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Wana and ‘Opihi and Algae, oh my!
Concepts
Students will begin to
touch on the ideas of
structure and function
using wana and ‘opihi
as model organisms.
HCPS III Benchmarks
SC 3.1.1
SC 3.5.1
SC 3.1.2
LA 3.1.5
SC 3.4.1
Duration
(2) 1-hour periods
Source Material
DLNR Brochure
EnchantedLearning.com
Marine Biology
Coloring Book
PRISM
Waikiki Aquarium’s
Marine Life Profiles
Vocabulary
Algal gardening
Echinoderm
Function
Gastropod
Harvest
Herbivory
Home Scar
Interaction
Interdependence
Invertebrate
Mantle
Muscular Foot
Pedicellaria
Radula
Shell
Spine
Structure
Tentacles
Tube feet

Summary
Students will dive head-first into the wonderful world of ocean
grazers using the internet, diagrams, songs about sea urchins (wana)
and limpets (‘opihi) to aid in their discoveries. They will start to
explore the connection between structure and function using these
creatures as model species. This lesson will prepare students for the
next lesson where they have live animals (perhaps even wana and
‘opihi) in the classroom.

Objectives
•
•
•

Students will be able to identify key structures of wana and
‘opihi and differences between them.
Students will recognize the connection between structure and
function.
Students will connect specific structures with survival.

Materials
Sea Urchin Exploration
Computers – at least one per two students if possible*
One set of Sea Urchin Exploration worksheets per student
* This could also be a whole-class activity with one computer
with projector or could be done without a computer too (see
Teacher Prep section).
‘Opihi Structure & Function Activities
One sheet per student of each of the following:
1. ‘Opihi Diagram
2. ‘Opihi Diagram Exploration
3. Structure & Function Match
Wana & ‘Opihi Follow-Up
One sheet of True/False Statements per pair of students
‘Opihi Man Song (mp3)

Making Connections
Lesson 3 (Wana and ‘Opihi and Algae, oh my!) leaves the world of
plants and jumps to their predators – the ocean grazers. Now might
be an ideal time to review the differences between plants and animals
(plants make energy/food for themselves by converting sunlight into
digestible carbohydrates/sugars). In addition, teachers should focus
on how these ocean grazers relate to limu in the first place (i.e., go
over the foodweb).
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Teacher Prep for Activity
Preferably, the first activity requires computers (at least one per two students) so it will be
necessary to plan ahead to have access to a computer lab or mobile laptop cart ahead of time.
Another option would be to conduct the Sea Urchin Exploration as a whole-class activity with a
single computer that is linked to a projector or a large viewing screen. This activity is a great
opportunity for students to explore interest resources. Students can get first-hand experience
using technology to research answers to scientific questions. However, if computers are not
available in the classroom (or library or computer lab), then teachers can alternately do the
“research” at home and print out color copies of each of the pertinent website pages. Students
can then go by group from table to table and study each of the “websites” while filling out their
worksheets.
Copies of necessary worksheets for each activity must be made for each of the students.
For the Sea Urchin Exploration activity, make a copy of the Sea Urchin Exploration worksheet
for each student. Some of these directions may need to be read aloud and explained to students
during class. For the ‘Opihi Structure and Function activity, make one copy per student of each
of the three worksheets: (1) ‘Opihi Diagram, (2) ‘Opihi Diagram Exploration, and (3) ‘Opihi
Structure & Function Match. Also, the key for the structures on the ‘Opihi Diagram is as follows
(from top to bottom): shell, eye spot, tentacle, mouth, muscular foot (far bottom left), and mantle
(far bottom right). For the Wana and ‘Opihi Follow-up activity, print and copy the appropriate
amount of True/False statement worksheets (one per student or pair of students). Also, a CD or
mp3-player must be readily available for this last activity to play the ‘Opihi Man song for the
class. The ‘Opihi Man song by Ka‘au Crater Boys is available for download for 99⊄ at iTunes
store (www.iTunes.com) or at www.Amazon.com.

Background
There are myriad ocean grazers living in Hawaiian waters. In fact, there is wide variety in the
types of herbivores that exist too, many of which are invertebrates (without a backbone). Over
evolutionary time, creatures have evolved different specialized body parts (structures) that are
adapted via natural selection for the types of lifestyles they live. For example, a sea urchin is
designed so that its mouth is at the bottom – perhaps so it can more accessibly reach its food of
choice (algae that grow on rocks). In contrast, the sea urchin’s anus is located at the top of its
globular body to allow it to easy remove its waste in the passing currents. In this lesson, students
will be focusing more specifically on sea urchins and limpets to get an idea of the different
methods of algae acquisition and diversity of structures applied to a similar function (eating).
For starters, students will be learning about sea urchins (also known as wana in Hawai‘i –
however, as the class will soon learn in the Wana Web Exploration, this is not a valid term for all
sea urchins). There are over 700 species of sea urchins present worldwide, meaning that there
are few areas in the ocean without these mysterious creatures. It is also interesting to note that
there are no freshwater varieties. Sea urchins are Echinoderms (pronounced e-kine-o-derms),
which is a phylum that also includes sea stars, brittle stars, and sea cucumbers. Literally,
Echinoderm means “spiny skin,” and this is a very appropriate title for these creatures. Anyone
who has ever stepped on one knows that they are covered by sharp, pointy spines, yet less known
is that very few of these animals are poisonous (in fact, only a couple of the long-spined varieties
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are of concern). They exhibit five-sided radial symmetry, meaning that they are basically
divided into five segments like an orange (without the peel).
Sea urchin spines are used mainly for protection from predators (e.g. humans, crabs,
snails, eels, fish), but are also useful for mobility and trapping any drifting algae (detritus). In
amongst the mess of spines are tube feet and pedicellaria. The tube feet are little suction-like
feet that are operated by water pressure bulbs within the urchin “test” (skeleton). These tube feet
almost look like little flower-like grasping devices under a microscope. Tube feet are used by
the urchin for
locomotion,
sticking to the
substrate (surface
on which they are
sitting), and
trapping food.
Pedicellaria are
small stinging
devices that are
used to get food
and for defense (they are venomous). Check out the above drawing for a closer look (available
at: http://attleborobio.blogspot.com/2008/04/weekly-urchin-pedicellariae.html).
Sea urchins are scavengers, meaning that they are opportunistic feeders, and they will eat
what they can find (such as kelp, decaying matter, dead fish, sponges, mussels, other types of
algae). However, their primary diet is based on plant-matter, so scientists still consider them
herbivores. Their insides are basically filled up with guts and gonads (and it is the gonads that
are served in Japanese restaurants as uni) and they are organized in a water-vascular system.
Their mouths contain an intricate five-sided chewing device called Aristotle’s lantern, which can
sometimes be seen once an urchin dies and dries out (at the base of the test). More information
is available online and in biology textbooks (see Resources below for more references).
The other ocean grazer focused on in this lesson is the limpet. There are four species of
limpets growing in Hawaiian waters – all of which are endemic, protected by fishing regulations,
and collectively known as ‘opihi. Limpets are soft-bodied invertebrates in the Gastropod family
(meaning “stomach foot”) that are covered with a very hard and slightly conical shell. They are
herbivores that use their toothed tongues (radula) to scrape microscopic and other small algae off
the rock where they live. They commonly inhabit in the intertidal zone and spend only part of
their lives submerged in water (and only go as deep as 10 feet). Intertidal simply means the
range of coastline that is only submerged part of the time (depending on the tide levels). They
eat during the day and go back to their “home scar” at night for safety (from waves and
predators). Some of these predators include people, starfish, birds and many types of fish.
‘Opihi bodies are divided into three parts: the head, the visceral mass (i.e. the guts), and
the foot. The limpet has a large pair of tentacles on its head with a light-sensitive eyespot on the
tip. During the day, ‘opihi move around using their large muscular foot (in a wave-like motion)
hunting for algae. In Hawai‘i, the four species range in maximum size from 1.7” – 3.5” (43mm –
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90mm) with the Giant ‘Opihi (Cellana talcosa) being the largest of the bunch. It is illegal to
harvest ‘opihi that are any smaller than 1.25” (32 mm). This is because the populations of all
four ‘opihi species are declining in the Main Hawaiian Islands (due to heavily localized fishing
pressure and habitat degradation). However, businessmen are starting to ship limpets from
Ireland to fill the needs of our Hawaiian consumers for luaus and other family events (for more
info, see http://starbulletin.com/2006/06/20/news/story04.html).

Vocabulary
Algal gardening – The phenomenon where certain herbivores will protect a certain region or
territory from other herbivores. Examples of this display of algal gardening can be seen
with certain reef fishes, such as the Pacific Gregory, or Stegastes fasciolatus, as well as
with all three opihi species (Cellana spp.).
Echinoderm – A marine phylum that includes animals such as sea stars, sea cucumbers, sea
urchins and sand dollars; literally it means “spiny skin” in Greek.
Function – The purpose or rationale behind structure design. In other words, the reason that
said particular structure evolved through the process of natural selection. Many times,
scientists will refer to the idea that “Structure implies function,” in that, if someone can
describe and identify unique characteristics in organism structures then they may be able
to infer some information about their function.
Gastropod – A class of mollusks that includes ocean grazers such as ‘opihi (limpets) and
pipipi (Black Nerite Snails) as well as other land and aquatic snails and slugs; literally it
means stomach foot.
Harvest – An agricultural term meaning to gather/reap/collect the crop. In this unit it is
relevant when talking about harvesting crops such as limu or ‘opihi.
Herbivory – The process of eating vegetation (plants or algae).
Home Scar – A crevice or depression in the rock where a limpet (‘opihi) makes its home.
This is usually within its “algal garden” (see Vocabulary above) and perfectly matches
the shape and size of its shell. ‘Opihi use this scar to hide during low-tide periods.
Interaction – A mutual physical exchange or event. For example, a cow will interact with
the grass that it is feeding on. Another interaction might be the relationship between
organisms and their algal gardens (see below).
Interdependence – When two organisms rely on interactions with each other to survive.
Something that is interdependent is (mutually) dependent on something else.
Invertebrate – Any creature (organism) without a backbone.
Mantle – A living tissue in mollusks (e.g. ‘opihi and pipipi) that connects the animal’s
insides and organs to the shell.
Muscular Foot – A large muscle that is used by ‘opihi to attach firmly to rocks and for
crawling too.
Pedicellaria – Venom/cleaning appendages that are present in a variety of echinoderms.
They are primarily used to keep their body surface clean from debris but can also be used
to sting neighbors or capture food.
Radula – A toothed scraping device on the “tongue” of mollusks (like ‘opihi and pipipi) to
aid in food capture (e.g. cutting/chewing/scraping microscopic algae off rocks).
Shell – The hard outer covering of an animal (such as on a turtle or a crab).
Spine – A stiff, pointy appendage (structure) on an animal.
Structure – An organ or other particular part of an organism (e.g. arm, mouth, fin).
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Tentacles – Long, flexible organs that are present in numerous invertebrates, such as ‘opihi
and squid, that are commonly used for feeding, feeling and grasping.
Tube feet – Suction appendages in echinoderms (such as sea urchins) that use water pressure
to help them stick to surfaces and to aid in movement.

Procedure
Activity 1. Sea Urchin Exploration (1 hour)
1. Make sure students are working in groups of two (or individually) with computers (or
lead them through activity as a whole class as decided beforehand.)
2. Pass out a Sea Urchin Exploration Worksheet to each student.
3. Go over the relevant vocabulary for this activity with class (anus, mouth, pedicellaria,
spine, structure, tube feet).
4. Allow 15 minutes for them to find the first website, draw a picture of a sea urchin, and
start to answer the questions on the front-side of the worksheet.
5. Help students where necessary navigate to the appropriate websites.
6. Stop and break for a status-check after another 15 minutes.
7. Give more time if necessary (a couple more minutes).
7. Go through some of the answers with the class (i.e., ask students to share their responses,
rather than telling them the answers directly.)
8. Now, tell students to load the second “class research” website.
9. Read the questions aloud and choose (or ask for volunteer/s) readers to read the
appropriate paragraphs aloud to the class.
10. Choose another student to answer each question.
11. Break students into small groups and complete the backside of the worksheet. (It might
be nice to go over the example run ahead of time. Also, make sure everyone is on the
same page - literally and otherwise.)
Activity 2. ‘Opihi Structure & Function Activities (50 mins)
This may be the first time students are hearing the terms structure and function. Before the
lesson, go over the definitions of these vocabulary words and recall knowledge from the previous
activity. Were there any new vocabulary words that came up with the Wana Website
exploration?
1. Pass out one ‘Opihi Diagram to each student.
2. Go over the relevant vocabulary words for this activity (home scar, mantle, muscular
foot, radula, shell, tentacles).
3. Ask them to work together (in pairs) and try and fill in the blank structures.
2. Discuss answers with the class after ten minutes.
3. Make sure everyone has the correct terms matched to the right area on the limpet.
4. Next, pass out the ‘Opihi Diagram Exploration with the Structure & Function Match.
5. Ask students to complete the I See … I Wonder (‘Opihi Diagram Exploration) worksheet
first using the completed ‘Opihi Diagram to the best of their ability.
11. After ten minutes, ask them to talk about this with their partners.
12. Next, have students move on to the Structure & Function Match.
13. After five minutes, share answers within the class. Wherever possible, try and lead
students to find the correct answers themselves without directly telling them.
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14. Discuss any new vocabulary that might come up.
15. If time allows, move onto the Wana & ‘Opihi Follow-up activity (see below):
Activity 3. Wana & ‘Opihi Follow-Up (10 mins)
The true/false statements can be handled one of two ways: First, the teacher could pass out one
sheet to each team of two students to discuss line-by-line together initially, and later with the
class; or alternately, the teacher could hand out one sheet per student and ask them to (as a class)
go to one side of the room for “true” statements and the other side for “false” ones. This would
also provide for a great debate session.
1. Decide which above method would work best for the class.
2. Pass out the statements accordingly.
3. Ask students to talk about connections or questions they might have, and try to sort out
the statements they feel to be true.
4. Read the statements one-by-one to the class and ask them their opinions and why.
5. Allow students to change their minds after listening to other classmates defend their
opinions.
6. At the end of the page of statements, let them know … they’re ALL TRUE!!!
(Now, what do they think about that?)
Now, after this true/false-statement “trick”, take the opportunity to play the ‘Opihi Man Song:
1. Play ‘Opihi Man Song MP3 to class.
2. Discuss the messages hidden within (like never turning your back to the ocean … etc.).
3. If there is time, ask students to “walk like an ‘opihi” (see Extension Activities below) and
share personal stories about eating, collecting, or seeing ‘opihi.

Assessments
Completed Sea Urchin Exploration, ‘Opihi Diagram, ‘Opihi Diagram Exploration, ‘Opihi
Structure & Function Match worksheets. Active participation during the true/false statements
activity and vocabulary can be used as assessments too.

Resources
There are some great compilations and identification guides for marine species (including some
even on inverts). One great resource is Hoover, J. and J.P. Hoover Hawaii’s Sea Creatures, a
Guide to Hawaii’s Marine Invertebrates 1999 ($24.95 new); some more specific guides can be
found for free from resources listed below.
Wana Weblinks:
• www.waquarium.org/MLP/root/html/MarineLife/Invertebrates/Echinoderms/
HawaiianSeaUrchins.html
• EnchantedLearning.com toogle “Sea urchin”
• http://www.marinelifephotography.com/marine/echinoderms/urchins/urchins.htm
‘Opihi Weblinks:
• http://www.waquarium.org/MLP/root/pdf/MarineLife/Invertebrates/Molluscs/
OpihiLimpet.pdf
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• http://hawaii.gov/dlnr/dar/pubs/sawcs/mi_limpets.pdf
• EnchantedLearning.com toogle “Limpets”

Extension Activities
Optional DRAMA Extension – ‘Opihi Crawl (10 mins)
For a fun addition to the ‘Opihi Man Song (as a follow-up activity):
1. Ask the class to, “Make like an ‘opihi and crawl” … but remember, they have no arms or
legs, just a muscular foot.
2. Ask students to think about how an ‘opihi might move.
(In nature ‘opihi will wiggle forward kind of like an inch worm using their muscular foot
… versus sideways like a slithering snake.)
3. Have them try it on the floor on their bellies.
4. Play the ‘Opihi Man song again … if the students want to hear it.
Optional MUSIC Extension – Giant Kelp Forest Song Conversion (30 mins)
Another fun activity that will reach out to the musical students is to adapt the song “Giant Kelp
Forest” to the local environment (using limu and monk seals, for example, instead of giant kelp
and sea otters). The link for this particular song will be provided (courtesy of the band), but the
entire CD can be purchased at: www.bananaslugstringband.com or 888/32-SLUGS).
1. Now, pass out the Giant Kelp Forest Song lyric sheets and play the song several times for
the class.
2. Let them know if they will be converting the lyrics of this song from the West Coast
(California) critters to relevant flora and fauna of their islands.
A copy of the Giant Kelp Forest song (by the Banana Slug String Band) lyrics are included
here below and also as a printable worksheet for students at the end of this lesson plan:
Have you ever seen a forest without any birds? Without any trees? Without any bees?
Have you ever seen a forest under the sea?
(Chorus) Gonna swim, gonna sway – Put on your mask
Gonna swim, gonna sway – Put on your fins
Going to where the otters play – To the giant kelp forest, let’s dive in
Growing high and wild 100 feet or more – Instead of roots, trucks, leaves, or seeds
It has hold-fasts, stipes, blades, floats, and spores – The giant kelp forest. Giant kelp forest
(Chorus)
It attaches to rocks way down below – along with urchins and anemones
IT grows to the surface to catch the sun’s glow. The Giant kelp forest.
(Chorus)
-- Swim swim swim sway sway sway … (repeated)
If you see something hiding in that brown algae – There’s hundreds of fish that it could be
But then of course it could be me – In the giant kelp forest. Giant kelp forest.
(Chorus) x 3ish

Culture/Art/Math/Literature Connections
Ask students to color their ‘opihi diagrams or make fictional stories with wana or ‘opihi as the
main characters. Explain what personification is and stress the importance of trying to remain as
Wana and ‘Opihi and Algae, oh my!
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scientifically sound (or valid) as possible while exercising their literary freedom. Why might
books like, Iki, the Littlest ‘Opihi (by Tammy Yee) give students the wrong ideas about these
creatures? Read this book to the class and see what they think. What are the benefits of
personifying otherwise “ugly” and often ignored species? (Might this help a conservation
cause?) Ask students to share personal experiences with wana and/or ‘opihi to bring in a
personal element to the classroom.
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Name: ____________________________________ Date: _____________________________

SEA URCHIN EXPLORATION
Please draw a picture of a sea urchin and be sure to label these structures:
Parts of an Urchin:
Spines (small and large)
Tube Feet (suction appendages)
Pedicellaria (venom/cleaning appendages)
Mouth (oral cavity)
Anus

Individual research:
☆(go to www.google.com and search for “sea urchin hawaii” – select the 1st and 2nd links)
Please find the scientific name for each of these species. Please use proper Genus species or
Genus species format. Under the name, use a couple words to describe each type of urchin.
Also, where do you think it might live? (In the surf zone, hiding under a rock, in a hole, between
a rock, on top of a rock … etc.)
Example – Slate-pencil urchin (Hä`uke`uke`ula`ula): __Heterocentrotus mammillatus_______
Descriptive words: Large, thick, red, “pencil-like” Where might it live? In between rocks.
spines, flowery appearance
Collector urchin (Hä`uke`uke): ____________________________
Descriptive words:

Where might it live?

Rock-boring urchin (`Ina): ____________________________
Descriptive words:

Where might it live?

Shingle urchin (Häwa`e): ____________________________
Descriptive words:

Where might it live?
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Long-spined (or spiny) urchin (Wana): ____________________________
Descriptive words:

Where might it live?

Which structures (parts) do you think help sea urchins move? (List all of them)

Which structures do you think help defend sea urchins from predators (enemies) ? (List all of
them)
Do you remember what sea urchins eat? Is that all?

Class research:
☆(go to www.waquarium.org - Marine Life Profiles – keyword “sea urchin” – choose Hawaiian Sea
Urchins link) – Read paragraph number 1 and 5 aloud as a class, then answer:
Are all sea urchins in Hawai`i called wana? (see paragraph 1)
Yes

No

Are all sea urchins poisonous (toxic)? (see paragraph 1)
Yes

No

What color are the female’s eggs? (see paragraph 5)
Purple

Yellow

Green

Orange

Pink

Use the space below to write any more notes, comments, or questions you may have:
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Name: ______________________
Date: ___________

‘Opihi Diagram Exploration
I SEE…

I WONDER…

What do you see in your ‘opihi
diagram?

What do you wonder about what you
see?

Fun facts about ‘opihi:
• ‘Opihi are snails that live in the ocean.

• ‘Opihi have toothed scraping tongues (called radula) that help
them eat limu and make their “home scars”.
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Name: ______________________
Date: ___________

‘Opihi Structure & Function Match
STRUCTURE

FUNCTION

An animal part or organ.

Why this structure helps the animal
survive.

Mouth (with radula)

Hard surface that protects an
‘opihi from strong surf and
potential predators.

Tentacles
(with eye spots)

Attaches firmly to the rocky
shoreline it lives on (clinging)
and for crawling too!

Muscular foot

Used to chew algae off the
rocks and to scrape away an
area for its “home scar”.

Shell

A living tissue that connects
an ‘opihi’s inside organs with
its hard outer shell.

Mantle

These help the ‘opihi learn
about its habitat (by feeling
and sight).
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‘Opihi Structure & Function Match KEY

SHELL = Hard surface that protects an ‘opihi from strong surf and
potential predators.

MUSCULAR FOOT = Attaches firmly to the rocky shoreline it
lives on (clinging) and for crawling too!

MOUTH = Used to chew algae off the rocks and to scrape away an
area for its “home scar”.

MANTLE = A living tissue that connects an ‘opihi’s inside organs
with its hard outer shell.

TENTACLES = These help the ‘opihi learn about its habitat (by
feeling and sight).
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TRUE/FALSE STATEMENTS
The tube feet of sea urchins use water pressure to suction
to their ocean environment.
‘Opihi must be at least 1.25” to harvest.
There are 4 main species of `opihi in the Hawaiian Islands,
and all of them are endemic.
Individuals of the Giant `Opihi species (or `opihi ko`ele)
can grow as big as 9cm.
‘Opihi graze on algae, but will generally return to the same
“home scar” to feed.
‘Opihi are in the gastropod family with snails and sea slugs
and sea hares.
Sea urchins are echinoderms, just like sea cucumbers and sea
stars and sand dollars.
Like other gastropods, ‘opihi have eyes, tentacles and a
mouth – but in addition, they have a large muscular foot.
Sea urchins are arranged in segments like an orange with 5
segments.
Sea urchins have a rigid (hard) skeleton that is called a
test.
‘Opihi must be able to live out of water for a time while
the tide is low.
Sea urchins are ocean grazers.
‘Opihi eat limu and are therefore ocean grazers.
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Giant Kelp Forest Song Lyrics
Have you ever seen a forest without any birds? Without any trees? Without any bees?
Have you ever seen a forest under the sea?
(Chorus) Gonna swim, gonna sway – Put on your mask
Gonna swim, gonna sway – Put on your fins
Going where the otters play – To the giant kelp forest, let’s dive in
Growing high and wild 100 feet or more – Instead of roots, trunks, leaves, or seeds
It has hold-fasts, stipes, blades, floats, and spores – The giant kelp forest. Giant kelp forest
(Chorus)
It attaches to rocks way down below – along with urchins and anemones
It grows to the surface to catch the sun’s glow. The Giant kelp forest.
(Chorus)
-- Swim swim swim sway sway sway … (repeated)
If you see something hiding in that brown algae – There’s hundreds of fish that it could be
But then of course it could be me – In the giant kelp forest. Giant kelp forest.
(Chorus) x ~3 times

Giant Kelp Forest Song Lyrics
Have you ever seen a forest without any birds? Without any trees? Without any bees?
Have you ever seen a forest under the sea?
(Chorus) Gonna swim, gonna sway – Put on your mask
Gonna swim, gonna sway – Put on your fins
Going where the otters play – To the giant kelp forest, let’s dive in
Growing high and wild 100 feet or more – Instead of roots, trunks, leaves, or seeds
It has hold-fasts, stipes, blades, floats, and spores – The giant kelp forest. Giant kelp forest
(Chorus)
It attaches to rocks way down below – along with urchins and anemones
It grows to the surface to catch the sun’s glow. The Giant kelp forest.
(Chorus)
-- Swim swim swim sway sway sway … (repeated)
If you see something hiding in that brown algae – There’s hundreds of fish that it could be
But then of course it could be me – In the giant kelp forest. Giant kelp forest.
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(Chorus) x ~3 times
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