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Studying the environment and protecting our 

most valuable natural resource...water. 

Outline 
 
Emphasis – Service learning project dedicated to meeting educational standards in natural sciences 
and affording youth a quality outdoor experience. 
 
Summary – Three-day river experience (canoe or raft depending on location) that will introduce 
youth to basic water safety skills; natural science topics of geology, watershed, entomology, and 
ichthyology; outdoor skills; leadership; and team building. 
 
Lesson 1 
Water Safety  
 
Lesson 2 
Geology  
 Geologic Time Chart for Oregon 
 Geologic Features 
 Aging of Watersheds and Valleys 
 River Terminology 
 
Lesson 3 
Water Quality Investigation 
 
Lesson 4 
Entomology  
 Identification, Classification, Importance  
 
Lesson 5  
Team Building  
 
Service Learning Project 
 Examples 

Riparian Zone Maintenance 
Erosion Identification 
Invasive Species 
Redd Location and Identification 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 1   
Water Safety—Facilitator Page  

Lesson Description 
This lesson is best facilitated on the riverside or parking lot, prior to engaging in water activities. It could 
also be done prior to the river trip in an evening session. For best success this lesson should be conduct-
ed in a group setting, encouraging engagement through critical thinking and using several props for the 
youth to study and observe (e.g. PFDs, paddles, helmets, wetsuits). Facilitate by asking the group ques-
tions and soliciting feedback to determine the group’s prior knowledge, skills, interests and fears. 
 

Key Terms 
Water Safety 
Hypothermia 
Best Practices 
Standards of Conduct 
Ethics 

 

Learning Outcomes 
At the end of this session students should understand the basics of water safety; how to prepare for a 
water trip; signs of Hypothermia; Best Practices, Standards of Conduct, and Ethics as they apply to wa-
terways (see Page 6). 
 

Narrative 
“Hello all, welcome to day 1 of the River Stewards project. My name is Mr./Mrs. (insert name here—river 
names are perfectly acceptable). I’d like to welcome you to our program. You will be an integral part of 
what we are able to accomplish over the next few days, to help our society, help our planet and learn 
some new skills.” 
 
Introductions and prior experience (use of an icebreaker is often helpful). Use a PFD or paddle, the per-
son with the object introduces himself/herself to the group then hands the paddle to a person of their 
choice. 
 
Follow with a brief discussion about Hypothermia. Has anyone in the group ever had it? What are the 
signs and symptoms? What is the cause? How do you lessen the effects? 
 
Lead a discussion about Water Safety and the Safety Tips on Page 5. 
 
Discuss the Best Practices, Conduct and Ethics on Page 6. Identify the finite resource of our waterways, 
that all water on the planet is connected and necessary for life. Discuss the importance of clean water  
to sustain life. Firsthand accounts or pictures of damaged waterways are helpful to understand the im-
portance and create instant appreciation for the resources the group is about to enter. 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 1 
Water Safety—Adapted from ACA  

Planning to Paddle? Know Your Limits! 

When getting ready to head out on your next paddling trip, be sure to keep these five safety tips in mind to ensure 

you have an enjoyable time on the water. 

Take an On-Water Course — Whether it's a safety or skill development course, an ACA on-water instruction 

course provides the information you need for canoeing, kayaking, stand-up paddleboarding (SUP), rafting or safety 

and rescue. 

Wear Your Lifejacket — Expect to capsize and swim occasionally when paddling a canoe, kayak, SUP or raft. 

Cold Water Safety — Cold water is extremely dangerous!  

 Plan your trip and think smart — Consider temperature and weather. 

 Fuel your body — High-carbohydrate foods and lots of water. 

 Insulate — Avoid cotton. Layer with synthetic materials. If the water temperature is less than 60 degrees 

Fahrenheit wear a wet or dry suit. 

 Keep an eye on the others in your group for signs of exposure or hypothermia. 

Rules of the Road — What paddlers need to know when sharing the waterways 

 Be aware of your surroundings. Bigger boats can’t always see paddlers. Wear bright, noticeable clothing,  

 reflective tape and keep a whistle handy. 

Safety Check - Safety tips you need to consider the next time you head out on the water: 

 Be A Swimmer 

 File A Float Plan 

 Wear Your Lifejacket 

 Assess Your Boat’s Flotation 
Needs 

 Carry A Spare Paddle 

 Always Dress For The  
Unexpected Flip 

 Wear a Hat or Helmet 

 Carry A Compass and Chart  
or Map 

 Carry a Whistle or Sound Signal-
ing Device 

 Carry Throw Bags And Other 
Rescue Gear 

 Carry a “River” Knife 

 Have A Bilge Pump and/or 
Bailer 

 Self-Rescue Devices (Paddle 
Float / Sling / Tow Rope) 

 Sun Screen 

 Drinking Water & Snacks 

 Light / Signal (for low-light  
conditions) 

 Wear Proper Footwear 

 UV Eye Protection 

 Wear Appropriate Clothing 

 Drybag with Extra Clothing 

 First Aid Kit with Matches 

 Small Repair Kit with Duct Tape 

 VHS Radio and GPS Locator 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 1 
Water Safety—Adapted from ACA (continued) 

Ethics 
 Never litter. Always pack out trash. 

 Conduct all toilet activity at least 200 feet from 
any body of water (exact procedures vary de-
pending on the specific environmental character-
istics of your paddling or camping location). 

 Pack out human waste when in sensitive or  
heavily used environments. 

 Do not disturb wildlife. 

 Minimize impacts to shore when launching, por-
taging, scouting, or taking out. 

 Avoid building campfires, except in established 
fire rings or in emergencies.  

 Recognize that federal regulations restrict pad-
dling near military vessels and installations and 
that there may be restrictions near bridge pilings 
and other areas. 

 Never go boating while under the influence of 
alcohol. 

 Do not stand up in a canoe or kayak and avoid 
weight shifts that may cause capsize. Whenever 
possible, keep points of contact with the boat 
when moving. 

 Avoid paddling alone. 

 Know your skill level and avoid weather or water 
conditions that exceed your skill. 

 Constantly scan for potential hazards and chang-
ing weather conditions. 

 Pay attention to signs and safety warnings. 

 Set a reasonable pace so everyone can stay to-
gether. 

 Avoid having loose ropes in or dangling from 
your boat. They can rapidly become entrapment 
hazards. 

 Never tie anyone in or to the craft. 

 Recognize when others in your group are tired 
or having difficulty and adjust pace. Look out for 
everyone in your group. 

 Designate a “sweep” boat to bring up the rear 
and make sure you don’t lose stragglers. 

 Communicate effectively on the water. Wind 
and water sounds can make hearing others 
difficult. Whistles and hand signals can help. 

 Sun and wind can be very dehydrating – make 
sure you drink plenty of water. 

Practices, Ethics and Conduct — Key points on how to appropriately share and enjoy our natural paddling re-
sources 
 
Best Practices for Paddlers and Paddlesports Programs 
Being safe on the water always starts with wearing your lifejacket (PFD). In addition, please consider the follow-
ing advice: 

Standards of Conduct 
By observing these standards of conduct, paddlers 
reduce the opportunity for conflicts that may result 
in reduced waterway access and burdensome regu-
lations. 

 Obey all rules and regulations 

 Respect private property. Only use public lands 
and access points. 

 Be considerate to others on the water 

 Give fishermen a wide berth. 

 Never change clothes in public view. 

 Respect local culture and standards of conduct. 

 Give back to the waterway. 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2  
Geology—Facilitator Page 

Lesson Description 
A simplistic introduction to Rocks and Minerals, this lesson is best facilitated  in a large group to start, 
then breaking into small groups to explore local surroundings for various rocks and minerals. Don’t get 
caught up in the actual identification of specific minerals. Many are difficult to identify without specific 
mineral kits. Some, however, will likely be easy—quartz, basalt, mica, pumice, etc. have specific proper-
ties that make them more easily identified. Remind youth that if they have questions or desire further 
scientific exploration, taking a small fragment from the field is acceptable. Photos are also a great means 
of identification, and many youth carry cell phones capable of taking photos. 
 

Key Terms (see Glossary on Page 20) 

Igneous 
Sedimentary 
Metamorphic 
 
 

Learning Outcomes 
Students will understand the differences between Igneous, Metamorphic, and Sedimentary rocks and 
will be able to recognize some identifying characteristics of each. Students will understand the proper-
ties that are used to identify and classify rocks and minerals and gain experience using simple tests to 
determine possible mineral composition. 
 

Narrative 
Starting as a large group, explain the differences between Igneous, Metamorphic and Sedimentary rocks.  
Use examples to illustrate specific characteristics from Page 8. Using the photos on Page 9 challenge the 
group to identify the rocks shown. Check answers on Page 10.   
 
Challenge students to break into small groups and find examples of in the local environment. (Caution 
students to protect the environment against erosion, small samples work as well as great big ones.)  
Attempt to classify the samples collected. If Mineral Test Kits are available use the exercise on Pages  
13-16 to further classification.   
 
Discuss Geologic Time on Page 17 and specific Geologic Features/Processes on Page 18.  Challenge the 
students to point out the features when they observe them during the trip. 
 
Pages 19 and 20 illustrate the aging through erosion of river valleys and some key terms specific to rivers 
and waterways. 

Cleavage 
Fracture 
Hardness 
Specific Gravity 

Luster 
Color 
Streak 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology 

Identification of Rocks and Minerals 

A mineral is a naturally occurring, non-organic substance that has a more or less definite chemical composition and 
a uniform structure or organization of the elements making up the mineral. A rock is a variable, random mixture of 
minerals. One mineral can be a rock. However, usually two or more minerals are mixed together by various natural 
processes to form a rock. The following list includes rocks and minerals that are important to know. 
 

Rock Characteristics 

ROCK TYPE / ORIGIN DIAGNOSTIC PROPERTIES 

IGNEOUS 

(from molten rock or 

volcanic fragments) 

Some Possible Textures: Glassy; or vesicular (full of bubble holes); or randomly oriented small crystals 

("aphanitic"); or randomly oriented large crystals ("phaneritic"); no fossils or organic material. 

Some Possible Structures and Shapes: Tear drops; or glass shards; or ropey streamlined lava flow shapes; 

or massive crystalline shapes.   

Some Possible Chemistries: Dark colors (rich in magnesium or iron); multicolored (several kinds of mineral 

crystals are present); light colors (rich in quartz or feldspars); sometimes distinctive minerals are present such as 

olivine (green) or alkali feldspar (pink). 

SEDIMENTARY 

(from sediments or 

precipitation of crystals 

in water at or near 

Earth's surface) 

Some Possible Textures: Clastic (made of rock fragments either large or small such as mud, silt, sand, gravel or 

pebbles); layered; fragments of life forms (fossils); crystalline (usually one type of crystal).  

Some Possible Structures and Shapes: Icicle shapes (stalactites); delta and sand bar shapes; extensive flat 

layers (also called "strata"). 

Some Possible Chemistries: Often one color (if fine grained); multicolored if composed of large rock fragments 

cemented together; sometimes composed of calcite (precipitated by corals or shells) which fizzes when acid is ap-

plied; sometimes composed of halite or gypsum (soft light-colored crystalline rocks that form when salty water bod-

METAMORPHIC 

(from physical or chem-

ical alteration of other 

rocks by heating or 

intense pressure be-

neath Earth's surface) 

Some Possible Textures: Foliated (folds such that minerals lie parallel to one another); banded (separate bands 

of light and dark minerals make wavy folds in the rock -- not like the flat layers in sedimentary rocks); an especially 

shiny metallic reflection from crystals aligned parallel to one another; sometimes very large crystals of equal size; 

sometimes deformed fossils (stretched or crushed). 

Some Possible Structures and Shapes: Can be fractured into pieces. 

Some Possible Chemistries: Often contain "metamorphic minerals" such as garnets (reddish-brown 12-sided 

crystals), mica (flat and shiny gray), and epidote (light green). 

(Used by permission of northseattle.edu—permission pending) 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology Exercise 

Geology Exercise 

From the Characteristics of Rocks on the previous page and the Examples of Rock Classifications above 
attempt to identity the rocks below. 
 
Which identifying characteristics are the most telling in each classification? 

 
Classify samples that you find in a streambed or on a bank. 
 
Can you find one sample from each classification (Igneous, Sedimentary and Metamorphic)? 

Igneous Basalt, Granite, Obsidian, Andesite, Gabbro, Pegmatite, Scoria, Tuff 

Sedimentary Limestone, Sandstone, Siltstone, Breccia, Conglomerate, Shale 

Metamorphic Marble, Serpentine, Schist, Gneiss, Slate, Quartzite 

Examples of Rock Classification 

(Photos used by permission of geology.com) 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology—Exercise Key 

Geology Exercise 

From the Characteristics of Rocks on the previous page and the Examples of Rock Classifications above 
attempt to identity the rocks below. 
 
Which identifying characteristics are the most telling in each classification? 

 
Classify samples that you find in a streambed or on a bank. 
 
Can you find one sample from each classification (Igneous, Sedimentary and Metamorphic)? 

Igneous Basalt, Granite, Obsidian, Andesite, Gabbro, Pegmatite, Scoria, Tuff 

Sedimentary Limestone, Sandstone, Siltstone, Breccia, Conglomerate, Shale 

Metamorphic Marble, Serpentine, Schist, Gneiss, Slate, Quartzite 

Examples of Rock Classification 

(Photos used by permission of geology.com) 

Igneous  (Andesite) 
Characteristic—Vesicular 

 

Metamorphic (Gneiss) 
Characteristic—Wavy Folds 

Igneous  (Pumice) 
Characteristic—Vesicular 

Metamorphic (Amphibolite) 
Characteristic—Large Crystals 

Sedimentary (Sandstone) 
Characteristic—Flat Layers 

Sedimentary (Breccia) 
Characteristic—Clastic (rock fragments) 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology (continued) 

Physical Properties of Minerals  
Cleavage is the tendency of certain minerals to split in definite directions, yielding smooth, plane surfaces 
known as a cleavage surface. In mica, for example, the cleavage is in a single plane; in quartz, cleavage is 
absent. A cleavage surface may be very small or it may be quite large. A cleavage surface may represent a 
crystal face.  
 
Fracture refers to the character of a surface produced when a mineral is broken in any direction other 
than along a cleavage plane. Fracture may be described as even, uneven, rough, splintery, conchoidal 
(shell like), hackly, blocky, prismatic, fibrous, etc.  
 
Hardness. Some minerals are harder than others. This provides one means of identification. One method 
of comparing hardnesses of minerals is by a scratch test. A numbered series called Mohs scale of hard-
ness has been worked out to test mineral hardness by resistance to scratching. Mohs scale is listed on the 
next page. Test the minerals you have collected with this hardness test. Make sure you have scratched 
and not just left a powder trace.  
 
Specific gravity is the ratio of the weight of a substance to the weight of an equal volume of water. It is 
expressed by a number.  
Water has a specific gravity of 1. Most of the common rock-forming minerals have a specific gravity rang-
ing from 2.5 to 4. With practice, you can make fairly good estimates of specific gravity by "hefting" miner-
al specimens of known specific gravity and comparing them with unknowns.  
 
Luster refers to the appearance of a surface when viewed under reflected light. Varieties of luster are vit-
reous (glassy), pearly, greasy, metallic, earthy, resinous, adamantine (brilliant, like a diamond), etc. To 
obtain the proper luster of a mineral, the surface examined must be a relatively fresh one.  
 
Color is an aid in the identification of some minerals. In many cases, however, color is not a distinguishing 
characteristic because many minerals exhibit many different colors. The color should always be noted, 
however. 
 
Streak is the color of the mark made by some minerals when scratched on a hard, white surface such as 
unglazed earthenware (streak plate). Streak is the color of a mineral's powder left on the streak plate. 
Many minerals give no distinct streak. This is especially true of most minerals harder than the knife, and 
of light-colored minerals.  
 
Special properties such as opacity, taste, magnetism, etc., sometimes aid in the determination of a miner-
al. Reaction with acid is a chemical test that identifies a few minerals. Calcite, for example, effervesces 
freely when cold hydrochloric acid is applied, while dolomite effervesces freely only when hot acid is ap-
plied.  
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology (continued) 

Hardness Mineral Test 

1 Talc Easily scratched with fingernail. Soft, greasy. 

2 Gypsum Just scratched by the fingernail. Not greasy or soft.   Fingernail = 2.5 

3 Calcite Very easily scratched by a knife. Just scratched by a sharp edge of copper, such as that of a 

new penny.   Penny = 3.5 

4 Flourite Easily scratched by a knife but not hard enough to scratch glass. 

5 Apatite Can be scratched with a knife but with some difficulty. (Most ordinary glass will have a hard-

ness somewhere between 5 and 6.)   Knife blade 5.5 

6 Feldspar Not scratched by a knife. Scratches common window or bottle with 

difficulty. 

6.5 Microline Not scratched by a knife. Scratches common window or bottle glass easily. Can be scratched 

with a file.   Steel file = 6.5 

7 Quartz Scratches both a knife and glass easily. Harder than any other common 

substance 

8 Topaz Scratches quartz easily. Much harder than any common material. 

9 Corundum Scratches topaz and compares with sapphire. 

10 Diamond Scratches topaz and corundum easily. Hardest substance known 

In the Table of Minerals below, minerals are organized into their chemical groups (oxides, carbonates, 

etc.), and properties important in identification are noted. You might want to make charts containing sim-

ilar information for the minerals you have that do not appear on the Table of Minerals. 

 

Table of Minerals 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology Exercise 

Activity - Identifying Rocks and Minerals 

 

Materials (see page 25 for links to suppliers) 

For each team of four learners: 

 One mineral test kit – check your school or ESD supplier or order from an education supply company 

such as Acorn Naturalist. Kit to include: for hardness test, a nail, a copper penny, and a piece of 

glass; vineagar, a magnet, a streak plate, and a hand lens 

 A supply of rocks and minerals to be investigated – can be ordered from a scientific supply company. 

Should include samples of igneous, metamorphic, and sedimentary rocks 

 One copy of the Rock and Mineral Identification Journal Page for each specimen to be identified 

(page 11). 

 Egg boxes, cigar boxes, shoe boxes, or “zip-lock” bags for storing rocks 

 Labels 

 Hand lens 

 Rock and mineral field guides and reference books 

 

FYI 

When learning to identify rocks, learners study the physical properties of minerals and geologic process-

es that form rocks. Rocks are divided into three main groups, called “classes,” based on the three geo-

logic rock-forming processes. The three classes are sedimentary, metamorphic, and igneous rock.  

Sedimentary rocks have round grains that may look layered; the silt, sand, and/or clay is compacted and 

cemented to create the rock. Sandstone and shale are examples of sedimentary rock. 

Metamorphic rocks have a sheetlike texture; they may be compact and banded, and are very hard. Mar-

ble and slate are examples of metamorphic rock. 

Igneous rocks have interlocking grains with angular, sharp shapes. Igneous rocks that cool slowly have 

large crystals. Examples of igneous rock are basalt and granite. Faster cooling may cause the formation 

of tiny crystals or no crystals at all, as in basalt.  

Rocks are a mixture of minerals. A single rock may not have the same mixture of minerals all the way 

through, and the size of the mineral crystals may change, too. 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology Exercise (continued) 

Characteristics that define minerals include: 

 The elements in a mineral are bound together in a repeating pattern that determines the specific 
shape of a mineral crystal. 

 Minerals have a distinct inorganic chemical composition. Most minerals are compounds of sever-
al elements. 

 Minerals are nonliving. 

 Minerals occur in a solid state at room temperature. 

 Mineral occur naturally on Earth. 

 Minerals have distinct physical properties. 

The identification of minerals is like being a detective. Through a series of basic tests, the properties of 

the mineral are determined, and possibilities are eliminated one by one until the mineral is identified. 

The properties of minerals commonly tested for with a mineral test kit are color, luster, shape 

(crystallization), hardness, specific gravity, streak, cleavage, and unusual properties. 

Color – some minerals have a characteristic identifying color. 

Luster – A description of the way a mineral’s surface looks in reflected light. Is it pearly, metallic, dull? 

Shape – The specific shape of a mineral crystal is characteristic of its component elements. 

Hardness – Most mineral test kits use the Mohs Hardness Scale. Friedreich Mohs was a German scientist 

who invented a scale for comparing hardness among minerals. The Mohs scale runs from 1 (talc) to 10 

(diamond). Common testing tools for the Mohs Hardness Scale include: 

 fingernail = 2.5  
 penny = 3.0 
 nail = 5.0 
 glass = 5.5 
 steel file = 6.5 

Specific gravity – This is the comparison of a mineral’s weight to the same volume of water. Specific 

gravity does not change. Quartz has a specific gravity of 2.6. That means it weighs just over 2 1/2 times 

the weight of the same volume of water. 

Streak – This is the color a mineral makes when scratched on a rough surface. In the test kit, a rough ce-

ramic plate is used to test streak color. 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology Exercise (continued) 

Cleavage – The shape a mineral takes when it is broken. 

Unusual properties include taste, such as in salt; odor, such as in sulfur; fluorescence under an ultravio-

let light; or magnetism. Vinegar is used for testing lime minerals such as calcite.  

Preparation 

Order a supply of rocks and minerals for learners to investigate in this activity. If possible, provide one 

set for each team of four learners. A set might include: minerals – halite, quartz, and galena; igneous 

rocks – basalt, granite, and obsidian; sedimentary rocks – limestone, shale, and conglomerate; meta-

morphic rocks – slate and schist. 

Procedure 

Learners should investigate the rocks and minerals provided until they are identified. If a full set of rocks 

and minerals is not available for each team, teams may be assigned to identify part of the set. The 

teams can report on their investigation techniques and results with the full group. Learners should rec-

ord their research results on a Rock and Mineral Identification Journal Page for each sample. 

Remind learners about how vinegar acts on limestone and basalt and how that information can be used 

here. 
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Studying the environment and protecting our 

most valuable natural resource...water. 

Lesson 2 
Geology Exercise—Worksheet 

Rock and Mineral Identification Journal Page 

The sample is: 

 Sedimentary rock   Metamorphic rock 

  Igneous rock    Mineral (continue below) 

 

Characteristics of Minerals 

Hardness – the sample can be scratched with: 

   a fingernail, hardness 2.5 

   a penny, hardness 3.0 

   a nail, hardness 5.0 

   glass, hardness 5.5 

   steel file, hardness 6.5 

Color:           

Streak:          

Is it magnetic?    Yes   No 

Bubbles with vinegar? Contains lime:   Yes   No 

Crystal shapes visible – use cardboard crystal models to compare: 

   Cube     Hexagonal Prism 

   Tetrahedron    Octahedron 

   Dodecahedron   Pyritohedron 

Additional Notes: 



Lesson 2 

GENERALIZED GEOLOGIC TIME CHART FOR OREGON 

ER
A
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D

 

EPOCH PRINCIPAL GEOLOGIC EVENTS 

AGE  

(in mil-

lions of 

years) 

C
EN

O
ZO

IC
 

Q
U

A
TER

N
A

R
Y 

HOLOCENE 
Glaciers in mountains receding. Crater Lake and Newberry Crater formed by explosion and collapse 
of volcanic cones. Lava flows near Mt. Hood, at McKenzie Pass, and in central and southeastern 
Oregon. .011 

PLEISTOCENE 
Active glaciers in mountains. Growth of large volcanoes along crest of Cascades and in central Ore-
gon. Pluvial lakes in south-central part of State. Mastodons and giant beavers in Willamette Valley; 
camels and horses in grasslands of central and eastern Oregon. 2-3 

TER
TIA

R
Y 

PLIOCENE 

First eruptions of lava at crest of Cascade Range. Extensive outpouring of lava in south-central Ore-
gon. Horses, rhinos, camels, antelope, bear, mastodons living in John Day country. Cascade Range 
high enough to form climate barrier. Drier climate east of High Cascade Range. Warm temperate 
climate west of Cascades initiates period of laterization. 12 

MIOCENE 

Thick layers of lava extruded over much of State (middle and upper Miocene). Seas invade coastal 
areas; mollusks, fish, whales, sea lions. Oreodonts, rodents, 3-toed horses, giant pigs, rhinos, tiny 
camels, wolves, and saber-tooth cats living in John Day country. Mild, humid climate with extensive 
forests of Metasequoia. Last emplacement of granitic plutons in the State (Cascade Range) with 
accompanying mineralization. Coast Range begins uplift. Cascade Range growing in height. 

26 

OLIGOCENE 

Willamette Valley and parts of Coast Range covered by warm, shallow seas. Inhabited by abundant 
and varied mollusks. Warm temperate flora growing in both eastern and western Oregon, with 
Metasequoia, maple, sycamore, ginkgo, and katsura trees plentiful. Three-toed horses, camels, 
giant pigs, saber-toothed cats, oreodonts, tapirs in John Day country. Cascade Range too low to 
affect climate of eastern Oregon. 37-38 

EOCENE 
A subtropical climate. Coal forming in coastal swamps. Palms, figs, avocados, pecans, and walnuts 
grow in central Oregon. Four-toed horses, rhinos, tapir, crocodiles in Clarno area. Western Oregon 
covered by arm of ocean, locally many mollusks. Large volcanoes in area of Cascade Range. 

53-54 

PALEOCENE Not mapped separately in Oregon, but rocks of this age known in southern Coast Range. 65 

M
ESO

ZO
IC

 

CRETACEOUS 
Most of State covered by warm seas. Ammonites, trigonia, and other mollusks, abundant in Med-
ford and Mitchell areas. Tree ferns growing near Austin in Grant County. Formation of principal 
metalliferous deposits in State following batholithic intrusions. 136 

JURASSIC 

Oregon largely covered by seas. Brachiopods, mollusks, and ammonites abundant. Some marine 
reptiles. Ferns, cycods, ginkgoes, and conifers growing on land areas. Period of serpentine intrusion 
with formation of chromite deposits followed by granitic intrusion in Klamath Mountains, Blue 
Mountains, and possible Wallowa Mountains. 190-195 

TRIASSIC 
Most of Oregon covered by warm seas. Sponges, corals, ammonites, gastropods, and nautiloids. 
Volcanoes active and widespread especially in northeastern and southwestern Oregon. 225 

P
A

LEO
ZO

IC
 

PERMIAN 
Warm seas cover much of State. Limestone reefs forming. Fusilinids common. Volcanism in north-
eastern part of State. Rocks now exposed in central and eastern Oregon. 280 

CARBONIFEROUS 
Much of State covered by warm seas containing brachiopods and corals. Ferns and calamites grow-
ing on land areas. Rocks now exposed in Suplee area of central Oregon. 345 

DEVONIAN 
Seas probably covered Oregon. Small limestone outcrops in central Oregon contain Middle Devoni-
an corals (about 370 m.y.). 395 

PRE-DEVONIAN 
“Pre-Devonian” includes the vast stretch of geologic time extending back to the oldest rocks found 
on the earth. Rocks of this age are not known in Oregon. Nearest “pre-Devonian” rocks (450 m.y. 
old gabbro) in Klamath Mountains, northern California.   
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Lesson 2 
Geologic Features/Processes 

Abrasion—The breaking 
down of rocks 

Alluvium—Sediment carried 
by or deposited by running 

water 

Columnar Basalt—Slowly 
cooling lava form hexagonal 

structures 

Imbrication—Stacking or  
shingling due to natural  

forces 

Vein—A crack or void filled  
with another mineral,  

many times metals 

Talus—Loose rocks or scree 
created by weathering 

Sill—Intrusion of molten lava 
between layers of other rock 

Rippling—Signs of an ancient 
limestone sea 

Jointing—Uniform fractures 
due to folding or uplifting 

Lamination—Fine layers in  
sedimentary rock 

As we travel, look for 

and point out examples 

of these types of natural 

formations, features and 

processes. 

(Photos used by permission of  

geology.about.com) 
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Lesson 2 
Geology—Aging of Watersheds and Valleys 

Very general observations about the age of a river can be made observing the river channel and valley 

through which the river flows. Rivers are divided into three categories—Young, Mature, and Old. 

Young rivers generally have more gradient, flow fairly straight and have narrow, steep, v-shaped  

valley walls cut by the river and no flood plain. 

Mature rivers have less gradient, a u-shaped valley, narrow flood plain, and the valley walls are broad 

and eroded. 

Old rivers are slow moving, with a broad U-shaped valley and wide floodplains.  

(Image from  

scienceclarified.com) 
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Lesson 2 
Geology—River Terminology 

Glossary of River Terms 

Abrasion—Removal or erosion of stream bank. 

Alluvial—Deposited by running water. 

Anadromous—Fish that spend part of their life in the Ocean. 

Bar—An accumulation of Alluvium. 

Bed—The bottom of the river. 

Bedload—Sediment moving on or near the Bed of the river.  (See also Streamload) 

Braided Channel—A stream characterized by multiple meandering channels the meet and divide. 

Channel—The area that contains continuously running water confided by the banks of the 
streambed. 

Cobble—Material in the river that is smaller than boulders, but larger than gravel. 

Cut Bank—The outside bend of a river, cut sharply by current flow. 

Eddy—A circular flow of current usually caused by an obstruction to the flow of water. 

Freestone—A river that flows naturally, without dam or spillways. 

Gradient—Vertical drop of a river over a given distance. 

Head or Headwater—The source of a river. 

Meander—Winding of a stream channel caused by age. 

Oxbow—The abandoned channel of a river due to the connection of a meaner and creation of a new 
channel. 

Rapid—Fast moving water caused by a steep gradient. 

Redd—A spawning nest made by a fish. 

Riffle—Shallow, fast-moving water watch broken by rocks and boulders. 

Springcreek—Smallish, free-flowing steam. 

Streamload—Sediment suspended in the moving water. (See also Bedload). 

Tailwater—A river which is controlled by a dam or spillway. 

Watershed—An area of land that collects and funnels water together though a series of streams and 
rivers. 
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Lesson 3 
Water Quality Investigation—Facilitator Page 

Lesson Description 
The first part of this lesson illustrates some of the collection methods of scientific data that are used to 
evaluate water quality—Temperature, pH, and Turbidity.  The second part is a Dissolved Oxygen experi-
ment utilizing the LaMotte Test Kit 5886. These lessons are designed to familiarize students with the  
collection of scientific data and the comparison of data to make conclusions. 
 

Key Terms 
Water Quality   Secchi Disk 
Water Temperature  Dissolved Oxygen (DO) 
Turbidity   Oxygen Level 
pH (power of Hydrogen) PPM (parts per million) 
 
 

Learning Outcomes 
Students will understand how scientists collect and analyze data to make conclusions about water quality 
and the health of the environment. Students will gain a broad understanding of the scientific method 
(science inquiry) and how it is utilized to make conclusions in other science-related areas. Students will 
gain hands-on experience of data collection and recording. 
 

Narrative 
“Data collection and recording are important parts of the work that scientists perform. Scientists use the 
scientific method (or science inquiry) to make determinations of what is being observed and the reasons 
behind those observations. The scientific method is described on Page 22. How do we employ scientific 
method in daily life?”   
 
Begin the data collection process with the Wetland Investigation Date Sheet on Page 23. Follow with the 
lessons on Pages 24 and 25 using Thermometer, pH Test Strips, and Secchi Disk to make measurements 
and record that data. Compare data between groups; from previous trips; during different times of day.  
Draw conclusions on Water Quality. 
 
Using the LaMotte Dissolved Oxygen Test Kit # 5886 conduct the experiment and compare results to 
charts provided. Compare results between groups; from previous trips. Draw conclusions on Dissolved 
Oxygen and the effects on aquatic life in the waterway. 
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Lesson 3 
Water Quality—Scientific Method (Science Inquiry) 

Scientific Method or Science Inquiry are used interchangeably to describe an intentional process of using 
facts and data collected to make conclusions of observations. The process is used throughout the scienc-
es but is also how we learn.   
 

Six Steps the Scientific Method: 
1 - Make an Observation 
2 - Ask a Question 
3 - Create a Hypothesis 
4 - Design and Conduct an Experiment 
5 - Record Results 
6 - Draw Conclusions 
 

Scientific Method in Application (by my 14 month-old daughter) 
Observation  - “Hummm, that stove puts off heat.” 
Question - “Is that too hot to touch?” 
Hypothesis - “I don’t think so!” 
Design and Conduct and Experiment - Sizzle! 
Record Results -  “Mommy, mommy!!!!” 
Draw Conclusions - ”Better not do that again!” 
 

Other Examples of Scientific Method  
Can you think of other examples of the Scientific Method/Science Inquiry? Such as... 
 Riding a bicycle   
 Growing vegetables   
 Learning to cartwheel 
In fact, can you think of anything you’ve done or learned that didn’t require some Science Inquiry? 
 

Variables 
Part of the Scientific Method is controlling variables. Variables are things that could invalidate (or 
change) the results of the experiment. By controlling variables we eliminate potential causes for our ini-
tial observations. Sometimes the answer is determined not by conclusive, supporting evidence but by the 
elimination of other likely causes.   
 

Occam’s Razor 
William of Ockham (c. 1287—1347) theorized that given equal evidence supporting multiple, viable hy-
potheses the one with the fewest assumptions (or simplest) is likely correct. 
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Lesson 3 
Water Quality Investigation 

Wetland Investigation Data Sheet 

 

Date:      

 

Weather 

Sunny Partly cloudy Cloudy Heavy overcast 

Precipitation type     Amount in gauge     

Air temperature: 4 feet above ground     

   At surface of ground     

 

Vegetation 

Barren   Rushes/Sedges Grasses Broadleaf, non-woody 

Brush/shrub  Broadleaf trees Conifer Other     

The most common plant at this location is         

 

Water Level Observation (check all that apply) 

Water nonexistent on surface of soil   

Water on surface of soil, no floating vegetation  

Water on surface of soil, plants growing in, on water 

Water on surface of soil at high water 

Water on surface of soil at low water, bare soil exposed on bank 
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Lesson 3 
Water Quality Investigation (continued) 

a) Take three temperature readings: 

 Reading 1 at the water surface 

 Reading 2 at the mid-water level 

 Reading 3 at the bottom of the pond/marsh. [If it isn’t possible to take a bottom surface 

reading,  

divide Reading 1 + Reading 2 by 2.] 

b) To use the pH paper to take a reading: tear off a 2-inch piece of paper and dip it in the water. 

Check the color change on the chart on the side of the dispenser. The pH meter will give a display 

on the screen. Using the pH range chart at the back of the field book, predict which aquatic ani-

mals could be found in this water. 

Our group believe that we will find the following aquatic insects and animals: 

 

c) Secchi Disk Reading 

 Reading 1: Slowly lower the disk into the water until it’s no longer visible. Note the depth 

mark on the rope and record as reading 1 on the chart. 

 Reading 2: Lower the disk more, then slowly raise the disk until it’s just visible. Note the 

depth mark on the rope and record as reading 2 on the chart. 

 The Turbidity Reading is calculated when reading 1 is added to reading 2 and divided by 2. 

Water 
Temperature : a 

Reading 1 + Reading 2 + Reading 3 
3 
= 

pH : b 

Turbidity Secchi Disk Reading : c 
Reading 1 + Reading 2 

2 
+ 

(1 =    ) + (2 =    ) + (3 =   ) 
3 

 
(1 =    ) + (2 =    ) 

2 

Wetland Water Quality Tests 
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Lesson 3 
Water Quality Investigation (continued) 

pH Ranges that Support Aquatic Animal and Plant Life 

Most 
Acid 

1 
Battery 

Acid 

2 
Lemon 
Juice 

3  
Vinegar 

4 
Cola 

5 
5.6 = 

Normal 

6 
Rain  

Water 

7 
Pure  

Water 

8  
Sea 

Water 

9 10 11 
Ammo-

nia 

12 
Bleach 

13 14 
Most 
Basic 

  
    

 
Snails, clams, 

mussels 

 

  
  

  

Largest variety of animals 
trout, mayfly nymphs, 

stonefly nymphs, caddisfly 
larvae 

Bass, bluegill  

Carp, suckers, catfish, aquatic worms 
some insects such as midge larvae 

and black fly larvae 

Plants (algae, floating, rooted) 

Bacteria 
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Lesson 3 
Water Quality—Dissolved Oxygen 
(Excerpt from LaMotte Company testing supply kit manual 5886) 

Dissolved Oxygen (DO) 
Dissolved Oxygen (DO) is important to the heath of aquatic ecosystems.  All aquatic animals need oxy-
gen to survive.  Natural waters with consistently high dissolved oxygen levels are most likely healthy and 
stable environments, and are capable of supporting a diversity of aquatic organisms.  Natural and hu-
man-introduced changes to the aquatic environment can affect the availability of dissolved oxygen. 
 
Dissolved oxygen is microscopic bubbles of oxygen that are mixed into water. It is important to know 
that it is not the same as the oxygen that is bonded in the water compound H₂O.  The oxygen in H₂O is 
held too tightly to the hydrogen atoms for the fish to use. The oxygen that fish breathe is oxygen pulled 
from the air into the water. However, the dissolved oxygen in the water is always lower than the 
amount of oxygen in the air and it takes a long time to diffuse throughout the water. Dissolved Oxygen is 
at least 10,000 times more concentrated in air than in water! In fact, we measure oxygen in the air . 
 

How does oxygen from the air get into the water? 
Oxygen enters water in two ways: 
 Physically, when air mixes with water; this is usually the primary source for dissolved oxygen in 

streams 
 Biologically, when aquatic plants release oxygen during photosynthesis; this is usually the primary 

souce of DO in lakes and oceans.  
 
Anything that causes turbulence in water, like flowing down a waterfall or around rocks in the stream 
increases dissolved oxygen levels by pulling oxygen quickly into the water. If water is completely still ox-
ygen will still enter it will just take more time. The temperature of water changes the dissolved oxygen 
content. Water that is colder will hold more oxygen and warmer water will hold less. Also, environmen-
tal factors like Cyanobacteria, or blue-green algae, blooms will decrease oxygen for the fish because it 
takes in oxygen at a high rate. Aquatic plants can bring oxygen into the water through photosynthesis, 
while decomposing organic matter takes oxygen from the water.  
 

Can fish or insects adapt to low oxygen levels? 
Few fish and insects are adapted to low dissolved oxygen levels in the water. For instance, bloodworms 
are one of the most tolerant species to low dissolved oxygen levels because their bodies actually attract 
oxygen so that even in very low levels they can survive.  Another survival mechanism is air bubbles. 
Some insects like diving beetles carry a bubble of air from the surface into the water with them so they 
can breathe. These bubbles are very handy, but don’t last forever. Eventually the air bubble will become 
so small that the insect has to return to the surface to replenish it.  
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How do fish intake the oxygen from the water? 
Fish “breathe” with their gills that function much like our lungs. Gills are a thin membranous structure 
that allows water to move through and dissolved oxygen to disperse into the fish’s bloodstream. When 
there is not enough dissolved oxygen in the water fish can suffocate. Certain types of water pollution 
can affect oxygen levels in water.  
 
Most aquatic life cannot survive if there is less than 5 ppm of oxygen available.  
 

 
 
 

Straw Activity:  
1. Gather materials: Large milkshake straws, regular straws, and stirrer straws. Cut each straw 
into 3 sections, and cut enough straws so each student has 3 sizes of straws. 
 
2. Tell students you are going to simulate a stream environment. They are the fish. As water quality con-
ditions degrade, a very necessary ingredient for life, oxygen, decreases.  
 
3. First, tell them that you are high in the mountains in a pristine stream. There are plenty of trees on 
the stream banks, there are also many rocks that cause rippling rapids throughout the channel. There is 
plenty of oxygen here. (Let them breathe without the straw). Have them stand and jog in place. Contin-
ue to breathe. 
 
4. Now we are traveling downstream where there are fewer trees and more plant and algae growth in 
the stream. Things are still in pretty good shape, but there is a little less oxygen than before. They can 
breathe through the large straws. They will be allowed to breathe whatever oxygen they can pull 
through the straw. Have them stand and jog in place. Was it a little harder to breathe here?  
 

Effects of DO on fish and other aquatic life 

DO (ppm) Effects 

0 – 2 Not enough to support life 

2 – 5 Only few species of fish and insects survive 

5 – 7 Good for most aquatic life 

7 – 11 Very good for most stream animals 

> saturation Possible gas bubble trauma in some fish 

Lesson 3 
Water Quality—Dissolved Oxygen (continued) 
(Excerpt from Lamotte Company testing supply kit manual 5886) 
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5. Now we are in an area of the stream where there seems to be a lot of organic matter decomposing 
(like leaves, old tree trunks, etc. ) and there may even be some animal waste. As bacteria works to de-
compose these things, they use up precious oxygen. Hand out the medium sized straws and repeat 
the steps (jog, discuss change).  
 
6. We have made it to an area that doesn’t look or smell very good. It seems like there may have been 
an overflow of a sewer pipe into the stream!!! This is really impacting the oxygen available for us to 
breathe. Hand out the small straws and ask the students to only breathe through the small straws. 
Caution them to sit down if they get dizzy. 
 
Dissolved Oxygen % Saturation is an important measurement of water quality.  Cold water can hold 
more dissolved oxygen than warm water.  For example, water at 28 degrees Celsius will be 100% satu-
rated at 8ppm dissolved oxygen.  However, water at 8 degrees Celsius can hold up to 12 ppm of oxy-
gen before it is 100% saturated.  High levels of bacteria from sewage and pollution or large amounts 
of rotting plants can cause the % saturation to decrease.  This can cause last fluctuation in dissolved 
oxygen levels throughout the day, which can affect the ability of plants and animals to thrive. 

Lesson 3 
Water Quality—Dissolved Oxygen (continued) 
(Excerpt from Lamotte Company testing supply kit manual 5886) 

Dissolved Oxygen Testing Procedure 
1. Record the temperature of the water. 

2. Submerge the small tube (0125) into the water sample.  
Carefully remove the tube from the water sample, 
keeping the tube full to the top. 

3. Drop two Dissolved Oxygen TesTabs® (3976) into the 
tube.  Water will overflow when the tablets are added. 

4. Screw the cap on the tube. More water will overflow as 
the cap is tightened.  Make sure no air bubbles are pre-
sent in the sample. 

5. Mix by inverting the tube over and over until the tab-
lets have disintegrated.  This will take about 4 minutes 

6. Wait 5 more minutes for the color to develop. 

7. Compare the color of the sample to the Dissolved Oxy-
gen color chart on the following page.  Record the re-
sults as ppm Dissolved Oxygen on the Water Monitor-
ing Test Results worksheet on page 24 
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 0 ppm 4 ppm 8 ppm 

2 0 29 58 

4 0 31 61 

6 0 32 64 

8 0 34 68 

10 0 35 71 

12 0 37 74 

14 0 39 78 

16 0 41 81 

18 0 42 84 

20 0 44 88 

22 0 46 92 

24 0 48 95 

26 0 49 99 

28 0 51 102 

30 0 53 106 

      % Saturation Dissolved Oxygen 

Te
m

p
e

ra
tu

re
° 

(C
) 

Lesson 3 
Water Quality—Dissolved Oxygen (continued) 
(Excerpt from Lamotte Company testing supply kit manual 5886) 

Locate the temperature of the water sample on the % Saturation chart. Locate the Dissolved Oxygen 
result of the water sample at the top of the chart.  The % Saturation of the water sample is where the 
temperature row and the Dissolved Oxygen column intersect.   
 
For example: if the water sample temperature is 16 degrees Celsius and the Dissolved Oxygen result is  
4 ppm, then the % Saturation is 41. 
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Lesson 3 
Water Quality—Dissolved Oxygen (continued) 

The chart below is a general guide to tolerance and behavior of fish based on dissolved oxygen. Actual 
behavior varies by species. Trout from example require much more dissolved oxygen than Bass or Blue-
gill. Locate your Dissolved Oxygen ppm on the chart below and make some general observations about 
the fish on this particular waterway.  
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Lesson 4 
Entomology—Facilitator Page 

Lesson Description 
This lesson is designed to introduce students to other forms of aquatic life that exist in the river system.  
Entomology is yet another science that is employed to study river systems, water quality and environ-
mental health.  This lesson is a hands-on experiential learning discovery.  This lesson can be facilitated in 
a large group, or small groups, but care should be used to assure participate safety as the research and 
collection will happen in the streambed.  Small groups should be well supervised by adults. 
 

Key Terms 
Entomology  Mayfly 
Head   Larva (nymph) 
Thorax Abdomen Caddis Fly 
 

Learning Outcomes 
Students will understand the lifecycle of common aquatic insects. Through hands-on experiential learning 
students will catch and identify aquatic insects. Students will have an increased awareness of the im-
portance of aquatic insects to the food supply of the waterways. 
 

Narrative 
“How many bugs are there on the planet?  (Answer - 1018  = a billion billion = 1,000,000,000,000,000,000)  
That’s a lot of bugs. Why so many? Bugs (insects) are integral to the lifecycle of many small animals on 
planet Earth. Without insects many birds, fish, reptiles and small mammals would not survive. Conse-
quently, without those small animals the entire lifecycle of the planet would be disrupted.”  
 
Fish are extremely dependent upon insects for food. Insects are their primary source of food. Most 
aquatic insects go through a simple lifecycle. They are born (or hatched) subsurface as juvenile insects 
called nymphs or larva. At some point they mature, emerge from the water, sprout wings, fly, mate and 
die. Fish will eat these insects during all stages of the insect lifecycle. 
 
Two major types of insects that fish feed on are Caddis Flies and Mayflies. Caddis Flies are commonly re-
ferred to as moths and fly with an erratic out-of-control pattern. Caddis Flies are often attracted to an 
open flame or light and get caught in the wax of an evening candle on the picnic table. Mayflies are more 
graceful, have long upswept tails, and fly more like a bird, soaring and controlled. 
 
Conduct the seine exercise on Page 34. Compare the insects you collect to the pictures of common 
Nymph (larva).  Identify body parts and class (mayfly or caddis). 
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Lesson 4 
Entomology—The Study of Insects 

What is Entomology? 

Entomology is the study of insects. There are many ways to learn about insects. Study could include 
reading, observing live insects, or working with collections of dead insects. 
 
In reading about insects you can learn about an insect's life stages, habits, food, where and how they 
live. Books cannot convey the excitement of watching live insects in their natural environment. Live 
insects can be reared in cages, in covered potted plants, or with other food sources. 
 
Accurate recorded observations are more important than casual collecting. Young people are usually 
fascinated by insects and insect study is a way for them to learn more about insect types, life cycles, 
behaviors, habitat and relationships with humans. 
 
Insects are a very important group of animals. There are more insects in the world than all other ani-
mals combined. It has been estimated that the total insect population of the earth is around 1018 indi-
viduals (that's 10,000,000,000,000,000,000!) 
 
Insects have inhabited the planet for at least 300 million years. We know this because of the fossil rec-
ords that insects have left behind. 
 
Most of the millions of insect species are beneficial. Insects are a major food source for many animals, 
and they also help break down and recycle dead plants and animals. In addition, most flowering plants 
require insects for pollination. Insect pollination activities provide us with billions of dollars of fruits, 
vegetables and other foods. 
 
Some beneficial insects help control other destructive insects. Many wasps and some flies act as para-
sites of harmful insects. Lacewings, some beetles and mantids are predators of aphids and other de-
structive insects. 
 
Insects also produce useful materials, like honey, silk, dyes, shellacs and food. Insects make the world 
a more interesting place. Delicate butterflies, colorful beetles, the chirping of crickets, the buzzing of 
bees are all familiar and enjoyable sights and sounds. 
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Lesson 4 
Entomology (continued) 

 

All insects have these basic parts—Head, Thorax and Abdomen 

(antenna, legs and wings vary by insect and life cycle)  

Graphic courtesy of Perdue University Extension Service 

Aquatic Insects Important to Fish Populations and River Systems 

There are two stages of insect life in the water.  
 
Nymphs are immature insects that are born, and are living, under the surface of the water. Once the 
nymph matures it will come to the surface of the waterway, sprout wings, fly and mate. These insects 
are Adult insects. Fish will feed on insects in both the nymph and adult stage.  
 
Two of the most important insects that are commonly found in the river system are Caddisflies and 
Mayflies. Caddisflies are commonly referred to as moths. They are generally small (3/8” or less) and 
have wings held back in a tent shape over their thorax and abdomen and two long antenna pointing 
forward. Mayflies can be distinguished by their upright wings and long sweeping tails. 
 
Of course the river is fill with other life as well.  Fish feed on other smaller fish, sculpin, leaches, 
aquatic worms, as well. 

Mayfly Caddisfly 

Illustrations courtesy of Annabel Wildrick—pending 
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Lesson 4 
Entomology Exercise 

River Seine Exercise 

A seine is a fine net or mesh designed to allow water to flow though but capture small aquatic life or 
vegetable matter.   
 
Stand facing down river in knee-deep water. Hold the seine slightly elevated above the riverbed, down-
river from your feet.  Rotate or scrub your feet slightly in the cobble, the debris will get caught in the 
seine. Remove the seine from the river by moving it upriver (toward your knees), without allowing the 
net to become parallel with the water current.  (Doing so will allow the bugs to wash off the net). 
 
What do you see?  Is the seine teeming with life?  Do you notice differences in the insects you see?  
Identify the insects by using the chart below. 

Common Larva (Nymphs) 

              Mayflies               Caddisflies 

Photos used by permission of Marc Griffiths  www.wildfliesnz.com—pending 
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Lesson 5 
Team Building 

Working efficiently as a team takes skills (communication, coopera-

tion, compromise) and practice. Research suggests that teams gen-

erally evolve over time though a set of stages. Forming, Storming 

Norming, Preforming and Adjourning. Knowing this common evolu-

tion of teams helps teammates understand the dynamics and be-

haviors within a group. 

Forming—Orientation and getting to know one another. 

Storming—Exhibits individual personalities and conflict arises. 

Norming—Conflicts are resolved and team unity is achieved. 

Performing—Major emphasis is focused on accomplishing the 

Ball Toss Team Building Exercise 
 

Setup 
Field—One or two rectangles roughly 8’x10’.  (Up to 10 youth per square, use multiple squares and split into 
groups if more than 10 youth). 
Balls—10 Tennis Balls, 10 ping pong balls, and 10 small Nerf balls per 10-foot rectangle. 
Bucket—1 five gallon bucket per 10-foot rectangle. 
 
Objective 

 Move balls from a staging area to the bucket through a series of tosses from one person to the next. 
 Achieve the highest possible score based on scoring guide below. 
 Predict the possible score for successive rounds. 

 
Rules 
Talking is only permitted during the “discussion” period. 
Everyone on the team must handle every ball before a ball can be tossed into the bucket. 
Balls must be tossed or thrown (not handed), and must cross two lines of the rectangle on each toss. 
If a ball is dropped, it must start again from the staging area. 
A three-minute time limit will be allowed for movement of the balls. At the end of three minutes the clock is 
stopped and the balls are counted. 
 
Scoring 
Tennis Balls—5 points 
Nerf Balls—10 points 
Ping Pong Balls—15 points 
Points are awarded for each ball that is successfully tossed to every person and then is successfully tossed into 
the bucket placed in the middle of the rectangle.  
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Lesson 5 
Team Building (continued) 

Explain the Scoring System and Rules 
Start a 5-minute preparation “discussion” period where the team is charged with developing a plan to 
move the balls into the bucket.  Enforce the time limit, it will put unexpected pressure on the team.  
(Announcing the amount of time remaining will increase the pressure if it looks like the group is not 
forming). Make notes as to what you observe (Forming, Storming, Norming, etc.). Does a clear leader 
emerge? Does the leader have followers who are willing to support his or her ideas?  Is there consen-
sus? Did more than one group form? 
 
End the 5-minute preparation period and allow a 3-minute scoring “discussion” period. The task of the 
team is to predict how many points they will achieve. Again, hold them to the 3 minutes and watch for 
observations to share later. Chart the outcome using the graph below. 
 
At the end of the “discussion” periods start the 3-minute exercise. There is to be NO talking during the 
3-minute exercise.  Again, watch for group observations—Is there a leader?  Is frustration evident?  Did 
the group stick to the plan or change the plan ?   
 
At the end of the exercise count the total number of points achieved and whether they were over or 
under their initial estimate. Moderate a debriefing session with the participants. Ask them how it 
went?  Was there a clear leader?  Did the group function well as a team? Insert your observations to 
facilitate conversation. Point out both positive and negative group processes. Illustrate the importance 
of communication. Was it difficult to perform the task without talking?   
 
As the group three minutes to re-work  their strategy to maximize performance.  Again, hold them to 
the three minutes.  At the end of the strategy period give the group three minutes to determine what 
the performance outcome (in points) will be for the second session. 
 
Repeat the steps a second and third time, allowing for discussion and team building each time. Debrief 
after each exercise period.  At the end of three sessions you will be able to draw many conclusions 
about the performance of the team. Highlight goal setting and illustrate examples of where loftier goals 
led to better performance. Illustrate how better team cohesion generally leads to better performance. 
Highlight leadership qualities. Do good leaders always lead? Is it important to follow on occasion? Does 
a good leader need followers to be effective? 

Estimate Actual  Over/Under Attempt Total 

100 80 -20 One -20 

85 125 30 Two  10 

135 150 15 Three 35 

One chart for each group or team 
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Lesson 6 
Service Learning Project—Facilitator Page 

Lesson Description 
Service Learning is an instructional method that incorporates classroom learning with meaningful com-
munity service. Service Learning promotes Critical Thinking and Personal Reflection, a heightened Sense 
of Community, Civic Engagement and Personal Responsibility. 
 
This Service Learning project requires some group discussion regarding the importance of invasive spe-
cies identification and eradication. It also requires the ability to work in the field to identify and remove 
an invasive species. 
 

Key Terms 
Invasive Species 
Eradication 
Erosion 
Ecosystem 

 

Learning Outcomes 
Students will understand the importance of service to community and others. Students will understand 
the roll of invasive species in ecology and how they can disrupt the natural ecosystem. Students will  be 
able to identify several types of invasive species common to the region. 
 

Narrative 
“What is an invasive species? Can you name one, or more? How did they get here? Why are they bad?”  
If left unchecked, what might happen?” 
 
“What do you do in your life that has a long-lasting, positive outcome on your community, neighborhood, 
region or the environment? Is community service and leaving this planet slightly better than you found it 
important? How much impact can an individual have? How much impact might we have collectively?” 
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Lesson 6 
Service Learning Project—Invasive Species 

Service learning is a method of teaching that combines classroom instruction with meaningful 
community service. This form of learning emphasizes critical thinking and personal reflection while 
encouraging a heightened sense of community, civic engagement, and personal responsibility. 

Invasive Species Eradication 
Several invasive species of plant are found regularly in the Willamette River drainages. These spe-
cies, if left unfettered, will ultimately choke native plants. Many of these native plants are neces-
sary to prevent erosion and provide stability to the ecosystem of the Willamette River. This service 
learning project will look at the invasive species Scot’s Broom and Blackberry and their effect on 
Pine saplings. Work may also be done with Purple Loosestrife, de-brushing and opening high water 
channels, signage and trail maintenance.  
 
Below are pictures identifying some of the invasive plants that we will discuss in further detail dur-
ing our service learning project. 

 

Blackberry 

Pine Saplings Scot’s Broom 

Purple Loosestrife 

Photos used by permission of Langley Environmental Partner Society  and oregonstate.edu 



Materials/Supplies Lists 
 

Geology 
Mineral test kits—one for every three students 
http://www.teachersupplysource.com/product/62841/american-educational-products/science/geography/
scott-resources-and-hubbard-scientific-mineral-test-kit-with-minerals/?utm_source=TS-froogle_Product-
Ads&utm_medium=AmericanEducational&utm_campaign=AEP6451&gclid=CISw-vL30rkCFQ9dQgodI0kA9A  
 
Streak test kit—one for every three students 
http://www.teachersource.com/product/hardness--streak-test-kit/earth-science-geology?
gclid=CMzypKH40rkCFUZyQgodD0UANA  
 

Water Quality 
Secchi Disk—1 for every 5 kids 
http://www.novatech-usa.com/SCDSK1?gclid=CJDq4vH40rkCFcdxQgod1CgA0A 
 
PH TEST Strips—200 or more 
http://www.amazon.com/Litmus-Strips-Range-Alkaline-Papers/dp/B008RFGGTY/ref=sr_1_6?
ie=UTF8&qid=1379438705&sr=8-6&keywords=ph+test+strips+full+range  
 
Thermometer—1 for every 5 kids 
http://www.fishusa.com/product/Wright--McGill-River-Thermometer?
source=googleps&gclid=COrOoJX60rkCFa9fQgodBm0AMA  
 

Entomology 
Magnifying glass—1 for every 3 kids 
http://www.eachmall.com/goods-29961.html?gclid=CKiVttj60rkCFeqDQgodWCsAaw  
 
Insect Vials, glass—25-50 count 
http://www.hometrainingtools.com/vial-clear-glass-15-ml/p/CE-VIAL15/EID/13GPROD//gclid%
3DCL2Q6oL70rkCFYk9QgodATgAqw/  
 
River seine net—1 for every 3 kids 
You can build these with a piece of window screen from Ace Hardware and two 3/8 x 16” 
dowels.  If you have a mom that can sew pockets in two sides of a 12” square of window 
screen, slip the dowels into the pockets, you’re done. 
 

Team Building 
 5 Gallon Buckets—2 
 Nerf Golf Balls from Target—20 
 Tennis Balls—20 
 Ping Pong Balls 20 
 1/2” Rope to make squares—2 pieces 40’ each 
 18x24 dry erase board and pens for scoring.  You could use a roll up cutting board and dry erase pens if that 

is better for the river trip. 
   
 

http://www.teachersupplysource.com/product/62841/american-educational-products/science/geography/scott-resources-and-hubbard-scientific-mineral-test-kit-with-minerals/?utm_source=TS-froogle_Product-Ads&utm_medium=AmericanEducational&utm_campaign=AEP6451&gclid
http://www.teachersupplysource.com/product/62841/american-educational-products/science/geography/scott-resources-and-hubbard-scientific-mineral-test-kit-with-minerals/?utm_source=TS-froogle_Product-Ads&utm_medium=AmericanEducational&utm_campaign=AEP6451&gclid
http://www.teachersupplysource.com/product/62841/american-educational-products/science/geography/scott-resources-and-hubbard-scientific-mineral-test-kit-with-minerals/?utm_source=TS-froogle_Product-Ads&utm_medium=AmericanEducational&utm_campaign=AEP6451&gclid
http://www.teachersource.com/product/hardness--streak-test-kit/earth-science-geology?gclid=CMzypKH40rkCFUZyQgodD0UANA
http://www.teachersource.com/product/hardness--streak-test-kit/earth-science-geology?gclid=CMzypKH40rkCFUZyQgodD0UANA
http://www.novatech-usa.com/SCDSK1?gclid=CJDq4vH40rkCFcdxQgod1CgA0A
http://www.amazon.com/Litmus-Strips-Range-Alkaline-Papers/dp/B008RFGGTY/ref=sr_1_6?ie=UTF8&qid=1379438705&sr=8-6&keywords=ph+test+strips+full+range
http://www.amazon.com/Litmus-Strips-Range-Alkaline-Papers/dp/B008RFGGTY/ref=sr_1_6?ie=UTF8&qid=1379438705&sr=8-6&keywords=ph+test+strips+full+range
http://www.fishusa.com/product/Wright--McGill-River-Thermometer?source=googleps&gclid=COrOoJX60rkCFa9fQgodBm0AMA
http://www.fishusa.com/product/Wright--McGill-River-Thermometer?source=googleps&gclid=COrOoJX60rkCFa9fQgodBm0AMA
http://www.eachmall.com/goods-29961.html?gclid=CKiVttj60rkCFeqDQgodWCsAaw
http://www.hometrainingtools.com/vial-clear-glass-15-ml/p/CE-VIAL15/EID/13GPROD/gclid%3DCL2Q6oL70rkCFYk9QgodATgAqw/
http://www.hometrainingtools.com/vial-clear-glass-15-ml/p/CE-VIAL15/EID/13GPROD/gclid%3DCL2Q6oL70rkCFYk9QgodATgAqw/
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