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ABOUT THIS GUIDE

Thisa AAAEAOGOE OBIEA A) 10OT / Owkagdevelbpbdta Al B &1 O
support teachersof Grades6-8. The enclosed materials could also be adaptable
for older or younger students.

This guide contains supporting information antesourcesto answer 3 Driving
Questions, plusan Introductory Activity, WrapUp and Reflection Activities, and
supporting materials for a field trip to Oregon Coast Aquariunyouwill find
background information, step-by-step instructions for activities, tips for
successful teachingand more. Wealso provideresources to help you build
your content knowledge andfind additional activities and materialsThis Guide
Is designed to be interactive, with embedded links you can easily acdess
more information throughout. A digital version of this document is available at
aguarium.org/education/teachefresources/

We hope you find this Guide helpful and that you enjoy engaging your students

in the scienceand wonderof kelp forestsA 01 AAOA AT 160 EAOEOA(
Teacher Programs Managdtisted below) with quedions or comments, or for

additional supportand resources

Sara Roberts

Teacher Programs Manager
Oregon Coast Aquarium
Sara.ShawRoberts@aquarium.org
541867-3474 ext. 5317



http://aquarium.org/education/teacher-resources/
mailto:Sara.ShawRoberts@aquarium.org
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WHY TEACH ABOUT OREGONGS KELP FORESTS?

Local connections

Though invisible tomost people without a boat or SCUBA gear, kelp forests are a dominant

AAT OUOOAT AliT1c¢c i OAE T /&£ | OAci 160 AT AOOI ET A8
shelter to thousands, finot millions of species. Thegre oases of life and productivity in the
ecological desert that is the open ocean. Aside from the important role it plays in marine
ecosystemskelp is also harvested and used by people asligect food source and as a

thickening product in foods, bath pralucts, and cosmeticsKelp beds are also important to

both commercial and recreational fisherman due to the number and diversity of fish which

live in these habitatsThesecommerciallyfished species contribute millions of dollars per

year to our economy.

Next Generation Science Standards

The Next Generation Science Standards (NGSS) emphasize handstudentdriven
investigation, and a systems approach to learning that spans the bridge between nature,
science, and people.

There are a number oNGS3erformance Expectations whictare supported by this
curriculum. See the first page of each activity for a list NMGS3erformance Expectations
aligned to that activity. Dependingon how you adapt these activitiesyou may bemeeting
additional standards- check out the NGSS websitto browse by topic and grade level

The Three Dimensions of the NGSS include Science and Engineering Practices, which real
professionals in those fields must use in their work; Diptinary Core ldeas, which are
content knowledge benchmarkgelated to the various sciences; and Cro&atting Concepts,
which are big ideas about how the world worksThis unit addresses the following areas

NGSS THREE DIMENSIONS ALIGNED TO THIS UNIT

Scence & Engineering Practices Disciplinary Core Ideas CrossCutting Concepts

Askingquestiongdefining From molecules to Patterns
problems organisms: structures and Cause and effect
Analyzing and interpreting data processes Systems &system
Constructing explanations and | ECOSystems: interactions, models
designing solutions energy, and dynamics Energy and Matter

Biological evolution: unity

Obtaining, evaluating, and X )
and diversity

communicating information

Structure and Function

Earth and human activity | StaPilty and Change

4


https://www.nextgenscience.org/

- o L i e oA =M\ OREGON COAST
$EOET ¢ )T01 /OACiIT1860 +Al P &I OAOCOO ¥ AQUARIUM

Common Core for Math, Literacy, and Sociati&ce

Common Core State Standards (CCSS) for multiple subjects can easily be incorporated into a
kelp forestunit, even if your emphasis is on science. Adding exercises that involve reading,
writing, math, history, and civics will give students a more meaningful understandinglod
content. This type of interdisciplinary teaching has also been proven to help information

c OOEAEO® | OAE ThroOghouthhe/BAide One Bedd indlBded actiids and

exercises that hép meet the CCSS for Grades36 Just as with the NGSS, we encourage you

to consult the Oregon Common Core Standarte check exactly which standards you may

be addressing with your particulakelp forestsunit.

Ocean Literacy

Ocean Literacy iAT O1 AAOOOAT AET ¢ T &£/ OEA T AAAT G0 EIT &£ OA
oceans This includes knowledge of fundamental ocean concepts, the ability to communicate

about the oceans in a meaningful way, and the power to make informed and responsible
AAAEOEI T O OACAOAET ¢ OEA T AAAT AT A EOO OAOI OOA
from across the country worked together to produce &ramework for Ocean Literacy for

Grades K12 identifying the most important concepts one should understand to be an ocean

literate citizen. There are Seven Essential Principles of Ocean Literacy:

1. The Earth has one big ocean with many features.
. The ocean and life in the ocean shape the features of Earth.

. The ocean is a major influence on weather and climate.

. The ocean supports a great diversity of life and ecosystem

2

3

4. The ocean makes Earth habitable.

5

6. The ocean and humans are inextricably interconnected.
7

. The ocean is largely unexplored.

EachOcean LiteracyEssential Principléas several Fundamental
Concepts, which outline more specific learning goalBhe
Framework also includes a Scope and SequericeGrades K12,
which shows how to most effectively address concepts at each
grade band.Each activityin this curriculumis aligned with one or
more Essential Principles and Fundamental Concepts of Ocean BeEEEs .
, EOAOAAUN OAA OEA OAiedeiCdctitity forO (e OAAQEI 1
details. :



http://www.ode.state.or.us/search/page/?id=3566
http://oceanliteracy.wp2.coexploration.org/ocean-literacy-framework/?page_id=164
http://oceanliteracy.wp2.coexploration.org/ocean-literacy-framework/?page_id=164
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Environmental Literacy

/ OA C erivilbnentalresources serve asafl AAOCET T 1T £ T Oéndia@AOAB O A
created a dynamic heritage, one that we want to ensure and sustain for generations.
00APAOET ¢ / OACI techitts valuatiiel le§a0yiand tdindedtand their

relationship to it is challenged by the fact that many of our youth are utterly disconnected

from the natural environment. To create a sustainabiliyinded citizenry, we musinstill an
environmental ethicfrom a young ageln Oregon, environmentaliteracyis defined by the

Oregon Environmental Literacy Pla(OELP) This plan was generated by a diverse task éer
created by the No Oregon Child Left Inside Act (HB 2544) in 2010.

Environmental literacy is definedad1T ET AEOEAOAI 60 O1 AAOOOAT AET Ch
make responsible decisions that considers his or her relationships to natural systems,
commurities, and future generations.

OELPRyoals addressed by this curriculum include:
U Understand the dynamics of systems and change
U Recognize the need for diversity in all systems
U Demonstrate love and respect for nature
U Participate as active, informed membersfaheir local and global communities
U Strive to envision the features of a sustainable future

U Become applied, lifelong learners



http://www.ode.state.or.us/gradelevel/hs/oregon-environmental-literacy-plan.pdf
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STUDENT LEARNING GOALS AND DRIVING QUESTIONS

By the end of this unit, students will be able to:
U Recognize what makes Oregoneip forests special
U Understand the interconnections within a kelp forest food web
U Explain why sea otters are important for healthy kelp forests

U ldentify issues facing kelp forests and how people can help mitigate these issues

These goals will be achievedtough handson investigation ofthree Driving Questions:
1. How doliving and noHivingfactors interact in a kelp forest?
2. (I x EAOA /1 OACi 160 EAI B £ OAOOO AEAT CAA
3. Howcanwe takecareof kelp forests?

AEEO 4AAAEAO0B8 O tofupplrithexdéald ofik AcOtBaddA darningProject
Based Learning, also known as PBL, is a teachimgthod in which students are engaged
throughout a curriculum by a meaningful question to explore, a reaforld problem to solve,
or a challenge to design or create somethin&tudents practice inquiry byleveloping their
own questions and determining how to answer them. At the conclusion of a PBL unit, they
demonstrate their learning through the creation of higkguality productsand presentations
of their work to others.

While this curriculum is not a complete PBL unit, it could easily be extended into a longer
project in which students investigate thériving Questionsas part of the bigger picture To
generate a true PBL unityou can use the above Driving Questions to provide background
and context within a larger, authentic question, such aghat would the impacts be of re
introducing sea otters in Oreg@®r, what can we asiddle schoottudents do to protectocal
kelp forests?The key to a good authentic question is that it has local applicatiasmppen
ended, and can yield an impactful product or presentation at the end. Thissources Pagis
a great place to start, or contacthe Oregon Coast Aquariunieacher Programs Manager
Sara Roberts asara.shawroberts@aquarium.ordor PBL guidance angdupport.

I OA


http://www.bie.org/
http://www.bie.org/resources
mailto:sara.shawroberts@aquarium.org
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Time requirements

This guidecontains suppating backgroundinformation and materials for 3riving
Questionsj $ 8 1 ahdntoguctory Activity, WrapUp and Reflection Activities, ana field
trip to Oregon coast AquariumEach of these is deghed to accommodate R typical class
periods of 50 mnutes each Assuming you follow the curriculum as writtenyou can expect
this entire unit to take two schoolweeks, orbetween 8-9 class periodsif your time is
limited, you may also choose to use only one or two of the enclosed activitigs/ou choose
to use this curriculum as an accompaniment to a Projegased Learning unitit will require a
longer time commitmentz anywhere ketween two weeks and two months, with these
investigations interspersed with your PBL work time.

Teaching gquence

In general this guide was designed to be followed as written; that i#)e investigations are

provided chronologically. Of course, due to time and resource availability and field trip

OAEAAOI ET ¢ch UT O 1T AU Al Ol AET iTeActivites vdeE OT B AOT O
designed to be impémented in the classroom before youtield trip to Oregon Coast

Aquarium(and the beach, if desired)Regardless of when your field trip occgrwe

encourage you to generally follow the8 Driving Questionnvestigationsin the orderthey are

provided. This sequence was specificathesigned to build student inquiryfrom specific

knowledge, to broader understanding,and finallyto genuine care and concern fokelp

forest ecosystems.

Suggested timeline

DAY 1: Introductory ActivityKep is All Around

DAYS2-3: D.Q. 1How doliving and nonliving factors interact in a kelp forest?Activity:
Underwater Web¥

DAYS £:D.Q.2HowEAOA / OACI 1860 EAI b Al(rothiooDttekfg AT CAA 1
Complex Problem

DAY 6D.Q. 3How canpeople care fo/f OACT T 6 O E(Adtiviy: PiEldaiofs (PG end
Plastig
DAY7: Field trip toOregon Coast Aquarium

DAY 8 Wrapup and Reflection Activities
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INTRODUCTORY ACTIVITY: KELP IS ALL AROUND

Time: 3050 minutes |Materials: everyday houselbld items, some containingkelp and some
not (see list below for specific examples)rojector and internet accessor videos;
OPTIONAL.: collected seaweed or agagar powder, Bunsen burners or stovéieatproof

containers, ice cube moldsfine sieve or cheseclothj OAA O%@DAT Ad

For most people, kelp forests seem to be remote ecosystems far
removed from our daily routing but in fact, kelp and other algae play

Aligned Standards
a huge role in our everyday lives. Kelp has long been used as a food

source, especiall in Asian cultures, but modern food scientists have
found a way to take this one step further. In this introductory activity,
students will learn just how much they encounter kelp every day.

Engagez Part 1 8 mins): To introduce this unit and help studets
visualize what a kelp forest looks likessethe video£OT I O. A O
+EAOT. AOOOA " 1 iKélp Ferésithhaticanbé fauedat A A
www.youtube.com/watch?v=GDbHoF6loa@un time: 6 mins) Briefly
have students recall a few things they learned about kelp forests from
the video.

Engagez Part 2 @ mins): Ask students:have you ever eaten kelp?
Likely, only a few students will believe they have, but then you can tel
them that in fact likelyall of them have eaten kelp! Introduce and write
on the board the following words:agar, algin, alginateand
carrageenanThese are all chemicals that are distilled from kelp to use
in foods and other products as a thickeneShow students the
collection of food wrappers and containers, some with ingredients lists
that include the above kelp products. Items to collect that magontain
agar,algin, alginate, or carrageenan include:

1 Ice cream
Toothpaste
Shampoo
Hand or body lotion
Pudding

Next Generation Science:

MS-PS13. Gather and make
sense of informaton to
describe that synthetic
materials come from natural
resources and impact
society.

Common Core for
Literacy in Science and
Technical Subjects:

6-8.RST.4Determine the
meaning of symbols, key
terms, and other domain
specific words and phrases
as they ae used in a specific
scientific or technical
context relevant to grades
6278 texts and topics.

Ocean Literacy:

Principle 5. The ocean
provides a vast living space
with diverse ecosystems
from the surface to the
seafloor.

Principle 6: b The ocean
provides food, medicines,
and mineral and energy
resources. It supports jobs
and national economies.

s~ A

AAOEOI

Dairy products(i.e. yogurt, coffee creamer)
Vitamins or other pharmaceuticals

91 6611 Al 01T xAT O O11A

= =4 =4 4 A4 -

I OEAO EOAI O OEAO Al

anything. Be sure that all wrappers and containers you bring in are empty and clean.

10
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http://www.youtube.com/watch?v=GDbHoF6loa8

)

Lo oo WA . N . . L. OREGON COAST
$EOET ¢ )T01 /OACiIT1860 +Al P &I OAOCOO ¥ AQUARIUM

\

Explore (10mins): Ask students tobriefly look over the collection of containers and

x OA DD A O Grougfit iB,&vithBut yet touching or examining them. Ask students to
hypothesize how many of these products they expect to contain seaweed extracts. Then,
allow them to investgate. Have studentdook for the four seaweed extracts in the
ingredients lists, letting them freely explore and discuss what surprises thelnitems donot
contain a seaweed extract, whaingredient might they have instead that serves the same
purpose?

Explain (5mins): Use the videoEOT I 041 AAU ) &WHYis Beaweéi@gediAT OE O A
making ice cream&vailable atwvww.youtube.com/watch?v=ohFwINdaO8wo show students
how and why seaweed prodcts are used in food productsThis video also discusses the
history of the use of agar and carrageenan for food and other purposes.

Expand(25mins): If time and resources allowhave students make their ow{NONEDIBLE)

OOA A x A A Koutwif hebdsaweedyy O EAOA AT 11 AAOAA | mm OEA AA
Oi1T T1A T O O1EIU8 9106 AAT Al 0 OOA AOEAA 0O) OE
pi xAAOh AT OE 1T &£ xEEAE AAT AA £ O A ET EAAI OE
burners or a smalktove, heatproof containers, ice cube molds, and fine sieve or

cheesecloth.

1. Place 2 cups of water for every % cup of seaweed (or 1 teaspoon of powder) in a
heatproof container over high heat.

2. Bring to a boil and simmer for 230 minutes.

3. Pour the water ard seaweed into another container through a sieve or cheesecloth
to catch all the seaweed and sediment.

4. Pour the hot liquid into ice cube trays.

5. Let sit until set. The amount of time this takes will depend on the temperature of the
Of 11T Ul 08 OAoucin@Eorchilghe ET 8
trays overnight and have studentsheck outthe
finished results the next day.
4)y0d 91 O 1T AU Al 01 AEITT OA
EAIT T U6 UT OOOATI £ AO ET T A §
bring it in to show your students.

L [O0AA
Oof 1

Evaluate:Can students name the four seaweed extracts
and some examples of how they are used in everyday
products?

When boiled, some seaweeds form a gel
that resembles jelly.

1]


http://www.youtube.com/watch?v=ohFwINdaO8w
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D.Q. 1: HOW DO LIVING AND NON-LIVING FACTORS
INTERACT IN A KELP FOREST?

BACKGROUND INFORMATION

The kelp forest ecosystem is made up of thousands of anraz living as well as notiving

components. Each component plays a special role in to®d web. Despite its name, a food

xAA EOT 80 EOOO AAT OO xEI AAOGO xEIn EO ET Al OAA
in the ecosystem both the organisms andheir environment. This includes the sun,

providing energy for photosynthesizing organismghe consumption of one creature by

another; and the waste that results from this consumption.

You can categorize theomponentsof the food web based on their roé within the
ecosystem:

1 Producersare plants or algae that get their energy from the sun through a process
called photosynthesis.

1 Consumersire animals that eat producers, other consumers, or both.

1 Decomposerare animals, bacteria, or fungi, that breakadvn, or decomposewaste
matter (detritus, decaying bodiespr poop), returning/recycling nutrients back into
the system.

Sometimes a specific component falls
into more than one category (i.e. a
Kelp Crab functions as both a
Consumer and a Decomposer).

Energy flows between producers,
consumers, and decomposers
throughout the kelp forest food web
createinterdependent relationships
among the key componentslif just
one species has a change in its
population (either an increase or :
decrease) or disappearst can affect T Bridtie
hundreds of other organisms. b : B“ il B
Eventually, if enough changes occur, i Giampai?ﬁcoc:j;,'jj' = :
can result in a reorganization of the Connections between species living in a kelp forest are cplex. All
entire food web and ecosystem. of these species depend on each other and on a healthy ecosyste

12
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D.Q. 1: HOW DO LIVING AND NON-LIVING FACTORS
INTERACT IN A KELP FOREST?

STUDENT ACTIVITY: UNDERWATER WEBS

Time: two 50 minute periods| Materials: roll of yarn or string index cards; crayons/markers/colored
pencils; single hole punciresearch materials such as books and internet access (see suggestions)

Energy is what fuels all life and processes oarth. In a food :
web, energy flows between the biotic (living) and abiotic (non
living) components of the ecosystem, including the sun, . .

) ) i Next Generation Science:
nutrients, waste, predators and preyBy simulating a food web, 5.1.521: Develop a model to

students will explore theseinterdependent relationshipsin a kelp | describe the movement of

forest, and compare and contrast thesavith other ecosystems. matter among plants, animals,
decomposers, and the

environment.

MS-LS23: Develop a model to

PART 1 (first class period)

Engage (510 mins):Ask students to brainstorm all of the describethe cycling of matter
components they think are necessary in a healthy kelp fste and flow of energy among living

. . and nonliving parts of an
ecosystem. Youmay need to review olintroduce the terms ecosystem.

producer, consumeiand decomposerWrite down student MSLS22: Construct an
responses on the boardThese may include the above terms or | explanation that predicts

other ideas such as predators, prey, or specific species. patterns of interactions among
organisms across multiple
Explore z Part 1 (30 mins)Have each student choose a kelp ecosystems.

forest organism toresearch These should be a variety of specie§ Ocean Literacy:
representing different types and ecological roles of plants and Principle 5: d. Ocean biology
animals.You can use the list of species provided below, or provides many unique examples
i ) of life cycles, adaptations, and
challenge students to select their own based on their research. | important relationships among
Askstudents to find and record the following information about | °rganisms (symbiosis, predator

. . . . prey dynamics, and energy
their specieson one side of an index card transfer) that do not occur on

1 What does it eat? land.

1 What eats it? Principle 5: e. The ocean

f Where within the kelp forest does it live? provides a vast living space with
) ) ] ) ) diverse eosystems from the

1 How does this organism influence its environment? surface to the seafloor.

1 What other species does tlsi organism depend ofd

Oregon kelp forest species students may research include: bull kelp, giant brown kelp,
harbor seal, California sea lion, leopard shark, gray whale, kelp bass, hermit crab, copper
rockfish, kelp crab, bristle worm, bat star, sea urehiabalone, wolf eel, giant Pacific
octopus, sea otter, Pigeon Guillemot, sunflower star, Pacific sea nettle, kelp rockfish, gian
green anemones, cormorants, sardines, featherboa kelp, bat rapdawestern gull.

13
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91 6811 TAAA O DOI OGEAA OAOAAOAE 1 AGAOEAI O6h 10O
find the above information about their speciegsee list of resources on next pgge

Explore z Part 2 (1615 mins)After students have finished collecting all of the above

information, have them create anametag for their organism on the other side of their

researchEl AA@ AAOA8 4EEO OEIT Ol A BindnkeBnsAthdA OEAOAE |
nametags by punching a hole into kb upper corners, and tying a piece of string long
ATT OCE O ¢ci 1T O06A0 OEA OOOAAT 060 EAAA Oi

Al OE
PART 2 (second class period)

Explorez Part 3 (@D mins):( AOA OOOAAT OO OEO 10 OOAT A ET A AE
ask that student to hold the ball of yarn or string and then nhame another organism in the

circle with which their species interacts (i.e., that it eats, is eaten by, or depends on). Holding

the end of the string, that student should then roll or toss the ball to the other species it

named. That student will then take hold of the string, and pass the ball onto another
OOPAAEAOGOG xEOE xEEAE EO ET OAOAAOO8 #11 0ET OA O
OOOET ¢ xEOEET OEA OAAI OUOOAI 068

Next, ask students to choose one organismhich seems less important than the others. The

student representing that species should drop their piece of strinlhen have the student

who started with the ball of yarn tug on their part of the string. Any student that feels a tug

should tug their string in return, and so on, until you reach the dead end that is the species

which dropped out of the ecosystemAsk students how this demonstrates what happens

when a link in the ecosystem is lostOgher species are negatively affected.) Have the

students whose species depended on that organism drop out of the game as well, and

repeat the tugging process as above. This time, students will find that many more of the

species in the ecosystem were affected by the loss of just a few links.

Explain/Evaluate(10 mns): Use the following questions to reinforce the above discussion
and evaluate student understanding:

1 What happens when we remove a link in theelp forest ecosystem? (Organisms that
depend on it are affected. The web itself changes shape.)

1 Were the changes more dramatic when the system was composed of masgecies
or when it had fewerspecie® (fewer)

1 What can we say about the relationship between how many parts the system has (its
complexity or diversity) and how stable it is? (In general, complexmakes it more
stable.)

1 What would happen if humans were introduced to the welAllow students to
postulate ideas about ways that humans impact the kelp forest ecosystem.)
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Suggested Resources for student research

Books
Smith, Howard.Small Worlds: Communméts of Living Thing&cribner, 1987.1SBN: 068418723X

Rhodes, Mary Jo and Hall, Davidife in a Kelp Foresthildrens Pess 2005. ISBN:
0516243969

Hall, Howard.The Secrets of Kelp Forests: Life's Ebb and Flow in the Sea's Richest Habitat
London TownPress 2007. ISBN: 0976613492

Connor, Judith and Baxter, CharleKelp Forests (Monterey Bay Aquarium Natural History
Series)Monterey Bay Aquarium, 1990. ISBN: 1878244019

Cole, Melissawild Marine Habitats: Kelp ForesBlackbirch Press, 2004. ISBN6¥319093
Wu, Norbert.Beneath the Waves: Exploring the Hidden World of the Kelp Fatdésbnicle
Books, 1992. ISBN: 0877018359
Websites
https://olympiccoast.noaa.gov/living/
https://sanctuaries.noaa.gov/visit/ecosystems/kelpdesc.html
http://oceana.org/marinelife/marine-scienceand-ecosystans/kelpforest
https://lwww.nps.gov/subjects/oceans/kelgorests.htm
http://www.cabrillomarineaguarium.org/exhibits/socaimarine-habitats/kelpforests.asp
https://dtmag.com/thelibrary/kelpforests-in-the-sea/
Extend: Ask students to investigate another ecosystem antkispecies, and compare and
contrast it with what they learned about kelp forests. They can choose any ecosystem to
compare; some ideas include a deciduous forest, an evergreen forest, a prairie, the intertidal
zone (tide pools), etc. Students should reseeh their chosen ecosystem to answer the
following questions:

1 What are the most important species in your ecosystem?

1 How do these species interact with each other?
1 How do the living thingsinteract with the non-living components of the ecosystem?

After students have gathered this information, ask them tbist waysthat their ecosystem is

similar to the kelp forest and ways that it is differentHave students communicate their

x] OE T1T A PiTI OOAO OEAO AAT AA AEODPI RAONA xAT EGEA
Ol T AOAOOA Ai1l OEARAEO Al AOGOI AOAOGSE bBI OOAOOS

15
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https://sanctuaries.noaa.gov/visit/ecosystems/kelpdesc.html
http://oceana.org/marine-life/marine-science-and-ecosystems/kelp-forest
https://www.nps.gov/subjects/oceans/kelp-forests.htm
http://www.cabrillomarineaquarium.org/exhibits/socal-marine-habitats/kelp-forests.asp
https://dtmag.com/thelibrary/kelp-forests-in-the-sea/
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D.Q. 2: HOW HAVE OREGONGS KELP FORESTS
CHANGED OVER TIME?

BACKGROUND INFORMATION

Kelp forests support diverse and productive ecological communities throughout the world,
providing numerousecosystem serviceto humans. In fact, kelp forests are among the most
productive ecosystems in the world, rivaling agricultural fields and tropical rainforests.
These direct and indiret benefits to humans include oxygen productiomutrient cycling,
habitat for fisheries,shoreline protection,food and food products such as carrageenan and
alginate, andmore.+ A1 B &l OA O GédvicesArA wathbididdAdf dollars annually,
and are dependent upon a healthy ocean and careful resource management.

Research shows that kelp forests are increasingly threatened by a varietyiofman impacts,
including climate change pollution, overfishing, andcommercial kelp harvestingWarmer
waters carry less of the nutrients which are vital for kelp to grow and thrive, and also
generate more frequent and severe storms which can rip kelp forests to shreds. (8ee
article for more on how climate change is impacting kelp forests2oor water quality caused
by coastal runoff, including sewage, industrial disposal, and sediments, sarother new
kelp shoots and reduce reproductive succesS8ommercial kelp harvesting is another threat
to long-term kelp forest stability: hundreds of thousands of tons are removed each year for
a number of products, including fertilizers, food additives,nal pharmaceutical and beauty
products. And overfishing can remove vital links in the kelp forest ecosystem, leading to
imbalances in predatoiprey relationships that carechothroughout the entire food web.

Kelp forest ecosystems have historically been
known for their resilience under these sorts of
changes but recent evidence suggests that the
capacity of kelp forests to recovefrom
disturbances may be decreasin@lot only are
kelps becoming unable to function at their
optimum levelsz in many caseshey are dying
off, causing ashrinkingof kelp forestsaround the
world. In addition to the negative impacts for
humans, te loss of such dundamental
foundation speciesmeans a decrease iall other
species that depend upon itAnd asthese species
disappear from the foodwebs, it paves the way for other speciezsuch as sea urchingto
GFr1S 20SNX® ! fFNBHS GaKSNRé 2F &SI dzZNOKAY:
Y2YGKZ GNIYaAF2N¥YAYy3I F2N¥VSNI e KSHtidkKe (St

urchin barren in the absence of key predators.
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http://www.habitat.noaa.gov/abouthabitat/ecosystemservices101.html
https://sanctuaries.noaa.gov/visit/ecosystems/kelpimpacts.html
http://www.planetexperts.com/climate-change-cutting-planets-kelp-forests/
http://www.planetexperts.com/climate-change-cutting-planets-kelp-forests/
https://en.wikipedia.org/wiki/Foundation_species
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One solution tothis issue is the reintroduction of sea urchin predators into kelp forests

specificdly, sea otters. Sea otters have been extirpated (locally extinct) in Oregon for more

than a century, hunted for their fursBut in recent yearsthere have been increasing

numbers of sea ottersightings off the Oregon coastWhile sea otters were successfully

OAET OO1T AGAAA O1 11 OOEAOT #Al EZI OTEA AT A 7AO0EE
in Oregon.The question is: are our local watersow healthy enough to accommodate a wild

population of sea otters?Scientists are still trying to answer that questigrand determine

whether or not a reintroduction program is feasible.

One thing is certain: if people do not take action to reduce our impacts on kelp forests and
sustainably manage those that remainye could lose these vital ecosystengand all of the
important ecosystem services they provide.

DID YOU KNOW? Oregon Coast Aquarium divers and Oregon Department of
and Wildlife scientists work together to monitor the health of kelp forests in loca
marine reservesNote how much of the kelp in his photo is disintegrating or has
been grazed awayl.earn more here!

17


http://aquarium.org/diving-for-science-at-redfish-rocks/
http://www.oregonwild.org/wildlife/otter-watch
http://www.oregonwild.org/wildlife/otter-watch
http://blogs.oregonstate.edu/gemmlab/2017/09/04/new-study-looks-investigate-potential-reintroduction-sea-otters-oregon/
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D.Q. 2: HOW HAVE OREGONGS KELP FORESTS

CHANGED OVER TIME?

STUDENT ACTIVITY: AN OTTERLY COMPLEX

PROBLEM

Time: two 50 minute periods Materials: Copies of Kelp Forest Sites Investigation (pages2D for

each student;Library/computer lab access

Sea otters are one of the most iconic animals for ecosystem balanc
and health. In this unit, students will first learn how and why sea Aligned Standards
otters are so important for kelp forests. Then, they will propose

methods for communicating these ideas to the public.
PART 1

Engage (Omins): Ask students to describe their idea of what a
healthy ecosystem (any ecosystem) should look likKEhis may
include descriptions of both living and notiving components: the
air, the animals and plants, etc. Encourage students to skar
descriptions of specific natural places they may have visited. What
was it about those places that made students believe that they
were healthy?

Next, tell students that although some places might appear healthy
to the untrained eye, in some cases sciasts such agcologists
(people who study the health of ecosystems) determine that
something in the ecosystem is ofbalance. This is now the case in

I ATU T &£ OEA x1 Ol A6O0 EAI B £l OAC
Oregon.

Introductory video (20 mins). Show students the videoSome
animals are more equal than others: Keystone species and trophic

Next Generation Science:

MSLS21: Analyze and interpret
data to provide evidence for the
effects of resource aailability

on organisms and populations of
organisms in an ecosystem.

MSLS24: Construct an
argument supported by
empirical evidence that changes
to physical or biological
components of an ecosystem
affect populations.

MSLS25: Evaluate competing
designsolutions for maintaining
biodiversity and ecosystem
services.

Ocean Literacy:

Principle 6.eHumans affect the
ocean in a variety of ways. Laws,
regulations and resource
management affect what is
taken out and put into the

ocean.

cascadesocated at

https://www.youtube.com/watch?v=hRGg5it5FMIThis video helps reinforce what they
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activity, and introduces the concept of keystone species. Ask students to take notes while
watching the video about what most interests them and what they think is the rsb

important information.

Explore (20 min): Distribute copies of the following two pages illustrating two different kelp
forests. Tell students tomaginethey are diverssurveying two different kelp forest sites.
Make careful observations about the below two sites, noting what species you see, how
abundantthey are, etc. Then have students fill out the accompanying Student Workshee
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https://www.youtube.com/watch?v=hRGg5it5FMI
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SITE1

My observations (types of animals, amount of kelp, etc)
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