they travel 3,000 as they migrate to Argentina.

brine shrimp
Artemia salina
• An arthropod, found in salty lakes from April to September.
• ¼ inches long, salmon colored.
• Newly hatched shrimp are called nauplii.
• They molt or shed their exoskeleton as they grow.
• Eat algae and bacteria.

brine fly
Ephydra gracilis or Ephydra hians
• Are black, about ¼ inches long.
• Eggs, larvae, and pupae of this insect are strictly aquatic.
• Once an adult, it lives for 3 to 4 days long along beaches.
• Eats algae or organic matter, such as dead brine shrimp.
• Females can lay up to 100 eggs at a time.

Great Salt Lake algae
Dunaliella viridis
• Are green and unicellular (is composed of one cell).
• Are an important source of food for brine shrimp.
• Are microscopic but visible in colonies; they can make a lake appear green in the
summer.
• Some live on the lake bottom and form rock-like structures that look like coral reefs.
• Adapted to a salty environment.
Journey through the Bear River Watershed
© 2006 Project WET International Foundation
71

Activity 4: First Come, First Served

First Come, First Served

Thank you Project WET (Water Education for Teachers) for permission to use the following activity: “First Come,
First Served” [“First Come, First Served”] as published in Discover a Watershed: the Colorado Educators Guide,
pp. 287-298. Copyright 2005 by the Project WET International Foundation. Used with permission.

_____________________________________________________________________________
Purpose: To have students better understand the division
of water within their watershed and to learn about water
rights.

Suggested grade level:
6-12

Subject Areas: Environmental
Science, Math,
History/Anthropology,
Economics, Government
Activity Time1:
Prep time: 15 minutes
Activity time: 45-60 minutes

Setting: Classroom

Summary: Students role-play various scenarios of
competing water use as they learn about water rights and
the principles of how water is “allocated” or divided in
the Bear River Watershed.
Objectives: Students will:
• Learn the basic principles of prior appropriation and
beneficial use;
• Role-play to demonstrate how water is allocated
through prior appropriation;
• Evaluate current water management practices;
• Develop solutions to water management challenges
such as drought;
• Analyze their individual and collective water-use
values.
Materials:
• Copies of the First Come, First Served Water User
Cards (1 classroom set)
• Water Unit Squares (2” x 2” squares of blue paper, 1
set of 87 squares)
• Copies of the First Come, First Served Action Cards
(1 classroom set)
• Sticky notes (3 per student)

Teacher Background
Two basic principles underlie western water law in the United States: prior appropriation
and beneficial use. The prior appropriation system, originally developed by miners in California,
was adopted by nine arid western states, including Utah, Idaho, and Wyoming. Under prior
appropriation a water right is obtained by diverting water and putting it to a beneficial use.
Historically, beneficial use applied to domestic, municipal, agricultural, or industrial uses, but
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more recently has been expanded to include recreational and wildlife uses. A person whose
appropriation is “first in time” has a right senior to one who later obtains a water right. In times
of water shortages, senior rights must be fully satisfied before junior rights are met, sometimes
resulting in juniors receiving no water at all. If water is not deemed to be put to beneficial use
for a certain length of time, the owner of the water right may lose his/her right.
Water in the Bear River Watershed is allocated based on this system of prior
appropriation and beneficial use. Myers' irrigation canal, with an 1862 water right, claims the
earliest water right priority on the Bear River and also in the State of Wyoming. Other early
water rights in the Basin are in the Bear River Canal Company in the Lower Bear River Valley
(i.e., Box Elder County), and water users in both Cache and Bear Lake Valleys, whose water
rights also date back to the early 1860s. These users, therefore, hold the earliest and most senior
water rights.
Because the primary use of water in
the Bear River Basin has always been for
irrigation, the river has been managed to
ensure the delivery of irrigation water to the
various users. To guarantee a dependable
supply of irrigation water, especially for
late-season irrigation, water managers
needed to develop reservoirs throughout the
basin for storage, which established Bear
Lake as an irrigation reserve. In 1898,
diverting water from Bear River to Bear
Lake was considered a viable solution to
overly abundant natural flows in the early
summer followed by late summer low flows,
inadequate for irrigation. In 1902, Telluride
Power Company (later called Utah Power
and Light) constructed the inlet and outlet canals in an effort to divert Bear River water into the
lake for release during the agricultural growing season, a concept initiated by irrigators in Box
Elder County. The Lifton Pumping Station, located at the north end of the lake, was constructed
in 1914 to pump water from Bear Lake into the outlet canal. These modifications to the natural
river system have helped create an active storage capacity of 1.4 million acre-feet in Bear Lake
and allowed managers to regulate flow of the river.
The Bear River Compact has helped to redefine and regulate how Bear River water and
storage in Bear Lake is managed. Specifically, it is an agreement between Utah, Wyoming and
Idaho, that designates how the waters of the river are to be allocated or divided among the three
states.
Only about 40% of the Bear River’s total flow is allocated for different beneficial uses
for different users. The remaining water in the river enters the Great Salt Lake, a portion of
which will be diverted to new water users. Utah in particular is planning to develop its portion
of developable flow of approximately 220,000 acre-feet. (See the Bear River Compact and
Bear River Development in Utah in Part 1 of the activity guide.)
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Procedure
Teacher Preparation:
1. Cut several sheets of blue construction paper into small squares (approximately 2” x
2”). These are the Water Unit Squares, each representing 100 cfs of water from the
river. You will need to make enough so that all of the Water User Cards can have their
allocations met, plus about ten extra water units (about 87 squares).
2. Divide students into 10 groups. Make 1 copy of the First Come, First Served Water
User Cards. Cut the cards out and place them in a hat or bag from which one student
from each group will be able to draw. Remember, one card per group!
3. Make one copy of the First Come, First Served Action Cards and cut the cards out.
Keep them separate to give to the Water Commissioner and to new water users.

Warm Up:
1. Tell the students that water rights in the Bear River Watershed dictate who gets
water in what amount, and water is allocated based on the idea of “first in time, first
in right.” Describe the analogy of standing in lunch line and how it relates to the idea of
“first in time, first in right.” The person who is in the front of the lunch line fills his or
her plate first. The person who arrived last can fill his or her plate only if there is food
left after all the other people in line have filled their plates. In western water law, water
is allocated in a similar way and is referred to as the doctrine of prior appropriation.
Water users that developed uses for water first retain “senior” rights. For example, a
farmer that began using Bear River water in 1860 will have rights that are senior to a
farmer that began using Bear River water in 1900.
2. Ask students to list what they think are beneficial uses of water. Are all these water
uses beneficial? For example, is filling a swimming pool as important as providing water
for drinking? What if the first person in line at a punch bowl uses half of his/her drink to
cool down? Is that fair to the other water users? To address this problem, water laws
dictate that water must be put to beneficial use. Beneficial uses include drinking,
watering crops, cooling industrial machinery, recreation, and instream use.
3. Make sure students understand that meaning of the term cfs (cubic feet per second).
For simplicity, the amount of water withdrawn by each user is measured using cfs. Cubic
feet per second are used to measure water in motion. (For additional information, see the
Common Units of Water Measurements table in Part 1 of the activity guide.)
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The Activity:
1. Divide your class into 10 groups. Each group will represent one water user. Assign
one student to be the Water Commissioner. Tell the rest of the student groups that
each group is going to play a role in the following water rights game.
2. Have one student from each group (except the Water Commissioner) draw a Water
User Card from the hat or bag.
3. Tell the groups that each water user card has a “priority number” based on when
their water right was established and a “type of use” classification. The “priority
number” will be used when water (represented by the Water Unit Squares) is allocated
based on prior appropriation. The group with priority #1 has the most senior water right
(the oldest water right); the group who drew the highest number (#10) has the most junior
water right.
4. Have each group read their card to determine their role, priority, type of use, and
amount of water to which they are entitled. Remind the students that these are
fictitious water users, but are similar to actual water users in the Bear River Watershed.
Once students are done reading their cards to themselves, go around the room and have
students introduce who they represent and their priority number.
5. Round 1 (a year with sufficient streamflow): Explain that each blue Water Unit Square
represents 100 cfs. For the first round, make sure that there are enough Water Unit
Squares to satisfy the allocation of each water user (represented by each group) plus ten
extra squares (87 squares total). The extra squares represent water that remains in the
stream.
6. Spread the blue Water Unit Squares on the floor to represent the river. Tell students
that they will first allocate the “water” according to the law of prior appropriation.
7. Have one student from each group collect the number of squares to which they are
entitled, according to their Water User Card. Water users should take turns according
to prior appropriation. (Water users with senior water rights [lowest priority number]
should go first.) When students come up the get their water, have them introduce
themselves to the rest of the class (i.e., who they represent and how much water they
have a right to.) Two hundred cfs is represented by two squares; three hundred is
represented by three squares and so on.
8. Ask students what they think of the water rights system so far. Does everyone feel
that he or she is satisfied? Does it seem fair?
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9. Round 2 (a drought year): Have students return all of their Water Unit Squares to
the river, then have the Water Commissioner read the Drought Card aloud. The
Water Commissioner should remove about half of the Water Unit Squares from the river.
10. Repeat step 7. This time there will not be enough water in the river to satisfy all of the
water users, and the junior users will have to go without water while the senior users
receive their full entitlements. Do they feel this is fair? Which water users are left
without all the water they require?
11. Explain that the number of water users are constantly changing. To demonstrate,
remove three students from three different groups. Give each of these students Action
Cards 1, 2, or 3. Each Action Card represents a new demand for the water.
12. Have the Water Commissioner replace all the Water Unit Squares.
13. Round 3 (new water uses): Incorporating the three new action cards, repeat step 7.
In the case that the priority numbers on the Action Cards are the same as those on the
original User Cards, students should gather their water squares at the same time. Is there
enough water for all users? If not, which ones will go without water under the allocation
system? Discuss how the addition of new users affects old users.

Wrap Up:
1. Have students discuss the activity. What are some of the impacts of the entire river
being allocated? How might water be divided if there were no formal allocation system?
2. Have students discuss how seasonal fluctuations in river flow may affect the
distribution of water in the Bear River Watershed. There is plenty of water in the
early spring from spring snowmelt, but flows diminish in the late summer. What are
some creative solutions to address this issue? (E.g., use more efficient irrigation systems,
plant less water intensive crops, rest croplands, etc.)
3. Ask students to develop a list of water uses that weren’t included in the game (e.g.
boating, hunting, transportation, etc.). Ask them to consider non-human water uses
such as use by plants, animals, ecosystems, etc.
4. Have the students write their own lists of water uses that they regard as
“beneficial.” Have them rank their lists in order of the uses they value from highest to
lowest.
5. Pass out three sticky notes to each student. Have students write their top three
water uses on the sticky notes (one use per note).
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6. Make three blank graphs (X- and Y-axes) on the board, large enough so that each
sticky note can be one unit on the Y-axis. Label the graphs #1, #2, and #3.
7. Label the X-axes with the eight major water users (Urban, Recreation, Earth
Systems, Energy, Business and Industry, Rural Agriculture, Fish and Wildlife,
Native Cultures).
8. Have students come up to the board and place their sticky notes on the graphs.
Their #1 water use should go on the graph labeled #1 and so on. If their water use is
more specific than the eight categories, they should choose the category that they think it
best fits (for example, “boating” could go into recreation; “fishing” could go into
business and industry, recreation, or fish and wildlife).
9. When all of the students have placed their sticky notes on the graphs, you will have
a visual representation of the class’s water use values. Discuss the results. How can
the needs and values of human and non-human water users be recognized and met? Do
students think their water-use values are different than those listed as beneficial uses?

Assessment
Have students:
• Demonstrate how water shortages affect water users differently according to their ranking
under prior appropriation;
• Discuss the pros and cons of our water allocation systems;
• Describe how seasonal changes in water flows may affect all users of water.

Extensions
• Have the students write their own water user cards and action cards using actual water users,
priority dates, and amounts allocated for local water users in their community. They will
have to identify several major water users and do research to find out the pertinent facts and
figures. Then, have the class repeat the game using these actual water users or teach it to
another class.
• Combine this activity with the Watershed Management activity in Stream Side Science.
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Resources
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Water User Cards

Water User: Bare Lake Compact
Priority Number: 1
Type of Use: Interstate treaty
Your state and two other states, which share the watershed, signed an interstate treaty in 1953 that
guarantees a water right of 2500 cfs per day to establish an irrigation reserve in Bare Lake. Although there
are older water rights on the river, the treaty holds the highest priority and must be satisfied before all other
water users receive their water.

Water User: Blue Water Ranch and Canal
Priority Number: 2
Type of Use: Agriculture
Blue Water Ranch and Canal in Wyoming provides water to farmers for more than 200,000 acres of
croplands. The water is used to grow vegetables, alfalfa, corn, and other products. Blue Water holds the first
water right to the river, in 1862. The ranch has rights to divert 2000 cfs per day.

Water User: Happy Valley Irrigation District
Priority Number: 3
Type of Use: Agriculture
Happy Valley Irrigation District (HVID) has the right to divert 700 cfs per day to deliver to its shareholders
(local farmers, homeowners, and commercial users) for irrigating and landscaping. HVID has been an
important part of the local economy since its establishment in 1897.

Water User: Flying B Ranch
Priority Number: 4
Type of Use: Agriculture
The Flying B has been owned an operated by the Johnson family since it was first homesteaded in 1898.
The ranch includes 11,000 acres, plus grazing allotments on public land. It produces beef cattle, hay, and
winter wheat, using 200 cfs per day.

Water User: Shady Grove
Priority Number: 5
Type of Use: Industrial
This small town was founded by Mormon pioneers in 1901 and has historically been a farming community.
Now the town has been discovered by tourists and retirees, and the town’s economy is thriving on this new
source of income. The town’s water right entitles it to 600 cfs per day from the river.
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Water User Cards

Water User: Pacific Power Company
Priority Number: 6
Type of Use: Hydroelectric Power
The Pacific Power Company partnered with the federal government to build Race Dam in 1927, which
produced hydroelectric power for thousands of customers in the region. In order to efficiently operate the
dam’s generating turbines, a minimum of 200 cfs per day must flow through the dam at all times.

Water User: Narrows City
Priority Number: 7
Type of Use: Drinking water
Narrows City started as a sleepy ranching town, but its population has exploded in the past thirty years.
More than 50,000 people now call “home,” with thousands more moving to the city and surrounding are
every year. The city’s original water right on the river is dated 1930, and it is entitled to 800 cfs per day
with this water right.

Water User: First Beef Company
Priority Number: 8
Type of Use: Industrial
First Beef Company was established in 1979 and has one packing plant that is located near the river. The
company is a major employer in its county and has a water right of 100 cfs per day.

Water User: Front Range Water Authority
Priority Number: 9
Type of Use: Drinking water
Front Range County, which is outside the boundaries of the watershed, has a large population and limited
water supplies. In 1981, it established a water right on the river. The county diverts 500 cfs per day to
supplement groundwater supplies.

Water User: Migratory Birds National Wildlife Refuge
Priority Number: 10
Type of Use: Natural Systems
This refuge was established in 1985 by order of Congress. The refuge has rights to 100 cfs per day of
instream flow to create habitat for white pelicans, blue heron, the snowy plover, egrets, and other migratory
birds. Several endangered fishes also have habitat in this refuge.
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Action Cards

Action Card #1
Priority Number: 8
Type of Use: Natural Systems
Recent scientific studies have revealed that a native species of trout is in danger of extinction due to the
increased water temperatures that result when the river’s flow falls below 300 cfs. In order to stabilize the
population as mandated by the Endangered Species Act, at least 300 cfs per day minimum instream flow is
required.

Action Card #2
Priority Number: 2
Type of Use: Agricultural
The Northern Wasatch Indian Tribe’s reservation encompasses approximately four hundred square miles of
high desert sagebrush. Until recently, the tribe has not received agricultural water to which it is entitled. In
the last five years, the tribe has waged successful legal battles to ensure delivery of its water allocation. The
reservation was created in 1895, and is also the tribe’s water right date based on a federal doctrine. The tribe
has partnered with the state government to build the necessary water delivery infrastructure to serve the
reservation and will now start withdrawing their full entitlement of 500 cfs per day.

Action Card #3
Priority Number: 11
Type of Use: Recreation
In one of the states in the watershed, recreational users (commercial rafting companies, kayakers,
fishermen, and others) have united to lobby the state legislature to guarantee minimum instream flows. A
bill has passed that requires 400 cfs per day minimum instream flow for recreation, fish, and wildlife.
However, this instream flow requirement is a junior water right to all previous water rights and will only
come into play if there if sufficient water in the river.

Drought Card
The winter snowpack this year was only 50 percent of normal. More than 90 percent of the river’s flow
comes from snowmelt, so there is significantly less water in the river. Remove half of the Water Unit
Squares from the river. This represents the lower snowpack, plus the additional loss of water from the river
to evaporation and seepage into the dry soil.
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Idaho Correlations

Appendix A: Core/Standards Correlations
Idaho Achievement Standards Correlations
These correlations are based on the December 2005 draft of the new proposed Idaho Achievement Standards,
retrieved from the Idaho State Department of Education at the following website:
http://www.sde.state.id.us/dept/standards.asp.
For reference, column 2 includes is a series of numbers and letters (i.e., 618.01.a) that indicate the concepts,
standards, and content and knowledge skills (respectively) for the old achievement standards.
7th Grade Science

X
X
X
X
X

1.1.1
1.1.2
1.1.3
1.2.1
1.2.2
1.2.3
1.3.1
1.3.2
1.3.3
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.5.1
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.2.1
3.3.1
3.3.2
3.3.3
3.3.4
5.1.1
5.2.1
5.2.2

X
X
X
X
X
X

X
X

X

X
X

X
X
X
X

X

X

X

X

633.01.a
633.01.a
633.01.b
633.02.a
633.02.b
633.02.c
633.03.a
633.03.b
633.03.c
634.01.b
634.01.c
634.01.d
634.01.e
634.01.f
634.01.g
634.02.a
636.01.a
636.01.b
636.01.c
636.01.d
636.01.e
637.01.a
633.01.a
638.01.b
638.01.c
638.01.d
641.03.a
640.01.a
640.01.b
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X
X

X
X

X
X

X
X
X

X

X
X
X
X
X

X
X
X
X

First Come,
First Served

X

Hunting for
Habitats

New
Old
Proposed Standards
Standards
and
Objectives

How’s It
Flowing?

618.01.a
618.02.a
618.02.b
618.02.c
618.03.b
618.03.c
618.05.a
619.02.a
619.02.b
619.02.c
619.02.d
619.02.e
619.02.g
628.01a
620.01.a
620.01.b
619.01.c
620.01.c
620.01.d
620.03.d
621.01.a
621.01.b
621.01.c
624.01.a
624.01.b
624.01.c
626.01.a
626.03.a
625.01.a
625.01.b

Activities

Hunting for
Habitats
First Come,
First Served

1.1.1
1.2.1
1.2.2
1.2.3
1.3.1
1.3.2
1.4.1
1.5.1
1.5.2
1.5.3
1.5.4
1.5.5
1.5.6
1.6.1
2.1.1
2.1.2
2.1.3
2.1.4
2.1.5
2.2.1
3.1.1
3.1.2
3.1.3
4.1.1
4.1.2
4.1.3
5.1.1
5.2.1
5.3.1
5.3.2

Standards

Define Your
Watershed
How’s It
Flowing?

Standards
Activities
New
Old
Proposed Standards
Standards
and
Objectives

Define Your
Watershed

6th Grade Science

X
X
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8th Grade Science

Standards

New
Old
Standards Standards
and
Objectives

How’s It
Flowing?

Hunting for
Habitats

New
Old
Standards Standards
and
Objectives

Define Your
Watershed

1.1.1
1.1.2
1.1.3
1.2.1
1.2.2
1.2.3
1.3.1
1.3.2
1.3.3
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.5.1
2.1.1
2.1.2
2.1.3
2.2.1
4.1.1
4.1.2
4.1.3
4.2.1
5.1.1
5.2.1
5.2.2

X
X

X
X

X
X

X
X

X

X

X
X
X

1.1.1
1.1.2
1.2.1
1.2.2
1.2.3
1.3.1
1.3.2
1.3.3
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.4.8
1.5.1
1.5.3
4.1.1
4.1.2
4.1.3
4.2.1
5.1.1
5.1.2
5.2.1
5.3.1

633.01.a
633.01.a
633.01.b
633.02.a
633.02.b
633.02.c
633.03.a
633.03.b
633.03.c
634.01.b
634.01.c
634.01.d
634.01.e
634.01.f
634.01.g
634.02.a
635.01.a
635.01.b
635.01.c
635.03.a
639.01.a
639.01.b
639.01.c
639.02.a
641.03.a
640.01.a
640.01.b

X
X
X
X
X

X
X

X
X
X
X

X
X

X

648.01.a
648.01.a
648.02.a
648.02.b
648.02.c
648.03.a
648.03.b
648.03.c
649.01.a
649.01.b
649.01.c
649.01.d
649.01.e
649.01.f
649.01.g
658.02.a
656.01.b
654.01.a
654.01.b
654.01.c
654.02.a
655.01.a
655.01.a
656.01.a
656.03.a
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X
X
X
X
X
X
X
X

First Come,
First Served

Hunting for
Habitats

Activities
How’s It
Flowing?

First Come,
First Served

Activities
Define Your
Watershed

Standards

8th/9th Grade Earth Science

X
X
X
X
X

X
X
X
X
X

X

X
X

X
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9th/10th Grade Biology

X
X

648.01.a
648.01.a
648.02.a
648.02.b
648.02.c
648.03.b
648.03.b
648.03.c
649.01.a
649.01.b
649.01.c
649.01.d
649.01.e
649.01.f
649.01.g
658.02.a
651.01.a
651.01.b
651.01.c
651.01.e
652.01.a
652.01.a
653.01.a
653.01.b
653.01.c
653.01.d
653.01.h
655.01.a
655.01.a
656.01.b
656.01.a
656.03.a

X
X
X
X
X
X
X
X

First Come,
First Served

1.1.1
1.1.2
1.2.1
1.2.2
1.2.3
1.3.1
1.3.2
1.3.3
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.4.9
1.5.1
3.1.1
3.1.2
3.1.3
3.1.4
3.2.1
3.2.2
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
5.1.1
5.1.2
5.1.3
5.2.1
5.3.1

Hunting for
Habitats

New
Old
Standards Standards
and
Objectives

How’s It
Flowing?

Activities
Define Your
Watershed

Standards

X
X
X
X

X
X
X

X

X
X

X
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Wyoming Correlations

Wyoming Achievement Standards Science Correlations*
*Correlated to the 2003 Science Content and Performance Standards.
8th and 11th Grade Science
Activities
Define Your
Watershed
Content
Benchmark
Standard
1
1
2
1
2
3
2
4
5
1
3
2

How’s It
Flowing?

Hunting
for
Habitats

First come, First
Served

X
X
X

X
X
X
X
X

X
X
X
X
X

X

8th Grade Social Studies*
*Correlated to Content Standard 5: People, Places and Environments.
Activities
Define Your
Watershed
Content
Benchmark
Standard
1
5
2
3

X
X
X

How’s It
Flowing?

Hunting
for
Habitats

X

X

X

X

First come, First
Served

11th Grade Social Studies*
*Correlated to Content Standard 5: People, Places and Environments.
Activities
Define Your
Watershed
Content
Benchmark
Standard
1
5
2
3

How’s It
Flowing?

Hunting
for
Habitats

X

X

X

X

X

X
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First come, First
Served

X
X

Utah Correlations

Correlations to Utah’s Core Curriculum and Intended Learning Outcomes
6th Grade Science
Intended Learning Outcomes

1.a
1.b
1.c
1.d
1.e
1.f
1.g
1.h
1.i
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c
4.a
4.b
4.c
4.d
4.e
5.a
5.b
6.a
6.b
6.c
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Activities

X
X

X

X

X

X
X

X
X
X

X

X

X
X
X
X

X
X
X
X

X

X

X

X

X
X
X
X

X
X
X

How’s It
Flowing?

First Come,
First Served

X
X
X

First Come,
First Served

Hunting for
Habitats

How’s It
Flowing?

Define Your
Watershed

Objectives
1.a
1.b
1.c
2.a
2.b
2.c
2.d
2.e
3.a
3.b
3.c
3.d
3.e

Intended
Learning
Outcomes

Hunting for
Habitats

Standard V

Activities

Define Your
Watershed

Core Correlations for Standard V

X
X
X

X

X

X

X
X
X
X

Utah Correlations

7th Grade Integrated Science

Standard V

Standard IV

X
X
X
X
X

1.a
1.b
1.c
1.d
1.e
1.f
1.g
2.a
2.b
2.c
2.d
2.e
3.a
3.b
3.c
3.d
4.a
4.b
4.c
4.d
4.e
4.f
5.a
5.b
5.c
5.d
6.a
6.b
6.c
6.d
6.e
6.f
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X
X

First Come,
First Served

Activities
Hunting for
Habitats

Intended
Learning
Outcomes

How’s It
Flowing?

First Come,
First Served

Hunting for
Habitats

Objectives
1.a
1.b
1.c
1.d
2.a
2.b
2.c
2.d
1.a
1.b
1.c
1.d
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c

Define Your
Watershed
How’s It
Flowing?

Activities

Intended Learning Outcomes

Define Your
Watershed

Core Correlations for Standards IV and V

X
X

X

X
X

X

X

X

X

X

Utah Correlations

8th Grade Integrated Science
Intended Learning Outcomes

1.a
1.b
1.c
1.d
1.e
1.f
1.g
2.a
2.b
2.c
2.d
2.e
3.a
3.b
3.c
3.d
4.a
4.b
4.c
4.d
4.e
4.f
5.a
5.b
5.c
5.d
6.a
6.b
6.c
6.d
6.e
6.f
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First Come,
First Served

Hunting for
Habitats

Activities
How’s It
Flowing?

Intended
Learning
Outcomes

Define Your
Watershed

No Core Correlations

X
X
X

X
X

X
X

X

X

X

X

X

Utah Correlations

9th Grade Earth Systems Science

Standard IV

Standard II

X
X

X
X

X

X

X
X

1.a
1.b
1.c
1.d
1.e
1.f
1.g
1.h
1.i
1.j
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c
3.d
4.a
4.b
4.c
4.d
4.e
5.a
5.b
5.c
5.d
6.a
6.b
6.c
6.d
6.e
6.f
6.g
6.h
6.i
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X

X
X
X

First Come,
First Served

Activities
Hunting for
Habitats

Intended
Learning
Outcomes

How’s It
Flowing?

First Come,
First Served

Hunting for
Habitats

Objectives
1.a
1.b
1.c
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c
3.d
3.e
1.a
1.b
1.c
1.d
1.e
2.a
2.b
2.c
2.d
2.e

Define Your
Watershed
How’s It
Flowing?

Activities

Intended Learning Outcomes

Define Your
Watershed

Core Correlations for Standards II and IV

X

X
X

X
X

X

X
X
X

X

X

X

X
X

X
X

X
X

X

X

X

Utah Correlations

Biology

Standard V

Standard I

X

X
X

X
X

1.a
1.b
1.c
1.d
1.e
1.f
1.g
1.h
1.i
1.j
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c
3.d
4.a
4.b
4.c
4.d
4.e
5.a
5.b
5.c
5.d
6.a
6.b
6.c
6.d
6.e
6.f
6.g
6.h
6.i
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X

X
X
X

First Come,
First Served

Activities
Hunting for
Habitats

Intended
Learning
Outcomes

How’s It
Flowing?

First Come,
First Served

Hunting for
Habitats

Objectives
1.a
1.b
1.c
1.d
1.e
2.a
2.b
2.c
2.d
3.a
3.b
3.c
3.d
3.e
1.a
1.b
1.c
1.d
2.a
2.b
2.c
2.d
2.e
3.a
3.b
3.c
3.d

Define Your
Watershed
How’s It
Flowing?

Activities

Intended Learning Outcomes

Define Your
Watershed

Core Correlations for Standards II and IV

X

X
X

X
X

X

X
X
X

X

X

X

X
X

X
X

X
X

X

X

X

Utah Correlations

Chemistry
Intended Learning Outcomes

Standard VI

X

X

1.a
1.b
1.c
1.d
1.e
1.f
1.g
1.h
1.i
1.j
2.a
2.b
2.c
2.d
2.e
2.f
3.a
3.b
3.c
3.d
4.a
4.b
4.c
4.d
4.e
5.a
5.b
5.c
5.d
6.a
6.b
6.c
6.d
6.e
6.f
6.g
6.h
6.i
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acre-foot. The quantity of water required to cover one acre of land to a depth of one foot (approximately
325,852 gallons).
agriculture. The occupation of cultivating land, raising crops, and feeding, breeding, and raising
livestock; farming or ranching.
algal bloom. An overproduction of algae due to nutrient loading.
allocation. The act of apportioning (i.e., water); the share or portion allocated.
appropriation. The act of setting something (water) apart for a specific purpose or use.
aquifer. A geologic formation(s) that is water bearing. A geologic formation or structure that stores
and/or transmits water, such as to wells and springs.
arable. Land fit or used for the growing of crops; also, a plot of such land.
arid. Being without moisture; extremely dry; parched; barren or unproductive because of lack of
moisture.
basin. (1) A geographic area drained by a single major stream; consists of a drainage system comprised of
streams and lakes. Also called a river basin, drainage basin, and watershed. (2) A natural or artificial
hollow place containing water.
beneficial use. The use of water for the benefit of the appropriator, other persons, or the public, defined
more specifically within each state’s water law. It may include (but is not limited to) water used for
agricultural, domestic, fish and wildlife, industrial, mining, municipal, power and recreation uses.
biodiversity. Diversity of plant and animal species in an environment.
branching pattern. A figure or marking resembling a tree exhibits a branching pattern. Found in both
natural and man-made systems such as neural networks, highways, and rivers.
canal. A constructed open channel for transporting water from the source of supply to the point of
distribution.
cfs. (See cubic feet per second).
channel. The bed of a stream.
climate. The sum total of all atmospheric or meteorological influences, principal temperature, moisture,
wind, pressure, and evaporation, which combine to characterize a region and give it individuality by
influencing the nature of its land forms, soils, vegetation, and land use.
closed basin. A hollow or depression in the earth’s surface from which water cannot flow (i.e., the Great
Salt Lake). Any water trapped in such a basin can be lost through evaporation or filter into the
groundwater.
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cms. (See cubic meters per second).
community (biological). A group of different organisms (plants, animals, microorganisms, etc.) that live
and interact together in a particular environment.
compact. A formal agreement between two or more parties, states, etc.
concentration (of a solution). Amount of a chemical or pollutant in a particular volume of water.
condensation. The process by which a gas or vapor changes into a liquid or solid; also the liquid or solid
so formed. The opposite of evaporation. In meteorological usage, this term is applied only to the
transformation from vapor to liquid.
confluence. (1) The act of flowing together; the meeting or junction of two or more streams; also, the
place where these streams meet. (2) The stream or body of water formed by the junction of two or more
streams; a combined flood.
conifer. An evergreen tree or shrub that bears both seeds and pollen on dry scales arranged as a cone.
conservation. The use of water-saving methods to reduce the amount of water needed for homes, lawns,
farming, and industry, thus increasing water supplies for optimum long-term economic and social
benefits.
contaminant. Any substance that when added to water (or another substance) makes it impure and unfit
for consumption or use.
cubic feet per second (cfs). Units typically used in measuring stream flow that express rate of discharge.
The measurement is equal to the discharge in a stream cross-section one foot wide and one foot deep,
flowing with an average velocity of one foot per second; 1 cfs = 44.8 gallons per minute (gpm).
cubic meters per second (cms). Units typically used in measuring stream flow that express rate of
discharge. The measurement is equal to the discharge in a stream cross-section one meter wide and one
meter deep, flowing with an average velocity of one meter per second; 1 cms = 1,000 liters per second.
cumulative effect. (1) Such as is formed by accumulation or heaping on (as opposed to organic growth).
(2) Constituted by or arising from accumulation, or the accession of successive portions or particulars;
acquiring or increasing in force or cogency by successive additions.
dam. A structure of earth, rock, or concrete designed to form a basin and hold water back to make a pond,
lake, or reservoir. A barrier built, usually across a watercourse, for impounding or diverting the flow of
water.
deciduous. Referring to trees and shrubs that shed leaves annually.
delineate. To trace the outline of, sketch or trace in outline, represent pictorially, or portray in words. To
describe or outline with precision.
depletion. The loss of water from surface water reservoirs or ground water aquifers at a rate greater than
that or recharge.
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discharge. The volume of water that passes a given location within a given period of time. Usually
expressed in cubic feet (or meters) per second.
diversion. The removal of water from a natural watercourse by canal, pipe, well, or other conduit for
transfer to another watercourse or for application on the land; also called withdrawal.
divide. The line or highest elevation(s) separating two or more drainage basins (such as a ridgeline) that
distinguishes water flows into each basin. For example, the Continental Divide is the largest drainage
divide in North America. From this divide, water flows east into the Atlantic Ocean, west to the Pacific
Ocean, or north to Hudson Bay.
downstream. In the direction of a stream’s current; in relation to water rights, refers to water uses or
locations that are affected by upstream uses or locations.
drainage basin. The land area drained by a river. Also called river basin, basin, catchment, or watershed.
drought. An extended period with little or no precipitation; often affects crop production and availability
of water supplies.
ecology. The study of relationships of living things to one another and to the environment.
ecological niche. Total way of life or role of a species in an ecosystem. It includes all physical, chemical,
and biological conditions a species needs to live and reproduce in an ecosystem.
ecosystem. A community of animals, plants, and bacteria and its interrelated physical and chemical
environment. An ecosystem can be as small as a rotting log or a puddle of water, but current management
efforts typically focus on larger landscape units, such as a mountain range, a river basin, or a watershed.
elevation. The variation in the height of the earth’s surface as measured by the vertical distance from sea
level.
endemic species. An organism or species restricted to a certain area or region.
environment. All of the external factors, conditions, and influences that affect an organism or biological
community.
evaporation. (1) The physical process by which liquid (or a solid) is transformed to the gaseous state. (2)
When water from land areas, bodies of water, and all other moist surfaces is absorbed into the atmosphere
as a vapor.
fauna. The animals characteristic of a region, period, or special environment.
flood. Any relatively high streamflow overtopping the natural or artificial banks of a stream.
flora. Plant or bacterial life characteristic of a region, period, or special environment.
fresh water. Water less than 0.5 parts per thousand dissolved salts.
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gage. An instrument used to measure the elevation of a water surface, the velocity of flowing water, the
pressure of water, the amount of intensity of precipitation, the depth of snowfall, etc.
gaging station. A site on a stream, lake, reservoir, or other body of water where observations and
hydrologic data are obtained. The US Geological Survey measures stream discharge at gaging stations.
generalist species. Species with a broad ecological niche. They can live in many different places, eat a
variety of foods, and tolerate a wide range of environmental conditions.
geologic formation or feature. A body of rock of considerable thickness that has a recognizable unity or
similarity, making it distinguishable from adjacent rock units.
gradient. A measure of a degree of incline; the steepness of a slope.
groundwater. Water that flows or seeps downward and saturates soil or rock, supplying springs and
wells. The upper surface of the saturated zone is called the water table. Also includes water stored
underground in rock crevices and in the pores of geologic materials that make up the Earth’s crust.
habitat. The environment where a plant or animal grows or lives.
headwaters. The source of a stream or river.
high desert. Desert climate in a high-elevation environment.
hypothesis. A potential explanation for a condition or set of facts that can be tested through further
investigation.
instream flow. The minimum amount of water required in a stream to maintain the existing aquatic
resources and associated wildlife and riparian habitat.
instream water use. Uses of water within a stream’s channel (e.g., by fish and other aquatic life, or for
recreation, navigation, and hydroelectric power production).
interstate water compact. An agreement between two or more states dealing with competing demands
for a water resource beyond the legal authority of one state alone to solve.
introduced species. Species that are not native to a specific area.
invasive plant. A plant that moves in and takes over an ecosystem to the detriment of other species (often
the result of environmental manipulation).
irrigation. The controlled application of water to cropland, hay fields, and/or pastures to supplement that
supplied by nature.
irrigation efficiency. The efficiency associated with acquiring water, delivering it to fields, and applying
it to crops. Efficiency is determined through a combination of factors, including how much water is lost
between the point of diversion and the point of use; the cost of delivering the water and how well the soil
holds water once water is applies.
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macroinvertebrate. Invertebrate animals (animals without backbones) large enough to be observed
without the aid of a microscope or other magnification.
mainstem. The major reach of a river or stream formed by the smaller tributaries that flow into it. Or, the
principal watercourse of a river, excluding any tributaries.
marsh. A wetland characterized by soft, wet, low-lying land, marked by herbaceous vegetation.
microorganism. An organism too small to be viewed by the unaided eye.
migration. The periodic movement of animals from one area to another, often in response to seasonal
change.
mouth of a stream. The point of discharge of a stream into another stream, a lake, or a sea.
municipal. Of or pertaining to a town or city or its local government.
municipal water system. A network of pipes, pumps, and storage and treatment facilities designed to
deliver potable water to homes, schools, businesses, and other water users in a city or town and to remove
and treat waste materials.
native species. A species originally living, growing, or produced in a certain place or ecosystem;
indigenous.
natural resource. A material source of wealth, such as timber, fresh water, or a mineral deposit, that
occurs in a natural state and has economic value.
nonnative species. Species that migrate into an ecosystem or are deliberately or accidentally introduced
into an ecosystem by humans.
nonpoint source pollution (nps). Pollution discharged over a wide land area, not from one specific
location. Nonpoint source pollution is contamination that occurs when rainwater, snowmelt, or irrigation
washes off plowed fields, city streets, or suburban backyards. As this runoff moves across land surface, it
picks up soil particles and pollutants, such as nutrients and pesticides.
nutrients. As a pollutant, any element or compound, such as phosphates or nitrates, that fuels
abnormally high growth organic growth in aquatic ecosystems.
outlet. An opening through which water is released.
parts per million (ppm). Units typically used in measuring the number of “parts” by weight of a
substance in water; commonly used in representing pollutant concentrations. Equal to milligrams per liter
(mg/l).
per capita water use. The amount of water used by each person each day, expressed in gallons.
pollution. An alteration in the character or quality of the environment, or any of its components, that
renders it less suited for certain uses. The alteration of the physical, chemical, or biological properties of
water by the introduction of any substance that renders the water harmful to use.
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precipitation. The downward movement of water in liquid or solid form from the atmosphere following
condensation in the atmosphere due to cooling of the air below the dew point. Includes rain, snow, hail,
and sleet.
prior appropriation. The law dominating water allocation and use in the western United States, basically
stating that the first person in time to divert water from a river or stream and put it to a beneficial use is
entitled to continue to that use without interference from other users who make subsequent claims. The
law says “first in time, first in right” and is based on use rather than land ownership.
reservoir (water). (1) A pond, lake, or basin, either natural or artificial, for the storage, regulation, and
control of water. (2) An artificially created lake in which water is collected and stored for future use. (3)
Any natural or artificial storage place from which water may be withdrawn as needed.
restoration. The process of bringing back to existence, or reestablishing the original condition of a
degraded environment.
return flow. The portion of withdrawn water that is not consumed by evaporation and that returns to its
source or another body of water.
ridge line. A point of higher ground that separated two adjacent streams or watersheds; also known as a
divide.
riparian. Pertaining to the banks of a river, stream, waterway, or other flowing body of water as well as
to plant and animal communities that depend on the waterway for existence. Also commonly used for
other bodies of water, e.g., ponds, lakes, etc., although littoral is the more precise term for such stationary
bodies of water.
river. A natural stream; a brook or creek.
runoff. That portion of precipitation, which is not intercepted by vegetation, absorbed by the land surface,
or evaporated and thus flows overland into a depression, stream, lake or ocean. Often carries sediments or
pollutants.
saline. Salty or saltlike; salty water.
salt water. Water that contains a relatively high percentage (over 0.5 parts per thousand) of salt minerals.
sediment. Created from the natural process of erosion, where wind, water, frost, and ice slowly break
down rocks into finer and finer pieces. Can also be created by human activities, such as construction and
tilling land. Runoff often carries sediment into nearby waterways.
sediment load. Sediment carried by a stream including particles in suspension as well as larger material.
silt. Sediment composed on particles with a diameter of 1/256 millimeter or 1/16 millimeter.
snowmelt. Water from melting snow.
snowpack. A field of naturally packed snow that ordinarily melts in early summer months.
spawn. To produce or deposit eggs; the eggs of aquatic animals.
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specialist species. Species with a narrow ecological niche, that may be able to live in only one type of
habitat, tolerate only a narrow range of climatic and other environment conditions, or use only one or few
types of food.
species. A category of taxonomic classification, consisting of related organisms capable of interbreeding.
stakeholder. Any party that has an interest (“stake”) in an issue or resource.
storm drain. Constructed opening in a road system through which runoff from the road surface flows
into an underground system of pipes, which lead to a river, stream, treatment plant, etc.
stream. Any body of running water under gravity’s influence through clearly defined natural channels to
progressively lower levels.
streambed. The channel through which a stream flows or has flowed. The bottom of a stream or river.
streamflow. The discharge of water from a river.
stream channel. A long, narrow depression, shaped and more or less filled by a stream.
sub-basin. Also known as a sub-watershed. A portion of a sub-region or basin drained by a single stream
or group of minor streams; the smallest unit into which the land surface is subdivided for hydrologic
study purposes.
surface water. Water that is on Earth’s surface, such as in a stream, river, lake, or reservoir.
terrestrial. Of or representing the earth; of land as opposed to water; growing or living on land.
topography. A description, model, or drawing of mountains, valleys, hills, rivers, roads, bridges, and
other things found on the surface of a place.
tributary. A stream that contributes its water to another stream or body of water.
turbid. Having sediment or foreign particles in suspension or stirred up, creating a muddy look.
turbidity. The cloudy appearance of water caused by the presence of suspended matter. Technically,
turbidity is an optical property of the water based on the amount of light reflected by suspended particles.
upstream. Toward the surface of upper part of a stream; against the current. In relation to water rights,
refers to water uses or locations that affect water quality or quantity downstream.
wastewater treatment. Any of the mechanical or chemical processes used to modify the quality of
wastewater in order to make it more compatible or acceptable to humans and the environment.
water allocation. In a hydrologic system in which there are multiple uses or demands for water, the
process of measuring a specific amount of water devoted to a given purpose.
water quality. The chemical, physical, and biological characteristics of water with respect to its
suitability for a particular use.
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water right. A legal right to use a specified amount of water for beneficial purposes.
water treatment. A series of steps that purify water so that it can be put to a specific use (i.e., drinking,
irrigation, industrial use).
water user. Anyone who uses water. Water users include: domestic (e.g., drinking, cooking, washing);
public uses (e.g., fire fighting, street cleaning); industry (e.g., producing food products, textiles, paper,
and chemicals); commercial (e.g., businesses, motels, restaurants, hospitals); agricultural (e.g., irrigation,
livestock); energy production (e.g., hydroelectric power generation); earth systems (e.g., the water cycle,
ecosystems); cultures; mining; recreation; fish and wildlife; and navigation.
watershed. The land area that drains water into a particular stream, river, or lake. It is a land feature that
can be identified by tracing a line along the highest elevations between two areas on a map, often the
ridges. Large watersheds, like the Mississippi River Basin, contain thousands of smaller watersheds.
well. A hole drilled or bored into the earth to obtain a natural deposit or water.
wetland. Land that is covered all or part of the time with salt water or fresh water, excluding streams,
lakes, and the open ocean.
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