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In-class Activity
SUP Course Information

Swimming Upstream Program (SUP) is a course designed to encourage values of stewardship in at-risk and 
underserved youth of Whatcom County through service learning and outdoor exploration.  Initial set-up funding 
for SUP was provided by the Washington State Parks No Child Left Inside grant program under the mission of 
“improving students’ overall academic performance, life skills, self-esteem, personal responsibility, community 
involvement, personal health and understanding of nature.”
Through weekly scientific explorations of their local streams, students will learn skills relevant and applicable to 
environmental problems we face today.  Lessons will cover salmon recovery issues of our local region.  Salmon 
serve as indicators of the health of an ecosystem, so by improving their habitat, we also improve the quality of life 
for humans and other fish and wildlife utilizing the freshwater riparian ecosystem in our community.  Through 
SUP, students, teachers, and NSEA mentors will work together to plan and implement a habitat restoration project 
that will benefit the entire community.



SUP Reference

Salmon Ecology Unit Background Information
Pacific salmon are resilient fish with a unique 
life cycle and very specific habitat requirements.  
Salmon have existed on Earth for thousands of 
years, even before the last Ice Age.  Over time, 
salmon have evolved into several species, each 
adapting to different niches and circumstances of the 
environment.  This adaptability has allowed them to 
overcome many challenges of Mother Nature. 

Their are five types of local Pacific salmon known 
as Chinook, chum, coho, sockeye and pink.  In the 
salmonid family there are several other salmonids that 
share physical characteristics and life patterns with 
the five pacific salmon.  Many of these salmonids 
populations have also been negatively impacted 
by recent environmental pressures. These related 
salmonids are steelhead or rainbow trout, cutthroat 
trout, bull trout, dolly varden, and mountain whitefish.  
Restoration work done on our local freshwater streams 
benefits the survival of all of these salmonids.  The 
five pacific salmon are anadromous, meaning that they 
migrate as juveniles from freshwater ,where they were 
born, to saltwater to feed and then migrate back to 
freshwater again to spawn or reproduce.  The internal 
osmosis – osmoregulation – required inside their 
bodies to accomplish this incredible feat is possible 
by only 5% of all fish and impossible for most other 
species on Earth, including humans.  

The main acquired characteristic that separates 
the Pacific salmon from other salmonids is that they 
die after spawning. Salmon have adapted to die 
after spawnubg in an effort to ensure the highest 
survival rate possible for the next generation of 
offspring.  This adaptation creates an added layer of 
security for survival in the following ways: nutrients 
from decomposing salmon carcasses help boost 
macroinvertebrate populations which in turn feed 
young fry, strengthening the energy chain contributes 
directly to the survival of juvenile salmoninds.  
Nitrogen from salmon carcasses has also been found 
to act as a fertilizer for plants in the riparian zone, 
increasing the growth of trees and shrubs that help 
create healthy stream habitat for juvenile salmon and 
spawning grounds for adult salmon.

Each year, millions of Pacific salmon swarm from 
the seas back to their natal spawning grounds in 
freshwater streams up and down the west coast of 
North America and Canada.  Their sense of smell, 
one-hundred times stronger than that of a dog, 
enables salmon to navigate to their way back home to 
reproduce in the very streams where they hatched. 

The five types of pacific salmon each vary slightly in 
their life patterns; the main differences between them 
being the timing of ocean maturation, the duration 
of juvenile prescence in freshwater, and distance of 
migration in the river system when journeying to their 
natal stream to reproduce or spawn. After migrating 
upstream, female salmon locate optimal spawning 
habitat – where the water is shallow and fast moving 
(riffles – stream sections that are full of oxygen and 
fairly free of debris build-up).  Once located, females 
use their strong tail to dig a redd (nest) in which to 
lay the eggs.  Then the male fertilizes the eggs with 
sperm, or milt in salmon ecology terminology, and 
the female covers the redd back up with rocks to 
protect them.  After developmenting for 1-2 months, 
hatched fry emerge from the gravels in which they 
were laid, feeding on insects in the stream before 
emigrating out to the ocean as smolts between 1-24 
months after emergence (varies by species).  As 
adults, salmon migrate out into the ocean up towards 
the coast of Alaska and are widely distributed over 
the north Pacific Ocean and Bering Sea. During their 
2-7 years living in the open ocean (varies by species), 
salmon feed in cold marine nutrient-rich waters before 
returning to their natal streams to spawn.

Water quality has a major impact on salmon during 
all stages of life.  As juveniles, salmon are especially 
sensitive to pollutants and other factors that can 
degrade water quality.  Certain human activities 
are harmful to the health of salmon habitat and 
can adversely affect salmon survival, one of the 
contributing factors to the current decline in salmonid 
population levels.



SUP Reference

Salmon Ecology Unit
EALRs

Component Grade Level Expectation Evidence of Learning
1.1.6 Properties

Understand how properties are 
used to identify, describe, and cat-
egorize substances, materials, and 
objects and how characteristics are 
used to categorize living things.

Understand how to classify organ-
isms by their external and internal 
structures.

Describe how organisms can be 
classified using similarities and dif-
ferences in physical and functional 
characteristics.
Explain an inference about whether 
organisms have a biological re-
lationships or common ancestry 
based on given characteristics. 

1.2.1 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems. 
Analyze how parts of a system 
interconnect and influence each 
other. Explain how parts of a 
system interconnect and influence 
each other.

Analyze how parts of a system 
interconnect and influence each 
other.

Explain how parts of a system 
interconnect and influence each 
other.

1.2.2 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze energy transfers and trans-
formations within a system, includ-
ing energy conservation.

Examine and explain how energy 
is transferred within and among 
systems.           Distinguish condi-
tions likely to result in transfers or 
transformations of energy from one 
part of a system to another.

1.2.4 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

1.2.4 Structures
Understand how components, 
structures, organizations, and inter-
connections describe systems.

Describe the interactions among 
the components of the Earth’s 
systems.

1.2.7 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand that organisms pass 
on genetic information in their 
life cycle and that an organism’s 
characteristics are determined by 
both genetic and environmental 
influences.

Describe that genes inherited from 
parents are combined in their off-
spring to produce a new combina-
tion of characteristics.
Explain how physical characteris-
tics of living things can be affected 
by genetic information and/or by 
interactions with the environment.



EALR Vocabulary
Acquired characteristic, energy chain, estuary, 
offspring, reproduce, reproduction, salinity, 
sperm, adaption, attract, bacteria, body of water, 
environment, evolution, gender, genetic, natural 
selection, pH, predator, prey, river system

SUP Reference

Salmon Ecology Unit
EALRs

Component Grade Level Expectation Evidence of Learning
1.3.8 Changes
Understand how interactions within 
and among systems cause changes 
in matter and energy.

Apply understanding of how to 
construct a scientific explanation 
using evidence and inferential 
logic. Apply understanding of how 
to construct a scientific explana-
tion using evidence and inferential 
logic. Apply understanding of how 
to construct a scientific explana-
tion using evidence and inferential 
logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.

1.3.9 Changes

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Understand how the theory of bio-
logical evolution accounts for spe-
cies diversity, adaptation, natural 
selection, extinction, and change in 
species over time.

Describe how individual organisms 
with certain traits are more likely 
to than others to survive and have 
offspring.
Describe how biological evolution 
accounts for the diversity of spe-
cies developed through gradual 
processes over many generations.

1.3.10 Changes

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Understand how organisms in eco-
systems interact with and respond 
to their environment and other 
organisms.

Describe how energy flows through 
a food chain.
Explain the role of an organism in 
an ecosystem.
Describe how a population of an 
organism responds to a change in 
its environment.

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
work place, and the environment.

Analyze how human societies’ 
use of natural resources affects the 
quality of life and the health of 
ecosystems.

Explain the effects of various hu-
man activities on the health of an 
ecosystem and/or the ability of 
organisms to survive in that eco-
system.



In-class Activity

Salmon Concept Collage
Leader  Teacher

Subject  Science

Objectives
 The student will (1) brainstorm their existing 
knowledge of salmon and (2) use the concept map to 
reflect on their learning at the end of the Swimming 
Upstream Program.

Materials
• Salmon Concept Collage worksheet
• small sticky notes
• writing utensil

Size/Setting/Duration
 Whole class/classroom/~20 minutes

Activity

1. What do you know about salmon? 
• List each salmon fact or concept that you can   

think of on a separate sticky note.

2. Is your brain stuck? Need a few leading questions?
• What do you know about the different stages of 

the salmon life cycle?
• What do you know about the different types of na-

tive Puget Sound salmon?
• What are their o“fish”al names? What are their 

nicknames?
• How big is a salmon egg?
• How big are they when they migrate to the ocean? 
• Where do they go in the ocean? 
• What do you know about their populations? Are 

they healthy or not?
• How do salmon find their way? Dig their nests?
• How old are they when they migrate back to the 

freshwater? 
• How big are they when they return?
• What do you know about spawning? Where do 

they spawn?
• What factors contribute to the health of Puget 

Sound salmon runs?
• Can you describe healthy salmon habitat?
• How do salmon benefit or harm humans?

• How do humans benefit or harm salmon?
• Who is responsible for salmon?

3. Organize the sticky notes into clusters that make 
sense to YOU.
There is no wrong way to group things!!! However, it 
may help you to think about these random concepts in 
terms of a system.
A system is a group of parts that work together for a 
common purpose, or to perform work.

4. Do the clusters have any relationship to each other?
If so, use arrows and extra labels to describe any rela-
tionships.

5. Write any questions you have about salmon on a 
sticky note and place them in the concept corral.

6. At the end of the program, have students update 
their Salmon Concept Map exercise. Check to see if 
you learned the answers to the questions you put in 
your concept corral, write the answers in if you did!  
If any of the concepts don’t fit quite right anymore, 
move them to the concept corral.
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In-class Activity

Fish Research Project
Leader  Teacher

Subject  Science, Communication, Art, 
  Geogra phy, English

Objectives
 The student will (1) study one fish in-depth, 
learning: a) anatomy b) historic and present ranges 
c) roles in the trophic web d) environmental require-
ments of their fish.

Materials
• Computer use
• Library use

Size/Setting/Duration
 Whole class/classroom/~5 weeks

Background
Students will be responsible for a fish research proj-
ect which will be divided into four short assignments 
throughout the first half of the quarter.  The four com-
ponents will then be compiled into a final report and 
presented to the class.  The student will select a fish 
from the list and research and report on an aspect of 
the ecology of that fish each week.  
Research citations must include at least 6 sources.

Activity
Assignment # 1: 
Create a scientific rendering of your fish.  This can be 
a sketch, painting, sculpture, and computer designed 
rendering, but must be your original work.  Label all 
anatomy clearly.

Assignment #2: 
Create a figure-eight rendering of your fish’s life cycle 
in the medium of your 
choice as well as a map identifying the current and 
historic ranges of your fish.  The map can be printed, 
but the range must be hand-drawn/highlighted.  A 
short written description of the fish’s life cycle and 
range should be included.

Assignment #3: 
Identify the role that your fish plays in the trophic 

web, identifying key predators, prey, competitors and 
pathogens.  Create a visual web using a medium of 
your choice (eg: collage).

Assignment #4: 
Report on the environmental requirements and limita-
tions of your fish including dissolved oxygen, tem-
perature, salinity, toxic limitations of the species, and 
adaptations to these.
Presentations will be 5-10 minutes and should include 
the visual elements you created.  Power points are also 
encouraged.

Resources
Web search engines
http://www.fishbase.org/search.cfm - database on 
more than 30,100 species of fish.

http://search.fws.gov/search/ - a search engine for 
information published by the U. S. Fish and Wildlife 
Service.

http://www.nrc.ca/cisti/search_e.shtml - a search en-
gine for scientific information published by the Cana-
dian government including the Department of Fisher-
ies and Oceans.

http://www.fisheries.org/ - home page for the Ameri-
can Fisheries Society, the largest scientific organiza-
tion concerning fish and fisheries.  They have a search 
engine for their journals under “Publications” and then 
“Journals On-Line.”

Some fish species lists:
American Fisheries Society. 1990. Common and 
scientific names of fishes from the United States and 
Canada.

D.S. Lee, C.R. Gilbert, C.H. Hocutt, R.E. Jenkins, 
D.E. McAllister, and J.R. Stauffer, Jr. 1980. Atlas of 
North American Freshwater Fishes. North Carolina 
Biological Survey, Raleigh, North Carolina.

Groot, C. and L. Margolis.  1991.  Pacific Salmon Life 
Histories.  UBC Press, Vancouver, BC.



In-class Activity

Fish Research Project continued
Hart, J.L. 1973. Pacific fishes of Canada. Bulletin 180, 
Fisheries Research Board of Canada, Ottawa.

Page, L.M., and B.M. Burr. 1991. A field guide to 
freshwater fishes of North America north of Mexico 
(Peterson field guide series). Houghton Mifflin Com-
pany, Boston, Massachusetts.

Scott, W.B., and E.J. Crossman. 1973. Freshwater 
fishes of Canada. Bulletin 184, Fisheries Research 
Board of Canada, Ottawa.

Wydoski, R.S., and R.R. Whitney. 2003. Inland fishes 
of Washington. University of Washington Press, Se-
attle.  This is a new edition.

Use MLA citation format for your bibliography avail-
able on-line at: http://www.liu.edu/cwis/cwp/Library/
workshop/citmla.htm
 
Fish to Research: 
Native Salmonids – 
• Chinook
• Coho
• Sockeye
• Chum
• Pink
• Steelhead (Rainbow Trout)
• Cutthroat Trout
• Bull Trout/Dolly Varden
• Mountain Whitefish

Other Native Fish – 
• Sculpin
• Stickleback
• Pacific Lamprey
• Nooksack Dace
• Salish Sucker

Non-Native Fish – 
• Large mouth Bass
• Small Mouth Bass
• Perch
• Catfish
• Pumpkinseed (sunfish) 
• Brook Trout 

• Bullhead
• Atlantic Salmon
• Japanese Salmon (Masu and Amago)



NSEA Led Activity

Salmon Nickname Game
Leader  Teacher

Subject  Science/Communication

Objectives
 The student will (1) learn the importance of 
salmon to humans, (2) learn the common names and 
nicknames of the fives species of pacific salmon, and 
(3) become familiar with some of the common char-
acteristics and attributes of the five species of pacific 
salmon.

Materials
 Salmon Nicknames (laminated)
 Salmon Common Names (laminated)

Size/Setting/Duration
 Whole class/classroom/~20 minutes

Background
Each species of salmon in the Pacific Northwest is 
know by many different names by different people.  
For example, the Chinook salmon is also known as 
King, Tyee, or Blackmouth.  Sometimes salmon get 
their common names on account of their physical 
characteristics or habitat requirements, while others 
refer to their desirability or even seafood marketing 
strategies.  It can be confusing when trying to learn 
about the five species of salmon here in the Pacific 
Northwest.  This activity works as either an introduc-
tion and/or a review activity.

Activity  
Salmon Nicknames: How many names can one fish 
have? How many names does each salmon have?
Put a drawing of each species of salmon up on the vel-
cro-board.  Distribute various common names and spe-
cies names among groups of students.  With students 
working in groups, have them velcro each name to 
the salmon they believe has this name.  Allow enough 
time for collaboration and discussion.  Students should 
be prepared to defend their reasoning.

After each group is finished, introduce each species.  
Names will probably need to be moved around.  An-
other approach is to have students do research and 

determine which names go with which salmon.

Conclusion
Have students share, through art or words, one salmon 
species name and 3 nicknames.

Extension 
• Have students, on their own or in groups, create 

a common name for a species or choose an exist-
ing nickname from the activity.  Ask students to 
draw their salmon and write a story about how the 
salmon got its common name.  

• Write a haiku, acrostic or cinquain about a species.

Salmon Nicknames
Chinook:
• Spring - only one with a spring spawning run
• Jack
• Summer
• Tule Salmon - after the Tule Tribe in California
• Tyee Salmon - after the Samish based Tyee Tribe
• King - largest
• Blackmouth - black gums
• Screamers - when fished can swim so hard they 

make the reel of fishers “scream” with distress

Sockeye:
• Red - briliant red spawning color
• Blueback - blue backs as searun adults

Chum:
• Dog - large canine teeth
• Calico - distinct splotchy pattern as spawners
• Keta - part of scientific name

Coho:
• Hooknose - most distinct hook
• Silver - bright silver sides
• Backyard Salmon - ability to get into small 

streams

Pink:
• Humpie - distinct humped back when spawning
• Humpback



NSEA Led Activity

Salmon Nickname Set

Scientific Names:

Oncorhynchus tshawytscha
Oncorhynchus nerka
Oncorhynchus keta

Oncorhynchus kisutch
Oncorhynchus gorbuscha

Common Names:

Chinook
Sockeye
Chum
Coho
 Pink

Nicknames:

Silver Bright
Spring
Jack

Summer
Tule
Tyee
King 

Blackmouth
Dog 

Calico
Silver 

Hooknose
Humpie 

Humpback
Red

 

*These are enlarged and laminated to make a reusable set compatible with our velcro-board!*



SUP Reference

Fisheries Background Information
Generally the term fishery refers to the total type 
of fish targeted as well as any people or businesses 
involved in the harvesting of them including raising or 
farming fish. The type of fish that is targeted for a fish-
ery is based on species and size. The harvest of wild 
fisheries includes fishers, fish processing plants, as 
well as the suppliers of fishing boats and gear. Which 
is different from the harvest of farmed fish where no 
fishers are needed but other facilities are.

There are several ways to define a fishery including 
the group of people involved, type (salmon, tuna, or 
cod)or species (Chinook, Pink, or Sockeye salmon) of 
fish, area of water fished (open ocean, coastal wa-
ters, rivers, or lakes), method of fishing (nets, traps, 
or hooks and lines), class of boats (sized less than 
16 feet, through sized 40-65 feet), purpose of fishing 
(commercial, recreational, or subsistence) or a combi-
nation of any of the above. 

For fisheries the term ‘fish’ is expanded to include 
the collective community of aquatic animals that are 
harvested. This can refer to mollusks, crustaceans, 
reptiles and ture fish. In biology, a true fish, or finfish 
is used to describe any vertebrate (animals with back-
bones) with gills and limbs in the shape of fins if at all.

The salmon fishery of the Pacific Northwest has 
existed as long as the coastal dwellers have. Its im-
portance can be seen in the culture and as part of the 
livelihood of of the Pacific Northwest. Most peoples 
of the Northern Pacific shore had a ceremony to honor 
the first fish return of the year, as salmon were caught 
as they swam upriver to spawn. Now, the majority of 
salmon are caught in bays and oceans.

The Atlantic Salmon, live their ocean going life phase 
in the Atlantic Ocean, and spawn on the eastern coast 
of the United States and Canada as well as western 
Europe. Prior to the year 2000 Alantic Salmon created 
important commercial and suplemental food fisheries, 
but at this time the commercial fishery is dead. After 
extensive habitat damage and overfishing, wild fish 
make up less than one percent (0.05%) of the Atlan-
tic salmon available in the worlds fish markets. The 
rest are farmed in a process caled aquaculture, where 

eggs and milt are mixed in fresh, flowing water, fry 
are generally raised in freshwater tanks for twelve to 
twenty months, then smolt are held in cages at sea for 
up to two years. 

The ethics of salmon farming is very controversial. It 
is currently a major economic contributor, represent-
ing over one billion US dollars anually. But salmon 
are carnivorous and must be fed other wild fish which 
can put pressures on other fisheries, and still farmed 
fish generally have significantly lower levels of the 
highly valued Omega-3 content. The open net cages 
that salmon are contained in allow disease and sea lice 
to spread outside to affect local wild salmon stocks, 
and farmed fish are fed antibiotics that when uneaten 
by the farmed fish can become incorporated into the 
food chain. Also the waste from the dense imobile 
population in the cages can create huge algal blooms 
that reduce disolved oxygen available for other orga-
nisims.

Only two species of our Pacific Salmon are farmed; 
Coho and Chinook. Some places, such as Alaska have 
completly banned fish farming of any sort. 

Another form of salmon production is hatcheries. 
Salmon hatcheries raise fish until they are old enough 
to become independant. Hatcheries attempt to increase 
the areas salmon population since they will return 
to spawn again. Anyone can catch hatchery salmon 
when they are out on their own so hatcheries are less 
controled than fish-farms. There can also be negative 
consequences to this sort of population manipulation 
including genetic ‘dilution’ of wild stocks as they 
interbreed.

When determining the pausible causes of the Pacific 
Salmon fishery decline it is important to recognize 
that salmon exhibit complex life histories, with po-
tential negitive influences in freshwater, estuarine and 
marine habitats. Factors that could affect wild salmon 
fisheries include: disease, overfishing, ocean and river 
warming, loss of habitat, fish passage barriers, loss of 
genetic diversity, low flows in rivers, and many more.



SUP Reference

Fisheries Background Information
EALR Vocabulary:
abiotic, biomass, biotic, diversity, energy chain, estu-
ary, expansion, impact, offspring, reproduction, work

Background Information
What constitutes a fishery?  
There are three interacting components that make up a 
fishery:
• Habitat – the environment including both living 

and nonliving components in which the organism 
lives.

• Biota – the living organisms in an ecosystem in-
cluding fishes, plankton, aquatic insects, birds and 
mammals.

• People – the users of the fishery and competitors 
for water from the fisheries.

Fisheries can be found in both salt and fresh water.  
Discuss how the three components interact.
Organisms – Habitat – People

What uses and values do fish from fisheries have 
besides human consumption?
• Employment
• Recreation 
• Pet food
• Fertilizers
• Research
• Environmental Indicators
• Aesthetic value
• Spiritual importance

Average Global Fisheries Harvest of all species is 
estimated at 154-198 billion pounds.

How is this harvest used?
• Food
 70% of harvest is consumed by people
 In the US, average consumption = 16 lbs/yr.
• Non-food recreation
 Trophy fishing
• Jewelry
 Pearls
 Mollusk, shells, coral
• Personal Hygiene
 Sponges
• Fish Leather and Furs

 Salmon skin wallets, purses, belts
 Sea otter and seal fur for clothing
• Thickening agents from seaweed
 Agar (used in some desserts)
 Paints
 Drugs
• Animal feeds
 Cuttle bones for birds
 Fish products for cat and dog food
• Pets
 Tropical fish
 Cold & freshwater fish
(Recreation is the most significant nonfood fishery 
use.)

Harvest is generally associated with bycatch, those 
fish acciedntally caught while fishing for a specific 
target species and size, often killed in the process bit 
not useful in any way. For example every one pound 
of shrimp caught and sold, is associated with eight 
pounds of bycatch that is also caught but discarded, 
and therby wasted. 



SUP Reference

Fisheries Unit
EALRs

Component Grade Level Expectation Evidence of Learning
1.2.2 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how the parts of a system 
interconnect and influence each 
other.

Explain how the parts of a system 
interconnect and influence each 
other.  
Describe the interactions and influ-
ences between two or more simple 
systems.

1.3.10 Changes 

Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how organisms in eco-
systems interact with and respond 
to their environment and other 
organisms.

Explain the role of an organism in 
an ecosystem.
Describe how a population of an 
organism responds to change in its 
environment.

2.2.5 Nature of Science

Understand the nature of scientific 
inquiry.

Understand that increased compre-
hension leads to new inquiry.

Describe how results of scientific 
inquiry may change our under-
standing of they systems of our 
natural and constructed world.

3.2.1 Science, Technology, & 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
workplace, and the environment.

Analyze how science and technolo-
gy have been developed, used, and 
affected by many diverse individu-
als, cultures, and societies through-
out human history.

Explain how science and technol-
ogy have affected diverse individu-
als, cultures, and societies through-
out human history.

3.2.3 Science, Technology, & 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
workplace, and the environment.

Analyze the use of science, math-
ematics, and technology within oc-
cupational/career areas of interest.

Examine scientific, mathematic, 
and technological knowledge and 
skills used in an occupation/career.
Research occupations/careers that 
require knowledge of science, 
mathematics, and technology.



In-class Activity

Empty Oceans Movie & Discussion
Leader  Teacher

Subject  Science, Economics

Objectives
 To teach students 1) what a fishery is and 2)   
 discuss current issues that surround the salmon  
 fisheries. 

Size/Setting/Duration
 Entire class/Classroom/ ~2-2.5 hours 

Materials
• TV/Projector
• DVD player 
• white board
• dry erase pens
• Empty Oceans, Empty Nets DVD

Activity
Ask students to raise hands to show who eats seafood.  
Discuss different types of seafood.  Where does it 
come from?  All of these seafood sources make up 
the world’s fisheries.  Now view the movie “Empty 
Oceans, Empty Nets” in class.  Video is available 
through NSEA from the WWU Library.  Please re-
quest your date to view well in advance.

Discussion Topics

Sustainable Fisheries
Why are sustainable Fisheries important to us (eco-
nomic stability, livlihoods, sustainence)?

Fisheries as Renewable Resources
Why are fisheries products considered renewable re-
sources? Does that mean we can take all we want from 
a fishery and it will replenish itself?  
How do we enable them to replenish (control harvest, 
escapement)?

What are renewable and nonrenewable resources? 

(come up with definitions)
Example definitions:

Renewable resource – a resource that can be taken from the envi-
ronment and is replaced relatively quickly (fish, trees, etc.)
Nonrenewable resource – a resource that can not be replaced 
once it is taken out of the environment (fossil fuels, minerals, 
metals, etc.)

Fisheries Decline
What are some of the leading causes of the decline 
in world fisheries?  Which sources of degradation 
are specifically impacting salmon populations in our 
region?

Bycatch
What is bycatch and how can we limit it (consumer 
power, fishing methods)?

Alaskan Salmon Fishery
How is our current salmon fishery different from the 
Alaskan fishery featured in the movie?  What can we 
learn from their success in recovering salmon runs?

Overfishing
What are some of the societal pressures and technical 
advances that lead to overfishing?

Local Issues
What habitat issues are of concern for our salmon here 
in Whatcom County?  What are a few things we can 
do to help in our daily lives?

Extension
Have students bring one salmon-related news article 
from the last month or so into class for discussion.  
Have them highlight and present on the key elements 
of their article: time, place, who, where, why, how.  
What is the conflict, how is it being created/resolved?  
Discuss all issues during next class period.
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Energy Chain Background Information
Living Things Need Energy From Food 
Energy can be defined as the capacity for change. 
Living things need energy for everything they do. 
For example, a butterfly needs energy to change 
position when it flies, and daffodil needs energy to 
change size as it grows and blooms. All living things 
get energy from food. Green plants use energy from 
the sun to make their food. Plants use the food they 
make for energy to grow. Animals get energy by eat-
ing plants or other animals.

The Sun is the Source
The energy in 
living things 
originates from 
the sun. Green 
plants are the 
only living 
organisms that 
can use the 
energy from 
the sun to make 
food. Although 
many children 
know that the 
sun keeps plants 
healthy, they 
may not know 
that plants rely 
on the sun’s energy to make food, or that this food 
can be used by the plant itself or by animals that eat 
the plant. For example, a maple tree uses the sun’s 
energy to make sugar, a food, in its leaves. The 
tree uses sugar for energy to grow and stay alive. 
If people eat maple syrup, they get energy from the 
sugar that was in the tree. But people cannot hold out 
their hands to the sun and make food in the same way 
that a maple tree can make food in its leaves.
Children may think that the sun is important because 
it keeps animals warm. The sun does provide warmth 
to the animals, but, more importantly, the sun pro-
vides the energy that green plants use to produce 
food. Animals get this energy when they eat plants. 
To help students understand that animals depend on 
the sun for food energy, have them think about how 
long a deer could live if it only basked in the sun and 

did not eat green plants. The relationship between the 
sun’s energy and the energy required by living things 
will become clearer as the children learn about food 
chains and webs.
Children may cling to the idea that plants draw in us-
able food from the soil through their roots. It is true 
that plants absorb water and essential minerals from 
the soil and that they need water to make food. Food 
contains energy, however, and the water and miner-
als in the soil do not contain energy. So plants use the 
energy from the sunlight plus the water and minerals 
from the soil along with carbon dioxide from the air 
to produce food that contains energy.

Food Chains
A food chain’s energy is transferred in sequence; for 
example, energy from sunlight, to green plants, to 
animals that eat plants, and to animals that eat other 
animals. Green plants use the sun’s energy directly 
to make food. When animals eat green plants and 
other animals eat those animals, the energy moves 



SUP Reference

Energy Chain Background Information

from one living thing to another along the food chain. 
Animals that eat plants are called herbivores, animals 
that eat both plants and animals are called omnivores, 
and animals that eat only other animals are called 
carnivores: Ultimately, all members of a food chain 
depend on the energy from the sun that green plants 
transform into food energy. Arrows indicate the trans-
fer of energy from one organism to another. The sun 
provides energy for the grass, the grass for the cater-
pillars that eat the grass, and so on.

Food Webs
Food webs are more complex than food chains. They 
consist of several food chains that are interconnected. 
The following example is a series of food chains, 
which together make a food web.

Life Webs:
Life webs are even more complex than food webs, 
they include all of the biotic (living), abiotic (non-
living), and cultural components of an ecosystem. For 
instance, a life web could include the sun, as a 
source of all energy, green plants that could harness 
that energy, herbivores that eat the plants, and 
omnivores or carnivores to eat the herbivores. It could 
also go beyond that to include special environment 
and habitat needs for each animal. If the salmon need 
gravel, an abiotic factor for spawning, it should be 
added to the life web. Or if macroinvertebrates in the 
stream need tall trees for shade that keeps the tem-
perature ideal for them, a connection arrow should be 
added between the macroinvertebrates and the kinds 
of plants vital to their success. 

 

This food web is more complex than a food chain because 
each component may have many connections to other 
organisms instead of just one or two energy connections. 

Extension 

Have students create their own web centered on the 
plant or animal they played in the “Web of Life” 
game. Research all of the things that give energy to 
them and all of the things that could use their energy.
Allow students to be creative and make an artisitic 
web to share with the class!



In-class Activity

Web of Life Game
Leader  Teacher

Subject  Science/Communication

Objectives
 The student will (1) show how plants and 
animals get energy by telling other students which 
plants and animals are eaten by others, (2) explain 
that energy for life comes from the sun, (3) explain 
how all living things depend directly or indirectly on 
green plants for food, and (3) use pictures and ar-
rows to create a food web that includes the sun, green 
plants, and animals living in the riparian ecosystem.

Materials
 Plant and Animal Cards (laminated)
 Yarn
 Space for the class to form a large circle

Size/Setting/Duration
 Whole class/classroom/~50 minutes

Activity  
 Have the class sit or stand in a circle with 
the teacher in the middle. Hand out plant and ani-
mal cards to all students and have them hang cards 
around their necks. Explain that you are the sun and 
all of the energy that enters the food web comes from 
you and goes into plants. Discuss the relationships 
between plants and animals and how they get their 
energy. Animals that eat only plants are called her-
bivores, animals that eat both plants and animals are 
omnivores, and animals that eat only other animals 
are called carnivores. Ultimately all members of the 
food chain depend of the energy from the sun that 
plants transform into food energy. Go around the 
circle and let each student introduce themselves, and 
discuss who they could get energy from (eat) and 
who they could give energy to (be eaten by).
 Explain that the ball of yarn will represent en-
ergy as it moves from the sun, plants, and animals in 
the food web and when it comes to you hold one end 
tightly and toss the yarn ball to someone else they 
are connected to. Start by tossing the ball of yarn 
only to those that could use your energy (eat you), 
and when you are out of options allow tosses to those 

that could use your energy or those who’s energy you 
could use. Notice that most of the action takes place 
between the plants, the sun and the herbivores. It 
takes many energy transfers to get to the carnivores!
 After the ball of yarn has been passed to 
everyone at least once, and the plants and sun many 
times, explain that you have created a food web (it 
looks like a spider’s web). This is a visual and kines-
thitic way to show how the sun, plants and animals 
are interrelated in the riparian ecosystem.
 
Conclusion
Ask students:
Who is holding the most yarn? (The sun)
Why? (Because the sun gives energy to all the plants 
to make food. It is the base of the
food chain.)
Who else is holding many loops of yarn? (plants, 
then herbivores)
What would happen if all the plants died? (There 
would be no food. Nothing else in
the food web could survive)
What if only one plant died? (Ask one plant student 
to let go of their loops and watch
the web sag and become less complex)
With the previous plant gone who else may be hav-
ing trouble getting or giving energy?
(Follow the sagging pieces of the web to see who 
else is affected)
Why should we be concerned about each kind of 
plant or animal? Even bugs? (Because all
other plants and animals in the food web may depend 
on them. We are all connected.)

Emphasize that each group is important and ap-
plaud each in turn:

Will the carnivores please show your teeth!

Will the omnivores please wave your arms!

Will the herbivores please stamp your feet!

And will the only living things that can make food 
using the sun’s energy - green plants - please take a 
bow!



In-class Activity
Fishing for the Future

Leader  Teacher

Subject  Science, Social Studies, Math

Objectives
 Students will 1) experience the “tragedy of the  
 communs” as it relates to fishing resources 2)  
 consider social, environmental, and economic  
 impacts of overfishing 3) Identify sustainable  
 fishing practices 4) determine and explain pur 
 chasing/consumption choices. 

Size/Setting/Duration
 Entire class/Classroom/ ~1 hour 

Materials
• Plain, small candy-covered chocolate candies 

(make sure they work with the straw as explained 
in activity)

• Small plastic bowls, 4-5 per student 
• 20 candies in a bowl, per 4-5 students
• 1 straw per student
• 4-5 spoons
• Watch for timing
• Handout Fishing Log, 1 per student

Background

What happens when a commonly owned resource is 
overused?
What are the impacts of over-fishing or exploioting a 
natural resource to the fullest economic gain possible?
How can we establish and maintain the sustainable use 
of a resource?
These questions lead us to explore the phenomenon 
known as “the tragedy of the commons”: occurs when 
resources - such as the air we breath, the water we 
drink, and the fish we eat - shared by everyone (or 
held in common) are used at a rate that exceeds the re-
sources’ sustainable limit.  Ultimately, as a population 
grows and consumption increases, the “commons” 
collapse.  Current fishing regulations hold fisheries as 
public property. 

Activity
1. Introduce and discuss the concept of sustainability: 

“Sustainability is meeting the needs of the present 
without limiting the ability of people, other species, 
and future generations to meet their needs.”  Pose the 
question: “Why might sustainability be an important 
goal for a society and what might be some of the chal-
lenges in realizing this goal?”
2. Tell the students that today the are going to go fish-
ing and explore some of these sustainability issues. 

Steps: 
1. Explain the game rules:
 a. Each student will be a “fisher” whose liveli 
 hood (job) depends on catching fish.
 b. The candies represent ocean fish such as   
 cod, salmon, or tuna, etc.
 c. Each fisher must catch at least two fish in   
 each round to survive (ie get enough fish to   
 either eat or sell).
 d. When the fishing begins, students must   
 hold their hands behind their back (maybe tie  
 them?) and use the fishing rod (straw) to suck  
 fish (candies) from the ocean (bowl) and 
 deposit them into their boat (the table in front  
 of them). 
 e. The fish remaining in the ocean after each  
 fishing season represent the breeding popula  
 tion, thus, 1 new fish will be added for every  
 fish left in the ocean (bowl).

2. Divide the class into groups of 4-5 students and 
have each group choose an ocean name, such as North 
Atlantic, North Pacific, Arctic, Mediterranean, etc.

3. Give each group one serving bowl and give each 
student one straw and one copy of the handout Fishing 
Log.

4. Put one bowl with candies by each group.

5. Say “Start fishing” and give the students about 20 
seconds for the first “season” of fishing.\

6. Have each fisher count his or her catch and record 
the data in their Fishing Log.

7. Fishers that did not catch the 2-fish-minimum must 



In-class Activity
Fishing for the Future

sit out the following round.

8. Add one new fish (candy from the bag for every fish 
left in the ocean (bowl).

9. Allow fishers to use their hands on the straws dur-
ing the second session to represent “new technology”.

10. After the second fishing season, give one fisher 
from each group a spoon representing more new fish-
ing technology such as trawl nets, sonar equipment, 
etc, continue the game for round three.

11. Ask the students what happened when the ocean 
group [name] ran out of fish.  How are the fishers 
going to survive now (one option is to move to a dif-
ferent ocean)?  Allow students to invade other ocean 
groups when their fisheries stock is depleted, but do 
not tell them they can do this beforehand - let them 
come up with the idea.  Fishers may go as a group to 
another ocean or they may disperse to other oceans.

12. Repeat fishing, recording, and replenishing fish 
stocks until either sustainable fishing levels are 
acheived or until all (or most) groups fish out their 
ocean.

13. Optional: Repeat the activity after the class has 
experienced “the tragedy of the commons” and discuss 
sustainable practices to see if they can harvest in a sus-
tainable manner (going back to the older techniques 
and technologies for fishing).

14. Conclude with the following reflection questions:

•  How did you feel when you realized that you had 
depleted your fish stock?

• How did you feel when other fishers joined your 
ocean group?

• How does this activity relate to real ocean and 
fisheries issues?

•  Have students brainstorm ways to create a sut-
sainable fishery.  What rules could be developed )
e.g. limit the types of equipment allowed, limit the 
amount or types of fish, institute a shorter fishing 
season)?

15. Advanced reflection questions:

 - What’s missing from the game (impacts of 
fisheries collapse on animals that rely on them for 
their survival, population growth, etc.)?
 - What happens to a resource when you have 
infinite population growth, rapidly developing technol-
ogy, and a finite resource?
 - Are there any commonly owned resources in 
our region or community?  If so, what are some simi-
lar issues that arise, and how can they best be man-
aged? (For example, air is a commonly used resource - 
how do we deal with air pollution? Forestry or animal 
grazing rights sometimes prompt similar discussion 
points.  You might also talk about city parks, national 
parks, and other public lands, and their competeing 
uses and needs.) 

Writing Extensions:
• Have students do a freewrite and follow-up discus-

sion on the following quote by John C. Sawhill, 
relating it to the fishing activity: “In the end, our 
society will be defined not only by what we create, 
but by what we refuse to destroy.”

• Have students research a local fishery and include 
interviews with local fishers, biologists, and other 
people involved in the fishery (NSEA can set up).

• Have students choose one of the major world fish-
eries, such as salmon, cod, or tuna, and develop a 
sustainable fishing plan, paying attention to inter-
national laws and treaties.

• Have students investigate fish farming and it’s 
environmetal impacts.

Action Projects
• Students can research which fish are harvested in a 

sustainable manner and which are being depleted.  
Have them do an advertizing campaign at their 
school to promote the consumption of sustaibale 
fish and avoid consumption of threatened fish.  
This might include researching the types of fish 
served in your school cafeteria and then recom-
mending a sustainable seafood purchasing program 
to cafeteria staff and school principle.  For recom-
mendations about which seafood to buy or avoid, 



• check out the Monterey Bay Aquarium’s website 
“Seafood Watch” at http://www.montereybay-
aquarium.org/cr/

• Do a watershed planning/protection project to 
helpf restore local fisheries from environmental 
damage!  Call NSEA to set up a project (360) 
715-0283 or email info@n-sea.org. 

• Join an Ocean/Fisheries Action Network such 
as: Center for Marine Conservation Ocean Ac-
tion Network: www.cmc-ocean.org, the Marine 
Conservation Network: www.conservefish.org, 
SeaWeb: www.seaweb.org, World Wildlife Fund 
Conservation Action Network: www.takeaction.
worldwildlife.org.

Additional Resources 

Film
• Environmental Ethics: Examining Your Connec-

tion to the Environment and Your Community, 
The Video Project, 2005, www.videoproject.com. 
This 62 minute documentary profiles a diverse 
group of courageous Golmand Environmental 
Prize winners who have made it their duty to pro-
tect their local environment.  Includes protection 
of coean fisheries.  Download an accompanying 
study guide at www.envethics.org.

Books
• State of the World, World Watch Institute, New 

York, www.worldwatch.org.

Websites
• www.fao.org/fi - United Nations and Agricultural 

Organization (FAO) Fisheries Resource website.
• www.montereybayaquarium.org - The mission of 

the Monterey Bay Aquarium is to inspire conser-
vation of the oceans.

In-class Activity
Fishing for the Future



Fishing Log
Ocean Name:

Fishers:

Record your group’s catch and the amount of fish left in the ocean after each season:
Season Catch Fish Left in Ocean
1

2

Briefly describe the status/health of your fishery:

Season Catch Fish Left in Ocean
3

4

Briefly describe the status/health of your fishery now:

How could you have made your fisheries practices sustainable?
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Water Quality Unit Background Information
Three-quarters of the earth is covered by water.  A 
small quantity of this water is regarded as fresh water, 
and only a small amount of the fresh water is usable 
by humans.  The water cycle is an endless process of 
water being exchanged among clouds, land, plants, 
and oceans; the water cycle recycles all the water that 
covers the earth.

In Whatcom County, water comes from moisture-rich 
clouds that form over the Pacific Ocean and attempt 
to rise over the Cascade Mountains.  The water vapor 
cools as it rises, condenses, and falls (precipitates) as 
rain in our watersheds.  The water can precipitate as 
snow and become trapped in glaciers, or it can form as 
rain and fill our lakes and streams.

Stream systems are powerful, yet delicate forces of 
nature.  Poor land management and development 
practices can cause detrimental impacts to the quality 
of life for both salmon and people.  Here in Whatcom 
County, we all live in a watershed.  Our watershed is 
made up of hundreds of tributary streams, many of 
which are home to salmon.  These tributaries most 
often lead to larger water bodies including the Nook-
sack and Red/Lummi River, which then flow out to the 
ocean.  Our everyday actions have a direct impact on 
the health of our waters.

EALR Vocabulary
Experiment, thermal, thermal energy, transformation, 
conduction, environment, groundwater, heat energy, 
hypothesis, insoluble, recycle, river system, soluble, 
topographic, watershed, water table
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Water Quality Unit
EALRs

Component Grade Level Expectation Evidence of Learning
1.2.1 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand how various factors 
affect energy transfers and that en-
ergy can be transformed from one 
form of energy to another.

Describe and determine the factors 
that affect heat energy transfer.
Explain the transformations of 
energy within a system.

1.1.4 Properties

Understand how properties are 
used to identify, describe, and cat-
egorize substances, materials, and 
objects and how characteristics are 
used to categorize living things.

Analyze the forms of energy in a 
system, subsystems, or parts of a 
system.

Explain the forms of energy pres-
ent in a system.

1.2.1 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how systems function, 
including the inputs, outputs, trans-
fers, transformation, and feedback 
of a system and its subsystems.

Describe the function of a sys-
tem’s parts or subsystems.                         
Explain inputs, outputs, transfers, 
transformations, and feedback of 
matter, energy, and information in 
a system.

1.2.2 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze energy transfers and trans-
formations within a system, includ-
ing energy conservation.

Distinguish conditions likely to re-
sult in transfers or transformations 
of energy from one part of a system 
to another.

1.2.4 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand the components of and 
interconnections of Earth’s sys-
tems.

Describe the interactions among 
the components of the Earth’s 
systems.

1.3.6 Changes

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Analyze the relationship between 
weather and climate and how ocean 
currents and global atmospheric 
circulation affect weather and 
climate.

Explain the effect of the water 
cycle on weather.

2.1.2 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to plan and con-
duct scientific investigations.

Make predictions (hypothesis) and 
give reasons.

2.1.3 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to 
construct a scientific explanation 
using evidence and inferential 
logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.
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Water Quality Unit
EALRs

2.1.4 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Analyze how models are used to 
investigate objects, events, sys-
tems, and processes.

Create a model or computer simu-
lation to investigate and predict the 
behavior of objects, events, sys-
tems, or processes.

2.2.5 Component

Nature of Science: Understand the 
nature of scientific inquiry 

Understand that increased compre-
hension of systems leads to new 
inquiry.

Describe how scientific inquiry 
results in new facts, evidence, 
unexpected findings, ideas, and 
explanations. 
Describe how scientific inquiry 
results in new facts, evidence, 
unexpected findings, ideas, and 
explanations. 

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
work place, and the environment.

Analyze how human societies’ 
use of natural resources affects the 
quality of life and the health of 
ecosystems.

Explain the effects of various hu-
man activities on the health of an 
ecosystem and/or the ability of 
organisms to survive in that eco-
system.
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Temperature Information
Temperature is most commonly reported in degrees 
Celsius or degrees Fahrenheit.  In environmental sci-
ence and ecology, Celsius is generally used. 

Getting to know the Celsius Temperature Scale
Temperature in oC State of water (H

2
O)

0 oC water freezes
40 oC water density is the greatest
100 oC water boils

General Water Quality Standards
Type of water Highest temperature (oC)

Salmonid waters 12.8 oC
Non-salmonid waters 17.8 oC

Water Quality Summary: Temperature
Problem:
Aquatic organisms have narrow optimal temperature 
ranges.  In particular, oxygen gas is not as soluble 
in warm water as it is in cold water so it is easier for 
biological process to run out of oxygen.  

Causes:
• Loss of shading in the riparian zone can allow 

temperature to increase due to sunlight directly hit-
ting the water.

• In summer, passage through shaded areas can lead 
to cooling.  This occurs because soils are cooler 
than air during much of the summer.

• Release of water from ponds or other exposed 
standing water sources can increase temperatures.

• Municipal wastewater and many industrial sources 
can elevate temperatures.

Temperature directly affects the survival of plants 
and animals, but it also affects many of the physical, 
biological, and chemical characteristics of a stream, 
such as:

• The amount of oxygen that can be dissolved in 
the water

• The rate of photosynthesis by algae and other 
aquatic plants

• The metabolic rates of aquatic organisms
• The sensitivity of organisms to toxic wastes, para-

sites, and diseases

Cold water holds more oxygen than warm water be-
cause the solubility of gases increases in cold water.  
Most aquatic organisms become the temperature of 
the water that surrounds them.  Their metabolic rates 
are controlled by temperature, and they are most ef-
ficient within a limited range of temperatures.

If temperatures are too high or too low, the metabolic 
functions of the organism can slow or stop, causing 
the organism to die.  These extremes, or lethal limits, 
vary among different species of fish.

Salmon have the highest chance of survival in water 
that is between 5-200C (40-680F).  Temperatures 
higher or lower can kill fish. 

When water temperature increases, naturally or ar-
tificially, algal blooms can occur.  Algae growing in 
abundance creates loads of decaying algae that sinks 
to the bottom referred to as detritus (decaying or-
ganic matter).  The detritus allows large populations 
of bacteria to become established, as they feed off of 
the decaying plant material.  The increased bacteria 
populations consume oxygen as they work, thereby 
using up critical oxygen supplies that would normally 
support salmon and other aquatic organisms.  
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Temperature Facts

Temperature affects the amount of oxygen that is dissolved in water. Cold water can 
hold more dissolved exygen that warm water because gases like oxygen are more 

soluble in colder water. Aquatic organisims are adapted to narrow temperature ranges. 
Temperature affects the amount of oxygen that is dissolved in water. Cold water can 

hold more dissolved exygen that warm water because gases like oxygen are more 
soluble in colder water. Aquatic organisims are adapted to narrow temperature ranges. 

Salmonids generally thrive in water that is 5o-20oC.

Washington State Standards (WAC 173-201)

 Class AA (Extraordinary)   -Temperature Shall not exceed 16oC (61oF)
 Class A (Excellent)   -Temperature Shall not exceed 16oC (61oF)
 Lake Class     -No change from natural conditions
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• Above 25o C
 leathal temperatures for salmon and some aquatic insects

• 25o C  Upper limit for salmonid survival

• Above 20o C
 bass, shiner, bluegill, bullhead, carp, catfish, suckers, sqauwfish, 
peamouth, crappie, dragonflies, true flies, aquatic worms, and leach range

• 20o C  Upper limit for salmonid growth

• 13o C to 20o C
 chinook, coho, cutthroat, lampret, stickleback, walleye, dace, 
mayflies, caddisflies, stoneflies and beetle range

• 13o C to 0o C
 chinook, coho, sockeye, pink, chum, kokanee, steelhead trout, 
cutthroat, rainbow trout, brown trout, brook trout, dolly varden, sculpin, 
smelt, mayflies, caddisfly and stonefly range

• 15o C Upper limit for optimum salmonid growth

• 10o C Upper limit for egg survival
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pH Information

Approximate pH value of some common items:

Common Items pH
Lemons 2

Stomach Acid 2
Soda Pop 3.5

Natural rain water 5.6
Pure water 7

Baking soda 8
Antacids 8

Water Quality Summary: pH
Problem:
Aquatic organisms can be very sensitive to high or low 
pH’s, particularly those that are less than 6 or greater 
than 8.  The reproductive portion of the growth cycle 
is especially sensitive.  Adult organisms may continue 
to live, but young will not be produced.

Causes:
• Algal blooms may raise pH levels.  In extreme 

cases, the pH may be above 9.
• Many industrial processes result in release of acids 

or bases, thus raising or lowering the pH.

Water (H2O) contains both hydrogen ions (H+) and 
hydroxide ions (OH-).  The relative concentration 
of these ions determines whether a solution is acidic 
or basic.  In pure water at 200C the concentrations 
of hydrogen and hydroxide ions are equal.  This is 
referred to as a neutral solution.  In an acidic solution, 
the concentration of hydrogen ions is greater than the 
concentration of hydroxide ions.  In a basic solution, 
the concentration of hydrogen ions is less than the 
concentration of hydroxide ions. 

The relative porportion of of hydrogen ions (H+) and 
hydroxide ions (OH-) is expressed in pH units (pH= 
power of hydrogen).  In most cases the concentration 
of hydrogen ions (H+) can be used as a very close 
estimate of pH.  pH is a measure of the intensity of 
the acidic or basic character of a solution at a given 
temperature.  The pH scale ranges from 1 (extremly 
acidic) to 14 (extremely basic), with pH 7 being 
neutral.  For example, if the sample solution has more 
H+ ions than OH-ions, it is acidic and has a pH of less 
than 7.  If the sample contains more OH- ions than H+ 
ions, it is considered basic with a pH greater than 7.  
It is important to remember that pH is measured on a 
logarithmic scale, so a change of one pH unit means a 
ten-fold change in concentration of (H+) and (OH-).  
The logarithmic scale is the same principle used in the 
Richter scale for rating earthquake intensity.

pH is an important measure of water quality because 
many plants and animals, especially macroinverte-
brates, are sensitive to slight changes in pH.  There are 
many natural variables that can affect pH including 
water temperature, oxygen, and carbon dioxide levels.  
Waters with higher temperatures have slightly lower 
pH values.  The presence of CO2 affects pH by caus-
ing acidity.

Salmon have a limited pH range in which they can 
live.  A pH of 7 is neutral which is best for salmon.  
However, salmon will survive in a pH range of 6.5-
8.5.



      pH of common items     pH Scale

SUP Reference

pH Facts
pH is a measure of both hydrogen ions (H+) and hydroxide ions (OH-). The con-

centration of these ions determines whether a solution is basic or acidic. When the 
contrations of these two ions are equal it is considered to be a neutral pH. Salmonids 

generally thrive in water with a pH between 6.5-8.5.

Washington State Standards (WAC 173-201)

 Class AA (Extraordinary)   -pH between 6.5 and 8.5
 Class A (Excellent)    -pH between 6.5 and 8.5
 Lake Class      -No change from natural conditions
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• 0-3  All invertebrates and fish die

• 4-6  Some invertebrates and fish die

• 7  Neutral, prefered by most aquatic organisims

• 9-11 Some invertebrates and fish die

• 12-14 All invertebrates and fish die

battery acid

 
lemon juice
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orange juice

acid rain

 
human blood
distaled water

sea water
baking soda

ammonia
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lye
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Disolved Oxygen (DO) Information
saturation levels are a useful guideline.

DO levels relative to salmon habitat requirements

Percent DO Salmon habitat quality
Less than 60% Poor conditions - dangerous to fish

60-79% Acceptable conditions
80-89% Adequate conditions
90-99% Excellent conditions

100-125% Supersaturated - dangerous to fish

General Water Quality Standards

Type of Water Standard DO (mg/L)
Salmonid Spawning >11.0

Cold Water Fish Habitat >8.0
Cool Water Fish Habitat >6.5

Warm Water Fish Habitat >5.5

Water Quality Summary: Dissolved Oxygen
Problem:
Lack of sufficient levels of dissolved oxygen required 
by most aquatic organisms for respiration.  Some spe-
cies have adapted to low oxygen levels or are able to 
ingest air directly.

Causes:
• Rapid decomposition of organic materials, includ-

ing dead algae, shoreline vegetation, manure or 
wastewater sources decrease O2 concentrations.

• High ammonia concentrations in the stream use up 
oxygen in the process of oxidizing NH4+ to NO3- 
(nitrification).

• At higher temperatures less oxygen can dissolve in 
water.

• Lack of turbulence or mixing to expose water to 
atmospheric O2 results in low dissolved oxygen 
concentrations in the stream.

Oxygen is as important to life in the water as it is 
to life on the land.  Most aquatic plants and animals 
require oxygen for survival and the availability of 
oxygen affects their growth and development.  The 
amount of oxygen found in water is referred to as the 
dissolved oxygen concentration (DO).  DO is a very 
important measure of the health of a stream - the pres-
ence of too much or too little oxygen in the water is 
often a sign that the stream is stressed and not able to 
support aquatic organisms.  Dissolved oxygen levels 
vary from stream to stream, as do aquatic organisms’ 
tolerance for low dissolved oxygen levels.

DO is also affected by:
• Temperature (oxygen, like all gases, is more 

soluble at lower temperatures)
• Altitude/atmospheric pressure
• Water turbulence
• The growth of plants
• The amount of decaying organic matter in the 

water
• Physical, biochemical, and chemical, activity in 

the water

Two important pieces of information are required 
for meaningful interpretation of DO.  The first is the 
amount of oxygen dissolved in a water sample (mea-
sured in mg/L) and the second is the temperature of 
the stream at the time DO was measured.  As water 
is warmed less oxygen is able to remain dissolved; 
warmer waters cannot hold as much oxygen.  With 
these two pieces of information one is able to deter-
mine the percent of DO held in the water relative to 
the maximum amount of oxygen that can be held in 
water at that particular temperature.  

For short periods of time water may become super-
saturated, holding more oxygen or other gases than 
it would naturally.  Supersaturation can be harmful 
to aquatic organisms, causing a condition called gas 
bubble disease, which is similar to the bends sickness 
that deep sea divers may get if they surface too fast.

See the “DO Percent Saturation” sheet for a table 
listing the amount of oxygen that can be dissolved in 
specific temperatures of water.  The following percent 

Washington State Standards (WAC 173-201)

 Class AA (Extraordinary)  -Disolved 
oxygen shall exceed 9.5 mg/L
 Class A (Excellent)   -Disolved 
oxygen shall exceed 8.0 mg/L
 Lake Class     -No 
change from natural conditions
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Disolved Oxygen Facts

     DO Parts per Million (ppm)

Fish and macroinvertebrates breath oxygen from the water just like humans breath oxygen 
from the air.  Fish and certain macroinvertebrates need water with high dissolved oxygen 
levels. Gasses like oxygen dissolve more easily in cold water, so the colder the water, the 
more oxygen it can hold. Disolved oxygen is measured in parts per million (ppm) or milli-

grams per liter (mg/L) which are equivalent and generally salmonids prefer 11-14 ppm.

• 15 ppm  100% saturation

• 10-14 ppm Optimal for salmon

• 8-9 ppm  Good for salmon

• 4-7  ppm  Limits salmon survival 

 
• 0-4 ppm  Unsatisfactory for salmon

*note: supersaturation occurs at %100-125 (15-19 ppm) when  
water gains momentum as it falls over a heightened topography 
such as a dam, increasing oxygen levels in the water below. 

]

]

]
]
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Turbidity Information
Turbidity refers to the cloudiness of water in a sample 
from a stream, lake or marine environment.  Turbidity 
is caused by materials suspended in the water scatter-
ing and absorbing light rather than allowing it to be 
transmitted in a straight line.  Clay, silt, fine organic 
and inorganic material, plankton, and other micro-
scopic organisms all contribute to the turbidity of the 
water.  The direction and intensity of the scattered 
light depends on the size, shape, and composition of 
the suspended particles.

Turbidity is important because light affects the biolog-
ical growth and chemical reactions in the stream.  If a 
stream is very turbid (has high amount of suspended 
material) then light will not reach very deep down and 
many natural processes cannot proceed below that 
depth.  High turbidity can be an indication of natural 
and manmade disturbances in the stream system.

Many times turbidity can be measured very simply 
using personal judgment and comparison to other 
examples.  

Alternatively, Turbidity Tubes can be used for a more 
scientific measurement.  Turbidity Tubes are long 
and cylindrical, and are marked with measurements 
in nepholometric turbidity units (NTU’s) on the side.  
The tube is filled with a sample of water and a reading 
is taken when the writing at the bottom of the tube can 
no longer be read.

Salmon need reasonably clear water and do best in wa-
ter where you can see the bottom of the stream.  The 
water quality standard expressed in NTU’s is based on 
the amount of increase compared to measurements of 
background conditions.  For Class AA and A streams, 
if background turbidity is 50 NTU or less, then the 
total amount of increase cannot be more than 5 NTU. 
If the background is greater than 50 NTU, then the 
increase cannot be above 10 percent of the background 
level. For Class B and C streams, if background 
turbidity is 50 NTU or less, then the total amount of 
increase cannot be more than 10 NTU. If the back-
ground is greater than 50 NTU, then the increase can-
not be above 20 percent of the background level.

Water Quality Summary:  Turbidity
Problem:
When light transmission decreases, algae can only 
grow on the surface of the water.  Turbidity makes the 
water look dirty and organisms on the stream bottom 
receive no light.  Suspended sediments and other ma-
terials can also suffocate fish.

Causes:
• Solid particles in the water column scatter or re-

flect light so that it doesn’t penetrate very far.  
• Most particles come from erosion of soils from 

such places as fields, parking lots, or the stream 
bank.

• Construction leads to runoff and can have a large 
effect on the amount of light-scattering particles 
that enter a stream.

• Algae and organic particles also affect turbidity.
• In some cases it is difficult to determine whether 

the problem is clay or soil particles, or algae.
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Turbidity Facts

   
         NTUs

Turbidity is a measure of the amount of sediment suspended in water. Turbidity is 
measured in turbidity units called Nephelometric Turbidity Units or NTUs. Generally 

salmonids prefer water with less than 20 NTUs.

Washington State Standards (WAC 173-201)

Class AA (Extraordinary) -No increase of over 5 NTUs over background connditions
Class A (Excellent)  -No increase of over 5 NTUs over background connditions
Lake Class    -No increase of over 5 NTUs over background connditions
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• 1 NTU  Drinking water standard
• 1-10 NTUs Background levels for most Whatcom County streams

• 25 NTUs  Salmon growth is reduced - gill damage in 5-10 days

• 30 NTUs  Detectable by the human eye

• 50 NTUs  Some salmon speicies leave

• 70 NTUs  Ability of salmon to see and find food is impaired

   
   
   
• 100-1000 NTUs Levels found in most streams during storms
   



In-class Activity

Watershed Watch
Use your “Watersheds of Whatcom County” map to answer the following questions.

1) Find the highlighted dotted line above the town of Lynden at the upper edge of the map that represents the 
Canada-United States border.
a. Name the two creeks that flow from Canada into Washington near Lynden (hint: they connect to a larger 
moving body of water just south of Lynden).

b. To what large body of water do these creeks eventually flow and how do they get there?

2) Name the creek that flows from Washington into Canada (hint: it is not connected to any other bodies of 
water in Washington).  

 
3) Find the main river that runs through the entire Whatcom County watershed system.
a. What’s the name of this river?

b. This river eventually splits into three main branches like the roots of a tree.
What three watersheds are created by this split? 

4) Name two other rivers that flow on the US side of the border and the watersheds that they reach.  Look 
closely.

5) What two major highways run through the Whatcom Watershed?

6) Find the Squalicum Creek Watershed. What six sub-basins are incorporated in the Squalicum Creek water-
shed?  Look for the black outlines and bold names.

7) In the front of the room you’ll find the Lower Squalicum sub-basin on the “City of Bellingham Watersheds & 
Sub-basins” map.  
a. When the freeway was created in the 1950’s after WWII, the stretch that now runs through the Lower Squali-
cum watershed between the two lakes was too low.  In order to elevate the freeway the builders dug the earth on 
both sides of its intended location creating what two bodies of water?

b. These two man-made bodies of water are located on what natural stream?



In-class Activity

Watershed Watch Continued
c. To appeal to sports fishermen in the area, the two man-made bodies of water were supplemented with a 
non-native predator fish, including: largemouth bass, pumpkin seed sunfish, and blue gill sunfish.  How do you 
think the introduced predatory largemouth bass population has impacted historic populations of coho and chum 
salmon that spawn in the creek (hint: think about the most vulnerable stages within the salmon life cycle)?

8) Thousands of years ago during the ice age a continental glacier spread downwards from Canada covering 
what we now call the Whatcom County Watershed.  As it moved over the land it carved into the earth.  The 
glacier eventually melted leaving traces of its past existence on the earth’s surface.  Name a feature of the land-
scape in our watershed that the glacier left in its path.

9) Find Roosevelt and Deming Glaciers.
a. What three watersheds converge at these glaciers?

b. On what large land mass are the glaciers located?

c. About how many creeks are fueled by these glaciers?  Be generous.

10) Around the turn of the 20th century, the Nooksack River was diverted near Ferndale so that its water would 
flow into Bellingham Bay.  If you look closely at the map, you can see the path the river used to take.  Into what 
body of water did the river used to flow (hint: the old path is now a smaller river flowing to the southwest)?

11) Find your local watershed.
a. In what watershed is your school located?  
 

b. Name a creek or body of water that is close to where you live or go to school.  

c. Explain what human developments (industrial, agricultural, residential, or commercial) are most prevalent in 
this part of the watershed and how they may be affecting water quality in your area. 



NSEA Led Activity

Water Quality Sampling
Leader  NSEA Instructor

Subject 

Objectives
Students will (1) study water quality standards in 
relation to salmon survival, (2)  measure and interpret 
water quality parameters including: temperature, pH, 
dissolved oxygen, and turbidity, and (3) determine the 
stream’s water quality health based on the data they 
collect.

Size/Setting/Duration
 Entire class in groups of 2-3/Field/~1 hour 

Materials  
• Paper, pens, pencils
• Notebooks
• Water quality data sheets
• Water Quality test kit
• HACH pH kits
• HACH dissolved oxygen (DO) kits
• Thermometers
• Turbidity tube
 
Background
See the following four pages to learn more about the 
four water quality parameters that will be tested at 
the stream site: temperature, dissolved oxygen, pH, 
turbidity.

Activity
Explain the scientific importance of determining 
the stream’s health before we begin restoration.  By 
identifying water quality problems, we can address 
them with appropriate solutions.  For instance, if the 
temperature is too high, what could we do to make it 
cooler?  One common way is to plant trees.  

Walk down to the creek with students and have any 
antsy students assist you in collecting water samples 
to be tested back at stations.  Once back at the wa-
ter quality station, demonstrate testing methods as 
students perform measurements along with you.  Be 
sure students wear proper safety equipment (gloves, 
goggles). 

Discuss the ecological requirements of salmon in rela-
tion to  each parameter as you go.  Students will re-
cord their results.  Using thermometers, HACH testing 
kits, and turbidity tubes, students will measure water 
temperature, dissolved oxygen, pH, and turbidity of 
the stream.  Students will analyze their results in com-
parison to salmon habitat requirement to determine if 
the stream is healthy enough for salmon to live in.



NSEA Led Activity

Water Quality Data Sheet
Name of Scientist: Name of Creek: Date: Time

SITE OBSERVATIONS:
Weather:

Healthy elements of the stream and riparian ecosystem:

Unhealthy elements of the stream and riparian ecosystem:

Water Quality Predictions:

Salmon Water Quality Requirements
Parameters Temperature Dissolved Oxygen pH Turbidity

Unit of 
Measurement

Method

Salmon 
Need

Why??

Results

Analyse Results
Excellent Medium Poor

Temperature Between 5-13° C Between 13-20°C Above 20°C
pH Between 6.5-8.5 Between 4.5-6.5 or 8.5-10 <4.5 or >10

Dissolved Oxygen More than 9 ppm Between 6-8 ppm Less than 6 ppm
Turbidity More than 10 NTUs More than 15 NTUs More than 20 NTUs

Based on your data, what do you think the water quality at this creek is?

Why? Explain your conclusion below,

List one water quality parameter that was less than ideal and list one way we could help improve it.
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Groundwater Background Information
Groundwater is one of earth’s most valuable natural 
resources. Water stored underground, in cracks, pores, 
and openings is called groundwater.  An aquifer is an 
underground formation composed of  relatively po-
rous or permeable substreate that’s capable of storing 
water, much like the idea of a man-made well where 
we retrieve water for human use. Groundwater is 
filterd through this substrate to supply clean water to 
streams and aquifers. We depend on this water source 
(which is recharged by the water cycle) to sustain life. 
About 30% of the Earth’s freshwater resources are 
groundwater, compared to less than 0.5% in surface-
waters (precipitation, streams, and rivers). 

Surface water from rain, rivers and streams percolates 
down through permeable substrate to refill and re-
plenishe the aquifers which is called recharge. When 
water can flow directly from the surface to the aquifer, 
it is called an unconfined aquifer. This is different 
from a confined aquifer where water has a recharge 
area that is not directly above it. Deeper parts of aqui-
fers are generally more saturated since gravity causes 
water to flow downward. The upper level of this satu-
rated layer is called the water table. Below the water 
table is the zone of saturation where all pore spaces in 
the substrate are filled with water or saturated. Above 
the water table and below the surface of the ground is 
the zone of aeriation because some of the pore spaces 
still contain air instead of water. 

Aquifers come in all shapes and sizes, some can cover 
hundreds of square miles and be hundreds of feel 
thick, while others may cover only a few square miles 
and be a few feet thick. Aquifers can yield different 
quantities of water (ranging from millions of gallons 
per day to very small amounts each day) and the qual-
ity of water can vary as well. The age of ground water 
in aquifers varies from day old water to water that had 
been confined for over thousands of years. 

The rate of movement of ground water is determined 
partially by the porosity or permeability of the sub-
streat in the formation the water is moving through. 
Once water percolates down to the water table, it 
becomes ground water and starts to move down gradi-
ent according to energy levels. The energies that cause 

ground water to flow are gravitational energy (the dif-
ference in elevation between the recharge area and the 
discharge area) and pressure energy or the ‘hydraulic 
head’ (the weight of the overlying water and earth ma-
terials). Ground water always moves toward the areas 
of least resistance.

Groundwater Issues:

Pollution: point and non-point pollution can infiltrate 
down to the groundwater system poisioning both hu-
man drinking water as well as surface water at inter-
faces further degrading salmon habitat.

Overdraft: demanding more water than can be re-
charged leads to saltwater intrusion, subsidence and a 
need for deeper wells.
 Saltwater intrusion introduces brackish waters 
 into freshwater systems introducing ecological  
 damage and the loss of drinking water.
 Subsidence occurs when enough water is 
 removed allowing the aquifer to become 
 compressed. In the first half of the 20th century 
 San Jose California dropped 13 feet due to   
 subsidance.
 Deeper wells are needed to reach deeper a   
 deeper water table which continues to drop in  
 many areas due to overuse.

Mining: Groundwater becomes a nonrenewable 
resource when water is taken much faster than it can 
recharge in our lifetimes. This process is considered 
and termed mining.

EALR Vocabulary: controlled variable, impact, infer, 
investigative plan, investigative question, manipulated 
variable, responding variable, solubility, topography
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Groundwater EALRs
Component Grade Level Expectation Evidence of Learning

1.1.4 Properties 

Understand how properties are 
used to identify, describe, and 
catagorize substances, materials, 
and objects and how characteristics 
are used to catagorize living things.

Analyze forms of energy in a 
system, subsystems, or parts of a 
system.

Compare the potential and /or ki-
netic energy of parts of systems at 
various locations or times.

1.2.2 Structures: Understand how 
components, structures, organiza-
tions, and interconnections describe 
systems.

Analyze energy transfers and trans-
formations within a system, includ-
ing energy conservation.

Distinguish conditions likely to re-
sult in transfers or transformations 
of energy from one part of a system 
to another.

1.2.4 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand the components of and 
interconnections of Earth’s sys-
tems.

Describe the interactions among 
the components of the Earth’s 
systems.

1.3.10 Changes 

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Analyze the living and nonliving 
factors that affect organisms in 
ecosystems.

Describe how matter and energy 
are transferred and cycled through 
ecosystems.

2.1.2 Investigating Systems 

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to plan and con-
duct systematic and complex scien-
tific investigations.

Make a hypothesis about the results 
of an investigation that includes 
a prediction with a cause -effect 
reason.

2.1.3 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to 
construct a scientific explanation 
using evidence and inferential 
logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.
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Groundwater & Hydrology



NSEA Led Activity

Groundwater Infiltration Demonstration
Leader  NSEA Instructor

Subject

Objectives
Students will (1) discuss the water cycle in relation to 
the watershed, ground water and aquifers (2) under-
stand permeability through completion of a watershed 
experiment that demonstrates groundwater infiltration. 

Size/Setting/Duration
Whole class split into two groups/classroom or 
field/~1hour

Materials
• Infiltration Demonstration Kit
 * two sets of jars each containing one of the   
    three sediment types (sand, silt, and clay)
 * two stands to hold jars
 * twelve cups (six to pour with and six to cap- 
    tre water)
 * stopwatch
 * infiltration worksheet
 *colored pencils
• 1 Large copy of Well Log Data Chart
• Velcro board
• Groundwater worksheet
 
Activity
Have students examine (with magnifying glass if 
desired) clear containers of gravel, sand and clay to 
sketch a blow up of the size and spacing of the differ-
ent materials. Have students predict how quickly wa-
ter will move through each medium and why. Run the 
experiment in groups of 5. Each of three students will 
be in charge of each sediment type. These students 
will carefully pour equal amounts of water into each 
container. THIS MUST BE DONE AT THE SAME 
TIME and be timed with a stopwatch by another 
student. Students watch the cup below the container 
fill with water and tell the data recording student when 
pre-drawn lines have been met by the water percolat-
ing through the sediment. The data recorder records 
the time at line 1, 2, 3 (end the experiment after 2 
minutes). 

Students will compile data from both groups and 
graph all three equivolumetric lines in different colors 
on one infiltration plot.

Discuss a hydrologist vocabulary with poster and have 
students fill in the blanks on their simplified ground-
water system image.

Hand out well log strips 1-25 and have students an-
swer questions on them. Then place logs in order on 
Velcro-board and answer questions 7-9 on the ground-
water worksheet.

Discuss the significance of results in terms of restora-
tion planning (soil moisture and drainage qualities will 
be a determining factor when choosing which plants 
to add to your restoration site) and the larger picture 
of groundwater contamination leading to point and 
non-point pollutants entering and degrading salmon 
habitat.



NSEA Led Activity

Groundwater & Hydrology Data Sheet

1. Sketch a blow up of each type of material focusing on the size and spacing of particles.
GRAVEL SAND CLAY

2. How will the sediment size affect how quickly water will move through the different materials? 
Make predictions on which material you think will drain the fastest? Slowest? Why?

Gravel-

Sand-

Clay-

3. Complete the Ground Water Demonstration. Then record the other group’s times. 
 Student Tasks:
  Students should work in pairs, responsible for one sediment type, recording the time the    
  water fills to each of the three premarked lines. 
  Share data as a group and graph all three sediment types on the graph below in different    
  colors. 
  Share data with the other group and discuss differences and similarities and what could have   
  caused them.
  Abandon anyinconclusive portions of the expierment after five minutes.

Gravel Sand Clay
Line # Time (sec) Time 2 Line # Time (sec) Time 2 Line # Time (sec) Time 2

1 1 1
2 2 2
3 3 3

4. Plot all data and draw best fit lines for each material on the chart below.    

            

Infiltration Times
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NSEA Led Activity

Groundwater & Hydrology Worksheet
Pick a Well Log Strip and answer the following questions using it.

5. If a raindrop falls over your well, what pollutants might it pick up as it filters into the ground?     
Consult the land use practices above your well! Is this ground water safe to drink?
      

  
6. Describe the drops movement down the column. 
Through which layers will it move the fastest? Slowest? When will it be restricted?

  

Organize Well Log Strips in order on the Velcro-board before proceeding. 
7. Describe the unconfined aquifer, what direction does water predominantly move through it?

8. What are the water sources for the unconfined aquifer? What about the confined aquifer?

9. Re-answer question (5.) List the possible contaminants in your water. 
Did your answer change?

10. Name one possible source of point and non-point pollution. 
How could affect your drinking water? What about salmon habitat? 
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Stream Flow Background Information
Stream flow is a measure of the volume of water 
flowing through a given cross-section of a stream 
over a given amount of time.  Stream flow is usually 
measured in cubic feet per second (cfs).  The cross-
section is the area of the channel at a certain point.  In 
a stream channel, the area is found by measuring the 
depth of the stream and the width of the channel.  

Stream flow is measured by:
• calculating the velocity of the water (how fast it is 

moving) and  
• the depth of the water, and the width of the chan-

nel.  At any one point in the stream, the speed and 
depth can vary dramatically so it is necessary to 
take measurements at more than one point.  

To measure stream flow some stream flow meters 
have propellers that calculate how fast the water is 
moving in feet per second.  The depth and width are 
then measured and multiplied by the velocity.  For 
example a stream that is 2 square feet and a velocity 
of 1 foot per second has a flow of 2cfs.  

Another simple way to calculate the stream flow is to 
float an object such as an orange, twig, leaf, or marsh-
mallow down the stream to calculate its velocity.  
Multiply that number (the length of time it takes the 
object to get from point A to point B) by the area of 
the stream to find your flow in cubic feet per second.  

Stream flow is important to aquatic organisms since 
they depend on a certain amount of water for their 
survival.  Salmon need enough water in their streams 
to migrate up or downstream for spawning and for 
basic survival.  Without an adequate amount of water, 
plants and other wildlife can also suffer.

The velocity of a stream is also important because 
it directly influences the concentration of dissolved 
oxygen, water 
temperature, streambed composition, and nutrient 
availability.

Typically, salmon require a minimum stream depth 
of 0.79 – 0.59 feet and a maximum velocity of 8.01 
– 7.00 feet/second for spawning habitat (Bjornn and 

Reiser 1991 in A Review of Habitat Capacity for 
Salmon Spawning and Rearing accessed 1/13/04 
at srmwww.gov.bc.ca/risc/o_docs/aquatic/036/as-
sets/036.pdf).

USGS (United States Geological Survey) operates 
several stream flow gages on local streams and rivers.  
Look for these corrugated well sections around town 
or go to the USGS website at http://www.usgs.gov/ 
to find maps of the gages in and around our commu-
nity.  You can also use this website to access historical 
records for your project. 

Stream Flow Instructions:
• Select two sites as far apart as possible in the total 

study area.
• At each site, measure the width to the nearest 10th 

of a foot in three places and find the average.
• At each of the three places you measured width, 

measure the depth to the nearest 10th of a foot and 
find the average.

• Find the velocity either with a digital instrument or 
by floating an object down the stream.

• Compute stream flow in cubic feet per second.

EALR Vocabulary: abiotic, constraint, impact, investi-
gative plan, topography, transmission



SUP References

Stream Flow EALRs
Component Grade Level Expectation Evidence of Learning

1.1.4 Properties 

Understand how properties are 
used to identify, describe, and 
catagorize substances, materials, 
and objects and how characteristics 
are used to catagorize living things.

Analyze forms of energy in a 
system, subsystems, or parts of a 
system.

Compare the potential and /or ki-
netic energy of parts of systems at 
various locations or times.

1.2.1 Structures 

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how systems function, 
including inputs, outputs, transfers, 
transformations, and feedback of a 
system and its subsystems.

Explain the interconnections be-
tween a system’s parts or subsys-
tems.

1.2.4 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand the components of and 
interconnections of Earth’s sys-
tems.

Describe the interactions among 
the components of the Earth’s 
systems.

1.3.10 Changes 

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Analyze the living and nonliving 
factors that affect organisms in 
ecosystems.

Describe how matter and energy 
are transferred and cycled through 
ecosystems.

2.1.2 Investigating Systems 

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to plan and con-
duct systematic and complex scien-
tific investigations.

Make a hypothesis about the results 
of an investigation that includes 
a prediction with a cause -effect 
reason.

2.1.3 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to 
construct a scientific explanation 
using evidence and inferential 
logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.

2.2.5 Component

Nature of Science: Understand the 
nature of scientific inquiry 

Understand that increased compre-
hension of systems leads to new 
inquiry.

Describe how scientific inquiry 
results in new facts, evidence, 
unexpected findings, ideas, and 
explanations. 

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
work place, and the environment.

Analyze how human societies’ 
use of natural resources affects the 
quality of life and the health of 
ecosystems.

Explain the effects of various hu-
man activities on the health of an 
ecosystem and/or the ability of 
organisms to survive in that eco-
system.



NSEA Led Activity

Streamflow
Leader  Teacher

Subject  Earth Science, Inquiry Science, Math

Size/Setting/Duration  
 Whole Class/Outdoors or in-class/ 50 minutes

Objectives
 Students will (1) learn how streamflow affects  
 the salmon survival, (2) measure stream flow  
 and (3) determine if streamflow is sufficent for  
 spawning salmon.

Materials     
• Tape measure
• Measuring tape
• Twine (two pieces ~20ft long)
• Utility clamps
• Tennis Ball
• Rubber waders
• Streamflow Data Sheet

Background 
Streamflow is a measure of the amount of water flow-
ing through a waterway at any given time.  It is mea-
sured in cubic feet per second by calculating the veloc-
ity (rate) at which a cross section (area) of water flows 
through a given distance.  Streamflow is an important 
measurement for distinguishing potential salmon habi-
tat because salmon cannot spawn in extreme low-flow 
conditions or in conditions where water is moving at 
extremely high velocities.  Too much flow can scour 
out spawning beds, destroying redds (eggs nestled in 
the gravel).  Streamflow also influences (1) the amount 
of dissolved oxygen in the water, (2) water 
temperature, (3) streambed composition, and (4) the 
amount of nutrients available in the stream.

Activity 
Introduce the idea of streamflow and its importance 
in determining if habitat is suitable for salmon and 
other aquatic organisms.  Explain the parameters 
in measuring streamflow and, as a group, calculate 
streamflow at two locations along the stream.  Com-
pare the measurements and discuss differences.  Could 
a slow-moving, large stream potentially have the same 

streamflow as a fast-flowing, small stream?  Explain to 
students that they will be able to see more examples of 
size and speed differences of streams on the watershed 
fieldtrip.

Reflection
Take a moment to reflect in writing on this unit:
How does your life flow and erode like the waters of a 
river and what gives you stability?



NSEA Led Activity

Streamflow Data Sheet
Name of Scientist: Name of Creek: Date: Time

Current Weather Condition: Recient Weather Conditions:

SITE 1
Parameter 1 2 3 Average

Width (w)
                       ft                        ft                        ft

w = 

Depth (d)
                       ft                        ft                        ft

d =

Velocity (v)
(distance/time)

          ft/         sec=
              ft/sec

          ft/         sec=
              ft/sec

          ft/         sec=
              ft/sec v =

Bottom Factor (a)                                                     rubble, gravel, plant = .08     -OR-      smooth mud, silt, bedrock = .09 a = 

Streamflow (r)
                        (r) =   (w)    x    (d)    x    (v)    x    (a)    

Streamflow site 1 =            x             x             x              =            ft3/sec
r =

SITE 2
Parameter 1 2 3 Average

Width (w)
                       ft                        ft                        ft

w = 

Depth (d)
                       ft                        ft                        ft

d =

Velocity (v)
(distance/time)

          ft/         sec=
              ft/sec

          ft/         sec=
              ft/sec

          ft/         sec=
              ft/sec v =

Bottom Factor (a)                                                     rubble, gravel, plant = .08     -OR-      smooth mud, silt, bedrock = .09 a = 

Streamflow (r)
                        (r) =   (w)    x    (d)    x    (v)    x    (a)    

Streamflow site 1 =            x             x             x              =            ft3/sec
r =

FLOW CONCLUSION: Based on your calculations and the data supplied on the ‘streamflow info sheet’ do you 
think that this site is suitable for spawning salmon? Consider fluctuations in streamflow at different times of the 
year?



SUP Reference

Macroinvertebrate Background Information
Over 95% of animals in the waters of the world are 
invertebrates, which do not have a backbone.  Macro-
invertebrates are invertebrates that are large enough to 
be easily seen with the unaided eye. They are a vital 
link in aquatic ecosystems and function as excellent 
indicators of water quality in a stream, lake, pond or 
across a watershed.

Macroinvertebrates are an important link in the 
stream’s food web. Some macroinvertebrates are 
predators that feed on other macroinvertebrates and 
even small fish, and others are herbivores that feed on 
plants, plankton, or detritus (organic nutrients in the 
form of decaying native plants or carcases of spawned 
salmon. Many macroinvertebrates have an early life 
stage that precedes a metamorphisim to adults. At 
this larva life stage they are called ‘nymphs’ and can 
live in a stream for up to two years before becoming 
adults. Juvenile salmonids feed on eggs, larval and 
adult macroinvertebrates during the fry and smolt 
stages of their lifecycle. Fish populations depend on 
healthy macroinvertebrate populations to survive. The 
ability of macroinvertebrates as food is determined by 
the condition of the stream.

Water quality can be infered via macroinvertebrate 
assemblages because they have a wide variety of 
tolerances to pollutants and are easy to catch.  Differ-
ent species and their relative concentrations are used 
to assess the quality of the stream. Some macroinver-
tebrates are very tolerant of polluted conditions and 
some are not.  If a stream has a high occurrence of 
those species which cannot tolerate the presence of 
pollution (or pollution-intolerant species), it indicates 
that the water quality is good. Conversly, if a stream 
lacks pollution-intolerant macroinvertebrates and has 
a high occurrence of pollution-tolerant macroinver-
tebrates (species which can live and thrive even in 
polluted water), it indicates poor water quality. Many 
macroinvertebrates have the same requirements for 
life that salmon do (high water quality standards), 
such as cool, clear water with a neutral pH and a high 
level of DO. 
 
Some macroinvertebrates, such as Stoneflies and 
Mayflies live in streams for up to two years as larva. 

Consequently they require good streamflow and a 
healthy temperature range year round. Macroinverte-
brate populations will respond to chemical and ther-
mal pollution as well as habitat disturbances in and 
around the stream.

Reflection
Take a moment to reflect on this unit:
Why do macroinvertebrates matter to the riparian 
ecosystem?  What would happen if they weren’t there?

EALR Vocabulary
Bacteria, biotic, biomass, diversity, experiment, incon-
sistent, investigative plan, investigative question, body 
of water, environment, hypothesis, predator, prey, 
recycle, river system, watershed



SUP Reference

Macroinvertebrate
EALRs

Component Grade Level Expectation Evidence of Learning
1.2.2 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how the parts of a system 
interconnect and influence each 
other.

Explain how the parts of a system 
interconnect and influence each 
other.  
Describe the flow of matter and 
energy through a system.
Describe the interactions and influ-
ences between two or more simple 
systems.

1.3.8 Changes 

Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how individual organ-
isms, including cells, obtain matter 
and energy for life processes.

Describe the different sources of 
matter and energy required for life 
processes in plants and animals.
Describe how systems interact to 
distribute materials and eliminate 
wastes produces by life processes.

1.3.10 Changes 

Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how organisms in eco-
systems interact with and respond 
to their environment and other 
organisms.

Explain the role of an organism in 
an ecosystem.
Describe how a population of an 
organism responds to change in its 
environment.

2.1.2 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to conduct scien-
tific investigations.

Make predictions and give reasons.
Generate a logical plan for a simple 
field investigation.

2.1.5 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to 
report investigations and explana-
tions of objects, events, systems, 
and processes.

Summarize an investigation by de-
scribing key factors and processes 
of experiment.

2.2.5 Nature of Science

Understand the nature of scientific 
inquiry.

Understand that increased compre-
hension leads to new inquiry.

Understand that increased compre-
hension leads to new questions to 
be investigated.



In-class Activity

Macroinvertebrate Dry Lab
Leader: Teacher

Subject: Environmental Science, Math

Objectives
Students will (1) identify macroinvertebrates using a  
dichotomous key  (2) understand the term indicator 
species (3) determine the pollution tolerance level of 
different freshwater invertebrates of the Pacific North-
west (4) create a pollution index chart to be used when 
sampling in the field.

Size/Setting/Duration
Whole Class/Classroom/ ~1 hour 
 
Materials
• Macroinvertebrate cards
• Macroinvertebrate Dichotomous keys
• A Guide to Northwest Aquatic Invertebrates 
• Blank Macroinvertebrate Pollution Tolerance   

Index

Activity
Look over the macroinvertebrate dichotomous keys 
with the students, pointing out the simple system of 
identification utilized.  Attention to detail is essential 
for the accurate identification of insect species. Intro-
duce the concept of indicator species and the use of an 
index in data collection.  
Split up the full set of macroinvertebrate cards 
evenly between students.  Print out a separate set for 
each class.  Using the dichotomous keys, students 
will determine what type of insect they have.  Once 
they’ve correctly identified their bug, they’ll use the 
Macroinvertebrate Rating chart (located at the end 
of the lesson plan) to determine the pollution toler-
ance level of their macroinvertebrate.  Place the blank 
Macroinvertebrate Pollution Index on the front board 
in the classroom.  Students will then determine which 
category their insects fall under and go to the front 
board to place their macroinvertebrate cards in the cor-
responding category on the blank Macroinvertebrate 
Pollution Tolerance Index.

This chart will be used to take a biotic measurement of 
the stream’s health at your local creek site. 





In-class Activity

Macroinvertebrate Cards



In-class Activity

Macroinvertebrate Cards



In-class Activity

Macroinvertebrate Cards



In-class Activity

Macroinvertebrate Cards



NSEA Led Activity

Macroinvertebrate Bio-assessment
Leader  NSEA

Subject  Science, Math

Objectives
Students will (1) identify macroinvertebrates using 
a dichotomous key, (2) understand the term indica-
tor species, and (3) take a biotic measurement of the 
stream’s health.

Size/Setting/Duration
3-5 students per study area/Stream/ ~1 hour 
 
Materials
• Macroinvertebrate test kit
• Kick net
• Collection tubs
• (Plastic) spoons
• Magnifying glasses
• Rubber waders 
• Macroinvertebrate dichotomous keys
• Macroinvertebrate data sheet
• Macroinvertebrate sketch sheet
• Pollution tolerance index data sheet

Background
Macroinvertebrates serve as biological indicators of 
stream health because they are sensitive to physical 
and chemical changes in their habitat, 
cannot easily avoid pollution, and are easy to find 
and collect in the stream.  This method of macroin-
vertebrate sampling is widely used among biologists 
to determine habitat health in regards to salmonids, 
amphibians, and mammals that use the same freshwa-
ter ecosystem.

Activity
Review the macroinvertebrate index sheet with stu-
dents.  This index divides the insects into three classi-
fications, each with its own rating relative to the mac-
roinvertebrate’s level of pollution tolerance. Based on 
the macroinvertebrate species they find in the stream, 
the students will be able to determine whether or not 
their reach of the creek is healthy enough to support 
salmon.  

Split the class into groups of 3-5 students with one of 
each of the following roles: (1) scribe/group leader, 
(1-2) eagle-eye bug catchers, (1-2) expert bug identi-
fiers and tallyers (1-2).  Have the groups spread out to 
different reaches of the stream to collect their sample.  
When the samples are collected have the students 
begin sorting through the debris separate macroinver-
tebrates by type into separate containers.  They will 
count each species, filling out the data sheets as they 
go and sketch the macroinvertebrates that they have 
found. Use the “Biotic Assessment Sheet” to calcu-
late the stream’s rating.  Gather as a large group and 
compile results from upstream, midstream, and down-
stream.  

Compare macroinvertebrate results against the water 
quality results.  Is the macroinvertebrate index a good 
indicator of water quality?  How? What factors could 
result in differences?



NSEA Led Activity

Biotic Assessment Data Sheet

Name of Scientist: Name of Creek: Date: Time

HYPOTHESIS: Using your pre-existing knowledge of water quality and vegetation of the stream, which 
groups of insects do you expect to find and why?

Stream Sample Habitat Description (type/size of sediment/cobble, riffle/pool, detritus levels):

Macroinvertebrate Group/Rating Quantity
Stonefly

3Most Caddisflies
Most Mayflies
Net-winged Midge

Group 3 total = total quantity x rating (3) (group quantity)         x 3 =                   
Cranefly

2

Dobsonfly
Dragonfly
Damselfly
Alderfly
Beetle Larva
Freshwater Mussel
Clams
Water Mites
Gilled Snails
Water Penny
Crayfish
Scud/Ampihpods

Group 2 total = group quantity x rating (2) (group quantity)         x 2 =                   



NSEA Led Activity

Biotic Assessment Data Sheet

Macroinvertebrate Group/Rating Quantity
Daphia/Cyclopod

1

Aquatic Sowbugs
Pouch Snails
Most True Fly Larva
Microcaddis
Dragonfly
Flatworms
Most Beetels
Freshwater Clams
Water Striders
Leeches
Aquatic Worms

Group 1 total = total quantity x rating (1) (group quantity)         x 1 =                   

TOTAL # of Macroinvertebrates Sampled (from ALL groups) =                               

Calculating the Hilsenhoff Biotic Index

(Group Quantity Totals) / (Total # of Macroinvertebrates) = HBI
                                 /                                 =                              .

          
Hilsenhoff Biotic Index (HBI) Key:

1.00-1.50 = Poor
1.51-2.00 = Fair

2.01-2.50 = Good
2.51-3.00 = Excellent

MACROINVERTEBRATE CONCLUSION: What is the HBI measured water quality just measured?

How does it relate to the chemical water quality already measured and what we learned about the riparian 
ecosystem here? What factors could contribute to any differences?



SUP Resources

Riparian Habitat & Restoration Background
The riparian ecosystem is the green ribbon of trees and 
shrubs that borders either side of a stream, the stream 
itself, and includes all the abiotic, biotic, and cultural 
aspects of the area.  Biotic elements include any living 
or once-living thing: plants, trees, decomposers, in-
sects, birds, leaf litter, dead trees and animals.  Abiotic 
elements are any nonliving substances including soil, 
rocks, air, and water.  All of these things together fuc-
tion to create a healthy ecosystem.  A healthy riparian 
area is very important in providing habitat for wildlife 
by supplying food, water, and shelter.

The riparian ecosystem has many functions.  A ripar-
ian area is essential for flood control.  Well-vegetated 
streambanks provide bank stabilization through 
healthy and diverse root systems, thereby reducing 
bank erosion and an increase of suspended sediments 
in the stream. Vegetation also enhances rain intercep-
tion, yielding an increase in groundwater and aquifer 
recharge.  Aquifer recharge is a main component in 
year-round stream flow.

Humans have altered natural riparian ecosystems by 
adding cultural elements.  Cultural elements include 
anything made or added to an environment by hu-
mans: houses, roads, telephone poles, bridges, etc.  It 
is important to understand that all cultural elements 
were created from biotic or abiotic elements found in 
natural ecosystems.  Cultural elements may compete 
with the natural environment.  For example, culverts 
that do not allow for fish passage.  Cultural elements 
can also put the natural environment at risk when 
too much of a biotic/abiotic element is used to create 
it; such as the clear-cutting of a forest for paper and 
building materials.

The amount and type of vegetation in the riparian eco-
system directly affects the health of a stream system.  
Disturbances of vegetation create instability in the 
stream ecosystem in several ways.  

Plants hold the soil in place by reducing the amount of 
rainfall that comes into direct contact of bare soil, and 
by containing even lose soil with root systems, which 
helps keep fine silt and excess nutrients out of the 
water.  Too much sediment in the water inhibits the 

growth and survival of fish and other aquatic organ-
isms.  The term for a scientific measurement of sedi-
ment in the water is turbidity (see Turbidity Facts on 
page 30-31). Plants also take in nutrients and pollut-
ants, helping filter potentially harmful substances out 
of the aquatic habitat.

Riparian vegetation is crucial for shading and cool-
ing the stream, as well as providing shelter, food, and 
cover for a variety of wildlife that are a part of the 
stream ecosystem.  Salmon need cool temperatures 
for optimal development and survival in the stream 
(see Temperature Facts on page 24-25).  Salmon also 
depend on the organic input (detritus) from riparian 
vegetation as the base of their food chain.  Macroin-
vertebrates (small aquatic organisms) feed on leaves 
and other detritus in and near the stream.  Juvenile 
salmon then feed on the macroinvertebrates. Organic 
input also includes large woody debris which helps 
create deep protected pools in which salmon can rest 
and hide.

Invasive plant species often take hold in disturbed 
riparian areas.  Three that are particularly invasive, 
or noxious in the Pacific Northwest’s local riparian 
areas include Himalayan blackberry (Rubus discolor), 
reed canary grass (Phalaris arundinacea) and Japa-
nese Knotweed (Polygonum cuspidatum).  Non-native 
plants are introduced to our ecosystem through agri-
culture and exotic horticulture, and those that become 
invasive find the climate and traits of the ecosystem 
extremely beneficial to their growth.  The invasive 
plant species that threaten local streams often thrive in 
wet soil.  As they don’t naturally grow here, they lack 
any natural predators or competitors, so there’s noth-
ing to control or check their population growth.  This 
allows them to take over and out-compete native ripar-
ian vegetation, becoming invasive.  Invasive species 
rarley provide the benefits of shade, bank stabilization, 
organic input, biodiversity and protection that native 
species produce.  

Recording the types and frequencies of the vegeta-
tion is important to become familiar with a particular 
site or entire stream system.  Plant counts and maps 
can give a clearer understanding of what functions the 
vegetation is making available for the stream system. 



SUP Reference

Riparian Habitat & Restoration
EALRs

Component Grade Level Expectation Evidence of Learning
1.2.1 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how the parts of a system 
interconnect and influence each 
other.

Explain how the parts of a system 
interconnect and influence each 
other.  
Describe the flow of matter and 
energy through a system.
Describe the interactions and influ-
ences between two or more simple 
systems.

1.2.3 Structures

Understand how components, 
structures, organizations, and inter-
connections describe systems.

Understand that all matter is made 
of particles called atoms and that 
atoms may combine to form mole-
cules and that atoms and molecules 
can form mixtures.

Describe that matter is made of 
particles called atoms and mol-
ecules.

1.3.4 Changes

Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand the processes that 
continually change the surface of 
the Earth.

Describe processes by which soils 
are formed.
Describe how destructive processes 
change landforms.

1.3.8 Changes 

Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how individual organ-
isms, including cells, obtain matter 
and energy for life processes.

Describe the different sources of 
matter and energy required for life 
processes in plants and animals.

2.1.4 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Analyze how models are used to 
investigate objects, events, systems 
and processes.

Create a model or computer simu-
lation to investigate and predict the 
behavior of objects, events, sys-
tems, or processes.

2.1.5 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to 
report investigations and explana-
tions of objects, events, systems, 
and processes.

Summarize an investigation by de-
scribing key factors and processes 
of experiment.

3.1.1 Designing Solutions

Apply knowledge and skills of 
science and technology to design 
solutions to human problems or 
meet challenges.

Analyze local, regional, national, 
or global problems or challenges 
in which scientific design can be or 
has been used to design a solution.

Explain how science and technol-
ogy could be used to solve all or 
part of a human problem and vise-
versa.
Explain how to scientifically gather 
information to develop a solution.



SUP Reference

Riparian Habitat & Restoration
EALRs

Component Grade Level Expectation Evidence of Learning
3.1.2 Designing Solutions

Apply knowledge and skills of 
science and technology to design 
solutions to human problems or 
meet challenges.

Evaluate the scientific design 
process used to develop and imple-
ment solutions to problems or 
challenges.

Research, propose, implement, 
and document a scientific design 
process used to solve a problem or 
challenge.

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
workplace, and the environment.

Analyze the effects human ac-
tivities have on Earth’s capacity to 
sustain biological diversity.

Explain how human activities 
affect Earth’s capacity to sustain 
biological diversity.



In-class Activity

Riparian ABC’s
Leader  Teacher

Subject  Earth Science

Objectives
 The student will learn (1) the meaning of the 
word “riparian” and (2) the components of the riparian 
ecosystem.

Materials
•  Riparian note cards (page ##) – laminated with 

magnets on the back
• Three laminated magnetic signs: Abiotic, Biotic, 

Cultural (Can also be written on board)

Size/Setting/Duration
 Whole class/classroom/~45 minutes

Background
 The riparian ecosystem is a term used to define 
the green ribbon of trees and plants that borders either 
side of a stream, the stream itself, and includes all the 
abiotic and biotic and cultural things in this area.  Bi-
otic elements include any living or once-living thing: 
plants, trees, decomposers, insects, birds, leaf litter, 
dead trees and animals.  Abiotic elements are any non-
living substance including soil, rocks, air, and water.  
All of these things together make up a healthy eco-
system.  If any one component were missing, all other 
parts of the ecosystem would be affected.   A healthy 
riparian area is very important in providing habitat for 
wildlife by supplying food, water, and shelter.
 The riparian ecosystem has many functions.  A 
riparian area is essential for flood control.  Well-vege-
tated streambanks provide bank stabilization, thereby 
reducing bank erosion and an increase of suspended 
sediments in the stream. Also vegetation increases rain 
interception, yielding an increase in groundwater and 
aquifer recharge.  Aquifer recharge is a main compo-
nent in year-round stream flow.
 Humans have altered natural riparian ecosys-
tems by adding cultural elements.  Cultural elements 
include anything made or added to an environment by 
humans: houses, roads, telephone poles, bridges, etc.  
It is important to understand that all cultural elements 
were created from biotic or abiotic elements found in 

natural ecosystems.  Cultural elements may compete 
with the natural environment.  For example, culverts 
that do not allow for fish passage.  Cultural elements 
can also put the natural environment at risk when 
too much of a biotic/abiotic element is used to create 
it; such as the clear-cutting of a forest for paper and 
building materials.

Activity
1.  Ask your students to brainstorm an accurate defi-
nition of the riparian ecosystem in their own words.  
Write the definition on the top of the board.  Stress 
that the riparian ecosystem includes not just trees and 
plants that border the stream, but the stream itself 
and all the living and nonliving things in that area.  
Discuss the important functions of a healthy riparian 
ecosystem.

2.  Now that a definition has been established, split the 
class up into small groups of about 3-5, each group 
representing a team. Draw three columns on the other 
side of the board, one for each of the ABC’s: Abiotic, 
Biotic, Cultural.  Students will compete in small teams 
to get the most points from categorizing each card as 
you hold it up.  Tell the students to carefully think 
about what category the item on the card should go 
under.  You will pull out one card at a time, choosing 
the team that raises its hand first (you can also have 
a flag of some sort for the team to hold up when they 
know the answer). Have the student place the card 
underneath the category they think it belongs to.    If 
they are right they get one point, if not, one of the 
other team will get a chance to put the card under the 
correct category (only allow one correction chance as 
there are only three options).  Tally points at the top of 
the board.

3. Upon completion of their task, have the stu-
dents discuss the placement of the cards.  Ask them 
how they came to the decesions they did and discuss 
the reasons why the items belong to specific catego-
ries.  After all the items have been correctly placed, let 
the class fill out The ABC’s of The Riparian Ecosys-
tem from their journals.  Have the students brainstorm 
other items to put in each of the categories.



In-class Activity

Riparian ABC’s Worksheet
A = ABIOTIC 

* the nonliving parts of the ecosys-
tem, including:

B = BIOTIC
* the living parts of the ecosystem, 

including:

C = CULTURAL
* humans additions to the stream 

and the land surrounding the 
stream, including:

                                                                               
                                                               

                                                                  

                                                             

                                                             

                                                                    

                                                                     

                                                                

                                                               

                                                                

                                                                 

                                                               

                                                                  

                                                             

                                                             

                                                                    

                                                                     

                                                                

                                                               

                                                                

                                                                 

                                                               

                                                                  

                                                             

                                                             

                                                                    

                                                                     

                                                                

                                                               

                                                                

                                                                 



In-class Activity

Riparian ABC’s Cards
Abiotic Factors Biotic Factors Cultural Factors

AIR TYEE RUN OFF

SUN
SALMON 
CARCASS

LAWN

SOIL INDIAN PLUM DITCHES

WATER CRAYFISH NET

MINERALS ALGAE CULVERT

OXYGEN PINE CONE DOG



Abiotic Factors Biotic Factors Cultural Factors

GRAVEL ALEVIN CAR PARTS

REDD CEDAR TREE BRIDGE

NITROGEN BACTIERIA PINE BEETLE

WATER FALL FALLEN LOG
LARGE- MOUTH 

BASS

BEAVER DAM MAYFLY DAISIES

SPIDER WEB BONE
Himalayan

 BLACK
BERRY

In-class Activity

Riparian ABC’s Cards



NSEA Led Activity

Native Plant Each One Teach One
Leader: Teacher

Subject: Earth Science, Communication, His  
  tory, Indigenous history

Objectives
 Students will (1) learn the names and unique 
characteristics of several native plants, (2) learn how 
specific native plants positively impact salmon habitat 
in different ways (the importance of biodivirsity) and 
(3) learn cultural and historical uses for native plants 
and (4) teach other students about one native plant and 
their importance to riparian zone, reinforcing what 
they have learned.

Materials
• Student Journal 
• Outdoor setting with native plants, or check   

out plants from NSEA
• Pencil or pen
• Colored pencils
• Riparian Zone Cards

Size/Setting/Duration
Outside in the Riparian Zone/In the classroom with 
potted plants ~50 minutes

Background
 This activity is based on the philosophy that 
people learn and remember something best when they 
have the opportunity to teach about it.  In the out-
doors, students will participate in a walk where they 
will become the teachers, teaching their classmates 
about one specific native plant and it’s relationship to 
the riparian zone (for example: Cottonwoods grow tall 
and fall over easily, forming large woody debris for 
fish habitat).  This is a great way of engaging students 
on a walk or in the classroom.
If you do this activity outdoors, adult chaperones are 
needed.  When done outdoors, choose a site with a 
trail along which native plants can be found; use the 
edge of a field, forest or even your school garden if 
native plants are present.  Scout out the area before 
you do the lesson to identify student teaching spots.  
Place the orange Riparian Zone Cards on the appro-
priate plants.  Each station should be fairly close to the 

others so that all students are within sight during the 
activity.

Activity
1.  Tell your students that they will be learning and 
teaching each other about the riparian zone and the 
native plants that keep it healthy.  Explain to them that 
instead of you doing all the teaching, they get to help 
out by becoming teachers for their classmates.  They 
will each study one native plant and its importance to 
the riparian zone.  Start by refreshing the concept of 
a riparian zone for the students, and ask them to list 
some important components and factors of a healthy 
one. 

2.  Once you’ve explained the layout of the activity, 
direct students to find a bright orange card hanging 
from a plant.  Each student will study a different card, 
one card per student.  They will study the information 
listed on the card and work for about 5 minutes to fill 
out their Each One Teach One report. Once the 5-10 
minutes is up, gather students back together and go 
over respectful listening and effective teaching meth-
ods.  

4. Remove the orange tags from the plants and 
ask students one-by-one to take the group to their plant 
and teach.  They should cover each of the four aspects 
of their plant listed on the Each One Teach One report.  
Encourage student teachers to show the class at least 
one interesting element of their plant. 

Optional Extension
Find it Fast!
Collect small pieces of different plants and parts of the 
surrounding environment.  Lay them out on a small 
cloth and cover with another cloth.  Reveal the items 
you’ve collected, allowing one minute for students to 
memorize the items as best they can.  Cover the items 
back up and send the students on their search to find 
as many of the items as they can.  Bring the group 
back together and inspect their collections to see who 
has found the most items.   As you go through items, 
explain their relevance in the environment (Douglas-
fir cone – food for squirrels) and have students discuss 
whether the item is abiotic, biotic, or cultural. 



NSEA Led Activity

Native Plant Each One Teach One

Student Name:                                                                Plant Name:                                                                                                                           

SENSE your plant...
List and sketch one interesting characteristic of your 

plant*:

*Smell, touch, feel and study your plant.

TELL us about your plant...
Choose the riparian zone fact from the Native Plant 
Fact Card* that benefits salmon in their freshwater 

habitat and explain how!

* Do any of the interesting facts relate to your SENSE 
observations?  If so, show and share...

DISCOVER the Native American history and uses 
behind your plant...

located on the Native Plant Fact Card*

* Do any of the Native American historical facts 
relate to your SENSE observations?  If so, show and 

share...

REPORT on the optimal growing conditions of your 
plant...

located on the Native Plant Fact Card*

*Most importantly, note sunlight and moisture prefer-
ences.



NSEA Led Activity

Each One Teach One Plant Guide
Create a plant guide that will help you design your restoration plan by listing optimal growth conditions and 
identification fact for each plant you learn about from your classmates:

                                                                                        
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

                                                                                             
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

                                                                                           
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

                                                                                         
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

                                                                                       
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

                                                                                              
(Plant Name)

Interesting Fact:

Sunlight Preference:
Full Sun–Sun–Shade–Full Shade

Soil Moisture Preference:
Dry–Partially Dry/Moist–Moist

*COPY AS NECCESSARY*

In-class Activity

Conundrum Hunt



In-class Activity

Conundrum Hunt
Leader: Teacher

Subject: Earth Science, Communication, His  
  tory, Indigenous culture

Objectives
 Students will (1) learn the names of and expie-
rence unique characteristics of several native plants, 
(2) learn how the riparian zone helps keep streams 
healthy and (3) learn about the intricate cycles and 
systems in the freshwater ecosystem.

Materials 
• Outdoor setting with native plants
• Pencil or pen
• Collection bags (plastic, canvas)
• Bug boxes
• Conundrum Cards

Size/Setting/Duration
Groups of 2-3/Outside in a native plant garden or for-
est/~50 minutes

Activity      
 “This is a conundrum plant,” the leader points out 
as a group follows a trail through the woods.  Every-
one continues walking and a little further along, the 
leader stops the group and points to a different plant, 
“This is a conundrum plant.”

“A what?” asks one of the hikers.  
“A conundrum plant,” reiterates the leader.
“But I thought you said that other plant was a you-
know-what plant.”

The leader then points to several plants and trees, 
asking the name of each one.  Some shout out the cor-
rect names, others make wild guesses.  “What do the 
names tell us about these plants?  What if I called this 
one ‘Joe’ and this one ‘Jill’?  We know that each plant 
has a different name, that each plant is different, but 
we don’t know how each plant is different just from 
the name.  If I call this a conundrum plant, all you 
know is its name, which is easy to forget.  You don’t 
know from a name whether you can eat the berries or 

if the leaves stay green all year.  It’s good to learn the 
names of plants and animals, but it is more important 
to learn what makes each one different from the others 
– how they fit into the forest.”

The leader pulls some paper from a pack. “Actually, 
these are conundrums – questions that will make you 
think about the connections between everything here 
in the forest.”  The leader hands out the lists. “Once 
you’ve figured out the conundrum, which is simillar to 
a riddle, you have to search for the object and bring it 
back.”

All that is required to make a conundrum list expe-
riential as well as educational is to use imagination 
in listing the items everyone will hunt for.  For in-
stance, instead of listing “a piece of birch bark,” the 
conundrum list might read “the tree that can be used 
to make baskets, canoes, writing paper, and is a good 
fire starter.”  Instead of listing a “sundew plant” in the 
bog, the list could read “a plant that eats animals.”  
The important aspect of the activity is to require par-
ticipants to focus on the relationships between living 
things more than the names of the objects they col-
lect.  Stress beforehand that only small pieces of plants 
should be collected, and that they environment where 
the activity takes place should be damaged as little as 
possible. 

A metamorphic rock could be listed as “something 
that formed under intense pressure.”  A dab of mud 
might be listed as “something that could turn to shale 
under intense pressure.”  One listing that usually 
brings interesting results is “something that has no 
value in nature.” Many students will bring back dead 
leaves, twigs, or stones for this item.  Explain to them 
how everything in nature has value. 

Conundrum Hunts can be done individually, in pairs, 
or in small groups.  The important thing is not so 
much what is collected, as the process of searching, 
touching, differentiating, and understanding.  A list of 
twelve to twenty objects will keep a group occupied 
for an hour or more.  Small plastic bags make good 
collecting bags, while bug boxes are a good addition 
when insects are involved.  Be sure students release 



In-class Activity

Conundrum Hunt Continued

the insects alive and uninjured at the completion of the 
exercise.  

A typical conundrum list might read as follows (an-
swers are listed in brackets):
• Something squirrels might eat (acorns, spruce  
 cones, fir cones, hazelnuts, mushrooms)
• Something small that preys on birds and mam- 
 mals (mosquito, deer fly, horse fly, gnats,   
 midge fly)
• A modified scale used for flying (bird feather)
• A tree bark that native people used for making  
 baskets (red cedar, birch, ash)
• A bark that breaks off smooth and round like a  
 fish scale (sitka spruce)
• Something that has passed through a digestive  
 tract (animal dropping)
• Something sticky that is good for starting fires  
 healing cuts, and as chewing gum (spruce   
 pitch)
• A tree that fixes nitrogen into the soil (red   
 alder)
• Something that all life requires (water, air,   
 sunlight)
• Something that has no value in nature (trash or  
 something that is not naturally present) 
• Something that converts sunlight into sugar   
 (any vegetation: needles, leaves, moss, ferns)

Extension
Students can research and create their own conun-
drums to challenge classmates or their teacher. 

Restoration Ecology Answer Key
from the exercise on the following page 
  
1. Answer: Trees – scouler willow, vine maple, Sitka 

spruce, Western hemlock, Western redcedar. 
Shrubs – bitter cherry, spirea/hardhack, Indian 
Plum 

2. Answer: red berries: common snowberry; shrubs 
with blue berries include: indian  plum, oregon 
grape, evergreen huckleberry, salal; those with 
red berries include:  salmonberry and pacific 
ninebark.

3. Answer: vine maple, scouler willow, pacific wil-
low.

4. Answer: big leaf maple seeds have helicopter 
“wings” that catch the wind  allowing the relative-
ly large seeds to float many yards from the parent 
tree; black cottonwood seeds are covered with 
“cotton” which makes them float hundreds of  feet 
from the parent tree.

5. Answer: any of the shrubs.



In-class Activity

Restoration Ecology Worksheet
Each question represents a different client that you must work to accommodate while at the same time making 
their property more “salmon friendly”.  All seven sites are Whatcom County, but each property has a differ-
ent variation of soil types, sun exposure, client needs, and land features.  Use your Each One Teach One Plant 
Guide to select the plants that are best for each site. 

1. A thicket of trees next to the restoration site makes it mostly shady.  The soils hold water fairly well and are 
considered somewhat moist.
      Name two trees that would grow well at this shady moist site:
      

     Name two shrubs that would grow well at this shady moist site:

  
2. The owner of this restoration site wants to create a patriotic theme by planting shrubs with red, white, and 
blue berries.  
Which three plants would you suggest?
       

  
3. This restoration site is criss-crossed by several sets of overhead power lines that are about 60 feet above the 
ground.  
Name a short tree that would work well here:

4. This restoration site is extremely wildlife sensitive and too large to plant all at once.  Some trees have adapta-
tions that allow their seeds to be dispersed far from the parent tree which would increase plant density over time 
without human interference.  
Name two trees with this adaptation that would work well for this site and explain how they transfer their seeds:

     

5. The owner of this restoration site would like to replace a wooden fence with a hedge or row of plants.  
Name one plant that would form a good hedge:



NSEA Led Activity

Riparian Habitat Assessment
Leader  Teacher

Subject  Earth Science, Math

Size/Setting/Duration   
Groups of 4-6/Riparian Zone/45 minutes

Objectives
Students will (1) understand the structural relationship 
between native vs. non-native plants and the stream 
ecosystem, (2) become familiar with a reach of their 
creek and work together to locate and flag the extent 
of  a study site, (3) create a site map, (4) use math to 
calculate area and density of vegetation, (5) use their 
data on water quality and vegetation to create a ripar-
ian restoration plan including a list of plants to be 
planted, and (6) photo-document the site.

Materials
• “Native Plants of Western Washington” identifica-

tion guide
• Native Plant Worksheet 
• Measuring tapes
• Compass
• Bamboo stakes
• Flagging
• Plant count/density sheet
• Plant sketch sheet
• Site plan/plant request list
• Cameras

Background
Though we can’t put nature back exactly the way it 
used to be, we can help rebuild elements of the envi-
ronment which we know serve important functions for 
our salmon.  What are some elements you can think of 
that might be missing, inadvertently added or in disre-
pair in our streams today?  Brainstorm a list. It should 
include some of the following elements: water, gravel, 
large woody debris, culverts, dams, trees and plants.
NSEA works to restore streams by addressing several 
of these elements through both in-stream habitat repair 
and riparian zone restoration.  What problems can we 
tackle?  In this excercise we’ll make a plan.

The quality of water in a stream is an important fac-

tor in the health of a stream and its ability to support 
life.  Different levels of water quality are required by 
governmets depending on what the water will be used 
for.  Water used for agricultural purposes has differ-
ent standards than water used for industrial purposes 
and especially different standards than water used for 
drinking.  Water temperature, pH levels, dissolved 
oxygen levels, and the turbidity of a stream are all fac-
tors in determining water quality.

Vegetation surrounding a stream can also affects water 
quality by providing adequate shade and controling 
errosion.  Non-native, invasive plant species can be 
harmful to riparian ecosystems because they compete 
with native species for the same sunlight, water, nutri-
ents, and space for growth.  Non-native species such 
as nightshade, Himalayan blackberry, and reed canary 
grass are a few varieties that are often found in West-
ern Washington.  

Nightshade is generally found near roadsides in waste 
areas, moist clearings, and near settled areas.  The 
Himalayan blackberry grows in cleared and disturbed 
areas and is very hardy.  Reed canary grass grows in 
disturbed areas that are wet and marshy, often near 
human developments or areas of agricultural activity.  
Reed canary grass forms thick, dense mats that can 
grow over the top of a stream and completely choke 
out the stream and the native plants growing near by.

Activity
Have students use plant guides to identify the native 
plants in the NSEA nursery.  They can sketch or take 
notes on the species they see on the plant identifica-
tion worksheet to prepare for identification at the 
site.  Once they have identified most of the plants that 
they’ll be seeing at the creek, take them down to their 
site to begin surveying.  Students should take a plant 
count for their site.  Using the area of the site and the 
number of plants, have the students obtain a plant 
density for their site and record this on the worksheet.   
Use bamboo stakes and flagging to mark the boundar-
ies of the area.  Have students create a detailed map on 
the mapping sheet provided. 
 
Using their maps, plant count, Each One Teach One 

NSEA Led Activity

Riparian Habitat Assessment Continued



NSEA Led Activity

Riparian Habitat Assessment Continued
Report, and plant density data sheets Students will 
create a plan for their site restoration project.  Have 
students list and prioritize objectives and plans for the 
site and the means that they will use to achieve their 
restoration goals.  

Establish photo points at corner markers and at the 
center marker of the site.  Have students take pictures 
of the site and mark the photo points on their site plan 
worksheet. 



NSEA Led Activity

Plant Presence/Plant Count Data Sheet
Name of Scientist: Name of Creek: Date: Time

Restoration Site Specific Location Description:

Identify native trees/shrubs currently on site:
Common Name Total # on Site

 Estimate % of native vs. nonnative plants on site:                                                   
Line % Native Groundcover % Native Trees/shrubs % Non Native Plants
1

2

3

Av.



NSEA Led Activity

Restoration Site Map
Draw a detailed map of your stream site.  Include the following:
 
 Large woody debris   Human structures (buildings or pathways)
 Plants      North Arrow
 Rocks and Gravel    Pools and Riffles
 Trees     Stream
 Aproximate Scale   Gravel and Sand Bars



NSEA Led Activity

Planning Your Restoration Project
Name of Scientist: Name of Creek: Date: Time

1. Shade the bar to show the sunlight conditions at our restoration site:

 Full Sun                     Sun                             Shade      Full Shade
 all day long                   most of the day                                    most of the day        all day long 
 

2. Shade the bar to represent the drainage of the soil along your creek:  

     Dry               Somewhat Dry          Somewhat Moist          Moist 
Soils drain fast       soils drain well                         soils drain slowly          soils drain very slow
 

3. Our site needs the following invasive species removal (Check all that apply): 

 Himalayan blackberry
 Reed canary grass
 English Ivy
 Morning Glory
 Japanese Knotweed
 Policemen’s Helmet

4. Choose one plant that will grow well at our restoration site.  

My plant, (plant name here) ______________________________, is (circle answers below):

   - Coniferous  or         -Decidous

  - Opposite   or     -Alternate

  - Tree    or     -Shrub

5. The following 2 characteristics of my plant make it a good fit for our restoration site (talk about it’s growth 
patterns and tolerances):

6. On your site map, use a colored pencil/crayon to draw your plant at the places where it will do best.  



NSEA Led Activity

NSEA Nursery Checkout Form

Species # EXPLAIN: Plants compatibility to restoration site... Caging Code

Bigleaf Maple * /

Bitter Cherry * /

Black Cottonwood * /

Black Twinberry * /

Douglas Fir + x //

Douglas Maple * /

Douglas Spirea * /

Grand Fir + x //

Nookta Rose * /

Willow Sp. * /

Indian Plum * / 

Pacific Ninebark * /

Paper Birch * /

Red-osier Dogwood * /

Red Elderberry * /

Salmon Berry * /

Sitka Spruce + x //

Snowberry * /

Vine Maple * /

Western Hemlock + x //

Western Red Cedar * x ///

Caging in the form of biodegradible plastic tubes or wire cages protects plants from herbivors as well as harm-
ful beaver activity, allowing the plants more optimal growing conditions.

KEY Protective Materials # Calculations
caging = x Caging
blue tubes = * Blue Tubes
bamboo stakes = / Bamboo Stakes
white tubes =  + White Tubes



SUP Reference

Erosion Background Information
ficult for salmon to find and eat macroinvertebrates. 
Soil and sand particles can clog and cut adult salmon 
gills, making breathing difficult. When sediment 
accumulates over redds it can suffocate the eggs 
because it does not let the oxygenated water come in 
contact with the surface of the eggs.

Erosion is the process of breaking things down and 
the movement of these pieces in the natural environ-
ment. It occurs through transport by wind, water, ice, 
gravity (landslides), or even living organisms, such 
as burrowing animals which is called bioerosion. 
Erosion occurs every time it rains; the water picks up 
dirt, debris and pollutants on the ground and moves it 
down hill. This is why streams become more turbid 
after heavy rainfalls. Boulders will erode to sand, and 
mountains will eventually erode to become hills. 

The masses of dirt and rock do not disappear but are 
moved to another place. When erosion occurs at the 
top of a mountain the small pieces are carried down-
hill to the lowest point where they will collect. If the 
low point is a river the river will carry the pieces of 
rock and dirt as sediment downstream towards the 
ocean. The sediment slowly builds up at the mouth of 
the river and can even create wetlands and swamps 
where it finally collects. The rocks found in the bot-
tom of rivers are usually round due to erosion. Sharp 
rocks lose their pointy edges as they tumble together 
along the bottom of a waterway. A certain amount of 
erosion is natural and actually healthy for the eco-
system. The continuous addition and movement of 
spawning gravels downstream in rivers and streams 
is just one crucial factor contributing to spawning 
habitat. 

Although erosion is an important and natural process 
it can be detrimentally increased by human land use 
practices. Poor land use practices include deforesta-
tion, overgrazing, unmanaged construction and road 
building activities. Areas covered in natural native 
vegetation experience significantly less erosion than 
areas used for the production of agricultural crops, 
but some techniques can be used to lower the high 
erosion rate associated with agricultural such as 
terrace-building, conservation tillage practices, and 
tree planting. Excessive erosion can cause problems, 
such as extra water sedimentation (turbidity), ecosys-
tem damage and outright loss of soil. These addi-
tional obstacles pose further challenges for salmon 
on their long and difficult stream journey both as fry 
and spawning salmon. Since salmon hunt by sight 
extra water sedimentation makes it increasingly dif-



SUP Reference

Erosion EALRs
Component Grade Level Expectation Evidence of Learning

1.2.1 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Analyze how systems function, 
including the inputs, outputs, trans-
fers, transformation, and feedback 
of a system and its subsystems.

Describe the function of a sys-
tem’s parts or subsystems.                         
Explain inputs, outputs, transfers, 
transformations, and feedback of 
matter, energy, and information in a 
system.

1.2.2 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Analyze energy transfers and trans-
formations within a system, includ-
ing energy conservation.

Distinguish conditions likely to 
result in transfers or transformations 
of energy from one part of a system 
to another.

1.2.4 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Understand the components of and 
interconnections of Earth’s systems.

Describe the interactions among the 
components of the Earth’s systems.

1.3.6 Changes

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Analyze the relationship between 
weather and climate and how ocean 
currents and global atmospheric cir-
culation affect weather and climate.

Explain the effect of the water cycle 
on weather.

2.1.2 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to plan and con-
duct scientific investigations.

Make predictions (hypothesis) and 
give reasons.

2.1.3 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to con-
struct a scientific explanation using 
evidence and inferential logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.

2.1.4 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Analyze how models are used to 
investigate objects, events, systems, 
and processes.

Create a model or computer simula-
tion to investigate and predict the 
behavior of objects, events, sys-
tems, or processes.

2.2.5 Component

Nature of Science: Understand the 
nature of scientific inquiry 

Understand that increased compre-
hension of systems leads to new 
inquiry.

Describe how scientific inquiry 
results in new facts, evidence, unex-
pected findings, ideas, and explana-
tions. 

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
work place, and the environment.

Analyze how human societies’ use 
of natural resources affects the qual-
ity of life and the health of ecosys-
tems.

Explain the effects of various hu-
man activities on the health of an 
ecosystem and/or the ability of 
organisms to survive in that ecosys-
tem.



In-class Activity

How do Trees Affect Erosion?
be to find several streams that were similar, cut trees 
down on half of the streams, and then measure the dif-
ference between cut and un-cut stream banks in terms 
of how much sediment is present in the water directly 
downstream from the study site.  Instead, we will cre-
ate a model for our experiment.  Have students define 
“model” and give an example.  Scientists have a say-
ing that goes, “All models are wrong, but some mod-
els are useful.” How will our model fit this saying?

The next step will be to build the models used for the 
experiment.  First go over the layers of the model and 
the reasons behind the layers, then hand out the in-
structions.

We will be creating a model of the layers of earth 
materials that are present where we live.  The bot-
tom layer of the model will be clay, which represents 
a lower layer of bedrock or clay, both of which, like 
the clay we are using in the model, are impervious to 
water.

The next layer will be made of sand, which repre-
sents a layer of different-sized rocks all jumbled up 
together.  How do all these rocks end up on top of the 
clay layer?  The rocky layer is a result of something 
that happened about 15,000 years ago. Ask: “what 
happened 15,000 years ago?” 15,000 years ago was 
the last ice age in North America.  During that time a 
glacier about ½-mile tall covered half the continent, 
including Whatcom County.  Glaciers, when form-
ing and flowing into our area from the north, scraped 
away the dirt, trees, etc in their path, leaving only 
the bedrock behind.  Later, when the glaciers melted 
rivers formed  in the creases or valleys they had cre-
ated earlier by scraping the landscape as they flowed.  
These rivers carry rocks and sediments of all sizes, 
eventually dumping them out on top of the bedrock 
which forms a type of glacial till, which is an unsorted 
mixture of what the glaciers were moving including 
particles as large as boulders and as small as clay.

The top layer of the model will be soil.  How did the 
soil get there, how was it made?  Discuss the cycle of 
decomposition: live plants > dead plants > decompos-
ers (worms, fungi, etc) > nutrient rich soil > used by 

Leader  Teacher

Subject  Earth Science, Geology, Math

Objectives
To teach students (1) the scientific method  and (2) the 
importance of vegetation in preventing erosion. 

Size/Setting/Duration
Groups of 2-3/Classroom/ ~1 hour 
 
Materials
• Student worksheets
• Overhead of Pleistocene Ice Sheet extent.
• 1 pushpin
• 5 gallon bucket for clean-up
• Materials needed per student grou
 *    One slab of modeling clay
 *    Two 9” x 13” foil baking trays, at least   
  2.75 inches deep
 *    Two cups of playground/sandbox grade   
  sand 
 *    Two cups of potting soil (coarse)
 *    Two 16-ounce plastic “deli cup”, available  
  at restaurant supply stores, perferated  
  as described below.
 *    A wide-mouthed container, filled with at  
  least 6 cups of water
 *    100 toothpicks, 4” long, available at restau 
  rant supply stores

Prep 
Using a pushpin, poke holes into one of the plastic 
16-ounce “deli cup”.  Poke the holes from the inside 
of the cup towards the outside (or the water will not 
flow through).  The holes should be about 1 cm apart 
through the entire bottom of the cup. 

Background
We will perform an experiment that addresses the test-
able question “How do trees affect erosion?”  Define 
erosion (when water, wind, or other factors wear away 
earth materials) and ask for examples.  Have students 
record the testable question and the definition on their 
worksheet.
One way to answer our question using science would 

In-class Activity

How do Trees Affect Erosion?



In-class Activity
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live plants.

Activity
Place clay in the corner of a foil pan and smooth 
edges so clay is level and covers the entire bottom 
of the pan.  Using the un-perforated plastic cup, add 
half a cup of sand on top of clay evenly.  Repeat the 
process with a top layer of 2/3 cup of potting soil.  At 
this stage, each small group of students will build a 
second identical model.

Return to the testable question (How do trees affect 
erosion?), and inform students that we will be using 
toothpicks to model trees.  Ask students what the con-
trol should be.  If we are testing how trees affect the 
rate of erosion, we need one model to show trees and 
another model to compare it with. Ask: “How should 
the two models be different?”

Each group will set their experiment up slightly differ-
ent: Group A: one model with 200 toothpicks and the 
other with none; Group B: one model with 150 tooth-
picks and one with none; Group C: one model with 
100 toothpicks and one model with none; Group D: 
one model with 50 and one with none.  Spread tooth-
picks evenly.  

The variables used in a scientific experiment are: the 
manipulated variable, which is the one change made 
between the two models (number of toothpicks/trees), 
the responding variable which is the result from each 
model in the experiment that can be measured (rate 
of erosion), and the controlled variables which must 
be kept the same for both models in the experiment 
in order to ensure that the responding variable reflects 
the manipulated variable only (amount of water, soil, 
sand, clay, etc.).  Have students record these defini-
tions on their worksheets.

Now each group can conduct their experiment.  Stick 
the toothpicks upright through the soils and clay, 
firmly into the clay layer.

We will be raining on our models with water through 
the perforated cup to determine the effect of trees on 
erosion.  “What should we control about the water in 

order to practice good science by making sure that the 
change in the responding variable is solely in response 
to the change in the manipulated variable?” – amount, 
rate, and height. Add these controlled variables to the 
worksheet. Have students record their predictions.

Demonstrate the “raining” process for the class.  Hold 
the perforated cup about 4” above the soil (this will be 
just above the toothpicks on the model).  The perfo-
rated cup should be held motionless over the middle 
of the model.  Using the un-perforated cup, add 16 
ounces of water into the perforated cup.  Water must 
be added quickly.  Repeat the process for both mod-
els – have one student hold the perforated cup, while 
another pours the water.  Record results.  The data col-
lected on an individual basis will be shared and con-
solidated to show a comprehensive view of the effect 
trees have on erosion.

In turn, drain the water and the washed away soil and 
sand it contains from each pan into the perforated 
cup using it like a sieve.  Keep the soil and sand that 
remained on top of the clay in the pan – do not let it 
fall into the sieve.  Drain out the water (you may need 
to use fingers to swirl the mixture and help the water 
drain) and measure the remaining soil/sand using a 
measuring cup.  Do this for both models and record 
the amount of soil erosion (in mL) on the data table.  
Calculate the average amount of erosion for both 
model types, and use it to create a bar graph at the 
conclusion of the activity.  

Clean up the models before completing the worksheet.  
Remove toothpicks and save for reuse.  Dump sand 
and soil into a bucket to be used in the nursery.  Save 
the clay and trays for reuse.

Discuss the results as a class.  Have students share 
their results with the class in order to be recorded 
on the chart provided by the worksheet.  Have one 
student from each group write their average erosion 
results on the enlarged bar-graph in the front of the 
room.  Students can record their peers’ results in the 
bar graph on their worksheets.

Discuss the patterns they observed as a whole.  Use 
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the bar graph created from their cumulative research 
as a guide.  Explain the mechanisms behind their 
observations: 1) trees interact with the water by physi-
cally slowing it down and 2) trees interact with the 
soil by physically blocking its movement.  Though the 
model simplifies the role of trees in limiting erosion, 
add that tree roots hold soil in place and absorb mois-
ture, thereby reducing the amount of erosion.  Connect 
this with turbidity levels in terms of salmon habitat.
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Erosion Experiment
Name: _____________________     Date:_____________

Investigative Question:

Definition of Erosion: 

Hypothesis:  (Make sure that your hypothesis specifically answers your testable question)

Variables:  
Manipulated (changed) variable: 

Responding (measured or dependent) variable: 

Controlled (kept the same) variables: 

Materials:
• One slab of modeling clay
• Two 9” x 13” foil baking trays
• 1/2 cup of sand
• 2/3 cup  of soil
• One perforated16-ounce plastic cup 
• One regular 16-ounce plastic cup
• 40 ounces of water
• 50-200 toothpicks

Procedure:

1) Place one slab of clay in the corner of your foil tray, and spread evenly across the pan.
2) Fill the un-perforated cup half-way up with sand and spread evenly onto the clay in the pan.
3) Fill the un-perforated cup 2/3 of the way full with soil spread evenly on the sand in the pan.
4) Using the other pan repeat steps 1-3 to create your second model and clean the remaining material from in  
 side the unperforated cup.
5) On one model, add your group’s designated amount of toothpicks (Group A – 200; Group B – 150; Group 
 C – 100, Group D – 50) into the clay at an even distance from one another; press firmly into the clay.
6) One person now holds the perforated cup steadily above the center of the model, while the other person   
 evenly pours one full cup of water from the un-perforated cup into it. 
7) Using the perforated cup, measure the amount of sediment eroded by straining the runoff through a cheese  
 cloth and measuring the volume of the remaining soil in millimeters (mL).
8) Record your results in the data table below:
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Side view of model without toothpicks:

Side view of model with toothpicks: Toothpicks 

 Tray 
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Data Collection:

Modeling the Effect of Trees on Erosion

Group Trial # # of Trees Amount of Erosion (ml)

A

A

B

B

C

C

D

D

Totals

Analysis & Bar (Line or Scatter plot?) Graph:

variable?

va
ri

ab
le

?



In-class Activity
Erosion Experiment

Conclusion:

In your conclusion: (include supporting data from your table!) 
1) Rewrite your investigative question:                                                                                                                              

                                                                                                                   ?
and answer it:

2) Address your prediction; where you correct? incorrect? why? what could have contributed to any unexpected 
results?

3) Explain how the data supports your conclusion.

SUP Reference
Watershed Background Information
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A watershed is an extent of land where water from 
rain or snowmelt drains downhill into a common body 
of water (river, lake, reservoir, estuary, wetland, sea 
or ocean). It includes both the streams and rivers that 
convey the water as well as the land surfaces from 
which the water drains. Watersheds act like a funnel, 
collecting all the water within the area and channel-
ing it into a waterway. Watersheds are separated by 
topographic highs like a ridge, hill or mountain which 
is known as a water divide. Large watersheds are com-
posed of smaller watersheds called sub-watersheds.



SUP Reference
Watershed EALRs

Component Grade Level Expectation Evidence of Learning
1.2.1 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Analyze how systems function, 
including the inputs, outputs, trans-
fers, transformation, and feedback 
of a system and its subsystems.

Describe the function of a sys-
tem’s parts or subsystems.                         
Explain inputs, outputs, transfers, 
transformations, and feedback of 
matter, energy, and information in a 
system.

1.2.2 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Analyze energy transfers and trans-
formations within a system, includ-
ing energy conservation.

Distinguish conditions likely to 
result in transfers or transformations 
of energy from one part of a system 
to another.

1.2.4 Structures

Understand how components, struc-
tures, organizations, and intercon-
nections describe systems.

Understand the components of and 
interconnections of Earth’s systems.

Describe the interactions among the 
components of the Earth’s systems.

1.3.6 Changes

Understand how interactions within 
and among systems cause changes 
in matter and energy.

Analyze the relationship between 
weather and climate and how ocean 
currents and global atmospheric cir-
culation affect weather and climate.

Explain the effect of the water cycle 
on weather.

2.1.2 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Understand how to plan and con-
duct scientific investigations.

Make predictions (hypothesis) and 
give reasons.

2.1.3 Investigating Systems

Develop the knowledge and skills 
necessary to do scientific inquiry.

Apply understanding of how to con-
struct a scientific explanation using 
evidence and inferential logic.

Describe a reason for a given 
conclusion using evidence from an 
investigation.

2.2.5 Component

Nature of Science: Understand the 
nature of scientific inquiry 

Understand that increased compre-
hension of systems leads to new 
inquiry.

Describe how scientific inquiry 
results in new facts, evidence, unex-
pected findings, ideas, and explana-
tions. 

3.2.4 Science, Technology, and 
Society

Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
work place, and the environment.

Analyze how human societies’ use 
of natural resources affects the qual-
ity of life and the health of ecosys-
tems.

Explain the effects of various hu-
man activities on the health of an 
ecosystem and/or the ability of 
organisms to survive in that ecosys-
tem.
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Watershed Research Project
Leader  Teacher

Subject  Environmental Science, Communica- 
  tion, Art, Geography, English

Objectives
The student will learn (1) about their local watersheds 
and (2) how watersheds systems connect as a whole.

Materials
• Computer use
• Library use

Size/Setting/Duration
 Whole class/classroom/~5 weeks

Background
Students will be responsible for a watershed research 
project which will be divided into four short assign-
ments throughout the last half of the quarter.  Students 
will compile the four components into a final report 
and present it to the class.  Each student will select 
a stream from the list and research and report on a 
new topic of study for the stream each week.  A few 
students may be selected each week to present briefly 
on their topic.

Research citations must include at least 6 sources.

Activity
Assignment # 1: 
Create a map of your watershed.  It can be a sketch, 
painting, sculpture, or computer-designed rendering, 
but must be your original work.  

Include:
• streets
• tributaries
• mountains
• parks
*Label all tributaries and streets clearly.

Assignment #2: 
Determine the historical and current fish populations 
in your watershed.  Add them to your map.

Assignment #3: 
Identify and describe current and historic land use 
practices that characterize the area of your watershed.  
Add them to your map.

Assignment #4: 
Write a one page paper identifying environmental is-
sues that need to be addressed or are in the process of 
being addressed in your watershed.

Presentations:
 Should be 5-10 minutes and should include the visual 
elements you created.  Power points are also encour-
aged.

Use MLA citation format for your bibliography avail-
able on-line at: http://www.liu.edu/cwis/cwp/Library/
workshop/citmla.htm
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Flyfishing Background Information
Flyfishing is a distinct and ancient angling method, 
most renowned as a method for catching trout and 
salmon.  In flyfishing, fish are caught by using artifi-
cial flies that are cast with a fly rod and a fly line. The 
fly line is heavy enough cast in order to send the fly to 
the target.  Artificial flies are created by tying hair, fur, 
feathers, or other materials, both natural and synthetic, 
onto a hook with thread.  This introduction to flyfish-
ing will engender a respect of the natural world and 
river ecosystems in the student, as well as compel 
action toward conservation and stewardship of these 
wild places. 
Tying flies is an integral part of the flyfishing experi-
ence.  There are two basic types of flies – dry flies and 
wet flies.  Dry flies usually represent an adult insect 
that is either emerging from the nymphal shuck and 
drying their wings so they can fly away or returning 
to the water to lay eggs.  These flies float on the top of 
the water.  Wet flies usually represent nymphs and pu-
pae that are swimming toward the surface of the water 
or trying to break through the surface film to become 
adults.  These flies are weighted and sink below the 
surface of the water.  Students will be responsible for 
tying three woolly-bugger dry flies and three pheasant 
tail nymph wet flies to be used on the fishing trip to 
Squalicum Lake the following week.
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Component Grade Level Expectation Evidence of Learning

1.2.1 Structures
Understand how components, 
structures, organizations, and inter-
connections describe systems.

Analyze how the parts of a system 
interconnect and influence each 
other.

Explain how the parts of a system 
interconnect and influence each 
other.  
Describe the flow of matter and 
energy through a system.

1.3.8 Changes 
Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how individual organ-
isms, including cells, obtain matter 
and energy for life processes.

Describe the different sources of 
matter and energy required for life 
processes in plants and animals.

1.3.10 Changes 
Understand how interactions within 
and among systems can cause 
changes in matter and energy.

Understand how organisms in eco-
systems interact with and respond 
to their environment and other 
organisms.

Explain the role of an organism in 
an ecosystem.
Describe how a population of an 
organism responds to change in its 
environment.

3.2.4 Science, Technology, and 
Society
Analyze how science and technol-
ogy are human endeavors, inter-
related to each other, society, the 
workplace, and the environment.

Analyze the scientific, mathemati-
cal, and technological knowledge, 
training, and experience needed for 
occupational/career areas of inter-
est.

Examine the scientific, mathemati-
cal, and technological knowledge, 
training, and experience needed for 
occupational/career areas of inter-
est.



NSEA Led Activity

The Art and Science of Tying Flies
Assignment #2: 
Tie three pheasant tail nymph fly patterns.
Tying steps:
1. Place bead on hook. 
2. Start thread.  Remove 3-6 fibers from a pheasant 
tail feather and tie in as a tail. Tails should be approxi-
mately ½ as long as the hook shank.
3. Tie in a ribbing wire.
4. Select 6-10 pheasant tail fibers and tie down to the 
hook, tips first.
5. Wrap the pheasant tail fibers forward to approxi-
mately 2/3 of the hook shank.  Tie the fibers down, but 
don’t trim them.
6. Rib the body with the wire, wrapping the wire in the 
reverse direction you wrapped the body.
7. Hold the fibers you used for the body back toward 
the hook bend and tie down.
8. Tie in 3-4 peacock tail fibers (herl) for the thorax.
9. Wrap the peacock herl to form a thorax.  Tie off the 
herl and trim.
10. Grab the pheasant tail fibers you folded back in 
Step 6 and pull them over the thorax to form a wing 
case.  Tie the fibers off behind the hook eye, but don’t 
trim.
11. Split the pheasant tail fibers into two bunches, 
tying each bunch back along the sides of the hook to 
form two clumps of legs, one on each side of the hook.
12. Trim each leg clump at approximately the back of 
the thorax.  Whip finish and cement the head.

Leader  NSEA
Subject  Art, Biology

Objectives
Students will (1) learn how to select materials for and 
tie a woolly-bugger fly pattern and a pheasant tail 
nymph fly pattern.

Materials
• Fly Tying Vise
• Black Thread
• Bobbin
• Hooks (wet and dry)
• Marabou (black, olive, and brown)
• Chenille (black, olive, and brown)
• Saddle Hackle (black or brown)
• Copper Wire
• Pheasant Tail Feathers
• Peacock Tail Feathers
• Copper Beads
• Grey Dubbing
• Head Cement
• Whip Finisher
 
Size/Setting/Duration
Whole class/classroom/~50 minutes

Activity
Assignment # 1: 
Tie three woolly-bugger fly patterns.
Tying steps:
1. Tie a small bunch of marabou to the hook, length 
approximately the same as the hook shank.
2. Tie in a ribbing wire.
3. Tie in and wrap a chenille body.
4. Tie hackle feather to the front of the fly, curvature 
facing back.
5. Wrap the hackle evenly to the bend of the hook.  Be 
sure to keep the curvature of the barbules toward the 
back of the hook.
6. Keeping the hackle feather tight, wrap the ribbing 
wire forward over the hackle, securing it to the hook.
7. Tie off the wire, trim, and form a head.
8. Trim the hackle tip at the bend of the hook.
9. Whip finish and cement the head.
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The Art, Science and Ethics of Flyfishing
Leader  NSEA

Subject  Art, Biology, Physical Education, Rec 
  reation

Objectives
Students will (1) learn how to cast a fly rod and (2) use 
casting techniques and previously the flies, to catch 
fish in Squalicum Lake.

Materials
• Fly Rod and Reel
• Leader
• Tippet
• Orange Yarn
• Life Jacket
• Row Boat and Oars
• Current Fishing License
• Woolly-bugger Flies
• Pheasant Tail Nymph Flies
• Landing Net
• Sunglasses
• Rubber Boots
 
Size/Setting/Duration
Whole class/Squalicum Lake/~1-2 hours

Activity
1. Casting practice with yarn flies.

2. Discussion of Washington State Fishing Regula-
tions and flyfishing ethics and etiquette.
• Gear Restrictions
• Catch & Release
• Leave No Trace Recreation
• Eyes in the Woods

3. Flyfishing out of boats on Squalicum Lake.
The fly angler uses a rod longer and lighter than those 
used for cast and spin fishing. Fly rods are typically 
between 2 m (6.5 ft) long in freshwater fishing and 
up to 4.5 m (15 ft) long for two-handed fishing for 
salmon or steelhead. The choice of rod lengths and 
line weights used varies according to local conditions, 
types of flies being cast, and/or personal preference.  
The type of cast used when fishing varies according to 

the conditions. The most common cast is the forward 
cast, where the angler whisks the fly into the air, back 
over the shoulder until the line is nearly straight, then 
forward, using primarily the forearm. The objective of 
this motion is to "load" (bend) the rod tip with stored 
energy, then transmit that energy to the line, resulting 
in the fly line (and the attached fly) being cast for an 
appreciable distance. Casting without landing the fly 
on the water is known as 'false casting', and may be 
used to pay out line, to dry a soaked fly, or to reposi-
tion a cast. Other casts are the roll cast, the single- or 
double-haul, the tuck cast, and the side- or curve-cast.  
Dropping the fly onto the water and its subsequent 
movement on or beneath the surface is one of fly fish-
ing's most difficult aspects; the angler is attempting to 
cast in such a way that the line lands smoothly on the 
water and the fly appears as natural as possible. At a 
certain point, if a fish does not strike, depending upon 
the action of the fly in the wind or current, the angler 
picks up the line to make another presentation. On 
the other hand, if a fish strikes, the angler pulls in line 
while raising the rod tip. This "sets" the hook in the 
fish's mouth. The fish is played either by hand, where 
the angler continues to hold the fly line in one hand to 
control the tension applied to the fish, or by reeling up 
any slack in the line and then using the hand to act as 
a drag on the reel. Some fly reels have an adjustable, 
mechanical drag system to control line tension during 
a fish's run.
When actively fishing, the angler may want to keep 
the fly line lightly pressed against the rod handle with 
the index finger on the casting arm. The free arm is 
used to pull line from the reel or to retrieve line from 
the water. If a fish strikes, the angler can pinch the line 
with the index finger against the rod handle and lift the 
rod tip, setting the hook.
 
Extension
Watch the video “Creek Story” in class.  Available to 
rent from the NSEA library.


