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Navigating Change
Education Kit

Hokule'a brings stories of the Northwestern Hawaiian Islands to further
examine the cultural and biological wonders of this unique and rarely seen
ecosystem. Hokule'a is the messenger of lessons learned among the kupuna
(older) islands. The goal of Navigating Change is to motivate, encourage and
challenge people to take action to improve the environmental conditions in
their own backyards, especially as it pertains to our coral reefs ecosystems.
We want people to take responsibility for the stewardship and sustainability
of our islands and our ocean.

Navigating Change is brought to you in partnership by: United States Fish
and Wildlife, NOAA, Department of Land and Natural Resources, KidScience

Hawaii Department of Education, Pacific Resources for Education and
Learning (PREL), Bishop Museum

The Navigating Change Education Kit consists of the following:
ive vi about Navigating Change.

1. Mavigating Change: The Voyage
To begin our journey we must know something about where we are going.
The Hawaiian archipelago extends far beyond Kauai including a 1200 mile
chain of coral islands, reefs and atolls. The voyaging canoe Hokule'a
carries the messages from the Northwestern Hawaiian Islands to learn
of its unique and spectacular cultural and natural elements. This pristine
area is covered with life so numerous and vivid there are uncountable
numbers of native seabirds, fish and coral that make it seem unreal,
However, this place is very real and is apart our State of Hawai*i. With
this voyage Hokule’ a unveils not only a native healthy ecosystem but
begins to reawaken a cultural journey back to those islands when
Polynesian people once voyaged there some 1500 years ago.



2. MNavigating Change: Land to Sea Connections
The Northwestern Hawaiian Islands clearly illustrates how the life on
land is connected to life in the sea. Seabirds, green sea turtles and
Hawaiian monk seals need both a healthy land and a healthy sea in order
to survive. In the NWHI it is easy to see how those two ecosystems are
interrelated, Native Hawaiians understood how the land was connected to
the sea as they saw our islands as a system of corridors extending from
the mountains to the sea. To ensure and protect life in a healthy reef
ecosystem, requires conserving resources from high in the mountains to
low in the wetlands. Taking care of our *chupua’ a is critical to our health
and well being so we can once again experience Hawai' i's native wildlife.

3. Navigating Change: Change Over Time
The natural environment that surreunds seems se beautiful so it must be
healthy, or is it? Gradually over time our natural resources have
declined. The younger generation today is unaware of what a healthy
ecosystem really is because what they see around them today they
assume is okay. Through comparisons between the NWHI ecosystems and
the main Hawaiian Islands can we visually see what type of declines have
occurred in our own backyards. The NWHI of fer a glimpse into the past.
The NWHTI give us an idea of what the main Hawaiian Islands once looked
like and serve as a model of hope. How do we bring back a healthier
Hawai' i? How do we stop this trend of decline?

4. Navigating Change: Human Impacts
We live in a fragile place. Islands and reefs are devastated by invasive or
alien species in our remote island home, a place naturally belonging to
native plants and wildlife that live nowhere else on the planet. Our
oceans have become dumping grounds where debris can drift for years
finally ending up en cur Hawai' i by the tons. The good news is that we can
learn from our mistakes. The restoration work occurring in the NWHI
can be an inspiration for changing the way we live in the main Hawaiian
Islands. We can learn to interact with our environment in healthy ways.
These ways give value and a quality of life for us as humans so we can
experience the true native beauty and essence of Hawai' i.



5. Mavigating Change: You Make the Difference
Hokule'a's messages from the NWHI has shown us that the NWHI are
indeed an incredible place. These islands have given us an opportunity to
see how we can live better and how we must accept responsibility to
malama, to care for our island home if we don't want to destroy our
environment and ultimately our well being. We have learned how easily
humans can leave their mark and with hard work we can restore native
wildlife to our own backyards. We can instill a responsibility to malama,
to care for our island home. Students and communities can have fun by
taking action and ultimately knowing they truly are responsible for their
own " ahupua’ a and even doing just a little at a time can make a HUGE
difference.

Videos available:

* On the web: hawaiianatolls.org

» Videos to be broadcast on Educational Access Channels, Hawaii
DOE TV
10/6 at 2:00 p.m. and on 10/13, 10/20 and 10/27 at 9:00 a.m. and
2:00 p.m.........5et VCR"s and tape themllllll

« DOE teachers can request the videos from the Television Services
Office
http://www.teleschool k12 hi.us

= Private schools, please call 397-2405 for information about
obtaining copies,

Curriculum Package

The accompanying lessons and activities support the videos.
* Where in the World are the Morthwestern Hawaiian Islands?

Compare and Contrast

Shifting Baselines

Coral Reef Habitats

From Land to Sea

Did You Know???

Human Impacts on the Reef

Who Makes the Decisions? (A Town Meeting)

Getting Involved

Sail Away

Wayfinding: Navigating Using Environmental Clues
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Navigating Change
Educational Kit

Unit at a Elance:

What lessons are there to be learned from the Northwestern Hawaiian Islands?
Students will take a journey up to the Northwestern Hawaiian Islands where the
green sea furtles, awesome monk seals and millions of sea birds come to nest and
give birth. Why do they migrate to these remote islands? What is the connection
between the islands and the sea? How are these islands different from the main
Hawaiian Islands? Can we "navigate change” to help improve the environmental

conditions in our own backyards?

Standards and Performance Indicators

Themes

Students use concepts and themes such as system, change

and scale 1o model and o help them understand and
explain the natural world,

. Standard Performance Indicators
Domain 1 s System: Observes and describes how parts
Standard 3: Using Unifying Concepts and mfluence each other in o system.

o  Change; Identifics patterns of change in things,
wsing data amd evidence,

Domain 1T

Standard 3: Malama Ika*Aina: Sustainability
Students make decisions needed to sustain life on carth
now and for the futore generations by considering the
limited reanuroes

Conservation of resources;

#  ldentify natural resources

#  [Develop a way to conserve each resource.

#  Whit so people believe/assumie about the
existence of natural resources?

Domain 11

Standard 5: Interdependence

Students describe, analyze and give examples of how
organisms are dependent on one another and their
enviroaments.

*  [Explains how orpanisms respond to a constantly
changing envircmment,

»  Explains bow changes in a specific niche affect
the population of organisms living there.

Domain 1T

Stundird 19 Forces That Shape the Earth

Students analvee the scientific view of how the Earth’s
surface is formed,

#  Gives examples of how wind, waves and water
shape and reshape the Earth’s land surface.




CULMINATING ACTIVITY

Students are to identify and gather information about an environmental issue in
their community. Students will then write a newspaper to create awareness of the
issue. This newspaper needs fo include the following types of stories:

front page story

editorials, both for and against the issue

business story, what impact is this issue having on the economy
political cartoon

want ad

The content of the stories need to focus on the environmental issue. Students
may need to take a look at a real newspaper for ideas on how to write their stories.

Student Activities

Where in the World are the Northwestern Hawaiian Islands?
Compare and Contrast

Shifting Baselines

Coral Reef Habitats

From Land to Sea

Did You Know???

Human Impacts on the Reef

Who Makes the Decisions? (A Town Meeting)
Getting Involved

Sail Away

Wayfinding: Navigating Using Environmental Clues



Culminating Project Rubric

Students are to identify and gather information about an environmental issue in

their community. Students will then write a newspaper to create awareness of the

issue. This newspaper needs to include the following types of stories:
* front page story

editorials, both for and against the issue

business story, what impact is this issue having on the economy
political cartoon
want ad

The content of the stories need to focus on the environmental issue, Students

may need to take a look at a real newspaper for ideas on how to write their stories.

Advanced Proficient Basic In-Progress | Score
4 3 2 1
Describe the Describes the ldentifies issue | Picks a topic
issue. Explain issue or or problem.
Collecting | who/what 1s problem.,
Data impacted and
— heovwr,
Outline Chutline the Identify topics | Identify topics
information for | information List facts
Organizing | each story.
Information
Analyze Giives pros and Gives pros and | Explains one Identifies topic
Information | cons and cons of the side of the issue
sugpestions of a | issue,
solution.
Completes the Writes the 5 Writes the front | Can verbally
Final stories into a different types | page story. describe the
Product newspaper of stories. issue.
format, include
pictures.

Total Score
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Where in the World
are the
Northwestern Hawaiian Islands?

Lesson at a &lance

Students will create a model that explains where the Northwestern Hawaiian
Islands are located and what they islands look like,

Objectives

Students will be able to:
+ Locate and name all of the Hawaiian Islands.
+« Describe the characteristics of each island.
» Explain what kind of islands they are.

Background Information

The Nerthwestern Hawaiian Islands are an archipelago or island chain that
stretches 1,200 miles northwest of the main Hawaiian Islands, These 10
islands vary from islands made of high rocky cliffs to low islands, to sandy
atolls. Millions of sea birds, monk seals and the green sea turtles are
dependent upon these islands and surrounding reefs. These islands cover
over 11,000 square kilometers of coral reef habitat and represent over 70%
of all coral reefs found in the world,

The Hawaiian Islands are part of a long line of underwater volcanoes. A
hotspot located under the oceanic plate spews out hot molten rock, creating
a volcano, These undersea volcanoes eventually reached the surface of the
ocean creating islands, These islands continue to grow as long as the lava
continues to flow. The Pacific Plate moves slowly over the hotspot creating
new islands, These volcanic islands are slowly sinking and eroding away.
Eventually these high rock islands become atolls, or rings of coral. The
Morthwestern Hawaiian Islands includes 3 types of islands: Nihoa, Mecker
and Gardner Pinnacles are voleanic basalt cliffs, Laysan and Lisianski are
coral islands with fringing reefs, and French Frigate Shoals, Maro Reef and
Hermosa , Midway and Kure are atolls.

@ {\%ﬂgﬁﬁng Change”



Materials Needed

* Map of the Hawaiian Islands Archipelago (includes main and
Morthwestern Hawaiian Islands)

» Fact sheets on each of the Northwestern Hawaiian Islands.

» Rulers/pencils and colored pens.

» Materials for creating maps or models. See student activities below
for ideas.

» Access to computers if possible to have students to research the
islands.

Student Activity:

Listed below are suggestions of mapping activities. The term Hawaiian
Islands refers to the main and northwestern Hawaiian Islands. The following
islands need to be included: Hawaii, Kahoolawe, Maui, Lanai, Melakai, Oghu,
Kauai, Niihau, Nihoa, Mokumanamana, French Frigate Shoals, Gardner
Pinnacles, Maro Reef, Laysan, Lisianski, Pear| and Hermes, Midway Atoll, Kure
Atoll,

1. 3-D Map of the Islands.
&ive students a copy of the Hawaiian Islands Archipelago map, to use
as reference and copies of the island descriptions for information
about the islands. Use clay, paper mache, or anything else the
students come up with to create models of the Hawaiian Islands.
Include on this model the edges of Nerth America, Asia, Australia and
the South Pole.

2. Mapping the Hawaiian Islands
Give students the map of the Hawaiian Island Archipelago to use as a
reference. Give each pair or group of students a desk size piece of
paper. Students are to figure out how to create a map of the
Hawaiian Islands to scale. Challenge them to figure out how to use the
latitude and longitude to replicate the map. Give the students copies
of the Island descriptions. Have them draw an image of what each
island looks like color it and cut them out, Locate where the islands
belong, paste the islands on the map and name them. Indicate also on
this map North America, Asia, Australia and the South Pole.

@ Navigating Change




3. Create a Class Bulletin Board Map.

Assign each group of students a different island. Have them research
the islands and make a poster of the island. They are to include the
physical characteristics, flora and fauna and any interesting facts
they can find about their island. Include surrounding reefs and any
sea animals found primarily on/or arcund the island Place the island
posters on the bulletin board in the appropriate positions. Students
may want to check out the following web sites for more information.

» MNavigatingchange.org

» Hawaiianatolls.org

» PV5-Hawaii.com

) Navigating Change
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PEARL AND HERMES ATOLL

Pearl and Hermes Atoll is a classic atoll that is primarily underwater
and has numerous islets, seven of which are above sea level, The protective
perimeter reef encircles all but the northwestern quadrant of the lagoon.
MNumerous small low coral islets are located behind the perimeter reef.
While total land area is only 0.36 square km (BO acres), the reef area is
huge, over 450 square miles (194,000 acres). The atoll is ever-changing,
with islets emerging and subsiding.

Presently, about 160,000 birds from 22 species are seen. They include
Black-footed albatrosses, Tristram's storm petrels, and one of two recorded
Hawaiian nest sites of Little terns. Endangered Laysan Finch eke out a living
oh the tiny islands where they were translocated in the 1960's. They were
introduced in an attempt to establish a "back-up" population,

The sandbar islets support coastal dry grasses, vines, and herbal
plants, including 13 native species and 7 introduced species. The plants
survive because they are salt-tolerant and able to recover from frequent
flooding events,

Hawaiian monk seals and sea turtles breed and feed at Pear| and
Hermes, and it is a mating area for spinner dolphins. The atoll has the
highest standing stock of fish and the highest number of fish species in the
NWHI. These include saber squirrelfish, eels, Galapagos sharks, sandbar
sharks, ulua (big jacks), angelfish, aweoweo, uhu, and numerous lobsters.
Hiding between the unique reef and lagoons are very unusual invertebrate
habitats. For example, several sponges collected recently may be new to
science!

Black-lipped pearl oysters, at one time very common, were harvested
in the late 1920s to make buttons from their shells. Over-harvested, the
oysters were nearly eliminated, and today only a handful remain even long
after their harvesting was declared illegal in 1925,

United States Fish and Wildlife Service



NIHOA ISLAND

Nihoa is unlike any of the other Northwestern Hawaiian Islands
(NWHTI) with its 900 foot cliffs, basalt rock surface, and tiny beach. This
island is about 1 square km (171 acres) and is at the southeastern end of the
NWHTI chain,

Although difficult to imagine today, this remote land of rugged cliffs
and steep valleys provided a home for Hawaiians between AD. 1000 and AD,
1700. More than BO cultural sites are known, including habitation terraces
and bluff shelters, religious places, agricultural terraces, and burial caves.
Many of the mea makamae (cultural objects) and structures associated with
these wahi pana (cultural places) are similar to many found throughout the
Main Hawaiian Islands. It is believed that the abundance of natural
resources and at least three freshwater seeps may have supported as many
as 175 people between A.D. 1000 and A.D. 1700,

The island’s rugged landscape may seem uninhabitable from a distance
but the very essence of Nihoa is life, a treasure chest of species found
nowhere else in the world. Niches in rocky outcroppings support some of the
most unique and varied insect, seabird, and plant life of all the NWHL,

Seventy-two terrestrial arthropods including giant crickets and
earwigs, and two endemic landbirds, the Nihoa finch and Nihoa millerbird,
are found only on Nihoa. Native endangered plants include a loulu or fan
palm and ‘ohai shrub.

Basalt underlies most shallow water habitats surrounding Nihea, Limu
(algae), wana (sea urchin), and opihi (limpet) inhabit these shallow waters,
while sharks and jacks hover in deeper waters offshore.

In order to protect the island's fragile ecosystem, few visitors are
allowed on Nihoa and strict protocols are required. Approval must be given
by the U.5. Fish and Wildlife Service and is mostly granted to those doing
cultural and scientific research.

United States Fish and Wildlife Service



MOKUMANAMANA (NECKER ISLAND)

About 155 miles northwest of Nihoa lies Mokumanamana, a small
basalt island that is 1/6 square km, or 46 acres, in size. It is about one-
quarter the size of Nihoa. Although the island is the second smallest of the
MNWHL, it has the second largest surrounding marine habitat (almost
385,000 acres). Large offshore areas include Shark Bay on the north side,
West Cove and Northwest Cape as well as miles of shallow reef to the
southeast. Island shorelines are generally steep around all sides except the
east, where a shallow, wave-planed basalt shelf fills Shark Bay, West Cove,
in the lee of the prevailing winds, affords the only semi-protected shallow
submerged habitat of f the island,

Mecker Island's small size and steep topography explain its relatively
small number of plant species, but all except one of the six species are
indigenous and hosts a all exclusive native plant community. No non-native or
alien species are allowed|

Sixteen of the seabird species typical of the NWHI nest at Necker,
but the species favor cliff nesting sites (White Terns, Black Noddies, and
Blue-grey Noddies) are particularly numerous there. The terrestrial life
encompasses 15 endemic (found only on that island) insects such as wolf
spiders and bird ticks.

Marine life includes gray reef sharks and manta rays. Hawaiian monk
seals are seen on the island's rocky shores. A great abundance and diversity
of sea cucumbers, sea urchins, and lobsters are found in Shark Bay, Little
coral life exists in the shallow areas due to the constant wave action that
scours the underwater basalt. Most reef life is found in holes and elevated
areas protected from the currents. Below the shallow reef are extensive
deeper "shelves” that extend many miles from the island, especially to the
southeast, These broad offshore areas are used for commercial fishing.

Mokumanamana is known for its numerous religious sites and artifacts,
Fifty-two sites have been found that appear to have been used mainly for
worship, Since the island seems to be too small and dry for living, with poor
soil for farming, archaeologists believe that the religious sites were
probably used by Hawaiians. They visited from nearby Nihoa and other
islands but didn't stay,

United States Fish and Wildlife Service



MIDWAY ATOLL

Midway, the best known Northwestern Hawaiian Island (NWHI), is a
circular-shaped atoll with three small islets (Sand, Eastern, and Spit) on the
southern end of the lagoon. While its land area is small, about 1,535 acres,
the atoll has approximately 87,000 acres of reef area,

The atoll was designated as the National Memorial to the Battle of
Midway in 2000. Today, many buildings and houses still exist from when it
was an active Naval Base,

Today a fulltime Refuge staff administers a small visitor program,
cares for its wildlife, restores native plant life, and protects historic
FresSources,

Mearly two million birds of 19 species nest on Midway. The atall has
the largest Laysan albatross colony in the world. Other birds include black-
footed albatross, red-tailed tropicbirds, white terns, black and brown
noddies, shearwaters, and hundreds of thousands of Bonin petrels. One of
the rarest is the endangered short-tailed albatross.

Three-fourths of Midway's plant species were introduced. These
include weeds, ornamental shrubs, exotic vegetables, and trees such as
coconut palms and ironwood. Major efforts are underway to control alien
species and restore native habitats,

The waters abound with spinner dolphins, monk seals, and green sea
turtles. More than 250 species of fish live in its waters, including the rare
Hawaiian grouper (hapu® upu’ u), jack (ulua), goatfish (kumu), and sharks.
Beyond the reefs are pelagic fishes such as tuna and marlin,

Despite 100 years of human impact, the reef at Midway is rich and
diverse. Sixteen species of stony coral have been reported, and scientists
believe there may be many more, Marine habitats, including spurs, grooves,
and sand channels, are home to several algaes, seagrass meadows, urchins,
bi-valve clams, sponges and more.

Urnited States Fish and Wildlife Service



MARO REEF

Maro Reef is the largest coral reef in the Northwestern Hawaiian
Islands (NWHTI), with over 1500 square km (approximately 600 square miles
or 478,000 acres) of reef area. Unlike the classic ring-shaped atoll, Maro is
a complex maze of linear reefs that radiate out from the center like the
spokes of a wheel. A few large reef blocks cast up on the shallow
northeastern reef crest can be sticking up out of the water, but are
constantly washed over by wave action. Maro lacks any protective perimeter
reef leaving this network of linear, patch and pinnacle reefs exposed to wave
action from any direction,

Marine habitats of Maro Reef range from sandy lagoons to steep reef
slopes, large coral heads, ocean pinnacles, and patch reefs. Gaps in the reef
cause waves to sweep into the lagoon clouding some areas with silt and sand.

Despite its turbid water conditions which creates difficult study
conditions, scientists have seen a greater abundance and diversity of coral
here than most any other reef system in the NWHI chain. Many areas of
the reef, particularly on the west side, have a large number of coral species,
including Montipora capitata and finger coral Porites compressa that grow
abuizdEiaritly on the ret siopes. “Mard Reet has a large amount of the hard,

pink crusty algae that grows on coral called "coralline algae” that acts like
cement and holds the coral together in high surf. The reefs support
numerous butterflyfish and surgeonfish species. Large ulua and omilu have
been seen in the reef's open waters, along with white-tip and grey reef
sharks.

Some researchers believe that, while Maro Reef has very healthy
reefs, it may be "on the verge of drowning” because the reefs are narrow,
unconnected, and unprotected from storm waves. Others feel that the
abundance and health of the corals suggest that Maro Reef will survive as a
healthy reef.

Urited States Fish and Wildlife Service



LAYSAN ISLAND

Laysan is the second largest land mass in NWHI (1,015 acres), about 1
mile wide and 1-1/2 miles long and shaped like a poi board., It was
formed from geologic forces pushing upward and by coral growth. It
has fringing reefs and a hypersaline (very salty) lake in the middle of
the island, the only lake in the island chain.

Surrounding the lake, the beautiful encircling white sand beach is
topped by dry coastal grasses. Sedges grow thick near the lake's
edge. Over 30 kinds of plants live on Laysan. In addition to the keloa,
the Laysan duck is Hawai' i's "other” native duck species. This striking
endemic duck has developed a fascinating eating habit: it runs on mud
flats while snapping at swarms of brine flies to retrieve its meal.

Laysan has the fullest complement of all the bird species in the
NWHI. Huge populations of seabirds nest and migratory shorebirds
visit including Black-footed and Laysan albatross, Christmas and
wedge-tailed shearwaters, and bristle-thighed curlews. Following the
devegetation caused by rabbits, several land birds became extinct
including the Laysan honeycreeper and millerbird, but two endemic
land birds remain -- the hardy Laysan finch and Laysan duck. Of the
75 native invertebrate species found on Laysan, 15 are endemic.

Although the reef at Laysan is the smallest of the NWHI (145,334
acres), it is quite rich. Numerous sea turtles and monk seals appear on
the island. Several species of Hawaiian surgeonfish and large schools
of convict tangs are in the shallow, wave-washed waters around the
island. Twenty-seven species of stony coral are reported, and
branching corals are common.

Although a host of introduced species changed the "original fabric” of
the island's ecology, this place has benefited from years of effort to
"malama” (take care of) the island. The U.5. Fish and Wildlife Service
set up a remote island camp in 1991 and have eliminated weeds and
restored native vegetation, As a result, finch and duck populations are
increasing. Laysan, the poster child for restorative island efforts, is
considered one of the "crown jewels" of the NWHIL.

T It States Fish and Wildlife Servics



KURE ATOLL

Kure Atoll is the most remote of the Northwest Hawaiian Islands, and
the northernmost coral atoll in the world. Kure is a pronounced oval shaped
atoll, which is 10 km at its maximum diameter and 91 km west-northwest of
Midway Atoll at the extreme northwest end of the Hawaiian archipelago.
Green Island (105 hectares) is the only permanent island in the atoll. Sand
Island is a large sand bar system which varies in size with the seasons. The
maximum elevation on Green Island is 8 meters.

In the 1960s, the U.S. government built a loran (navigation) station
and a runway on Green Island, an islet of Kure. The loran station was later
closed, after which the island was cleaned up and the tower and most of
these structures taken down. Today, State employees live and work
seasonally out of the remaining bunker type structures.

Despite its northern location and relatively cool waters, the aquatic
habitats of Kure provide a diversity of corals and large invertebrates such
as echinoderms, crustacea and mollusks. The turquoise waters of the lagoon
and near-shore reefs support large schools of dolphins, jacks, sharks,
goatfish, and chub, as well as dragon eels, knifejows, masked angelfish and
rare native grouper. Recent aquatic surveys have identified rare fish species
and behaviors seldom seen in the main Hawaiian islands, raising additional
questions about the effects of human activities on marine ecosystems.

The island is very important monk seal pupping area and s nesting area
for shearwaters, petrels, tropicbirds, boobies, frigatebirds, albatrosses,
terns and noddies. It is also a wintering area for a variety of migratory bird
species from North America and Asia.

The atoll is lying at the gateway between the NWHI and the emperor
seamounts.

United States Fish and Wildlife Service



GARDNER PINNACLES

When the two pinnacles of voleanic rock between French Frigate
Shoals and Maro Reef come into view, mariners know they have reached
Gardner Pinnacles. It is the last visible remnant of the chain's volcanic past.

Gardner Pinnacles is a collection of basalt pinnacles and emergent
rocks. "Shorelines" are generally steep cliffs or ramps that descend steeply
to depths of about 15m. A talus of large basalt slabs and block accumulate at
the base of the pinnacles forming caves, rock piles and lean-tos that are
important microhabitats for fish and invertebrates. Ledges and cliffs
characterize the submerged base of the pinnacle and rocks above the talus.

This 5-acre island, with the smallest land area of any Northwestern
Hawaiian Islands (NWHI), has 1,904 square kilometers (604,600 acres) of
underwater shelves that extend out from the pinnacles, the most of any
island or bank in the NWHI.

The pinnacles were first reported by Captain Joseph Allen of the
Mantucket whaler, Maro, on June 2, 1820. He reported seeing "a new island
or rock not laid down on any of our charts... it has two detached humps...we
call it Gardner’s Island.”

Today, Gardner is known for its abundance of giant opihi, the endemic
Hawaiian limpet. The islands’ rocky inter-tidal areas are an ideal habitat for
opihi. Coral species of many varieties are distributed throughout the
pinnacles’ reef system. Acropora table corals have been noted on the
leeward side, while tube, stony, and soft corals have been found throughout
the reef. Gardner Pinnacles’ waters hold one of the highest numbers of fish
species in the NWHL, including the red lip parrotfish, the doublebar
goatfish, and the reef triggerfish.

Gardner is home to seabirds, insects, and only one species of plant,
the succulent sea purslane (Portulaca). Scientists have observed 19 species
of seabirds, 12 of which breed on the steep cliffs, including the rare blue
gray noddy. Two species of migratory shorebirds, the ruddy turnstone and
golden plover often stop over to rest or feed here as commonly noted on all
the NWHL.

Despite its small size and isolation, the island has a surprisingly wide
array of insects. Spiders, mites, moths, centipedes, flies, beetles, isopods
and earwigs, among others, have been found on Gardner,

United States Fish and Wildlife Service



FRENCH FRIGATE SHOALS

French Frigate Shoals (FFS) is the largest atoll in Hawaii, consisting
of a large, crescent-shaped reef. FFS is a good example of a classic atoll,
formed on top of a volcane now submerged after millions of years of erosion,
and surrounded by a well-developed coral reef. Numerous small, coral islets
are found in the lagoon. In the northwestern section of the lagoon is a unique
rock formation, o steep-sided tall basalt pinnacle (La Perouse) that juts out
of the water and is the last remnant of the original volcano. While the land
area is only 1 square kilometer (67 acres), the total coral reef area of the
shoals is over 744 square kilometers (232,000 acres). Marine habitats vary
from exposed ocean-facing reefs to protected pockets surround by shallow
linear reefs.

The shoals were used by the military during World War IT. Tern
Island, a part of the atoll, was formed into a runway to serve as a refueling
stop for planes en route to Midway. From the air Tern Island looks like the
shape of an aircraft carrier, The original seawall, runway, and some of the
building structures remain on Tern Island and the U.S. Fish and Wildlife
Service continues to maintain a field station there staffed year-round by
two permanent employees and a handful of volunteers.

The FFS reef system supports the greatest variety of coral species
in the NWHTI, including the acropora table coral, finger coral, and stony
coral. More than 600 species of invertebrates such as sponges, coral worms,
snails, lobster, crabs, shrimp clams, oysters, sea urchins, and sea stars are
found at FFS, including many endemic species. One area of the reef consists
almest entirely of bivalve clams. More than 150 species of algae live among
the reefs, including red, green and brown algae. The outer reef waters
support gray reef sharks, butterfly fish, and large schools of jacks and
groupers.

FFS also nurtures charismatic megafauna -- the green sea turtles and
Hawaiian monk seals. More than 50% of the Hawaiian population of
threatened green sea turtles, travel to the FFS for safe nesting. Satellite
tagging of these turtles has indicated that most of them migrate to the
Main Hawaiian Islands to feed and then return to breed at FF5. Some
turties travel northwest to feed, and others have traveled as far south as
Johnston Atoll. The many small islets of FFS also attract the largest
number of endangered Hawaiian monk seals in the NWHI. It is “their® place
of refuge.

United States Fish and Wildlife Services



Compare and Contrast

Lesson at a Glance
Students will observe video segments on the Main Hawaiian Islands and the
Morthwestern Hawaiian Islands and will list comparisons (similarities) and

contrasts (differences). This activity should continue throughout the unit,

Objectives
Students will be able to:
» List comparisons and contrasts between the Main Hawaiian Islands
and the Morthwestern Hawaiian Islands.
» Create a poster or display that shares the comparisons (similarities)
and contrasts (differences).

Background Information

Mavigating Change is intended to motivate, encourage and challenge people to
take action to improve the environmental conditions in their own backyards,
especially as it pertains to our coral reefs. The voyaging cance Hokule'a will
sail o the Northwestern Hawaiian Islands and serve as the messenger of
what the Morthwestern Hawaiian Islands (NWHI) can tell us. Stories,
comparisons, and lessons from the NWHI and the Hokule'a will tell us how to
better malama (take care) of our island home.

The KidScience series and the MNavigating Change Education Kit shares with
students the state of the Main Hawaiian Islands and the Northwestern
Hawaiian Islands, Both include awesome video footage of both environments,
Students are going to be asked to do some brainstorming about how and why
they are different and/or similar.

Materials Needed

+ Compare and Contrast diagram
« Poster size paper and colored pens

@ Naﬁgaﬁng Change”



Student Activities
Provide opportunities for students to watch the KidScience series and/or
the videos found in the Navigating Change Educator’s Kit. Discuss as a class
a few things that you could find in both the Main Hawaiian Islands and the
Morthwestern Hawaiian Islands and things that are different about them.
Have the students list all the similarities and differences on a venn diagram,
Encourage them to add to this diagram throughout the unit. Encourage them
to do some research on the internet.
1. Students are to make a poster or display that shares the similarities
and differences between the Main Hawaiian Islands and the
MNorthwestern Hawaiian Islands. Encourage them to be creative.

= Haqua _[I'r.l_g Change’
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Shifting Baselines

Lesson at a &lance
The way we live, the things we do and the places that we live have changed
drastically over the years. We need to know what the past like to be able to
understand what kinds of changes are happening today.

Objectives
Students will
* Interview an elder in the community o learn about the past,

= Design and carry out a baseline study.

Background Information

A baseline is a reference point for measuring what changes have happened,
Shifting baselines are the changes you see in something. An example of this
might be the soccer team at the beginning of the season. The baseline would
be what they were able to do at the beginning of the season, and the
shifting baseline would be how they performed by the end of the season,

In the science field it is a way of studying what is happening to an
ecosystem. Inorder to know if and what are the changes, we need to know
what it was like in the beginning. To be able to understand what changes
have occurred over the years both on our land and sea ecosystems we need
to know what the baseline is, what it was like in the beginning. Check out the
shifting baselines.org website for more infermation.

Materials Needed

» Paper and Pencils
Student Activities

1. Learning From the Past

Have students find a Grandparent or an elderly neighbor or friend to
interview. Students are to ask them questions about a specific
ecosystem. This could be the reef, a beach, a mountain, or valley.
What was it like when they were young? Students then need to visit
the same place and see what it is like today. Students are to find a

@ Navigaling Change™



way to share this information. This could be a story, a chart, ora
picture.

2. Baseline Studies
Find a site that the students would like to study. Have them figure
out how to do a baseline study. Students need to chart or map the
area, recording everything that is there. A real baseline study needs
to go on for years, but have your students go back every so often to
chart or map the area again. What has changed? Why do you think
this has happened?




Coral Reef Habitats

Lesson at a &lance

Students will create/compare and contrast models of reef habitats found in
the Morthwestern Hawaiian Islands and the main Hawaiian Islands.

Ob jectives

Students will be able to:
+ Describe different coral reef habitats
» Build models of reef habitats.

Background Information

Three hundred years ago, scientists thought corals were plants. They didn't
seem to move around. They were more common in clear, sunlit waters., And,
many of them grew into shapes reminiscent of bushes or trees. Today we
know that corals are amazing animals. The coral that make up an important
part of the solid structure of our reefs are actudlly colonies of thousands of
individual animals that are connected to each other, and that build a
framework to live in by extracting minerals from seawater. In this way they
provide places to live for thousands of other kinds of reef organisms.

Corals are soft-bodied animals that share a similar body plan with their close
relatives, jellyfish and sea anemones. Each of these animals has a sac-like
gut with a single opening (the mouthO surrounded by a ring of tentacles.
Imbedded in these tentacles are hundreds or thousands of tiny stinging cells
that are used for defense and to capture prey. If the animal can use its
body to swim around in the water (e.g. jellyfishO it is called a medusae, if
the animal lives attached to the bottom (e.g. sea anemones) or to skeleton
created by a colony (e.g.corals), then the individual animals are called polyps.

Most coral polyps are tiny animals, roughly the size of a grain of rice. But
when marny thousands of polyps are growing together in a colony, they can
reach the size of a car. When many colonies grow next to and on top of each
other, together with the algae and other organisms that make shells and
skeletons that build up over time, the result is a coral reef.

@ Navigating Change



Many corals have more than one way of getting the food they need to grow.
With their stinger-lined tentacles, coral can capture tiny animals that drift
by in the currents. This plankton includes tiny crustaceans and mollusks that
you could barely see without a microscope, as well as the eggs and larvae of
reef creatures. Corals also get food from a type of single celled algae that
lives inside their tissues. These algae are called zooxanthellae and they
have a symbiotic relationship with reef-building corals. Zooxanthellae use
the energy from sunlight to convert water and carbon dioxide into sugar,
The zooxanthelloe use some of that sugar themselves, but much of it is
available for use by the coral polyps that the algae are living in,

Corals come in many different shapes and sizes and have been given names
like Brain coral, Elkkhorn coral and Mushroom coral.

Reef building corals require certain water conditions in order to live and
grow. These include water that is warm, clear and with salt content near the
ocean average.

Materials Needed:

+ Desk Size paper or bulletin Board

» Materials for creating corals. These could be made form pens and
crayons or 3-D models.

Materials for creating fish. (various types and colors of paper, pens,
crayons efc)

Pop-Up Reef worksheet

Who am I? worksheet

Fish Clues and Fish Colors worksheets.

Student Activities
This is a project for individual students, small groups or could be a class
activity. The object is to create a coral reef ecosystem, This needs to
include corals, algae, and animals you might find in a coral reef,
1. Create a Reef
Encourage students to make 2 separate models of reef ecosystems, one
found in the Northwestern Hawaiian Islands and one from the main
Hawaiian Islands. They need to start by doing some brainstorming of
what they might find on these reefs. The videos will give them some

@ Navigating Change’




information. They may also want to check out the hawaiianatolls.org
website and the Waikiki Aquarium's website for more information.

These models could be a poster, a bulletin board or a 3-D model. They
need to include different types of corals, algae and different kinds of
animals. Good line drawings of some of the corals and animals can be
found on the kidscience.net website. Go to Kidstuff, then the Reef
Detectives, then the Reef Critters,

Have students write about how the 2 different reef ecosystems and
similar and how they are different. List things that might have caused
the changes. List ideas of what can be done to protect the reef.

2. Pop-Up Reef..see the attached worksheet for directions.

3. Who am I?...see the attached worksheet for directions.

4. Fish Clues and Fish Colors...see the attached worksheet for
directions.




WHO AM I?

Pick a reefanimal. Research its habits and environment. Draw a picture of the animal

in the box.

I live (where).

[ prefer (conditions).

[ am made of - (structure).
[ have (physical adaptations).
I eat (diet).
I hunt/forage/feed (when/where).
[live (life span).
I reproduce (how, how often).
I am threatened by (predators, environmental hazards).




"Pop-up Reef”

Materials Needed

» Reef pattern

» Construction paper/2 sheets of different colors

» Scissors

L] E'll.ll

» Colored construction paper to create reef critters

Directions

* Place the reef pattern on top of a piece of construction paper.

 Fold both on the center dotted line fold that goes across the
paper.

« Cut through both pages on the solid lines.

= Open the construction paper reef up and pop the cut out reef
sections forward. Crease on the dotted lines. Keep working on
it...it will become a 3-dimentional reef.

» Glue the flat un-popped parts of the popped out reef to another
piece of construction paper.

» Create reef critters and algae and add them to the popped out
reef.







“Fish Colors”

Fish can protect themselves by using protective coloration,
advertising coloration or camouflage. Color the fish. Name a fish

that fits each category.

e r— o ———

[ Type of Coloration

Fish

Countershading

The top of the fish is dark and
the underside is white,

| 1s
A dark spot is found on the tail
end of the fish. It looks like an

eye and confuses predators,

i ive_Colori
The color pattern on the fish
alters the shape making it hard to
recognize as a fish,

Advertising Coloring

Some fish have a color pattern on
them that tells the rest of the
fish that they are the "good
guys”. They eat the parasites off
of other fish.

Ca la

Camouflage is the ability to
protect yourself by blending in
with your surroundings.




“Fish Clues”

The body shape and fins can tell you a lot about where the fish lives
and how they move. Read the clues and draw the fish. Can you name a

fish for each body shape?

Sphere

These fish can puff their bodies
out with air or water to make
themselves too big to swallow.

Compressed

These fish are flattened from
side to side, This makes them
very thin and hard to see when
viewed head on. The flattened
body lets them dart in and out of
the coral.

———

Arrow Like Fish
These are ambush hunters. They
float motionless till prey comes by

and then lunge out and grab them.

F Il d

This shape of tail enables them to
be swift, powerful swimmers.
They live in the open ocean.

lat- - -sh
These slow swimming fish burrow
into the sand to hide. They can
camouflage themselves.




Coral are colonial invertebrate marine animals whose skeletons help to build up reefs,
Corals are relatives of animals like jellyfish, but unlike them, corals are not free
swimming. Coral reef ecosystems are some of the most productive, diverse, complex and
beautiful places on earth.

Certain corals are called zooxanthellate corals, and are actually two creatures living
together: a coral and a plant-like algae. Because the algae in zooxanthellate corals need

light for photosynthesis, those corals are generally limited to shallow water environments
less than 20 m (65 fi) deep.

The total number of coral species that live in the reefs of the Hawaiian 1slands is
relatively low. Scientists think that this is because of the isolation of the Hawaiian
Islands. On the other hand, because of this isolation, a number of coral species live
nowhere else on carth. Scientists estimate that more than 25% of the corals in Hawaiian
walers arc cndemic.,

The coral reefs of the Northwestern Hawaiian Islands (NWHI) encompass over 11,000
square kilometers of coral reef habitat, over 65 % of all coral reefs in the U.S. waters.
The reefs are comprised of forty-seven species of hard coral and cight species of sofi
coral, a diversity that rivals the Main Hawaiian Islands,

Coral reefs are the foundation of an expansive ecosystem that hosts an interdependent
association of vertebrates (i.e., monk seals, reef and bottom fish, turtles, birds, and
sharks), invertebrates (i.c., corals, anemones, jellyfishes, mollusks, shrimps, crabs,
lobsters, sea urchins, sea stars and sea cucumbers), sea grasses and algae.

Bishop Museum. (2002). Life on Islands. Join a Research Expedition to the
Morthwestern Hawaiian lslands. Retrieved May 22, 2002, from

http://bishopmusenm org/research/mwhi/biology.shim]

Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve. (2002). The Region:
The Coral Reef Ecosystem. Retrieved May 10, 2002, from
hiip:/f'www hawaiireef.noaa. goviregion/region himl

Related Coral Sites:

Waikiki Aquarivm  http:/fwaquarium otted hawaii.edw/

Hawaii Coral Reefl Network  hittp2//www. coralreefnetwork.com/




ALGAE

Algae are photosynthetic organisms that can grow in a variety of places, ranging from
hypersaline water to ocean water to freshwater. They vary from small, single-celled
forms to complex multicellular forms, like kelps, scagrasses and seaweeds, In the
Northwestern Hawaiian Islands, coralline algae is important in the formation of reefs.
Many types of algae are used by humans for food (like the limu kohu, above), medicine
and other products.

Algae are important as primary producers at the base of the food chain, Hawaiian Green
Sea Turtles, for example, spend a lot of time gliding over the reefs, browsing on the
seaweeds and algae there.

Algae also provide oxygen for other aquatic life. Unfortunately, with pollution or other
environmenial damage, algae reproduction may run amok and contribute to mass
mortality of other organisms, in the case of algal blooms, for example (Bishop Museum,
Life on [slandy).

Algae & Sea Grass

Based on a 1989 report, approximately 2035 known species of macroscopic algae exist for
the Northwestern Hawaiian Islands, including Midway and Kure Atolls. OF this list,
approximately 48 species are green algae (Chlorophyta), 33 species are brown algae
(Phaeaphyta), and 124 species are red algae (Rhodophya). These numbers should
increase dramatically with publications currently in preparation and the completion of the
taxonomic identification of the 2,055 Northwestern Hawaiian Island algae specimens
held by the Bishop Museum in Honolulu (United States Fish and Wildlife Services,
About the Northwestern Hawatian Ixlandy),

Bishop Museum. (2002). Life on Islands. Join a Research Expedition to the
Northwestern Hawaiian Islands. Retrieved May 22, 2002, from

hittp://bishopmuseum research/nmwhi/algae. shiml

Umted States Fish & Wildlife Services. (2002). About the Northwest Hawaiian Islands.
Honolulu, HE: Author.



MARINE INVERTEBRATES

Marine invertebrates include a number of very different types of animals: crabs, shrimp,
lobsters, clams, sea urchins, starfish, snails, worms, clams, and many others. These
animals make up many of the species that make the coral recfs of the Northwestern
Hawaiian Islands such a diverse and interesting ecosystem.

Articles: October 11, 2000 - WHAT ARE SPONGES?
By Ralph De Felice

Sponges are the most primitive of multicellular animals (metazoa). They have a cellular
grade, which means they have no true tissues. Adults are asymmetrical or radially
symmetrical. Sponges are exclusively aquatic (water dwelling), most are marine. They
are found from deepest oceans to the edge of the scam and from the coldest oceans to the
tropics. Sponges play important roles in so many marine habitats bit we still know very
little about their diversity, biology and ecology as compared with most other animal
groups. In many benthic (sea bottom) habilats sponges are often the dominant animals.

Sponges have an amazing range of growth forms, best deseribed as highly irregular and
somelimes completely plastic, frequently aliered by prevailing external conditions
{currents, turbidity, salinity etc.). Sponges come in just about every color imaginable.
Adult sponges are sedentary (sessile), attached to the seabed or other substrate for most
of their lives, although many have larvae that motile, swimming or crawling away from
their parent. Sponges have sexes that are separate, or sequentially hermaphroditic,
although most population dispersal and recruitment is asexual (through budding,
fragmentation from storm events, etc). Larvae are motile, incubated within the parent or
broadcast into the seawater.

sponges filler sea water to eat, breath and excrete waste products. Sponges often have
complex water canal systems running throughout the body, with smaller inhalant (ostia)
and larger exhalant pores (oscules). Sponges are able to actively pump up to 10 times
their body volume each hour, making them the most efficient vacuum cleaners of the sea.
Sponges appear to be very stable, long-lived animals, although growth rates vary
encormously between different groups. Some sponges can grow centimeders in weeks, and
may have shorter life spans. Others sponges, like the living fossil 'sclerosponges' are
VERY slow growing, with the largest known individuals (up to 30cm diameter) thought
1o be around 5,000 vears old (which makes them the oldest living individuals on the
planet, if this is true!).



FISH

There are probably more than 240 different species of fish that are found in the
Northwestern Hawaiian Islands. This is roughly half the total number of species that are
found in the Main Hawatian Islands. Researchers believe this lower diversity is due to
the smaller size of the islands and their surrounding reefs, cooler water temperatures, and
a more limited variety of habitats to occupy.

The NWHI are home to an interesting behavior by some of the top predators in the
ecosystem. While fledgling albatrosses are learning to fly in the summer months, the
NWHI are visited by large numbers of Tiger Sharks. The sharks feed on the birds that
can't stay aloft.

Many fish in the NWHI have been tested for ciguatera poisoning and some of the top
predator fish are considered to be toxic. Ciguatera poisoning occurs when fish feed on
certain types of algae that live in coral reef systems. As smaller fish are eaten by larger
ones, the toxins gradually become concentrated in the muscles of the fishes at the top of
the food chain.

The reef community is characterized by fewer herbivores, such as surgeonfishes and an
increase in carnivores, such as damselfishes, goatfishes, and scorpionfishes. The
Northwestern Hawaiian Islands are considered integral to fishes in the Main Hawaiian
Islands as sources to replenish commercial and recreational fish and lobster populations.

Bishop Museum. (2002). Life on Islands. Join a Research Expedition to the
Northwestern Hawaiian Islands. Retrieved May 22, 2002, from
http://www.bishopmuseum.org/research/nwhi/fish.shtml

Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve. (2002). The Region:
The Coral Reef Ecosystem. Retrieved May 10, 2002, from
http://www.hawaiireef.noaa.gov/region/region.html!

Fish Links ,

Hawai'i Coral Reef Initiative Page of the Fish of Hawaii
http://coralreefhetwork.com/marlife/fishes/fishes.htm

Bishop Museum's Hawai'i Fishes page
http://www.bishopmuseum.org/research/natsci/fish/fishimages.html

Learn more about ciguatera poisoning
http://www.emedicine.com/emerg/topic100.htm




Fishes

Approximately 240 fish species were recorded in the Northwestern Hawaiian Islands
during a comprehensive fish survey conducted by the State of Hawaii, Department of
Land and Natural Resources in 1984. Compared to the 536 fish species known from the
Main Hawaiian Islands, Hawaiian Islands National Wildlife Refuge (HINWR) has a
relatively low species diversity. Researchers hypothesize that this is due to cooler water
temperatures, the relatively small size of the atolls and the islands, and a more limited
variety of habitats.

Nonetheless, HINWR reef fish populations are healthy, and the fish biomass is higher
than in the Main Hawaiian Islands, due largely to reduced fishing pressures. All trophic
levels are well represented, including jacks and several species of sharks. A unique
occurrence, peculiar to the Northwestern Hawaiian Islands, is the increased presence of
tiger sharks inside lagoons from June to August, which gather to feed on fledging
albatross chicks. Pelagic fish species, found outside the lagoons, include yellowfin,
albacore, and skipjack tuna; mahimabhi; billfish; various sharks; and many others.

Ciguatera tests conducted in the Northwestern Hawaiian Islands identified Cheilinus
unifasciatus as the most toxic fish species. The authors hypothesized that ciguatera may
play a role in the- downward population trend of endangered Hawaiian monk seal,
although a shortage of prey may play a more important role.

United States Fish & Wildlife Services. (2002). About the Northwest Hawaiian Islands.
Honolulu, HI: Author.



Shallow Reef, Mid Reef & Open Ocean

English Name

Limpets

Periwinkle snail
Nerite Snail

Sea Lettuce
Rock-Boring Urchins
Coralline Algae
Hermit Crab
Reticulated Brittlestar
Christmas Wrasse
Hawaiian Whitespotted Toby
Arc-eye Hawkfish
Black Tiggerfish

Oval Chromis

Saddle Wrasse

Blue Coral

Antler Coral

Tiger Cowry

Slate Pencil Urchins
Manybar Goatfish
Orange Tube Coral
Linckia Seastar
Triton’s Trumpet
Cleaner Shrimp
Spotted Boxfish
Slipper Lobster
Yellowfin Goatfish
Hawaiian Cleaner Wrasse
Yellow Margin Moray Eel
Bird Wrasse
Yellowtail Coris
Ornate Butterflyfish
Black Sea Cucumber
Cauliflower Coral
Banded Coral Shrimp

Bishop Museum

Shallow Reef

Hawaiian Name

‘opihi

pupu kolea
kupe’e

limu palahala
‘ina uli
manamana-ula
unauna

pe’a

awela

pili-ko’a
humuhumu’ele’ele

hinalea lauwili

Scientific Name

Littorina sp.
Nerita picea
Ulva fasciata

- Echinometra mathaet

Porolithon gardineri
Aniculus maximus
Ophiocoma brevipes
Thalassoma trilobatum
Canthigaster jactator
Paracirrhites arcatus
Melichthys niger
Chromis ovalis
Thalassoma duperrey

ko’a Montipora flabellata

ko’a - Pocillopora eyedouxi

leho Cypraea tigris

punohu Heterocentrotus mammillatus

moana Parupenus multifasiatus

ko’a Tubastrea coccinea
Linckia multifora

pu Charonia tritonis

opae Lysmata amboinesis

moa Ostracion meleagris

ula papa Scyllarides haani

weke Mulloidichthys vanicolensis
Labroides phthirophagus

puhi paka Gymnothorax flavimarginatus

hinalea’i'iwi Gomphosus varius

hinalea ‘akilolo Coris gaimard

kikakapu Chaetodon ornatissimus

loli Holothuria atra

ko’a Pocillopora meandrina

‘opae kai Stenopus hispidus

Northwestern Hawaiian Islands 2002



Orangeband Surgeonfish
Reef Triggerfish
Hawaiian Sergeant
Hawaiian Dascyllus
Bluefin Trevally
Convict Tang
Leatherback

Pennant Butterflyish
Orangespine Unicornfish
Octopus

Trumpetfish

Potter's Angelfish
Hawaiian Anthias
Yellow Tang

Raccoon Butterflyfish
Hawaiian Squirrelfish
Lobe Coral
Long-spined Urchins
Goldring Surgeonfish
Spotted Pufferfish
Milletseed Butterflyfish
Moorish Idol

Longnose Butterflyfish

Short-winged flying fish
Giant Trevellay

Dolphinfish
Portugese Man-o-war
Mackeral Scad
Yellowfin Tuna
Tiger Shark

Spotted Eagle Ray
Whitetip Reef Shark
White Coral
Whitemargin Unicornfish
Gray Reef Shark

Fire Dartfish

Wire Coral

Hawaiian Hogfish
Smalltail Wrasse
Hawaiian Stingray
Peacock Razorfish
Amberjack

Bishop Museum

Mid Reef

na'ena’e
humuhumunukunulkuapua’a

mamo '

alo’ilo’T

“omilu

manini

lai

umaumalei
he'e mauli
TR
Anela i'a

lau'i pala
kikakapu
“ala’ihi
ko'a
wana
kole
o’opu hue
lauwiliwili
kihikihi
lau wiliwili nukunuku oi"oi

Open Ocean
malolo
ufua auken
mahimahi
pa'imalau
“opel
ahi
M0
lupe
mano lalakea
ko'a
kala kea
IMAD

ko'a
a'awa
hihimanu

laenihi
kahala

MNorthwestern Hawaiian [slands

Acanthurus olivaceus
Rhinecanthus rectangulus
Abudefduf abdominalis
Dascyllus albisella
Caranx melampygus
Acanthurus triostegus
Scomberoides lysan
Heniochus diphreuter
Naso lituratus

Octupus cyanea
Aulosomus chinensis
Centropyge potteri
Psuedanthias thompsoni
Zebrasoma flaescens
Chaetodon lunula
sargocentron xantherythrum
Pontes lobata

Diadema paucispinum
Ctenchaetus strigosus
Arothron meleagns
Chaetodon miliaris
Zanclus cornutus
Forcipiger flavissimus

Parexocoetus brachypterus
Caranx ignobilis
Coryphaena hippurus
Physalia physalis
Decapterus macarellus
Thunnus albacares
Galeocerdo cuvieri
Aetobatus narinari
Trzenodon obesus
Cirrhipathes anguina

Naso annulatus
Carcharhinus amblyrhynchos
MNemateleotns magnifica
Cirrhipathes anguina
Bodianus bilunulatus
Pseudojuloides cerasinus
Dasyatis hawaiiensis
Xyrichtys pavo
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From Land to Sea

Lesson at a &lance

Islands are connected fo the water around them. Students will demonstrate the
connections between the land and sea ecosystems.

Students will be able to
* Describe both island and sea ecosystems.
» Identify animals that depend on both ecosystems and explain why.
* Make a diagram explaining the connections between land and sea.

Back &round Information

The Northwestern Hawaii Islands are critical nesting and birthing grounds for the
monk seal, turtles and hundreds of thousands of sea birds. The purpose of this
activity is to help students understand the connections between the land and sea
and how and why animals are dependent upon both ecosystems. See the student
readings on the monk seals, the turtles and the sea birds for more information.

Materials needed
* Student Reading pages on the monk seal, turtle and sea birds

» Poster size paper
» Colored pens/poster making materials

Student Activities

Have students read the student reading pages on the monk seal, turtles and sea
birds. Encourage them to do more research on the internet. Students are to
collect information about these animals and the ecosystems they live in. Using the
poster size paper, have them draw the island ecosystem and the surrounding reef
and ocean ecosystem. Include the turtles, sea birds and monk seals. Show how
these animals are dependent upon both ecosystems. Include any other land to sea
connections, Encourage students to write creative stories about the trials and
tribulations of some of these animals.

Think about the main Hawaiian Islands. What are some connections between the
land and the sea? These could be from the animal point of view or an economical

one.
@ Navigating Change



Marine Turtles

English Name Hawaiian Name Scientific Name
Hawaiian Green Turtle Honu Chelonia mydas agassizi
Hawksbill Turtle ‘Ea Eretmochelys imbricata
Leatherback Turtle

Olive Ridley Turtle

Marine turtles are air-breathing, cold-blooded reptiles that have become highly adapted for
life in the sea. Powerful flipper-like limbs and a streamlined body make it possible for
these gentle creatures to swim rapidly through the water. Green sea turtles are one of seven
species of sea turiles; all of which are listed either as endangered or threatened. In Hawaii,
there are four kinds of sea turtle: the endangered Leatherback, Olive Ridley, the Hawkshill
and the threatened Green Sea Turtle.

The Hawkshill is known to nest on the Big Island, and the Green Sea Turtle has nests on all
islands. The Hawaiian Green Turtle is the more abundant of the two species of marine
turtles native to the Hawaiian chain. Green Sea Turtles are primarily vegetarians that feed
on marne plants growing in shallow coastal waters. The turtle's common name comes
from the color of the fial found inside its body rather than the color of the shell or skin.
Most adult Hawaiian Green Sea Turtles are heavily pigmented on the upper surfaces, with
some being almost completely black.

Although it is difficult to get an accurate count on how many green sea turtles are in
Hawaii, 1t is believed to be under 1000 breeding females, substantially lower than in pre-
Western contact times. Green Sea turtles are found throughout the Main Hawaiian Islands
(MHI) and Northwestern Hawaiian Islands (NWHI). Although they historically have
nested on all islands, due to beach development and other factors they tend to migrate
between their main feeding grounds in the main chain to their breeding and nesting grounds
in the NWHI.

In the months of May —September, female turtles who are at least 25 —60 years of age come
ashore on quiet, undisturbed, dark, sandy beaches to nest. Nesting takes place on land
where the female comes ashore at night several times during each breeding season to bury a
cluich of leathery eggs. After crawling from the ocean, a nesting site is selected and
excavation first takes place using the front flippers. They dig a pit a few feet deep, then a
narrow, circular egg chamber another foot or so deep. The hind Nippers then take over and
working alternately, carefully scoop out a chamber to receive the eggs. Afier laying a
clutch of around 100 ping-pong ball size epgs, the turtle covers the nest and retumns to the
ocean before the daylight makes her too warm. Each female will dig up to six nests each
season, and 80-H% of all Hawaiian Green Sea Turtles make their nests at French Frigate
Shoals. Its long, prehensile tail that extends beyond the hind flippers identifies the adult
male. The female's tail barely reaches beyond the end of the shell.



After two months (60 days) of unattended incubation, the small hatchlings work as a group
to dig to the surface, possibly attracted by the plimmer of light off the waves. They wait
just below the surface until the sand cools down, usually at night, and scamper quickly into
the sea. Each haichling weighs about an ounce, and fits nicely into the palm of an adult’s
hand. When sexually mature, they will weigh between 200 and 375 pounds, and can be
four foet long.

From the moment they emerge from the nest, hatchlings face a treacherous life journey.
Ghost crabs, fish and sharks prey on hatchlings, and they can become entangled in
vegetation or marine debris, and never make it to the water. Some hatchlings become
confused, possibly by light on the beach, and travel the wrong direction, again never
reaching the ocean. If the hatchling makes it to the water, it will feed on fish eggs, sponges
and worms until it reaches adulthood, or about 14 inches, Adult turtles carry out periodic
migrations, often over long di