‘tke 0 Haleakala

Haleakald revealed: an opening to view our past and embrace our future
Reveal yourself, summit to sea
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Foreword A

Na Kumu o Haleakald is a partnership on the island of Maui, Hawai‘i, comprised of teachers from
public and private high schools, members of interested community organizations, and staff from the
Hawai ‘i Natural History Association, Haleakala National Park, and The Nature Conservancy. The Na
Kumu partnership has worked with a highly qualified curriculum writing and development team to
produce the beginnings of a comprehensive environmental education curriculum, Ho‘ike o Haleakala,
specific to Maui to promote understanding of island ecosystems, a feeling of shared ownership, and a
commitment to active stewardship. The target group is primarily high school level, though testing will
occur in the local community college and in intermediate schools, as well. The effort was initiated by
the National Park Service and local teachers in 1996, and gradually gathered momentum until 1999,
by which time sufficient funding had been raised from several private sources to move ahead. The
partnership has recently completed ecosystem-based modules for aeolian, rainforest, and the coastal/
marine zones of Haleakala. Future plans call for these to be followed by modules on dryland forest,
the subalpine zone, watersheds, and a culminating module on alien species.

Although not entirely conceived as such originally and having much broader educational objectives,
Ho'ike o Haleakala can be thought of as an innovative effort at educating local students to understand
the overwhelming effects of invasive alien species (IAS) on biodiversity, agriculture, health, economy,
and quality-of-life of an oceanic island ecosystem, and to obtain long-term public support of and
participation in such efforts. Each ecosystem-based module has one or more units on the effects and/
or future threats of alien species. Haleakala National Park is the most biologically intact summit-to-
the-sea reserve in the Hawaiian Islands and among the most important reserve sites in the United
States for conservation of biodiversity. However, the park’s future depends on resource managers’
success in combatting invaders already present and on efforts to prevent additional IAS from establish-
ing on the island of Maui. Since oceanic islands are particularly vulnerable to biological invasions,
IAS threats to Hawai‘i and to Haleakala National Park on Maui are an order of magnitude greater than
threats to most other U.S. national parks. The red imported fire ant and Asian longhorn beetle are not
yet established in Hawai ‘i, but both have been recently intercepted in quarantine. Unless major action
is taken — a circumstance which will require solid public support — invasions can be expected to
erode the biological integrity of oceanic island ecosystems, eventually even the last strongholds of the
endemic island biota.

Lloyd Loope
Research Biologist, U.S. Geological Survey,
Biological Resources Division, Haleakala National Park
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) Introduction

Ho’ike o Haleakala

Haleakald revealed: an opening to view our past and embrace our future
Reveal yourself, summit to sea

Project Background and Purpose

There are some 6,000 high school students in Maui County. Many of them have never seen a native
bird or experienced a native Hawaiian forest. Many of them have no reference point, no experience to
know whether the birds they see or the forests they visit are native to the Hawaiian Islands.

This lack of knowledge and experience may not be surprising. Roughly 75 percent of the original
Hawaiian forest is gone and the remnants of native forest that remain tend to be difficult to access.
Forests, scrublands, and coastal areas dominated by nonnative species are all many Hawaiian residents
know. Over 100,000 species of plants alone have been introduced to the Hawaiian Islands since the
arrival of the first Polynesians, and many of these now predominate in areas once covered by native
vegetation. Furthermore, while the Hawaiian Islands make up well under one percent of the total land
mass of the United States, 75 percent of the country’s recorded plant and bird extinctions are of
Hawaiian species.

Intimately tied to the land, traditional Hawaiian culture, values, and ways of life have declined along
with the native plants and animals. Today’s residents have little connection to the land—and little
connection with the achievements and customs of the ancient Hawaiians. Like many native Hawaiian
birds, insects, and plants, Hawaiian cultural values sometimes seemed threatened by extinction—
through lack of awareness and understanding.

Ho ‘ike o Haleakald aims to help sustain the native Hawaiian landscape and culture by helping
students establish and deepen connections to the land and the culture it supports. Project goals are to
enable high school students in Maui County—and elsewhere throughout the Hawaiian Islands and
beyond—to:

* Gain a greater understanding of island ecosystems;

* Develop an awareness of relationships between people and the environment;

* Build observation, critical-thinking, and decision-making skills;

* Feel a sense of inspiration for and shared ownership of natural areas; and
Become informed decision-makers active in the stewardship of their island home.

From Vision to Reality

Since 1996, educators from public and private Maui high schools, Haleakala National Park, Hawai ‘i
Natural History Association, The Nature Conservancy, and members of several community groups
have been sharing ideas for improving natural history education in Maui County’s secondary schools.
Out of these discussions came the idea to, in effect, bring the mountain and its fascinating array of
natural systems to the classroom.

Ho ‘ike 0 Haleakala is a fulfillment of that vision. This classroom-based curriculum provides educa-
tors with background information, resources, teaching suggestions, and activities for teaching science

Vi Introductory Information - Ho‘ike o Haleakala



and other academic skills in the context of topics and issues relevant to Haleakala, Maui, and
the other Hawaiian Islands.

Ho ‘ike o Haleakald is a multi-disciplinary, science-based environmental education curriculum that
supports State of Hawai ‘i high school educational standards, particularly in the science disciplines.
Each activity is correlated to state science standards, offering educators a way to fulfill educational
requirements using local ecosystems and issues as a context. These materials help you bring science
home for your students while fostering a strong science background and critical-thinking skills.

Today’s young people have the future of Hawai‘i in their hands. They need to know the value of our
natural and cultural environment before they can be active stewards. Ho ‘ike o Haleakala is a celebra-
tion of this unique heritage, an exploration of the modern landscape, and an invitation to stewardship.

Introductory Information - Ho'ike o Haleakala vii



,}

%‘ Wf/ How to Use This Curriculum

H6 ‘tke 0 Haleakala can be used to structure a semester-long (or longer!) course focusing on native
ecosystems and natural resource management issues. Alternatively, the modules, units, and activities
in this curriculum may be taught separately. Activities may be infused into standard science classes
and some are also suited to use in language arts, mathematics, Hawaiian studies, or social studies
classes.

Curriculum Components
The Ho ‘ike o Haleakala curriculum is divided into four modules, each of which covers a discrete
ecosystem on Haleakala. The modules—and the icons used to represent the ecosystems—are:

Alpine/Aeolian
% The wolf spider (Lycosa hawaiiensis) is an endemic species found only near the sum-

mit of Haleakala.

Rain Forest
ﬁ The ‘a@kohekohe or crested honeycreeper (Palmeria dolei) is an endemic forest bird
once found on both Maui and Moloka‘i but now found only on East Maui. It is endan-

gered.
q
’ Coastal
4527 )/ The honu or green sea turtle (Chelonia mydas) 1s an indigenous reptile that spends
= much of the year in the coastal waters around the main Hawaiian Islands, migrating up

to 800 miles to the Northwestern Hawaiian Islands for summer nesting season. The
honu is listed as a threatened species.

2 Marine
g@;& The humuhumunukunukuapua ‘a or Picasso triggerfish (Rhinecanthus rectangulus), a

common fish on shallow reef flats, was voted the Hawai‘i State Fish in 1984. Its Ha-
waiilan name means “nose like a pig.”

You’ll find the icon for each module in the header of each page of that module.

All of the pages associated with the curriculum as a whole (such as this introduction or the
glossary) are indicated by an icon depicting ‘@hinahina, the Haleakala silversword
(Argyroxiphium sandwicense subsp. macrocephalum). The ‘ahinahina is a threatened endemic
plant found only on the upper slopes of Haleakala, and associated around the world with this
place.

Each module is divided into five units, each comprised of two to four distinct activities. Each unit
and many of the activities may be used separately to supplement your existing lesson plans. Or teach
one or more units or an entire module in sequence for a more complete learning experience.

viii Introductory Information - Ho‘ike o Haleakala



Module Format \Q
Each module consists of five units. Together these units comprise a thorough exploration of \\\\

the ecosystem. Individual units in each module address key aspects of the ecosystem’s physical

characteristics, plant and animal species and relationships, and related management issues.

Module Introduction
* Ecosystem Connections—Two pages that give a visual sense of the ecosystem and, through
quotations and Hawaiian chant, illustrate its importance to humans
Photocopy these pages for students or make acetates of them to introduce the ecosystem
before beginning a module or unit.
* Ecosystem Summary—An overview of ecosystem characteristics and status
* Traditional Hawaiian Significance—A brief account of the Hawaiian cultural significance of
the life zone
* Journal Ideas—Suggested topics for journal entries or writing assignments to get students
thinking about the ecosystem
* To Get a Feel for . . . —A brief activity to introduce students to the life zone
* Units at a Glance—An overview of the five units that comprise each module, including the
topics covered, the importance of the unit, and constituent activities
* Optional Field Activities—A description of field trips, service projects, and other field learn-
ing opportunities related to the ecosystem

Five Units
Each unit includes:
* Introductory Information—Includes a brief unit overview (read aloud to students before
beginning a unit or an activity), length of the unit, and unit focus questions.
* Unit at a Glance—Activity-by-activity summary including:
- Description
Length
Prerequisite Activity (if any)
Objectives
- DOE Science Standards and Benchmarks met by the activity.
* Enrichment Ideas
Use these ideas to build on the activities in each unit. These include suggestions for inde-
pendent projects, additional research, extending the activities, and putting knowledge into
action.
* Resources for Further Reading and Research
These resources may be equally useful to both instructors and students.

Introductory Information - Ho'ike o Haleakala iX



ﬂ/ * Activity Instructions and Materials

//// - Materials & Setup—Materials and equipment needed for the activity
Instructions—Step-by-step guidance for conducting the activity

Journal Ideas—Topics for journal entries or stand-alone writing assignments

These written assignments are integral parts of each activity, often helping
students explore their personal connections with the subject matter and cement
key learning objectives. Selecting from among these—or creating your own
topics—also help you focus on the standards and objectives that are most impor-
tant to you. Some of the journal ideas are appropriate for using before and after
a unit to give students an opportunity to reflect on what they learned.

Have students keep a journal if you are teaching the entire curriculum or a
substantial piece of it. Collect journals periodically to assess student learning
and reflection. If you are teaching a single activity or unit, you may choose to use
the journal ideas as writing assignments instead of topics for journal entries.

- Assessment Tools—Ideas to help you assess student performance

- Teacher Background—Additional information, intricate activity instructions, and
other support

- Masters for Overhead Acetate Transparencies, Game Cards, and Other Instructional
Materials—These masters may be easily identified by looking for the descriptive
label in the page header (e.g., “Game Card Master”).

- Masters for Student Pages—These activity, data, or reading sheets to duplicate for
student use are easily identified by a shaded bar running the length of the page in the
right-hand margin containing the label “Student Page.”

Vocabulary Words

Technical terms and those that might be difficult for students to understand are explained or defined
in the text of student pages and enclosed in quotation marks the first time they are used. These words
are also included in the glossary that accompanies this curriculum at the beginning of each module.
This glossary is designed as an easy reference for instructors, but it may be photocopied for student
use as well. Most glossary words are followed by a notation indicating the unit(s) in which the terms
are used. Those that include no unit number notation are words common to most of the units such as
“ecosystem.”

Additional Resources

A complement of additional resources such as reports, game boards, reference books, and video
tapes accompanies this curriculum. See notations within individual activities that indicate these mate-
rials. Where possible, these materials are included in a pocket that accompanies the relevant unit.
Resources that are too large to fit in such a pocket are included separately.

X Introductory Information - Ho‘ikke o Haleakala
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Beyond the Classroom & Beyond This Curriculum §§\\
With the help of Ho ‘ike o Haleakala, you can brings Haleakala into your classroom, helping =
to make the unique natural history and ecology of the island a part of your students’ lives. The
activities that are included in Ho ‘ike o Haleakald are an excellent accompaniment to field trips,
service projects, and other activities that take students outside the classroom to experience the unique
natural environment they are studying. Each module contains suggestions and contact information for
field-based learning.

Whether you select a single activity or teach an entire course using Ho ‘ike o Haleakala, we thank
you for joining us in spreading the word about the unique and imperiled environment of our island
home.

Introductory Information - Ho'ike o Haleakala Xi
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Rain Forest Module
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® ® @ What Does the Rain Forest Zone Mean to You?
These reflections are offered by individuals involved in studying and protecting the native ecosystems
of Haleakala.

I like listening to the native birds there. The first Here are the elements and senses of life, the

time I saw an ‘i ‘iwi sipping nectar from a ruby- musty wet vapor in all her states:
red lehua blossom, I held my breath because I Lilinoe—a cool caressing mist, at times
thought that if the ‘i 7wi heard me breathing hard opaque and others rainbow-hued.
with excitement, it would be disturbed by my Hu ‘ihu ‘i—frosty icicles exuding the spectrum
loud noise and fly away. of color from leaves of red and green.

—Kalei Tsuha Ka wailele—the trickle and rush of a stream

cascading over waterfalls.

Everything covered with ferns, mosses, and —Eric Andersen

plants growing on plants
—Kim Martz and Forest Starr

Introduction - HO‘tke o Haleakala 1




Rain Forest Module

Noho Ana Ke Akua

Noho ana ke akua i ka nahelehele
1 alai ‘ia e ke ki‘ohu‘ohu

E ka ua koko

E na kino malu i ka lani

Malu e hoe

E ho‘oiilu mai ana ‘o Laka i kona
mau kahu
‘O makou, ‘o makou no a

Hllustration: John Dawson

The Gods Dwell

The gods dwell in the forest
Hidden by the mists

By the low lying rainbow

O beings sheltered by the
heavens

Clear our paths (of all that may
trouble us)

Laka will inspire and enrich her
devotees

That’s us, us indeed

Introduction - Ho‘tkke o Haleakala




Rain Forest Module

® ® ® Ecosystem Summary
Where on Haleakala?

Located between 600 meters (1968 feet) and about 1900 meters (6232 feet) elevation on the wind-
ward slopes of Haleakala.

Alpine Desert

Subalpine Dry Shrubland & Grassland

Montane Dry Forest & Shrubland

Montane Mesic Forest & Shrubland

Montane Wet Forest & Shrubland
Lowland Wet Forest & Shrubland
Lowland Mesic Forest & Shrubland

W8 Lowland Dry Forest & Shrubland

Rain forest Zone . . Lowland Dry Shrubland & Grassland

Wet Cliff

Dry Cliff
] E ] ] e,
e

Basic Characteristics N St 4, Cot e e

Rainfall in this zone is over 200 centimeters (80 inches) per year. A continuous canopy layer covers
lower subcanopy trees and understory trees and shrubs, and a ground cover layer of herbs and ferns.
Epiphytes and climbing vines and shrubs are common.

Unlike other parts of the island, there is not a distinct dry period during the year. Rain normally falls
year-round as a result of moisture-laden northeast trade winds that predominate for most of the year.

Location of remaining native ecosystems on Maui
(Map: Hawai‘i Natural Heritage Program, October 1999)

Did You Know?

In some parts of the Haleakala rain forest, rainfall can exceed 1000 centimeters (390 inches) per
year. The highest rainfall ever recorded in the Haleakala rain forest was at Kipahulu Valley in 1994
when a rain gauge measured 14 meters (551 inches) of rain in a single year!

Sixty billion gallons of surface water per year from this part of East Maui already provide much of
Upcountry and East Maui drinking water and most of the irrigation water that goes to the Hawaiian
Commercial & Sugar Company in Central Maui.

Introduction - Ho‘tkke o Haleakala 3



Rain Forest Module

Status and Threats

The native Hawaiian rain forest on Haleakala once extended from just above the coast up to approxi-
mately 2500 m (8200 ft). Much of the lower-elevation rain forest has been extensively altered by
cultivation, logging, and introduced plant and animal species. The upper rain forests are a refuge for
many species of native birds, insects, and plants. Much of the remaining native rain forest on East
Maui is designated as national park, private preserves, and state natural area reserve and forest re-
serves.

Threats to native rain forest communities include Axis deer, mongooses, black and Polynesian rats,
and mice; feral pigs, goats, and cats; nonnative slugs; a number of introduced, invasive plants; and
diseases that threaten native birds. These introduced species prey upon and compete with natives,
degrade habitat, and restrict the range of many native species to smaller and smaller areas.

® @ o Traditional Hawaiian Significance

In the traditional system of dividing the Hawaiian Islands into political regions, the ahupua‘a was
the most important land division. Ahupua‘a usually extended from the mountains to the outer edge of
the reef in the ocean, cutting through all of the major environmental zones along the way. Each
ahupua‘a encompassed most of the resources Hawaiians required for survival, from fresh water to
wild and cultivated plants, to land and sea creatures. Because of their dependence on the land’s re-
sources, the Hawaiians developed a complex system of resource management and conservation that
could sustain those resources over time. This system was tied intimately to the religious and cultural
beliefs of the Hawaiian people.

In Hawaiian tradition, the upper reaches of the native rain forest were wao akua, the realm of K,
god of war, governance, and upright growth. Humans could only enter this sacred area for specific
purposes and with permission from the gods. Below the wao akua is the wao kanaka, where people
lived, worked, and cultivated their crops.

Among those who were allowed to enter the wao akua were the skilled kia manu (bird catchers).
Colorful feathers from native forest birds were fashioned into lei, capes, and ceremonial helmets for
the ali‘i. The trained kia manu captured birds, plucked the desired feathers, and then released the
birds.

Rain forests were also the source of koa logs and other wood necessary for making traditional
canoes. From the rain forest came plants used for fiber, weaving, kapa cloth, and medicines.

In the lower-elevation wao kanaka area of the rain forest, kalo or taro was grown as a food staple,
planted along streams and drainages where it would grow naturally. Today, kalo continues to be an
important part of the culture of Hawai‘i.

The ancient Hawaiians depended upon the rain forests for food, clothing, medicine, transportation,
and building materials. They realized that their physical and spiritual well-being depended upon
perpetuating these resources and maintaining a respect for the land.

Introduction - Ho‘tkke o Haleakala 4



Rain Forest Module

® @ @ Journal Ideas

Use some or all of the following topics for student journal entries:

* Listen to the chant. How would you describe the feeling of the chant? What did it make you think
about?

* Listen to the English translation of the chant. Do you have different thoughts and feelings now that
you know what this chant means in English?

* Have you ever been to the rain forest? What are your impressions of this area?

*  What comes to mind when you think about the rain forest? What are your memories or observa-
tions of this ecosystem?

® @ @ To Get a Feel for the Rain Forest Zone

The “Rain Forest Slide Show” (Unit 2, Activity #1 “Rain Forest Slide Show”) helps students visual-
ize the rain forest and learn about basic human connections to and impacts on the Haleakala rain
forest. You may use it as an introduction for any unit or activity if you are not using Unit 2.

Introduction - HO‘tke o Haleakala 5



Rain Forest Module

® @ ® Rain Forest Units at a Glance

Unit 1
Why is the Rain Forest Wet?
Subjects

Climate of the rain forest
The relationship between rainfall, intact rain forest, and human water supply

Importance

Climate is a key factor in shaping the environmental conditions of the rain forest. Water is one of the
defining features of the rain forest, with high levels of rainfall and humidity the norm year-round. And
the rain that falls on the rain forest is also an important source of water for human use.

Activities in this unit

* Climate Connections
Students identify signs of the importance of climate and weather in traditional Hawaiian society
and in their lives. They use Hawaiian descriptions to help them describe the climate of a familiar
location.

*  Why Does It Rain on the Rain Forest?
Working with maps, students identify and explain weather patterns that influence the location of
the rain forest on Haleakala and the environmental conditions within it.

* Rain Forest on a Budget
Students create a water budget for the Haleakala rain forest and hypothesize about how changes in
the rain forest structure might affect it. They simulate these changes on a rain forest model to test
their hypotheses.

Introduction - Ho‘tkke o Haleakala 6



Rain Forest Module

Unit 2
Rain Forest Relationships
Subjects

Native plant and animal species and relationships
Structure of Hawaiian rain forests

Importance

Hawaiian rain forests are among the richest of Hawaiian ecosystems in species diversity, with most of
the diversity occurring close to the forest floor. This pattern distinguishes Hawaiian rain forests from
continental rain forests, where most of the diversity is concentrated in the canopy layer.

Activities in this unit

* Rain Forest Slide Show
Students learn about the Haleakala rain forest by watching a slide show and writing about their
feelings about the importance of preserving native rain forests.

* Rain Forest Species Research
Students research a native rain forest species, finding and presenting information about it in an
educational and attractive format.

* Rain Forest Species Presentations
Students present information about native rain forest species.

* Rain Forest Trivia
In teams, students demonstrate their knowledge of rain forest species.

Introduction - HO‘tke o Haleakala
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Rain Forest Module

Unit 3
Rain Forest Birds: A Study in Adaptation

Subjects

Native birds
Adaptive radiation and evolution

Importance

Surviving native bird species and the growing fossil record present plenty of evidence for the remark-
able diversity of bird life that evolved on the Hawaiian islands. But human pressures have altered and
continue to alter the natural dynamics of evolution.

Activities in this unit

*  Win, Lose, or Adapt Game
Students play a game to develop a basic understanding of the process of adaptive radiation, the
effects of habitat loss and competition for food, and the concepts of feeding “specialists” and
“generalists.”

* Adaptive Radiation in Hawaiian Rain Forest Birds
Through a homework reading, questions, and class discussion, students learn about adaptive
radiation in Hawaiian honeycreepers.

* Rain Forest Birds Research Projects
Students select a topic related to native Haleakala rain forest birds and conduct an independent
research project on that topic.
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Unit 4

Bogs, Pigs, and Scientists
Subjects

Montane bogs

Feral animal damage, protection, and ecosystem recovery
Field botany skills

Importance

Montane bogs are an important habitat for native rain forest plant species. Beginning in the 1970s,
damage caused by feral pigs prompted protective measures for many bogs, and created opportunities
to study the recovery of these native plant communities.

Activities in this unit

* Small Wonders: Bogs in the Haleakala Rain Forest Slide Show
Students watch and discuss a slide show to learn about montane bogs and the threats that feral pigs
pose to this unique habitat within the Haleakala rain forest.

* Bogs and Pigs Don’t Mix
Students read about Greensword Bog and the damage that feral pigs did to the native plant com-
munity there. A reasoning activity helps them identify the main threats that pigs pose to rain forest
ecosystems including bogs. Students also read about vegetation monitoring at Greensword Bog
and analyze data from that study.

* School Grounds Vegetation Survey
Students conduct a survey of vegetation on school grounds, using methods similar to those used by
researchers studying the Haleakala bogs.
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Unit 5
Weed Warriors
Subjects

Invasive plants and control measures
Values and decision-making

Importance

At least 100 of over 10,000 plant species that have been introduced to the Hawaiian Islands pose a
threat to native Hawaiian ecosystems. Resource managers are concerned about these potential invad-
ers, but some people see certain non-native plants in a different light. Differences in values and per-
spectives sometimes make decisions about invasive plant control difficult.

Activities in this unit

* Kahili Ginger Values and Perspectives
Students role-play different perspectives about a nonnative plant species and a proposal to ban the
propagation and sale of this plant in Hawai‘i. They explore different types of values and consider
how those values might affect people’s decisions and actions.

*  What Makes a Plant Invasive?
Students learn about invasive plant characteristics and how those characteristics influence manage-
ment decisions by completing homework reading, questions, and a class discussion.

* Managing Invasives on Survivor Island
Students apply knowledge and information about invasive plants to a management scenario.
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® @ ® Optional Field Activities

Getting students out in the field puts them in direct contact with the ecosystem and gives them a
context for learning. These are excellent supplements to the classroom-based activities of the rain
forest module, giving students the excitement and challenge of hands-on experiences. Here is a listing
of resources for field trips and other extensions.

Field Trips
Waikamoi Preserve

Rose Gardner Memorial Boardwalk or Bird Loop Hike

Description
Naturalist-guided hikes

Boardwalk Hike

Students walk through a plantation of introduced pine and eucalyptus species into intact native rain
forest with a guide from The Nature Conservancy. Students will see native plants and vegetative layers
of intact rain forest and common native forest birds as well as possibly the endangered ‘@kohekohe and
Maui parrotbill. The guide will help students compare the native forest with the plantation forest, and
teach them about management activities being used to protect the rain forest.

Bird Loop Hike
Students walk through native and introduced forest vegetation looking for common native forest birds.
The guide will teach students about management activities being used to protect the rain forest.

You may end either hike by eating lunch at the picnic tables at Hosmer Grove.

Field Trip Time
9 a.m. to 12 or 1 p.m. (not including lunch or travel time)

Cautions
The weather in the rain forest is most often cool and overcast, but it may also be rainy, windy, or even
warm and sunny.

What to Bring

* Rain gear, including a hood or hat

* Dress in layers to accomodate a range of weather conditions. At an elevation of 7,000 feet, this
hike can be chilly even in the summer.

* Shoes with good traction (not slippers) that will have good footing in muddy conditions

*  Water and a lunch or snacks

e Optional: Camera, binoculars

Group Size Limits
The usual group size limit is 20 people. Larger groups can be accommodated with special arrange-
ments.
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Contact

The Nature Conservancy—Maui Field Office, 572-7849

Make arrangements at least three months in advance. Parents must sign waivers for students under 18
years of age.

Fees
A donation is requested but not required. The park entrance fee is waived for educational groups doing
a hike with The Nature Conservancy.

Getting There
These field trips begin at Hosmer Grove in Haleakala National Park, about an hour and a half drive
from Wailuku.

Ke‘anae Arboretum

Description
Short, unguided walk

Students walk approximately one mile roundtrip through a lush tropical valley planted with native and
nonnative plants. In the nonnative plants section, students will see marked plantings of bamboo, palm
trees, heliconia, ginger, and other nonnative species. Students will see many varieties of native and
Polynesian-introduced plants, such as hibiscus, #i, and breadfruit. There are also plantings of different
varieties of dryland and wetland taro.

Field Trip Time
One to one and a half hours (not including lunch or travel time)

What to Bring

* Rain gear, including a hood or hat

* Shoes with good traction (not slippers)
* Water and a lunch or snacks

* Mosquito repellant

* Optional: Camera, binoculars

Group Size Limits
None for noncommercial groups

Contact

Inform the Hawai ‘i Department of LLand and Natural Resources, Division of Forestry and Wildlife
office of your field trip plans so field staff are aware that you are a school group and not a commercial
group. The number is 984-8100.

Fees
No fees
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Getting There

Enter the Ke‘anae Arboretum on foot through a marked gate off the Hana Highway, 35 1/2 miles
(about an hour drive) from Wailuku. You may want to stop and use the restrooms at Kaumahina State
Wayside, about six miles before the arboretum. Park the bus or your vehicles in one of the wide
turnouts on either side of the highway at the arboretum gate.

Connecting Your Field Trip to the Rain Forest Module

Here are some ideas for student assignments that link the field trips (especially those to Waikamoi
Preserve) to the classroom activities of the rain forest module:

* Have students take photographs or make sketches that show the five main vegetative layers of the
native rain forest (groundcover or forest floor, understory, subcanopy, canopy, and epiphytes and
climbing plants). See Rain Forest Unit 2, Activity #3 “Rain Forest Species Presentations” for an
explanatory diagram (p. 43).

* Have students bring their plant and bird species cards from Rain Forest Unit 2, Activity #2 “Rain
Forest Species Research,” and look for these species in the field.

* Have students make journal entries that reflect what they learned about management activities
designed to protect the rain forest, how and why the nonnative species they saw were introduced,
or differences they observed between the native rain forest and the introduced vegetation that has
replaced it.

Extensions
Take a Hike

Individual students or small groups may join regularly scheduled hikes to Waikamoi Preserve by The
Nature Conservancy or Haleakala National Park. Park hikes are scheduled for Mondays and Thurs-
days, and The Nature Conservancy hikes take place on the second Saturday of each month. Contact
The Nature Conservancy at 572-7849.

Join a Work Trip

The Nature Conservancy has regular work trips scheduled for the third Saturday of each month. Small
groups of up to eight students can volunteer to do trail maintenance or invasive species control on one
or more of these work days by calling The Nature Conservancy at 572-7849.

To make arrangements for a larger group or specialized service projects, contact The Nature Conser-
vancy at 572-7849. You may be able to arrange a work day or overnight trip including “roughing it” in
tents at high elevations. As with the regularly scheduled work trips, students would volunteer to do
trail maintenance or invasive species control.
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Volunteer to Maintain Trails

The Hawai‘i Department of LLand and Natural Resources Na Ala Hele Trails and Access Program
organizes volunteer trail maintenance opportunities. Individuals or groups of students over age 14 are
welcome to volunteer. Trail maintenance takes place in a variety of forested and coastal areas. Call
873-3509 for information about upcoming volunteer opportunities.

Adopt a Fence

Your class or school may volunteer for service projects through the Adopt-a-Trail and Adopt-a-Fence
programs at Haleakala National Park. You will be responsible for maintaining a specific stretch of trail
or fence under this program. Find out more about these programs and other volunteer opportunities for
individuals and small groups by contacting the park volunteer coordinator at 572-4487 or
<HALE_VIP_Coordinator@nps.gov>.
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7/ Rain Forest Unit 1

=% Why is the Rain
Forest Wet?

Overview Length of Entire Unit
Water, of course, is one of the defining features

of the rain forest environment. Rain forest plants
and animals are adapted to living with high levels
of rainfall and humidity year-round. And from
the rain forest of East Maui comes the water
supply for much of Upcountry, Central, and East
Maui. In this unit, students examine rainfall
patterns and their causes in the rain forest zone of
windward Haleakala and explore the rain forest
as a source of water for human use.

Five class periods

Unit Focus Questions

1) How are climate and weather important in
traditional Hawaiian culture?

2) What climatic forces influence the location of
the rain forest on Haleakala?

3) What are the environmental conditions for
plants and animals in the rain forest?

4) How does the native Haleakala rain forest
protect the water supply for much of East,
Central, and Upcountry Maui?

5) What effects do changes in the structure of
the rain forest have on the function of the
watershed?
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Unit at a Glance

Activity #1

Climate Connections

Students identify signs of the importance of
climate and weather in traditional Hawaiian
society and in their lives. They use Hawaiian
descriptions to help them describe the climate of
a familiar location.

Length
One period, preceded and followed by homework

Prerequisite Activity
None

Objectives

* Make connections between water-related or
weather-related Hawaiian place names and
the weather patterns on the island.

* Describe the weather in a familiar location
using Hawaiian rain descriptions.

DOE Grades 9-12 Science Standards and
Benchmarks
None

Activity #2

Why Does It Rain on the Rain

Forest?

Working with maps, students identify and explain
weather patterns that influence the location of the
rain forest on Haleakala and the environmental
conditions within it.

Length
Two periods

Prerequisite Activity
None

Objectives

e Explain trade wind patterns, orographic
lifting, the lifting-condensation level, and the
trade wind inversion.

* Relate these climatic phenomena to the
location of the rain forest on Haleakala and
the environmental conditions within it.

DOE Grades 9-12 Science Standards and

Benchmarks

DOING SCIENTIFIC INQUIRY: Students

demonstrate the skills necessary to engage in

scientific inquiry.

* Formulate scientific explanations and conclu-
sions and models using logic and evidence.

e Communicate and defend scientific explana-
tions and conclusions.

USING UNIFYING CONCEPTS AND

THEMES: Students use concepts and themes

such as system, change, scale, and model to help

them understand and explain the natural world.

e Explain the function of a given system and its
relationship to other systems in the natural
world.
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Activity #3

Rain Forest on a Budget

Students create a water budget for the Haleakala
rain forest and hypothesize about how changes in

the rain forest structure might affect it. They

simulate these changes on a rain forest model to

test their hypotheses.

Length
Two class periods, preceded and followed by a
homework assignment

Prerequisite Activity
Activity #2 “Why Does It Rain on the Rain
Forest?”

Objectives

* Identify and describe the major components

of a water budget.
* Analyze and graph data related to a water
budget for East Maui.

* Hypothesize about the impact of altering the

rain forest on the water budget.
e Manipulate a rain forest model to test these
hypotheses.

DOE Grades 9-12 Science Standards and
Benchmarks

DOING SCIENTIFIC INQUIRY: Students
demonstrate the skills necessary to engage in
scientific inquiry.

* Develop and clarify questions and hypotheses

that guide scientific investigations.

* Design and conduct scientific investigations

to test hypotheses.

* Organize, analyze, validate and display data/
information in ways appropriate to scientific

investigations, using technology and math-
ematics.

* Formulate scientific explanations and conclu-

sions and models using logic and evidence.

* Communicate and defend scientific explana-

tions and conclusions.

USING UNIFYING CONCEPTS AND
THEMES: Students use concepts and themes
such as system, change, scale, and model to help
them understand and explain the natural world.

e Explain the function of a given system and its
relationship to other systems in the natural
world.

* Explain the effect of large and small distur-
bances on systems in the natural world.

e Design or create a model to represent a
device, a plan, an equation, or a mental
image.
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Enrichment Ideas

* Find out where the water students drink at
home comes from. How about at school?
Research local issues related to water con-
sumption. LL.ook in local newspapers for
stories related to water supply or water use.

*  Write a paper about how altering the rain
forest would likely affect human water supply
or the impacts the loss of forests on Maui has
already had on rainfall and human water

supply.

¢ Find Hawaiian chants or hula about the Hana,
Kipahulu, or Ko‘olau areas, or about other
parts of the rain forest on Haleakala. Or
create original chants and dance based on the
information learned in this unit.

e Research the East Maui Watershed (which
covers the whole windward side of
Haleakala). It is the single largest source of
harvested surface water in the state. East
Maui supplies drinking water to Upcountry
and East Maui, and irrigation water to the
Hawaiian Commercial & Sugar Company in
Central Maui.

One place to start looking for informa-
tion—and another research topic in itself—is
the East Maui Watershed Partnership. The
partnership is a collaborative effort among six
public and private landowners and Maui
County to protect the 100,000-acre rain forest
core of this critical watershed. Online infor-
mation about the partnership can be found at
<ice.ucdavis.edu/~robyn/mauimgt.html>.
Students may also want to contact the major
partners directly: The Nature Conservancy,
East Maui Irrigation Company, Hawai ‘i
Department of Land and Natural Resources,
National Park Service, Haleakala Ranch,
Hana Ranch, and Maui County.

* Instead of doing the condensation demonstra-
tion in Activity #2, have students do it as a
lab.

Resources for Further Reading

and Research

Giambelluca, Thomas, and Marie Sanderson,
“The Water Balance and Climatic Classification,”
in Marie Sanderson (ed.), Prevailing Trade
Winds: Weather and Climate in Hawai ‘i, Univer-
sity of Hawai‘i Press, Honolulu, 1993, pp. 56-72.

Juvik, S. P, and J. O. Juvik, Atlas of Hawai ‘i,
third edition, University of Hawai‘i Press, Hono-
lulu, 1998. (Page 59 provides general background
about rainfall on the Hawaiian Islands.)

Juvik, J. O., and D. Nullet, “Relationships Be-
tween Rainfall, Cloud-Water Interception, and
Canopy Throughfall in a Hawaiian Montane
Forest,” in Hamilton, L. S., J. O. Juvik, and F. N.
Scatena (eds.), Tropical Montane Cloud Forests,
New York, Springer-Verlag, 1995, pp. 165-182.

Kert, Harold Winfield, Treasury of Hawaiian
Words in One Hundred and One Categories,
Masonic Public Library of Hawai‘i, Honolulu,
1986.

Loope, Lloyd L., and Thomas W. Giambelluca,
“Vulnerability of Island Tropical Montane Cloud
Forests to Climate Change, with Special Refer-
ence to East Maui, Hawaii,” Climatic Change,
Vol. 39, 1998, pp. 503-517. (Although this article
focuses on the potential effects of climate
change, it provides excellent background on the
characteristics of the cloud forest climate on
Haleakala, as well as several points of compari-
son between the windward and leeward side
climate.)

Maui Department of Water Supply at
<www.mauiwater.org>.

Pukui, Mary Kawena, Samuel H. Elbert, and
Esther T. Mookini, Place Names of Hawaii,
University of Hawai‘i Press, Honolulu, 1974.

Shade, P. J., Water Budget of East Maui, Hawaii,
U.S. Geological Survey, Honolulu, 1999.
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Activity #1

Climate Connections

® ® ® In Advance Student Assighment
* Assign the Student Page “Climate Connections” (pp. 7-9) as homework.

® @ @ Class Period One Climate Connections
Materials & Setup

*  ‘Auhea wale ana oe - E ka ua ‘Ulalena acetate (master, p. 6)
* Overhead projector and screen
e Map of Maui

For each student
e Student Page “Climate Connections” (pp. 7-9)

Instructions

1) Show the “‘Auhea wale ana oe - E ka ua ‘Ulalena” acetate. Have one or more students read the
Hawaiian chant, then read the English translation. Ask the class why they think Hawaiians would
be strongly connected to the rains and weather of specific places. Ask if they know anyone who is
a keen weather observer.

2) Ask students to share some of their responses to the questions on the “Climate Connections”
homework assignment. Begin with the place names and their meanings. Locate each place on the
map as you discuss it. Then ask several students to share their rain descriptions, and locate the
places they describe on the map as well.

3) Allow students the rest of the class period to write on one or more of the journal topics suggested
below.

Journal ldeas

*  Why was it important for early Hawaiians to observe, understand, and be able to predict the
weather?

*  Why is observing and understanding—and even predicting—the weather important to you and the
activities you do?

* Do you have friends or family who live in more severe climates than Hawai‘i? How is knowing
about the weather important to them?

* Have you ever lived in a place where it rained a lot? What was it like to live there?

Assessment Tools
* Student Page “Climate Connections”
* Participation in the class discussion
* Journal entries
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Acetate Master

Photo: Howard D Terry

‘Auhea wale ana oe - E ka ua ‘Ulalena

Auhea wale ana oe

E ka ua ‘Ulalena
Kahiko mai la i uka

I ka nani o Pi‘iholo
Ua like me Ko ‘opua
Noho mai la i ‘Awalau
Au a‘e nei ka mana‘o
E pili me ke aloha
Aloha o Makawao

[ ka ua Ukiukiu

He tiu na ka Naulu

I ke tula o Kama‘oma ‘o
O ka loa ka‘u i ana

I ka oni o ka lihilihi
Ilihia iho nei loko

I ka ukana o ke aloha
Haina mai ka puana
Makaihiana he inoa.

Oh where are you,

‘Ulalena rain,

Beautiful one of the upland

The beauty of Pi‘iholo

Is like the clouds

That nestle over ‘Awalau.

The mind reaches out

To be near the loved ones,

Beloved is Makawao

With its Ukiukiu rain,

It is a scout for the Naulu rain

On the plain of Kama‘oma‘o

I measured its length

With a single glance,

A thrill possesses me

With this thing called love,

This ends my song,

In honor of Makaihiana.
—Bishop Museum Library
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Climate Connections

Dependent upon their environment, early Hawaiians were great and careful observers of weather and
climate. Understanding seasonal patterns of temperature, wind, and rainfall, linked with lunar cycles,
helped Hawaiians know when to plant and harvest different crops, when and where to fish, and even
where and how to build their homes.

In Hawaiian society, kilo lani were the seers who were able to predict the future by looking at the
sky. Among their powers was the ability to look at the stars and moon, the atmosphere, the ocean, and
what was happening on land and tie it all together.

Kilo lani and their students (haumana) were astute observers of the heavens and the weather, and
over time built up personal storehouses of knowledge and experience about the connection between
the two. They also relied on, and added to, the body of local weather knowledge that was passed on
orally from generation to generation. Unlike the modern-day weather forecaster who can consult
computers and satellite images, the kilo lani drew their knowledge from their surroundings and carried
it in their heads.

Many Hawaiians were regional experts in the folklore and weather patterns of their home place. If
you know someone who fishes a lot or farms or surfs, you probably know a modern-day regional
weather expert. You may even be one yourself! Some people are good at observing weather patterns
and knowing what those signs mean for weather
conditions in the coming days.

Hawaiians have many names for the wind and
rain, depending on characteristics such as tem-
perature, how steady it is, where it comes from,
and so forth. From ancient times, Hawaiians have
given names to each variety of rain and wind that
is particular to each part of the islands. If you live
on Ukiu Street in Makawao, for example, you
have personal experience with the cold, wet ukiu
wind that is unique to Makawao.

Weather and water were important elements in
the lives of early Hawaiians. This is reflected in
the names of many places on the Hawaiian Is-
lands. Mauna Kea, for example, means “white
mountain.” It is named for the snow that often
caps the summit, especially in winter. Waikamoi,
the name of a stream that flows out of the rain
forest on Haleakala is interpreted by many people
to mean, “water of the moi taro.”

For fun...

Hawaiian words often have more than one
meaning.

* Look up kilo lani in the Hawaiian dictio-
nary, as well as kilo and lani separately.
What different possible meanings of kilo
lani can you come up with using the
definitions offered in the dictionary?

e Talk to your parents, grandparents,
aunts, or uncles to find out how they
define kilo lani.

*  What words have similar meanings in
the English language?
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In order to answer some of the questions below, you will need a map of Maui or Haleakala National
Park and a Hawaiian dictionary.

1) Using a map of Maui or Haleakala National Park, find at least one place that is named for water or
something associated with weather such as wind or clouds. You can use the Hawaiian dictionary to
help you. Your school library may have helpful books such as:

*  Mary Kawena Pukui, Samuel H. Elbert, and Esther T. Mookini, Place Names of Hawail,
University of Hawaii Press, Honolulu, 1974, and

» Kert, Harold Winfield, Treasury of Hawaiian Words in One Hundred and One Categories,
Honolulu, Masonic Public Library of Hawai‘i, 1986.

What is the name of the place? What does it mean?

2) On this map of Maui, place a dot where this place is located. Does the name of the place seem to
tell you anything about that part of Maui? If so, what?

a 5 WILES

9 BHKILOMETERS

Shade, P. J., Water Budget of East Maui, Hawaii, U.S.
Geological Survey, Honolulu, 1999.
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3) Think of a place that you are familiar with or that is near where you live. Write a paragraph, poem,
or chant describing the rain that typically falls there. Include how hard the rain is, what direction it
usually comes from, the time of day it generally falls, its temperature, or other characteristics that
help to identify it. In your writing, incorporate at least one rain name in Hawaiian from the glos-

sary below or another source.

Hawaiian Rain Names

‘awa — Fine rain or mist

‘awa‘awa — Fine, misty rain that frequently can
be cold

hau — Snow, ice, frost

he ua lanipali — Shower reaching to heaven, i.e.,
a very heavy shower

ho ‘okili — Fine, gentle rain, a form much be-
loved

ililani — Unexpected rain; rain from a seemingly
clear sky

kahakiki — To pour down violently with a roar,
as rain or rushing water

kehau — Mist; cold, fine rain floating in the air,
usually in the mountains

kewai — Mist merging with rain some distance
off

kili — Fine, light rain; peal of thunder; raindrops

kili hau — To fall gently, as a cold, soft shower;
to stop falling and fade away, as rain at the
end of a shower

ki‘o wao — Cool, mountain rain accompanied by
wind and fog

ko ‘iawe — Light moving shower

koko — Falling rain with light looking reddish as
it shines through

[thau — Gentle, cool rain believed to bring luck
to fishermen

ma ‘au — Rain in the upland forest; rain forest

nakikiki ‘i — Slanting rain

naulu — Sudden shower of fine rain without
seeming benefit of cloud or clouds

noe — Mist or fine rain, spray or fog; to sprinkle
a little, as fine rain; to be damp, as fog; to
rain, yet be scarcely discernible

pakakii — Rain falling in large drops

pakapaka — Heavy shower of large rain drops;
spattering noise that such drops make on a
hollow or dry substance, as on dry leaves

paki ‘o — Showery rain

paki ‘oki ‘o — Showery rain; to rain in short
showers and often

pipinoke — To rain continuously

pulepe, pulu pé — 'To rain heavily; to be
drenched

ua ‘awa — Chilly rain, cold and bitter

ua hanai — Rain that nurtures the earth

ua ho ‘okina — Continuous rainfall

ua lanipili — Several-days downpour; heavy
rain, cloudburst

ua poko — Short rain

ua po ‘o nui — Light, steady rain (literally, big-
head rain)

— Kert, Harold Winfield, Treasury of Hawaiian Words in One Hundred and One
Categories, Honolulu, Masonic Public Library of Hawai ‘i, 1986, pp. 380-382.
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Activity #2

Why Does It Rain on the
Rain Forest?

® ® ® (lass Period One Rain Forest Location and Characteristics

Materials & Setup

e “Maui Map Pack” acetates (masters, pp. 21-26)
* Overhead projector and screen

For each group of 3 or 4 students
* Student Page “Maui Map Pack” (pp. 28-30)

For each student
* Student Page “Why Does It Rain on the Rain Forest?” (pp. 31-34)

Instructions

1) Draw a simple diagram on the board or overhead showing the ocean and Haleakala. Ask students
to predict what the average annual rainfall is over the open ocean. Then ask them to predict the
highest annual rainfall ever measured at 1650 meters (5412 feet) in the Haleakala rain forest. After
gathering student ideas, share the actual data. Over the open ocean near Maui, an average of 56 to
71 centimeters (22-28 inches) of rain falls each year. In 1994, a rain gauge placed at 1650 meters
in the Haleakala rain forest measured more than 14 meters (46 feet or 551 inches) of rainfall in one
year.

2) Ask students to hypothesize why there is such a huge difference in rainfall between the open ocean
and the rain forest. Each student should write down a hypothesis. This activity will help students
determine whether their hypotheses are correct.

3) Divide students into groups of three or four. Give each group a copy of the Student Page “Maui
Map Pack.” Have them look at these maps and answer the questions on the student page.

4) Bring the class back together and discuss the questions on the student page. Use the acetates as
visual aids, and work from the teacher’s notes to guide the discussion. (These are the same maps

students received, along with a map of the location and extent of rain forests on Maui.)

5) Assign the Student Page “Why Does It Rain on the Rain Forest?” as homework.
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® ® ® Class Period Two Condensation Demonstration and Discussion

Materials & Setup

Instructions

1y

2)

3)

4)

5)

6)

Three shiny metal cans

Room temperature water to fill each can half full

A tray of ice cubes

Two thermometers (Celsius)

A stirring tool

“Condensation Demonstration Data Table” posted on the board or overhead (master, p. 27)
“Condensation Demonstration Relative Humidity Table” posted on board or overhead, or handed
out (master, p. 27)

Ask students to discuss the factors that affect the rainfall pattern on the windward slopes of
Haleakala, where the East Maui rain forest is. (The factors include the interplay among topogra-
phy, the prevailing wind patterns, and how water behaves at different temperatures.)

Ask students to discuss how condensation plays into the cycle of rainfall on the Haleakala rain
forest. (They should be able to link condensation to the formation of clouds and discuss the lifting
condensation level.)

With the class, brainstorm a list of examples of condensation from daily life.

So that students may see the condensation of water in action, do the “Condensation Demonstra-
tion” following the instructions (pp. 16-17).

After the demonstration, go through the discussion questions in the teacher background (p. 18)
with the class.

Discuss student responses to the questions in the Student Page “Why Does It Rain on the Rain
Forest?” If you need more information to help students understand the atmospheric forces that
form the trade winds and trade wind inversion see Marie Sanderson (ed.), Prevailing Trade Winds,
University of Hawai‘i Press, Honolulu, 1993, or Alpine/Aeolian Unit 2 of this curriculum.

Journal ldeas

What did you learn during this activity that confirms or refutes your original hypothesis about
what explains the difference in rainfall between the open ocean and the Haleakala rain forest?
Have you ever been in the clouds or fog? What does it feel like compared to being in the rain?

Assessment Tools

Participation in class discussion

Student Page “Maui Map Pack™ (teacher version, pp. 13-15)

Student Page “Why Does It Rain on the Rain Forest?” (teacher version, pp. 19-20)
Journal entries

12
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Teacher Version

Maui Map Pack

Use the maps provided in this activity sheet to answer the following questions:
1) Where does most of the rainfall occur on Maui? on Haleakala? What might explain that pattern?

Most rainfall on Maui and Haleakala occurs on the windward slopes of the mountains.
(On the maps, the highest rainfall looks to be about 1/3-1/2 way up the mountain.) On
Haleakala, the heavy rainfall occurs in a band that runs across the northeast flank of
the mountain and wraps around a bit toward the south.

Students do not have a lot of information to work from yet to attempt to explain the
pattern of rainfall. They might speculate that the winds pick up moisture from the
ocean and dump it when they reach land.

2) Rain forests generally occur where annual rainfall is greater than 203 centimeters (80 inches) per
year. According to the rainfall map, what parts of Maui get enough rain to support a rain forest?
(Draw an outline on the rainfall map of where you would expect to find rain forests.)

Note that this anticipated rain forest area goes all the way to the ocean for the majority
of the northeast coast of East Maui.

3) Other than rainfall, what other characteristics do you expect to find in the area where you think the
rain forests would be? (Use all of the maps provided for information.)

From the wind map, students might speculate that a lot of the rain forest area would
have light winds most of the time and that winds would tend to be blowing across the
face of the mountain there.

From the solar radiation map, they might speculate that the rain forest is cloudy.

Why Is the Rain Forest Wet? - Ho‘ike o Haleakala 13



Activity #2

Rain Forest Unit 1

Map Notes
(To accompany the map acetates, pp. 21-27)

Average Annual Rainfall on Maui (inches)

1) Notice that rainfall will support a rain forest all the way to the coastline on much of the northeast
coast of East Maui. Driving the Hana Highway will confirm that you are going through wet forest
terrain. On maps of present day ecosystems, though, the native rain forest meets the coastline in
very few areas. This is due to human disturbance in the lower reaches of the rain forest from
Polynesian settlement onward.

2) Recent data suggest that average rainfall estimates for the rain forest on windward Haleakala are
low. Hawai‘i has many precipitation gages, but the rainfall of its more inaccessible reaches (e.g.,
much of the East Maui rain forest) is largely conjectural. Beginning in 1992, researchers began
collecting climate information in this rain forest area, providing a new base of information.

New Estimates of Rainfall
Students do not have this information in their Maui Map Packs. Use it to show them the evolution of
knowledge about the rain forest, comparing it to the rainfall map that is included in the student page.

In 1992, researchers established HaleNet II, a network of four microclimate sensing stations on
windward Haleakala. This network is currently providing data in an area where very little climatic
data have been available. These measurements provide the first solid evidence to date of the extremely
high rate of rainfall (Lloyd L. Loope and Thomas W. Giambelluca, “Vulnerability of Island Tropical
Montane Cloud Forests to Climate Change, with Special Reference to East Maui, Hawaii,” Climatic
Change, Vol. 39, 1998, pp. 503-517). In addition, the data collected are providing evidence of extreme
spatial gradients for other climate variables such as humidity and solar radiation.

Based on these new data, as well as older and ongoing research and calculations, rainfall maps for
East Maui are sure to change. The data from HaleNet II suggest that past maps probably underesti-
mate the amount of precipitation within the wettest part of the Haleakala rain forest.

Prevailing Wind Patterns on Maui

This map shows how Haleakala diverts most air flow around its slopes. The prevailing trade winds
from the east-northeast split and most of the airflow goes around the mountain rather than over the top
of it.

In Prevailing Trade Winds (Marie Sanderson, (ed.), University of Hawai‘i Press, Honolulu, 1993),
Thomas Schroeder explains that this effect has to do, in part, with the trade wind inversion:

In Hawai‘i the combination of mountainous islands and persistent trade winds creates
mesoscale systems that dominate local climate.

If the mountains are below the inversion, a substantial amount of trade wind air will pass
over the barrier. This is the case for O‘ahu, where the maximum elevation in the windward
Ko‘olau Range is 960 m (3150 ft). On the island of Hawai ‘i, Mauna [.oa and Mauna Kea
are more formidable barriers. Most trade winds are diverted around these mountains except
for a small amount that penetrates the high, 2 km (6600 ft) saddle between them (p. 22).

See the teacher version of the Student Page “Why Does It Rain on the Rain Forest?” (pp. 19-20) and
Alpine/Aeolian Unit 2 for more information about the trade wind inversion and its effect on the
climate of Haleakala.
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Average Annual Solar Radiation Intensity (Watts/Meter?)

Average annual solar radiation received on Maui differs from place to place. The highest levels occur
along leeward coastal areas and at the tops of mountains.

Many factors can affect the amount of solar radiation that is absorbed and reflected before it can
reach the ground. These include air pollutants, “vog” (smog-like air pollution caused by volcanic
gases and particulates), particles of salt suspended in the air, and water vapor in the atmosphere.

Higher areas tend to receive more solar radiation because radiation traverses shorter distances
through the atmosphere to reach them.

Clouds are the most important cause of variation in solar radiation intensity (based on Atlas of
Hawai ‘i, 3rd ed., p. 50).

Limits of Native Ecosystems Before and After Human Settlement

Students do not have this information in their Maui Map Packs. Use it to show them the current
location of the native rain forest on Haleakala, as well as its past extent.

As background, you may want to look on pages 122-123 of Atlas of Hawai ‘i, 3rd ed., for generalized
maps of the extent of native ecosystems before human settlement and today. These maps help to show
patterns in where rain forests are located on all of the islands (i.e., windward mountain slopes) and
that rain forests once extended to the ocean on Maui. (Sonia P. Juvik and James O. Juvik, editors,
University of Hawai‘i Press, Honolulu, 1998.)

Human disturbance of the lower reaches of the rain forest, from the time of Polynesian settlement
onward, has converted most of the low-elevation native rain forest into a rain forest dominated by
nonnative species. This effect is clear on the acetate maps “Native Ecosystems on Maui Before Human
Habitation” and “Limits of Native Ecosystems on Maui Today.” Native rain forests still exist over
much of their historic extent, where climate conditions are conducive, but the lower elevations are now
dominated by nonnative species.

Why Is the Rain Forest Wet? - Ho‘ike o Haleakala 15
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Teacher Background
Condensation Demonstration

This demonstration is designed to help students visualize the behavior of water vapor in the trade
winds that are pushed upslope on the windward side of Haleakala. You may also use it to demonstrate
the concept of a microclimate created when moist air is trapped in a steep valley such as Kipahulu. As
this air is pushed upward through the valley, it reaches the “lifting-condensation level” the altitude at
which water vapor condenses out of rising air, forming clouds and/or rain), and the water vapor con-
denses, forming clouds and rain.

In this demonstration, you will determine the dew point of the air in your classroom and calculate
the relative humidity. “Dew point” is the temperature at which water vapor in the air begins to con-
dense. “Relative humidity” is the ratio between the amount of water vapor in the air and the highest
amount of water vapor possible in the current air temperature.

Materials
Listed in the activity instructions

Instructions
1) Measure the air temperature in the classroom.

2) Fill one can half full of room temperature water.

3) Slowly stir the water with a stirring rod, adding small amounts of ice. Ask the class to help you
watch for condensation to appear on the outside of the can. Record the water temperature when
that happens, being careful not to let the thermometer touch any ice. This is the dew point.

4) Subtract the dew point temperature from the air temperature. Use the relative-humidity table to
determine the relative humidity in the air around the beaker. (For a more accurate calculation, use
the equations that follow at the end of the questions for discussion.)
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B = Water temperature | Difference
when condensation between Relative
A = Outside air forms on the outside of | readings humidity
temperature (°C) the can (°C) (A-B) (percent)
Trial 1
Trial 2
Trial 3
Data Table
Relative-Humidity Table
Air Temp. (°C) Temperature Difference (°C)
1 2 3 4 5 6 7 8 9 10 12 14
10 88 76 65 54 44 33 23 14 4
12 89 78 67 57 47 39 29 20 11 3
14 89 79 69 60 51 42 33 25 17 9
15 90 80 71 62 54 45 37 29 22 14
18 91 81 73 64 56 48 41 33 26 19 6
20 91 82 74 66 58 51 44 37 30 24 11
22 91 83 75 68 60 53 46 40 34 27 16 5
24 92 84 76 69 62 55 49 43 37 31 20 9
26 92 8 77 70 64 57 51 45 39 34 23 14
28 92 8 78 72 65 59 53 47 42 37 26 17
30 93 8 79 73 67 61 55 49 44 39 29 20
32 93 8 80 74 68 62 56 51 46 41 32 23

Relative Humidity Around Beaker
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Questions for Discussion
1) Why did we have to wait for condensation to form?

The water temperature (and therefore the temperature of the outside surface of the
can) had to drop to the dew point.

2) When condensation formed, was the air right around the can saturated?
Yes. Relative humidity is the ratio of the actual amount of moisture in the atmosphere
to the amount of moisture the atmosphere can hold. At the dew point, condensation
begins to form because the air can hold no more moisture.

3) Why would there be a relationship between relative humidity and the dew point temperature?

At lower temperatures, the atmosphere can hold less moisture (under constant pres-
sure conditions).

4) As the moist trade winds are pushed up along the windward slopes of Haleakala, what is happen-
ing to their temperature? At some point, would you expect the air temperature to reach its conden-
sation point? What factors could influence the elevation at which that happens?

* As air rises, temperature drops.
* Yes, depending upon the moisture level in the air
*Air pressure, moisture level in the winds
5) The level at which water vapor in a rising air mass begins to condense is called its “lifting-conden-

sation level.” How does the lifting-condensation level relate to cloud formation?

The lifting-condensation level is the altitude at which clouds begin to form.
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Teacher Version

Why Does It Rain on the Rain Forest?

Use the information and graphics provided in this article along with what you learned in class to
answer the following questions:

1) On Figure 1:

a) Indicate the approximate altitude of the inversion layer.
b) Draw a line indicating the approximate lower limits of the rain forest.

Dry
/ Irvarsicn Inversion layer
i approx. 1900 m

Approx. lifting-
condensation
level

Approx. lower
limit of rain forest

Figure 1: General weather patterns on windward Haleakala From Marie
Sanderson (ed.), Prevailing Trade Winds, University of Hawai‘i Press, Honolulu,
1993.

2) Would the native rain forest extend all the way to sea level in this image? Why or why not?

Look for well-reasoned responses. In this image, the rain forest would probably not
extend all the way to the coast. The rain falling from the orographic cloud stops well
short of the coastline, leaving a broad coastal bench without orographically generated
rainfall. However, if the orographic cloud regularly gets bunched up and extends fur-
ther over the coastal bench, then there could be enough rain to support a rain forest to
the coastline.

Why Is the Rain Forest Wet? - Ho‘ike o Haleakala 19



3)

4)

5)

6)

Activity #2
Rain Forest Unit 1

Part of the rain forest on Haleakala is a zone called the “cloud forest.” The cloud forest zone is
almost always enshrouded in clouds that hug the side of the mountain. It gets moisture from the
clouds as well as rainfall. On Haleakala, the cloud forest zone is between about 1000 meters (3280
feet) and 1900 meters (6232 feet).

How do you think the lower limit of the cloud forest relates to the lifting-condensation level?
Explain your reasoning.

The lower limit of the cloud forest is approximately the same as the usual lifting-con-
densation level. The lower limit of the cloud forest would not be below the lifting-
condensation level because there are not clouds below that level. At and above the
lifting-condensation level, clouds are continually generated in the rising and cooling air
being pushed by the prevailing trade winds.

On Figure 1, draw a line that indicates the approximate lifting-condensation level. If you are able
to estimate the elevation of that level, do so on Figure 1 and explain your reasoning below. If you
are not able to estimate its elevation, what additional information do you need?

The lifting-condensation level should correspond with the bottom of the cloud layer
because that is where condensation/cloud formation begins. The lifting-condensation
level should roughly correspond with the lower limit of the cloud forest, or approxi-
mately 1000 meters (3280 feet).

Would the lifting-condensation level always be at exactly the same elevation? Explain your reason-
ing.

No. As we learned in the dew point demonstration, air pressure and atmospheric
moisture content can affect the dew point (lifting condensation level).

While the lifting-condensation level would not always be exactly the same, it should be
relatively constant, reflecting the usual range of atmospheric conditions.

‘Ohi‘a (Metrosideros polymorpha) and koa (Acacia koa) are the two main tree species in the rain
forest canopy on Haleakala. ‘Ohi‘a tends to dominate in the wettest part of the rain forest. Koa
tends to dominate where it is drier, sometimes in a mixed-species canopy along with ‘0hi‘a. More
commonly, the koa will grow taller than the ‘6hi ‘a, sometimes forming a distinct upper canopy
layer above the ‘ohi‘a.

On Figure 1, indicate where you expect ‘0hi ‘a to be the dominant tree in the rain forest and
where you would expect koa to dominate. Is there any place where the two species might co-
dominate? Explain your reasoning below.

See the graphic (p. 19) for the expected range of ‘6hi‘a and koa.

One might expect koa and ‘6hi‘a to codominate at the lower limit of the cloud forest,
where rainfall is still relatively high but lessening with loss of elevation.

20
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Acetate Master

Maui Map Pack Acetate Masters

Average Annual Rainfall on Maui (inches)

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3" ed., University of
Hawai’i Press, Honolulu, 1998.
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Acetate Master

New Estimates of Rainfall
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EXPLANATION
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P. J. Shade, Water Budget of East Maui, Hawaii,
U.S. Geological Survey, Honolulu, 1999.
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Acetate Master

Prevailing Wind Patterns on Maui
Lines and arrows represent flow lines of the prevailing winds.

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3 ed., University of
Hawai’i Press, Honoluli, 1998.
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Acetate Master

Average Annual Solar Radiation Intensity (Watts/Meter?)

Solar radiation is the amount of energy from the sun
that reaches the surface of the earth.

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3" ed., University of
Hawai‘i Press, Honoluli, 1998.
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Acetate Master

Data Table
B = Water temperature | Difference
when condensation between Relative
A = Outside air forms on the outside of | readings humidity
temperature (°C) the can (°C) (A-B) (percent)
Trial 1
Trial 2
Trial 3
Relative-Humidity Table
Air Temp. (°C) Temperature Difference (°C)
1 2 3 4 5 6 7 8 9 10 12 14
10 88 76 65 54 44 33 23 14 4
12 89 78 67 57 47 39 29 20 11 3
14 89 79 69 60 51 42 33 25 17 9
15 90 80 71 62 54 45 37 29 22 14
18 91 81 73 64 56 48 41 33 26 19 6
20 91 82 74 66 58 51 44 37 30 24 11
22 91 83 75 68 60 53 46 40 34 27 16 5
24 92 84 76 69 62 55 49 43 37 31 20 9
26 92 8 77 70 64 57 51 45 39 34 23 14
28 92 8 78 72 65 59 53 47 42 37 26 17
30 93 8 79 73 67 61 55 49 44 39 29 20
32 93 8 80 74 68 62 56 51 46 41 32 23

Relative Humidity Around Beaker
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Use the maps provided in this activity sheet to answer the following questions:

Maui Map Pack

1) Where does most of the rainfall occur on Maui? on Haleakala? What might explain that pattern?

2) Rain forests generally occur where annual rainfall is greater than 203 centimeters (80 inches) per
year. According to the rainfall map, what parts of Maui get enough rain to support a rain forest?
(Draw an outline on the rainfall map of where you would expect to find rain forests.)

3) Other than rainfall, what other characteristics do you expect to find in the area where you think the
rain forests would be? (Use all the maps provided for information.)
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Average Annual Rainfall on Maui (inches)

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3" ed., University of

Hawai’i Press, Honoluli, 1998.

Prevailing Wind Patterns on Maui
-~ _Lines and arrows represent flow lines of the prevailing winds.

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3 ed., University of

Hawai’i Press, Honolulit, 1998.
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Average Annual Solar Radiation Intensity (Watts/Meter?)

Solar radiation is the amount of energy from the sun
that reaches the surface of the earth.

Sonia P. Juvik and James O. Juvik (eds.),
Atlas of Hawai‘i, 3" ed., University of
Hawai‘i Press, Honoluli, 1998.
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Why Does It Rain on the Rain

Forest?

Over the open ocean near Maui, between 56
and 71 centimeters (22-28 inches) of rain falls in
an average year. In 1994, a rain gauge placed at
1650 meters (5412 feet) in the rain forest on the
windward flank of Haleakala measured more
than 14 meters (45.92 feet or 551 inches) of
rainfall in one year! What accounts for this
difference?

One factor that accounts for this difference is
Haleakala itself. Trade winds blowing across the
ocean from the northeast hit the mountain broad-
side and are forced upward. Some of the wind is
deflected to the sides, flowing around the moun-
tain. But much of the moist air is forced up the
mountain’s steep slopes in a phenomenon known
as “orographic lifting.” As the air travels upward

it cools. As it reaches the “dew point,” or conden-

sation point, clouds form along the mountain
slope. The moisture from these clouds and the

“orographic rain” that falls from them is what
accounts for the rain forest climates on windward
Haleakala.

The elevation at which clouds begin to form is
called the “lifting-condensation level.” In other
words, this is the level at which air that is oro-
graphically lifted reaches its condensation point.

So now you know how the clouds are formed
that make the rain that enables the rain forest to
thrive. There is more to the picture, though, if
you want to understand why the rain forest
occurs in a belt along the northeastern flank of
Haleakala. Why isn’t there rain forest all the way
to the summit?

The answer to that question has to do with the
trade wind “inversion layer.” When the rising and
cooling clouds meet the warm descending air in
the Hadley Cell (see Figure 2, p. 31), the inver-
sion layer is formed. The warm air overlying the

Figure 1: General weather patterns on windward Haleakald
(Marie Sanderson (ed.), Prevailing Trade Winds, University

of Hawai'i Press, Honolulu, 1993.)
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cooler air forms a barrier to clouds—any cloud
that is forced through the inversion layer rapidly
evaporates in the dry air above it.

Figure 1 (p. 30) illustrates the general pattern of
trade wind weather on windward Haleakala.

The clouds and rainfall are restricted to eleva-
tions below the level of the inversion layer. On
windward Haleakala, a good way to estimate the
typical elevation of the inversion layer is to look
at the upper limits of the rain forest, which are at
about 1900 meters (6232 feet).

Before humans settled on Maui, the native rain
forest extended all the way to the coastline along
much of the northeast coast of Haleakala. This
entire area receives more than enough rain to
support a rain forest. Now, however, in most of
the lower elevation areas, there are only scattered
remnants of native rain forest. It is still wet and
lush, as a drive along the Hana Highway will
prove. But ever since the time of Polynesians,
these lower reaches of the rain forest have been
favored for human settlement, farming, and other
activities. This activity has dramatically changed

the ecosystem from one dominated by native rain
forest species to one dominated by nonnative rain
forest species. In some areas, such as around
Hana, the native rain forest did not extend all the
way to the coast, even before human settlement.
Looking at the rainfall map will show you one
reason why this is the case.

Use the information and graphics provided in
this article along with what you already know to
answer the following questions about how the
interaction of climate and topography forms the
limits to the rain forest on Haleakala.

The Hadley Cell

The Hadley Cell is a part of the large-
scale circulation of the earth’s atmosphere.
Warm air rises near the equator and moves
toward the north pole at high altitudes. As
it reaches 30° N latitude, the air sinks and
circulates back toward the equator com-
pleting the Hadley Cell.

L Subsiding air

> w4y

"'-, Y
}
/ *J Riing air

Figure 2: Idealized Hadley Cell, showing vertical and
horizontal wind patterns (Marie Sanderson (ed.),
Prevailing Trade Winds, University of Hawai’i Press,

Homnolulu, 1993.)
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Questions

1y

2)

3)

4)

On Figure lof the reading (p. 30):
a) Indicate the approximate altitude of the inversion layer.
b) Draw a line indicating the approximate lower limits of the rain forest.

Would the native rain forest extend all the way to sea level in this image? Why or why not?

Part of the rain forest on Haleakala is a zone called the “cloud forest.” The cloud forest zone is
almost always enshrouded in clouds that hug the side of the mountain. It gets moisture directly
from the clouds as well as from rainfall. On Haleakala, the cloud forest zone is between about
1000 meters (3280 feet) and 1900 meters (6232 feet).

How do you think the lower limit of the cloud forest zone relates to the lifting-condensation
level?

On Figure 1 of the reading (p. 30), draw a line that indicates the approximate lifting condensation
level. If you are able to estimate the elevation of that level, do so on Figure 1 and explain your
reasoning below. If you are not able to estimate its elevation, what additional information do you
need?

Activity #2
Rain Forest Unit 1
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5) Would the lifting-condensation level always be at exactly the same elevation? Explain your reason-
ing.

6) ‘Ohi‘a (Metrosideros polymorpha) and koa (Acacia koa) are the two main tree species in the rain
forest canopy on Haleakala. ‘Ohi‘a tends to dominate in the wettest part of the rain forest. Koa
tends to dominate where it is drier, sometimes in a mixed-species canopy along with ‘0hi‘a. More
commonly, the koa will grow taller than the ‘0hi‘a, sometimes forming a distinct upper canopy
layer above the ‘ohi‘a.

On Figure 1 of the reading (p. 30), indicate where you expect ‘0hi‘a to be the dominant tree in
the rain forest and where you would expect koa to dominate. Is there any place where the two
species might co-dominate? Explain your reasoning below.
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Activity #3

Rain Forest on a Budget

® @ @ In Advance Student Assignment

* Assign the Student Page “Water in the Rain Forest—What Goes In and What Comes Out” (pp. 45-
53) as homework.

® @ @ (Class Period One Rain Forest Water Budget & Demonstration

Materials & Setup

* “Water Budget for Windward Haleakala™ acetate (master, p. 44)
* Overhead projector and screen

For each student
* Student Page “Water in the Rain Forest—What Goes In and What Comes Out” (pp. 45-53)

Four sets of the following materials for the demonstration
* Cardboard box, 17 inches long x 12.5 inches wide x 12.5 inches high (or similar)
* 33-gallon garbage bag

* Scissors

* Household sponges—enough to cover the bottom of the box
* Stapler

*  Soil

* Board or dish drainer to put under box

* Leafy branches (leaves one to two inches long)

* Plastic 1/2-gallon jug with small holes drilled into the side (not the bottom, because you have to
put water in it without letting it run out) or a garden watering can

e  Timer

* Catchment container at open end of box

* Four measuring beakers of the same size

Instructions

1) Discuss student responses to the Student Page “Water in the Rain Forest—What Goes In and What
Comes Out.” Use the “Water Budget for Windward Haleakala” acetate as you are discussing
question #3.

2) After the discussion, show the water budget acetate again, and ask students what they think would
happen to each of the water budget elements if the understory and forest floor vegetation and/or
canopy layers were disturbed or removed from the rain forest.

3) Do the “Rain Forest in a Box” demonstration following instructions in the teacher background
(pp. 40-42). This demonstration helps students visualize what happens to the forest soil layer as
rain falls in an intact rain forest, as well as one in which the understory and forest floor vegetation
and/or the canopy layers have been removed.
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4) After the demonstration, divide the class into four groups. Each group should select one water
budget element and design an experiment to test their hypothesis about the effects of clearing the
rain forest on that element. They will be conducting these experiments during the next class
period. Encourage students to use the same materials as you used for the demonstration. If a
group needs additional materials, students should bring them to the next class.

® @ o Class Period Two Testing the Effects of Rain Forest Clearing
Materials & Setup

For each student
* Student Page “The Waters of Kane” (pp. 54-55)

For the demonstration
e Same four sets of materials from Class Period One

Instructions

1) Provide each group with one set of “Rain Forest in a Box” materials. Have them conduct their
experiments by:
a) Writing the question they are trying to answer, as well as their hypothesis;
b) Writing a description of the methods they will use to test their hypothesis;
¢) Setting up and conducting the experiment;
d) Recording results; and
e) Writing their conclusions.

2) Have groups share their methods and results with the rest of the class.

3) As homework, assign the Student Page ‘“The Waters of Kane” and/or one or more of the journal
writing topics.

Journal Ideas

*  What is the likely effect of rain forest degradation on human water supply from the Haleakala
rain forest?

*  What do you think would happen to the rain forest if people started pumping large volumes of
ground water from the East Maui Watershed? How could you test this hypothesis?

*  What are some ways to reduce the growing demand for water from the Haleakala rain forest?
What can you do personally to contribute?

* Do you think surface water should be diverted from East Maui streams for agricultural and
household use in Central, Upcountry, and East Maui? West and South Maui? Why or why not?

Assessment Tools

* Student Page “Water in the Rain Forest—What Goes In and What Comes Out” (teacher version,
pp- 37-39)

* Participation in class discussion and demonstration

* Design, conduct, record-keeping, and reporting of experiment

* Student Page “The Waters of Kane” (teacher version, p. 43)

* Journal entries
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Teacher Version

Water in the Rain Forest—What Goes In and What
Comes Out

1) Using the data in Table 1: Mean Monthly Water Budget for Windward Haleakala for your calcula-

2)

3)

tions, identify the three months in which the ratio of fog drip to rainfall is the highest. Below, list
these three months and the contribution of fog drip to the water budget as a percentage of total
moisture input (fog drip + rainfall). Express percentages using two decimal places.

Top three months for fog-drip contribution Percent of total moisture input
July 26.05%
August 25.99%
September 26.43%
In the summer months, trade winds tend to be stronger and more reliable than at other times of the

year. This pattern produces a well-developed trade wind inversion. How would this seasonally
stronger atmospheric inversion help to explain the patterns in high fog-drip contribution you
identified in question #1? Explain your reasoning.

The fog zone on the windward (north) side of Haleakala volcano extends from the
mean cloud base level, at about 600 meters (1970 feet), to the lower limit of the most
frequent temperature inversion base height at about 2000 meters (6560 feet). The
high July to September ratio of fog drip to rainfall is the result of a well-developed
atmospheric temperature inversion and strong trade winds. As the moist air is forced
upslope, cloud height is restricted by the inversion, thus favoring fog rather than rain-
drop formation.

Using the data in Table 1: Mean Monthly Water Budget for Windward Haleakala and the blank
chart on the following page, create a stacked-column chart representing the relative proportion of
water-budget components for windward Haleakala. A sample stacked-column chart is shown
below.

Give this chart a title, labels for each axis, and a legend.

See the completed chart on p. 38.
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4) Using the following data, calculate the mean monthly contribution of rainfall and fogdrip (in
millions of gallons per day) to the water budgets of leeward Haleakala (zone C on the map) and
windward Haleakala (zone F on the map--see student version for map).

Water budget component Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Windward Haleakala

Rainfall 1018 1090 1300 1261 881 713 897 917 671 792 1104 1228
Fog drip 70 77 89 174 129 103 316 322 241 161 237 183
Leeward Haleakala

Rainfall 336 268 247 205 107 49 49 82 80 146 192 282
Fog drip 8 7 7 12 6 3 7 12 11 12 16 15

Data in Million Gallons per Day

Answers:

Windward rainfall 989
Windward fog drip 176
Leeward rainfall 170
Leeward fog drip 10

5) Explain the difference in relative contribution of fog drip to total moisture input between the
leeward and windward zones using the information on the map and what you know about the
climate of windward and leeward Haleakala.

The basic answer is that there is, proportionately, a much smaller fog zone on leeward
Haleakala than there is on the windward side. The windward side is subject to the
prevailing trade winds, which bring moisture-laden air from across the ocean.
Haleakala forces these winds upward (the orographic effect), forming clouds that hug
the mountainside, capped by a temperature inversion layer.

The same temperature inversion layer caps the cloud/fog layer on leeward Haleakala.
But the winds coming around the mountain and onshore from the south tend not to be
as strong, constant, or moist as the trade winds.

6) A water budget is a model based on past averages. Some people believe that a series of extremely
dry years in the late 1990s may be a sign that East Maui is entering into a prolonged period of
reduced average rainfall. If East Maui is indeed beginning a long drought, do you think this esti-
mated water budget should be used as a tool for determining how much surface or ground water
can be safely withdrawn from the watershed? Explain your response.

Well-reasoned responses are acceptable.
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Teacher Background
Rain Forest in a Box

Overview

This demonstration illustrates the importance of the layer of mosses and other vegetation that covers
the ground (and many trees) in the rain forest. This thick layer acts as a sponge in the capture and
slow release of water in the rain forest. It also illustrates how trees and vegetation slow the speed of
water onto the ground.

Materials
* Cardboard box, 17 inches long x 12.5 inches wide x 12.5 inches high (or similar)
e 33-gallon garbage bag

e Scissors

* Household sponges—enough to cover the bottom of the box
e Stapler

e Soil

* Board or dish drainer to put under box

* Leafy branches (leaves one to two inches long)

* Plastic 1/2-gallon jug with small holes drilled into the side (not the bottom, because you have to
put water in it without letting it run out) or a garden watering can

e Timer

* Catchment container at open end of box

* Four measuring beakers of the same size

Preparation
In advance of the class period, assemble the four sets of materials in the following manner:

1) Cut away the narrow (12.5 inches) end of the box.

2) Cut open the plastic garbage bag, and line the inside of the box with it. Staple the edges to the box.
3) Support the underside of the box with a board or dish drainer.

4) Put soil into the box to a depth of approx. 1 1/2 inches; pack it down.

5) Completely cover the soil with sponges.

6) Prop the back of the box up two inches, so it is on a slight slope.

7) Place leafy branches in the box so that it looks like a forest inside.

8) Place one quart of water into the 1/2-gallon jug.
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Procedure
Experiment 1 - How much water drains out with the forest vegetation

intact?
1) Explain to students what you are about to do, and have them write down hypotheses about what
will happen.

2) On one “rain forest in a box,” slowly sprinkle the quart of water onto the leafy branches. Note the
length of time this takes.

3) Let the box drain into the catchment container for one minute.

4) Pour the water and any soil into a measuring beaker or cup. If there is soil in it, let it stand awhile
so the soil can settle out. Then measure the volume of soil and water, and record the results.

5) Squeeze out the sponges and measure the water they hold. Record the results.

6) Have students compare the results to their hypotheses.

Experiment 2 — Simulating understory destruction
Using a different “rain forest in a box,” do exactly the same as above, but without the sponges.

Experiment 3 — Simulating canopy opening
Using a new “rain forest in a box,” repeat the procedure, but without the leafy vegetation.

Experiment 4 — Simulating canopy opening and understory destruction

Carry this investigation one step further by taking both the leafy branches and the sponges out and
sprinkling the water on the bare soil.

Interpretation
1) Measure the height of the soil layer in all beakers.

2) Measure the height of the water layer in all beakers.
3) Measure the height of the water taken from the sponges.

4) Make a bar graph for comparison.
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Discussion

1) Did the sponge layer do anything to retard the flow of water and soil as runoff?

2) How does the sponge layer appear to be valuable in the forest?
It slows the water getting to the ground, so the soil isn’t washed away and releases
the moisture slowly into the ground to recharge the aquifers.

3) What acts like a sponge in the rain forest?
The forest floor is covered with a mat of mosses, lichens, and low-growing plants,
along with a layer of soil and decaying plant matter that act as a sponge.

4) In nature, where does the runoff go?
Into streams and then to the ocean

5) What destroys the sponge layer in the forest?
Pigs root in the forest floor for fern roots and earthworms; the hooves of wild cattle
break up the sponge; people walking over the same area break down the sponge.

6) Discuss the role that vegetation plays in slowing down the flow of water onto the ground.
Leaves and branches provide surface area, which forces the rain water to slow as it
falls.

7) Why is it important that the rain falls slowly onto the ground?
Soil isn’t washed away.

8) Why is the topsoil valuable?
Most of the decomposition in the forest happens in the top soil layer, so all the nutri-
ents are here.
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Teacher Version

The Waters of Kane

On the following page is a translation of a mele from Kaua‘i that describes elements of the hydrologic
cycle. It is entitled “Ka Wai a Kane,” or “The Waters of Kane.” (Kane is one of the four great Hawai-
ian gods.)

Read “Ka Wai a Kane.” Then, on this page or a separate piece of paper, write your own mele that
reflects the hydrologic cycle on windward Haleakala. Be sure to include the water budget components
you worked with in this unit.

Other ideas for your mele include:

* Rain forest alterations that can or have changed the water budget,

* Specific places on East Maui,

* Inversion layer and lifting-condensation levels,

e Seasonal differences,

e Orographic lifting,

¢ Differences between the windward and leeward sides,

e Other climate characteristics you studied in this unit, and

* How people can help keep the “waters of Kane” flowing on East Maui.

Basic parameters for evaluating the students’ mele include:

e Accurate inclusion of the main water budget components (rainfall, fog drip, runoff,
evapotranspiration, soil-moisture storage, and groundwater recharge),

e Accuracy in describing/including other concepts related to the hydrologic cycle,
and

e Accurately locating places on Maui with respect to the hydrologic cycle.

You may also want to account for creativity, evidence of additional research, the range
of additional information included beyond the six components of the water budget.
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Water in the Rain Forest--What
Goes In and What Comes Out

Growing numbers of residents, tourists, and
commercial developments mean an increasing
demand for fresh water on Maui. Currently, the
main source for water to supply most of the
island’s municipal uses is on West Maui, where
wells pump water from the ‘Iao “aquifer” (an
underground source of water). The ‘lao aquifer is
near its limit and cannot support much greater
water withdrawals, so people are looking around
for other sources of water for drinking, cooking,
bathing, watering lawns and golf courses, filling
pools, washing clothes and dishes, and all of our
other daily activities that require fresh water.

One place people are looking is the windward
side of East Maui, where large sources of ground
water are still untapped. Sixty billion gallons of
surface water per year from this part of East Maui
already provide much of Upcountry and East
Maui drinking water and most of the irrigation
water that goes to the Hawaiian Commercial &
Sugar Company in Central Maui. Some people,
including the Board of Water Supply, want to tap
the “ground water,” too. (Ground water is the
water that flows and is held in aquifers below the
surface.) They look at that underground water as
a key to providing fresh water for the entire
island’s future needs.

But the water that flows above the surface
(“surface water”) and the water that flows below
it (ground water) are linked. Some people are
concerned that pumping a lot of ground water
and piping it off for use elsewhere on Maui
would reduce the flow in the springs and streams
that course down the flank of Haleakala. They
want more information about how the ground
water and surface water interact on windward
Haleakala.

One effort to provide that information was a
project completed in 1999 by the U.S. Geological
Survey in partnership with the County of Maui

Department of Water Supply and the State of
Hawai ‘i Commission on Water Resource Man-
agement (Patricia J. Shade, Water Budget of East
Maui, Hawaii, U.S. Geological Survey, Hono-
lulu, 1999). Project investigators used existing
data and models to calculate an average monthly
“water budget” for East Maui. Part of that calcu-
lation focused specifically on the wet, windward
side of East Maui between Maliko Gulch on the
west and Makapipi Stream on the east, and from
the shore to the north rim of the Haleakala sum-
mit basin. (Figure 1, p. 46 shows the study area.)
A “water budget” is simply a model that esti-
mates how much water enters and leaves a
particular area, and through what mechanism. It
is a first step in understanding a ground water
system so that water resources can be managed
well. Calculating a water budget is a complicated
undertaking that involves many measurements,
estimates, and calculations. The basic idea,
however, is simple: What goes in must come
out—or be stored somewhere within the system.
Here is the basic equation:
G=P+F-R-ET-DSS

Where:
G = “ground water recharge”
P = rainfall
F = “fog drip”
R = “runoff”

ET = “evapotranspiration”
DSS = change in “soil-moisture storage”

(Figure 2, p. 47 illustrates the basic elements of
the hydrologic cycle.)

Water Budget Equation Elements
Ground Water Recharge

This refers to the amount of water that filters
into the soil, percolating through until it reaches
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Figure 1: Area of study (Patricia J. Shade,
Water Budget of East Maui, Hawaii, U.S.
Geological Survey, Honolulu, 1999, p. 13.)

the underground reservoirs and flow-ways called  forced to rise and cool, condensing into clouds

aquifers. To calculate this amount, the other and rain. Monthly mean rainfall levels were
variables need to be known or estimated. calculated based on interpreting collected data to

create maps denoting different rainfall levels
Rainfall across the study area.

As you have learned in this unit, the rainfall _
distribution on windward Haleakala is influenced FOg Dri P
by the orographic effect. Rainfall is abundant at Also known as cloud-water interception, fog
most elevations as the prevailing trade winds are drip contributes water to the water budget
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Figure 2: The hydrologic cycle (Patricia J. Shade, Water Budget of
East Maui, Hawaii, U.S. Geological Survey, Honolulu, 1999, p. 6.)

through condensation that accumulates on the
surfaces of plants and the ground. Limited data
are available for calculating this part of the
equation on East Maui. So its contribution was
estimated based on research done on the wind-
ward slopes of Mauna Loa on the island of
Hawai‘i. As you have also learned in this unit, the
cloud (or fog) zone on windward Haleakala is
influenced by the interaction of the orographic
lifting effect and the trade wind inversion. In this
area, fog drip makes a significant contribution to
the water budget.

Runoff

Runoff is the water that flows across the land
surface and into stream channels promptly after
rainfall. It is calculated using data gathered about
streamflow in fourteen different drainage basins
on windward Haleakala. Stream flow has two

components: runoff and “base flow.” Base flow is
the part of stream flow that is sustained through
dry weather by the discharge of ground water
into the stream. So runoff can be estimated by
subtracting the base flow from the total stream
flow.

Evapotranspiration

This is the quantity of water evaporated from
soil and water surfaces added to the amount of
water evaporated as plants “transpire” (vaporize
water through their leaf surfaces). For this study,
evapotranspiration rates were estimated using
two sets of data.

Soil characteristics
Soils of East Maui have been analyzed and
mapped according to several characteristics
that affect their ability to store moisture that
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would then be available to plants. These
characteristics include “permeability rate”
(how quickly water filters through the soil),
how many inches of water each inch of soil

can store, and the average depth of plant roots

in that soil type. A maximum soil-moisture
storage value was calculated for each soil

type using these values, and the results were

plotted on a soils distribution map. The
maximum soil-moisture storage affects
evapotranspiration because it can limit the
amount of water available for plants to take
up from the soil and transpire through their
leaves.

Potential evapotranspiration
This is an estimate of the maximum evapo-

transpiration from an extensive area of well-

watered, actively growing vegetation. It is
estimated using data from standardized

evaporating pans, which are easier to collect

and have been shown to closely correspond
with actual potential evapotranspiration.

Rain Forest Unit 1

Where these data were not available, potential
evapotranspiration was estimated based on
research done on the windward slopes of
Mauna Kea on the island of Hawai ‘1.

Change in Soil-Moisture Storage
This variable is an estimate of the amount of
water actually being stored in the soil across the
study area. The volume of water stored in the soil
changes from month to month and is approxi-
mated based on an estimated initial value,
monthly changes in the other variables, and the
maximum soil-moisture storage values.

Arriving At the Water Budget

Using this basic equation, a lot of complex
modeling, and some well-calculated estimates,
researchers produced a mean monthly water
budget for East Maui. Table 1: “Mean Monthly
Water Budget for Windward Haleakala” shows
the main results for windward Haleakala. Use it
to answer the questions that follow.

Table 1: Mean Monthly Water Budget for Windward Haleakala

Water budget component Jan. Feb. Mar. Apr

Fog drip 70 77 89 174

Rainfall 1018 1090 1300 1261
Runoff -475 493  -598 -684
Evapotranspiration -203  -230 -169 -185

Ground water recharge -417  -445 -608 -571

May June July Aug. Sept. Oct. Nov. Dec.

129
881
-378
-239
-428

103 316 322 241 161 237 183

713 897 917 671 792 1104 1228
-175 286 -346  -193 -285 -509 -569
-272 230 -222 -276  -238  -204 177
-394  -678 -667 -471 -417 -596 -651

Data in million gallons per day
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Questions

1y

2)

Using the data in Table 1: Mean Monthly Water Budget for Windward Haleakala for your calcula-
tions, identify the three months in which the ratio of fog drip to rainfall is the highest. Below, list
these three months and the contribution of fog drip to the water budget as a percentage of total
moisture input (fog drip + rainfall). Express percentages using two decimal places.

Top three months for fog-drip contribution Percent of total moisture input

In the summer months, trade winds tend to be stronger and more reliable than at other times of the
year. This pattern produces a well-developed trade wind inversion. How would this seasonally
stronger atmospheric inversion help to explain the patterns in high fog-drip contribution you
identified in question #1? Explain your reasoning.

Activity #3
Rain Forest Unit 1
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3) Using the data in Table 1: Mean Monthly Water Budget for Windward Haleakala and the blank
chart on the following page, create a stacked-column chart representing the water-budget compo-
nents for windward Haleakala. A sample stacked-column chart is shown below.

Give your chart a title, labels for each axis, and a legend.

SAMPLE STACKED COLUMN CHART: Monthly Cash Flow

Legend

W After-school job
O Allowance

B Clothes

O Savings account

O Eating out
B Movies and concerts
O Gas and car repairs

o
o
=
=
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$ In and Out
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4) Using the following data, calculate the average contribution of rainfall and fog drip (in million
gallons per day) to the water budgets of leeward Haleakala (zone C on the map below) and wind-
ward Haleakala (zone F on the map below). Show your calculations on the next page.

Water budget component Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Windward Haleakala

Rainfall 1018 1090 1300 1261 881 713 897 917 671 792 1104 1228
Fog drip 70 77 89 174 129 103 316 322 241 161 237 183
Leeward Haleakala

Rainfall 33 268 247 205 107 49 49 82 80 146 192 282
Fog drip 8 7 7 12 6 3 7 12 11 12 16 15

Data in Million Gallons per Day

Survey, Honolulu, 1999, p. 13.

%
.
Z
%

%

5730 SEm3L Er 129 %
%

SR %

i - PACIFIC OCEAN %

AR A e % %

'} ...... (N 8y - This map shows %

L\ .4 gl 4 /

! E:}"If L | where the /

y - | Tl i A 500, *:} i | windward and %

. -!”;%'%,;. _ H\MH leeward fog %

S M~ | e
] ot o ; é{%_ﬂ_ B - %I" the areas for %

, ~ @Bt o \ which you are /

\ oy i{‘\ MERRIY [ . %
R 2 SR | e

| 3 : =1 > m_ﬁ 4o calculations. It /

W, .-_I‘f__.--" A —:v:;% _?’:"-‘_’_\\.1_-1 P is not used in %

sorar |- 1 lp'ldr:\____._-__,_,-- 7 ‘oI E = ﬂ%;‘/ your calcula- %
wt | (A b B Yo %

} .,.--f c 'r?:':'.;.--' F_j"""_\.-r}-..p %

i - __,_-"""- /

|-.--_L...r ".:_L‘__- e e /

bt :'r""ﬁ"rh." B e g, St %
mﬂlﬂ-l:'"f o] FTRTNT, oprirgl repreion %
EXFLANATION %

I_I FLE A HELS %

— PHYSEGHREPHN LR EHVITHE %

B  PHYSIOORAPHIC ZONE %
i /

|l|‘:.‘|!.'\|.'l... iE BASIEN DIVIDE %

- .1!'!II!.:::-"=LI!;'III:l!{.:;|I-IHILi'|I-?I'~I:|I::l;:ﬁllill:.-'-rlllllfl:n. %

ROLMDARY OF HALEAKALS NATIOMAL FARK Patricia J. Shade, Water Budget of %

i AR I S o et East Maui, Hawaii, U.S. Geological %

.

Why Is the Rain Forest Wet? - Ho‘ike o Haleakala 52



Activity #3
Rain Forest Unit 1

4) (continued) Show calculations here.

5) Explain the difference in relative contribution of fog drip to total moisture input between the
leeward and windward zones using the information on the map and what you know about the
climate of windward and leeward Haleakala.

6) A water budget is a model based on past averages. Some people believe that a series of extremely
dry years in the late 1990s may be a sign that East Maui is entering into a prolonged period of
reduced average rainfall. If East Maui is indeed beginning a long drought, do you think this esti-
mated water budget should be used as a tool for determining how much surface or ground water
can be safely withdrawn from the watershed? Explain your response.
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The Waters of Kane

On the following page is a translation of a mele from Kaua‘i that describes elements of the hydrologic
cycle. It is entitled “Ka Wai a Kane” or “The Waters of Kane.” (Kane is one of the four major Hawai-
ian gods.)

Read “Ka Wai a Kane.” Then, on this page or a separate piece of paper, write your own mele that
reflects the hydrologic cycle on windward Haleakala. Be sure to include the water budget components
you worked with in this unit.

Other ideas for your mele include:

* Rain forest alterations that can or have changed the water budget,

* Specific places on East Maui,

* Inversion layer and lifting-condensation levels,

¢ Seasonal differences,

*  Orographic lifting,

¢ Differences between the windward and leeward sides,

* Other climate characteristics you studied in this unit, and

* How people can help keep the “waters of Kane” flowing on East Maui.
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Rain Forest Unit 1

Ka Wai a Kane (The Waters of Kane)

He ui, he ni nau,

FE ui aku ana au ia ‘oe:

Aia i hea ka wai a Kane?

Aia i ka hikina a ka la,

Puka i Ha‘eha‘e

Aia i laila ka wai a Kane.

E ui aku ana au ia ‘oe,

Aia i hea ka wai a Kane?

Aia i Kaulanakala

I ka pae ‘opua i ke kai,

FEa mai ana ma Nihoa

Ma ka mole mai o Lehua,

Aia i laila ka wai a Kane.

FE ui aku ana au ia ‘oe:

Aia i hea ka wai a Kane?

Aia i ke kuahiwi, i ke kualono,
I ke awawa, i ke kahawai,

Aia i laila ka wai a Kane.

FE ui aku ana au ia ‘oe:

Aia i hea ka wai a Kane?

Aia i kai, i ka moana,

I ke Kaulau, i ke anuenue,

I ka pitnohu, i ka uakoko

I ka ‘alewalewa

Aia i laila ka wai a Kane.

FE ui aku ana au ia ‘oe:

Aia i hea ka wai a Kane?

Aia i luna ka wai a Kane,

L ke ‘ouli, i ke ao ‘ele‘ele,

I ke ao panopano,

I ke ao popolohua mea a Kane la e!
Aia i laila ka wai a Kane.

FE ui aku ana au ia ‘oe:

Aia i hea ka wai a Kane?

Aia i lala, i ka honua, i ka wai hu,
I ka wai kau a Kane me Kanaloa
He waipuna, he wai e inu,

He wai e mana, he wai e ola,
E ola no, ‘ea!

A question, a query

I put to you:

Where is the water of Kane?

At the eastern gate

Where the sun comes in at Ha‘eha‘e

There is the water of Kane.

A question, a query I put to you:

Where is the water of Kane?

Out there with the floating sun

Where cloud-forms rest of the ocean
Uplifting their forms at Nihoa

This side the base of Lehua

There is the water of Kane.

A question, a query I put to you:

Where is the water of Kane?

There on the mountain peak, on the ridges steep,
In the valleys deep, where the rivers sweep,
There is the water of Kane.

A question, a query I put to you:

Where is the water of Kane?

There at sea, on the ocean

In the driving rain, in the rainbow arch,

In the misty spray, in the blood-red rainbow
In the ghost-pale cloud form,

There is the water of Kane.

A question, a query I put to you:

Where is the water of Kane?

High up is the water of Kane,

In the heavenly blue, in the black-piled cloud,
In the thick dark cloud,

In the dark sacred cloud of the gods, indeed!
There is the water of Kane.

A question, a query I put to you:

Where is the water of Kane?

Deep in the ground, in the gushing spring
In the place of Kane and Kanaloa,

A wellspring of water, water to drink

A water of power, the water of life!

Life indeed!
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W2 Rain Forest

Relationships

Overview

In this unit, students learn about some of the
main species in the rain forests of Haleakala and
how they are related within the unique structure
of Hawaiian rain forests.

The primary canopy trees in the rain forest of
Haleakala and throughout the Hawaiian Islands
are ‘ohi‘a (Metrosideros polymorpha) and koa
(Acacia koa). At upper elevations, including the
cloud forest zone within the rain forest, ‘o0hi‘a
dominates and koa is absent. In the middle and
lower elevation rain forests, below about 1250
meters (4100 feet), koa dominates, either inter-
mixed with ‘0hi ‘a, or sometimes forming its
own distinct upper canopy layer above the
‘Ohi‘a.

These dominant tree species coexist with
many other plants, insects, birds, and other
animals. Hawaiian rain forests are among the
richest of Hawaiian ecosystems in species
diversity, with most of the diversity occurring
close to the forest floor. This pattern is in
contrast to continental rain forests, where most
of the diversity is concentrated in the canopy
layer.

Today, native species within the rain forests
on Haleakala include more than 240 flowering
plants, 100 ferns, somewhere between 600-1000
native invertebrates, the endemic Hawaiian
hoary bat, and nine endemic birds in the honey-
creeper group.

Length of Entire Unit

Five class periods

Unit Focus Questions

1) What is the basic structure of the Haleakala
rain forest?

2) What are some of the plant and animal
species that are native to the Haleakala rain
forest? Where are they found within the rain
forest structure?

3) How do these plants and animals interact with
each other, and how are they significant in
traditional Hawaiian culture and to people
today?
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Unit at a Glance

Activity #1
Rain Forest Slide Show

Students learn about the Haleakala rain forest by
watching a slide show and writing about their
feelings about the importance of preserving
native rain forests.

Length
One-half to one period

Prerequisite Activity
None

Objectives

e Become familiar with the basic characteris-
tics and structure of a native Hawaiian rain
forest.

* Describe a personal perspective on the impor-
tance of native rain forests and efforts to
preserve them.

DOE Grades 9-12 Science Standards and
Benchmarks
None

Activity #2
Rain Forest Species Research
Students research a native rain forest species,

finding and presenting information about it in an
educational and attractive format.

Length
One period plus research time outside class

Prerequisite Activity
None

Objectives

e Use written and Internet resources to find
basic information about a native rain forest
species.

* Present the information visually and in
written form.

e Describe the characteristics and habitat of a
native rain forest species, as well as its
relationship to other species, past or current
use by humans, and/or significance in tradi-
tional Hawaiian culture.

DOE Grades 9-12 Science Standards and

Benchmarks

LIVING THE VALUES, ATTITUDES, AND

COMMITMENTS OF THE INQUIRING MIND:

Students apply the values, attitudes, and commit-

ments characteristic of an inquiring mind.

*  HONESTY: Acknowledge references, contri-
butions, and work done by others.

e SELF-DIRECTED: Use research techniques
and a variety of resources to complete a
report on a project of one’s choice.
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Activity #3
Rain Forest Species Presentations

Students present information about native rain
forest species.

Length
Two class periods

Prerequisite Activity
Activity #2 “Rain Forest Species Research”

Objectives

* Make a two- to three-minute presentation
based on research conducted on a native rain
forest species.

* Create a visual representation of where in the
rain forest structure different species are
found.

DOE Grades 9-12 Science Standards and

Benchmarks

DOING SCIENTIFIC INQUIRY: Students

demonstrate the skills necessary to engage in

scientific inquiry.

* Communicate and defend scientific explana-
tions and conclusions.

Activity #4
Rain Forest Trivia

In teams, students demonstrate their knowledge
of rain forest species.

Length
One class period

Prerequisite Activity
Activity #3 “Rain Forest Species Presentations”

Objectives

* Demonstrate knowledge of rain forest spe-
cies.

* Demonstrate attentiveness to, and learning
from, other student presentations.

DOE Grades 9-12 Science Standards and
Benchmarks
None
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Enrichment Ideas

* Following the instructions in Activity #2,
research and create species cards for intro-
duced species. Here is a list of some familiar
introduced species.

Polynesian Introduced Plants

e Kukui or candlenut tree (Aleurites
moluccana)

»  Wauke or paper mulberry (Broussonetia
papyrifera)

*  Mai‘a or banana (Musa x Paradisiaca)

*  ‘Ulu or breadfruit (Artocarpus altilis)

e Kalo or taro (Colocasia esculenta)

*  ‘Awa or kava (Piper methysticum)

*  ‘Ohe or Hawaiian bamboo
(Schizostachyum glaucifolium)

e ‘Ohi‘a ‘ai or mountain apple (Syzygium
malaccense)

Recent Plant Introductions

* Kahili ginger (Hedychium gardnerianum)

* Strawberry guava and common guava
(Psidium cattleianum and Psidium
guajava)

* African tulip tree (Spathodea
campanulata)

* Liliko i or passionfruit (Passiflora edulis)

e Avocado (Persea americana)

Introduced Mammals

* Polynesian rat (Rattus exulans)

* Norway rat (Rattus norvegicus)

e Black rat (Rattus rattus)

* Pig (Sus scrofa)

e Cat (Felis catus)

e Axis deer (Axis axis)

* Small Indian mongoose (Herpestes
auropunctatus)

*  Domestic goat (Capra hircus)

* Use the rain forest species cards from Activ-
ity #2 to create a representation—such as a
large drawing, a model, or a collage—of the
Haleakala rain forest. The representation
should show the structure of the rain forest,

where different species live, and some of the
important relationships among species within
the rain forest.

e Adapt the “Web of Life Game” using the rain
forest species cards (Activity #2). This game
builds knowledge about relationships among
species. (See Alpine/Aeolian Unit 3, Activity
#4 “Web of Life Game.”)

* Make up and play different games using the
rain forest species cards (Activity #2).

* Research native species that are endemic to
Haleakala. Some of the species cards from
Activity #2, such as the one for Hawaiian
lobeliads, encompass many species. Some of
these are unique to Haleakala.

Resources for Further Reading

and Research

Hawai‘i Audubon Society, Hawaii’s Birds, 5th
ed., Hawai ‘i Audubon Society, Honolulu, 1997.

Medeiros, Arthur C., and Lloyd L. Loope, Rare
Animals and Plants of Haleakala National Park,
Hawai‘i Natural History Association, Hawai ‘i
National Park, 1994.

Moanalua Garden Foundation, Forest Treasures
(CD ROM), 2000.

Stone, Charles P., and Linda W. Pratt, Hawai ‘i’s
Plants and Animals; Biological Sketches of
Hawai ‘i Volcanoes National Park, Hawai‘i
Natural History Association, National Park
Service, and University of Hawai ‘i Cooperative
National Park Resources Study Unit, Hawai ‘i
Volcanoes National Park, 1994.
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Rain Forest Unit 2

Activity #1

Rain Forest Slide Show

® @ @ (Class Period One Setting the Stage
Materials & Setup

e “Rain Forest Slide Show” (included with this curriculum)
* “Rain Forest Slide Show Script” (pp. 6-12)
* Slide projector and screen

Instructions
1) Show and narrate the slide show using the script.

2) As homework, or for the remainder of the class period, have students write responses to questions
posed in the last segment of the slide show or the following questions:
*  What impact do you think the loss of native rain forests has had on native plant and animal
species?
* How about the ability to live and practice traditional Hawaiian culture?
* Do you believe preserving rain forest habitat on Haleakala is important? Why or why not?

Journal ldeas

* Have you ever been in the native rain forest? If so, what was it like? If not, what do you think it
would be like?

* Do you believe the Hawaiian concepts of wao akua and wao kanaka are useful today? If so, how?
If not, why not?

* Should the Hawaiian concepts of wao akua and wao kanaka be used in managing the Haleakala
rain forest today? If so, how? If not, why not? Be specific.

Assessment Tools
e Writing assignment
e Journal entries
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Teacher Background

Rain Forest Slide Show Script

Slide #1

Upper rain forest Welcome to wao akua, a place of mist, of clouds, and of spirits. In
Hawaiian tradition, these upper reaches of the native forest are the realm
of Ku, god of war, governance, and upright growth (such as trees).
Humans could only enter this sacred area for specific purposes and with
permission from the gods.

Before entering the forest, Hawaiians asked for permission from the
forest to enter and work or take its resources. They also stated their good
intentions before entering and asked for protection while they were in
the forest. Here’s a typical chant:

Noho Ana Ke Akua The Gods Dwell

Noho ana ke akua i ka nahelehele  The gods dwell in the forest

I alai ‘ia e ke ki‘ohu ‘ohu Hidden by the mists

E ka ua koko By the low lying rainbow

E na kino malu i ka lani O beings sheltered by the
heavens

Malu e hoe Clear our paths (of all that may
trouble us)

E ho‘oiilu mai ana ‘o Laka i kona  Laka will inspire and enrich her

mau kahu devotees

‘O makou, ‘o makou no a That’s us, us indeed

Slide #2
Lower rain forest Below the wao akua is the wao kanaka, an area where people live and
work and crop cultivation is extensive.

Slide #3

Rain forest aerial Rain forests are characterized by high rainfall (exceeding 80 inches
annually, but often much more) and no distinct dry period during the
year. Rain forests have developed on the eastern flanks of Haleakala as
a result of the moisture-laden northeast trade winds received during
most of the year.

Slide #4

Rain forest The native rain forest of Haleakala once extended from just above the
coast up to approximately 2500 meters (8200 feet). These areas were
home to many species of native birds, insects, and plants.
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Slide #5
Researchers in rain gear

Slide #6
Hana Hwy. scene

Slide #7
Graphic?

Slide #8
Featherwork

Slide #9
Tawi

Slide #10
Koa tree or canoe

Rain Forest Unit 2

This area receives between 80 and 300 inches of rainfall annually. In
some areas, sometimes called cloud forests, moisture comes more from
plants intercepting moisture directly from low-lying clouds and fog.
What do you think is the most rainfall ever measured in the Haleakala
rain forest? (In 1994, a rain gauge in Kipahulu Valley in Haleakala
National Park recorded 575 inches of rain!)

The wao kanaka of today has been cultivated, logged, and invaded by
nonnative plants introduced from all over the world. Although unrecog-
nizable by ancient Hawaiians, this is probably the image most of us have
of the rain forests on Maui.

What we might not realize is that the wao akua continues to thrive in the
upper reaches of the rain forest in the place of mist, clouds, and spirits.
As in earlier times, much of the remaining native rain forest is kapu or
off-limits — it is protected and preserved.

Does anyone know how ancient Hawaiians used the rain forest? (Wait
for answers, then continue with the slide show.) Here are some of the
ways . . .

Among the people who were allowed to enter the wao akua in the times
of old were the skilled kia manu (birdcatchers). Colorful feathers from
native forest birds were fashioned into lei, capes, and ceremonial hel-
mets for the ali‘i.

The trained kia manu captured birds such as this ‘i ‘iwi, the ‘00, or
‘apapane, plucked the desired feathers, and then released the bird.
‘Iiwi and ‘apapane are still fairly common today; however, many native

=6 =

Hawaiian birds, like the ‘0 ‘0 are now extinct.

Traditionally, canoes were hewn from a single koa trunk harvested from
the forest. The kahuna kalai wa‘a (expert of canoe-making) and the
necessary work party would spend days preparing spiritually before
venturing into the forest to search for the proper tree. Offerings of food
and prayer preceded the tree cutting and rough shaping of the canoe.
Guided by a spiritual protector, the canoe was then lowered down the
mountain.
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Slide #11

‘Ama ‘u fern The wao kanaka 1s where the ‘ama ‘u fern grows. In traditional Hawai-
ian culture, the ‘ama ‘u has many uses. Its trunk can be steamed and fed
to pigs, and people ate it in times of famine. The fronds were cooked
and eaten or used to thatch houses or mulch upland taro gardens.

Slide #12

Taro Does anyone know what this plant is? (Taro) Taro or kalo was grown as
a food staple. It was planted along streams and drainages, where it
would grow naturally. It was cultivated in irrigated terraces. All parts of
the kalo were harvested. The root was pounded into a paste called poi
and the leaves were eaten as green vegetables. Kalo was a sacred food
that could only be planted, harvested, and cooked by men. Women
could only eat certain types. Today, kalo continues to be an important
part of the culture of Hawai‘i.

Slide #13

‘Olona Other useful native plants from the rain forest include ‘olona. Eight
times stronger than hemp, ‘olond is an endemic plant of Hawai‘i and
highly prized as a source of tough, durable fiber for ropes and fishing
nets. In earlier times, it was commonly used as base material for ti-leaf
cloaks and feather capes.

Slide #14

‘le‘ie ‘le‘ie is a woody vine that wraps itself around the trunks of trees. The
long slender aerial rootlets were made into cordage for lashing house
posts and for securing outriggers to canoes. The rootlets were also used
in plaiting the framework for mahiole (helmets) and feather images such
as Kila ‘ikimoku, the war image of Kamahameha, and in hina ‘i (basket
fish trap). The decorative flowering branches of ‘ie ‘ie were used on the
kuahu (altar) in the halau hula as a tribute to the goddess Laka.

Slide #15

Kapa Bark from the wauke, a plant brought to Hawai‘i with the Polynesians,
was soaked and beaten into kapa, a paper-like cloth which was fash-
ioned into soft, flexible attire. Kapa made in Hawaii displayed the
greatest varieties of textures and colored designs found in Polynesia.

Slide #16

Mamaki And mamaki was used for making firm, heavy kapa from the fibers of
the mature stems. It is rougher and not as white as kapa made from
wauke and was considered second in quality to it. The leaves are
brewed into tea for use as a general tonic. You can still pick some up at
Long’s today! Though rather tasteless, the white fleshy mulberry-like
fruit is eaten by people and birds, and has some medicinal uses.
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Slide #17
Forest shot

Slide #18
Rain forest layers

Slide #19
Continental rain forest

Slide #20
Continental canopy

Slide #21
Hawaiian canopy

Slide #22
Subcanopy

Rain Forest Unit 2

The ancient Hawaiians depended on the rain forests for food, clothing,
medicine, and transportation. They realized that their physical and
spiritual well-being depended on perpetuating these resources and
maintaining a high respect for the land.

The rain forests of Hawai‘i are typically multilayered, consisting of a
continuous canopy tree layer over a lower subcanopy layer of trees and
shrubs, and even lower understory and forest floor layer of smaller
shrubs, herbs, and ferns. The dominant trees in the upper canopy filter
but do not block the sun from the lower layers and forest floor.

Hawaiian rain forests are “upside down” in comparison to the tropical
rain forests, such as the one pictured, of South America and Asia. Does
anyone know why that is? (Wait for answers, then continue.) Continen-
tal tropical rain forests are known around the world as hotbeds of bio-
logical diversity. Huge numbers of plant and animal species live in
these rain forest ecosystems.

Most of the species diversity in these continental rain forests is concen-
trated in the canopy, which can include hundreds of species of trees that
shelter a wide array of mammals, birds, insects, and epiphytes. Epi-
phytes are simply plants that grow supported by other plants. Almost
any plant that grows in the rain forest can sometimes be seen growing as
an epiphyte, for at least part of their life. In fact, a distinguishing rain
forest feature is the abundance of epiphytes on tree trunks and branches.

By contrast, in Hawaiian rain forests, the canopy is dominated by just
one or two species, usually ‘0hi‘a and koa, or both. Some forest birds
and insects live primarily in association with these two species of
canopy trees. Also, the only native mammal that lives in the Haleakala
rain forest is in these trees. Who knows what that mammal is? (The
‘ope ‘ape ‘a or Hawaiian hoary bat. It may be found roosting in these
trees during the day.)

Greater diversity is displayed in the subcanopy or the second tree layer
of the Hawaiian rain forests, where up to ten species form an open to
closed canopy ranging in height from about 20 to 40 feet. ‘Olapa is
perhaps the most abundant tree species and is often seen growing
ephiphytically on much larger ‘ohi‘a trees.
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Rain Forest Unit 2

Slide #23

Understory Most of the biological diversity in Hawaiian rain forests is contained in
the understory, especially the ground-cover or forest floor layer. In this
lowest layer of the forest, a profusion of shade-loving native plants that
require cool, humid conditions thrive. This tapestry of plant life in-
cludes various ferns, herbs, shrubs, and saplings of canopy tree species.
Chief among these are the ferns and fern allies; more than 100 species
are found in the rain forests of Haleakala. Some of the most abundant
terrestrial ferns of the rain forest are hapu ‘u (tree fern), palapalai, and
‘ama‘u.

Slide #24

Herb or shrub Sharing the forest floor with the ferns are native herbs, shrubs, and
saplings of canopy tree species. The most abundant herbaceous flower-
ing plants of the rain forest floor are ‘ala‘ala wai nui, weak-stemmed
trailing members of the black pepper family. Shrub species most com-
monly encountered are the ‘6helo kau la‘au, pitkiawe, kanawao and
young growth of trees such as ‘0lapa, ‘0hi‘a, and kolea.

Slide #25

Smilax (hoi kuahiwi) Unlike many other tropical forests, Hawaiian rain forest do not support
large numbers of climbing vines, also known as lianas. Nonetheless,
several native vines are notable components of many forests. These
include ‘ie‘ie, a fibrous-stemmed, prickly-leaved climber in the
screwpine family that was noted earlier as important to early Hawaiians,
and hoi kauhiwi or smilax. This Hawaiian endemic vine has promi-
nently veined, heart-shaped leaves and smooth or bumpy twining stems.

Slide #26

Mint More rarely encountered are delicate vines in the mint family.
Stenogyne, a small vine with oblong, scallop-margined leaves, is the
most frequently seen Hawaiian mint. Hawaiian mints are often called
“mintless mints.” Does anyone know why? (They lack the strongly
scented oils most mints have . . . that give us peppermint, spearmint,
etc.) They are highly palatable to non-native ungulates like cattle, goats,
and pigs; thus, they have been eliminated or much reduced in pig-
impacted forests.

Slide #27

Epiphyte Common epiphytes include most species of mosses and lichens, the
flowering ‘ala‘ala wai nui, many small ferns, and larger plants such as
the shrubby ‘dlapa, which often get their start in life by taking root in
crevices of other trees. In these forests, epiphytes and trees may be so
intertwined that it is difficult to identify the original host tree.
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Slide #28
Endemic species

Slide #29
Drosophila

Slide #30
Cyanea horrida

Slide #31

Geranium multiflorum

Slide #32
Po‘ouli

Slide #33
Degraded rain forest

Rain Forest Unit 2

While Hawaiian rain forests are among the most species-diverse ecosys-
tems on this isolated archipelago, they are relatively species-poor when
compared to continental rain forests. Hawaiian rain forests, however, do
support a large number of endemic species, found nowhere else in the
world.

The rain forests of Hawai‘i support a large array of insects and spiders.
This fly is one of over 500 species of flies in the Drosophilidae family
that have been identified in Hawai‘i. Nearly one-quarter of the known
species in this family are found in Hawai ‘i, including many that are
narrowly endemic. That means that they occur in only a very small area.
Hawaiian Drosophila flies are an example of explosive adaptive radia-
tion, an evolutionary process through which a large number of divergent
and unique species arise from a single common ancestor species. Some
researchers believe that Hawaiian rain forests offer a unique opportunity
for studying evolution in action. Does anyone know how these flies
attract mates? (The males compete with each other by doing a dance to
attract females. The females select the best dancers.)

Examples of endemic species known only from the rain forests of
Haleakala are ‘O0ha or lobelias such as Clermontia tuberculata and
Cyanea horrida.

Other endemic Haleakala species are two geraniums or nohoanu. This
Geranium multiflorum is known only from East Maui. Since endemic
species are often known from a limited area, it is not surprising that
many, such as this one, are considered in danger of extinction.

The rain forests of Haleakala also provide essential habitat for 13 en-
demic birds, eight of which are federally listed as Endangered Species.
Early in 2001, there were only three known po ‘ouli on the slopes of
Haleakala. This is one of them.

Although rugged terrain and dense growth may seem to offer the
Haleakala rain forest some protection, these forests are under continu-
ous pressure by feral pigs and goats, rats and mice, invasive alien plants,
and diseases that threaten the native birds.
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Slide #34

Fencing crew Haleakala National Park, the State of Hawai‘i, The Nature Conservancy
and the East Maui Watershed Partnership have active management
programs in the rain forests of Haleakala including fencing, feral
animal control, invasive plant control, and research.

Slide #35

Original rain forest extent  Like most other native ecosystems on Maui, the native rain forest has
been significantly reduced in size since people came to this island.
Originally reaching to the ocean in a broad band across the windward
side of Haleakala . . .

Slide #36

Today’s rain forest extent Today the native rain forest covers a much smaller area and is cut off
from the ocean by a swath of landscape altered by humans. The remain-
ing intact native rain forests are by and large in higher elevations.

Slide #37

Forest shot These rain forests of Haleakala, considered wao akua by the early
Hawaiians, continue to hold mysteries and unique flora and fauna that
many people want to protect and value for this and future generations.
Do you think it’s important to protect and value these forests? Why
does it matter? What can you do about it? Think carefully about these
questions—because they’re your homework assignment!
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Activity #2

Rain Forest Species Research

® @ @ Class Period One Species Cards
Materials & Setup

* Research materials: at minimum the three listed in #3 below, and others that you can gather or
check out of the library [See the Student Page “Rain Forest Species Cards” (pp. 36-41) for sug-
gested resources. |

For each student
* Student Page “Rain Forest Species Cards” (pp. 36-40)
* One card from the “Rain Forest Species Assignments” (master, pp. 27-35)

Instructions

1) Hand out the Student Page “Rain Forest Species Cards” to each student. Also give each student
one Species Assignment card—a different species for each student. There are 36 species total.

2) 1If you have a smaller class, you may select a representative sampling from the species cards,
making sure you have a blend of invertebrates, birds, and plant species from the canopy,
subcanopy, understory, forest floor, and vines categories. See the teacher background “Rain Forest
Species Card Information Summary” for species that fit in each category (pp.15-26).

OR
You may offer extra credit to students who create more than one species card.

3) For the rest of this class, as homework, and during the next class period, students will create a card
for the species assigned to them. The primary information resources available as part of this
curriculum are:

Hawai‘i Audubon Society, Hawaii’s Birds, 5th ed., Hawai‘i Audubon Society, Honolulu, 1997.

Medeiros, Arthur C., and Lloyd L. Loope, Rare Animals and Plants of Haleakala National
Park, Hawai‘i Natural History Association, Hawai‘i National Park, 1994.

Moanalua Garden Foundation, Forest Treasures (CD ROM), 2000.

Stone, Charles P., and Linda W. Pratt, Hawai ‘i’s Plants and Animals; Biological Sketches of
Hawaii Volcanoes National Park. Hawai‘i Natural History Association, National Park Service,

and University of Hawai ‘i Cooperative National Park Resources Study Unit, Hawai‘i National
Park, 1994.

Additional sources of information can be found in the library and on the Internet. A beginning
listing of resources is part of the student page.
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4) Encourage students to create their own images for the species card rather than using the one on the
Species Assignment card. Also encourage them to bring to the next class art supplies, reference
books they have at home, and species information they photocopy from printed sources or down-
load from the Internet so they can work on their species cards during class.

Note
If you have difficulty locating resources for student research or if you do not want students to research
the species cards, give each student the relevant information from the teacher background (pp. 15-26).
Students can create their species cards using this information.

® @ o Class Period Two Rain Forest Species Cards
Materials & Setup

e Research materials (see Class Period One)
* Colored pens, pencils, scissors, glue and other supplies for student use in creating species cards

Instructions
1) Allow students to finish their species cards during this class period.

Journal ldeas

* Make up a chant or a poem about your rain forest species.
*  What was the most interesting thing you learned about your species? Why?

Assessment Tools

* Rain forest species cards
* Journal entries
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Teacher Background
Rain Forest Species Card Information Summary

The following summarizes some of the available information about each species. You may use these
summaries to help check students’ work. Note: Unless otherwise noted, “endemic” refers to the
Hawaiian Islands, denoting species that today are thought to be unique to one or more of the Hawaiian
Islands.

NATIVE INVERTEBRATES

Haleakala flightless lacewing (Pseudopsectra lobipennis)

* Endemic to Haleakala

* It no longer has lace wings. Its hardened and beetle-like front wings cup and protect its body and its
rear wings are small and strap-like.

* In spite of alien rodent predators, this rare insect still survives in the dense rain forests of Kipahulu
Valley within the park.

* The adults hunt at night on tree trunks.

Hawaiian crickets
(Family Gryllidae, one indigenous genus [Paratrigonidium] and 3 en-
demic genera [Leptogryllus, Thaumatogryllus, and Prognathogryllus)

* All Hawaiian crickets are brown and flightless.

* Some are loud, strong “singers.” A male cricket sings by rubbing his wings together to attract fe-
males of his species. Each species has a unique song.

e [t lives in ‘0hi‘a and koa rain forests up to 1500 meters (4920 feet) in elevation. Within Haleakala
National Park, most are found in the rain forests of Kipahulu Valley.

* Alien rodents (mice and rats) prey on these rare insects.

* The number of named, endemic Hawaiian crickets is over 200 species, twice the total known for the
continental U.S. One species is named kipahulu after Kipahulu Valley.

Hawaiian ground beetles (Family Carabidae)

* Ground beetles prey on arthropods and snails.

* Ground beetles are an example of adaptive radiation. The 215 endemic species of ground beetles on
the Hawaiian Islands are believed to have evolved from as few as six original immigrants.

* Ground beetles are found in many different natural communities on Haleakala including high-
elevation shrublands, the alpine/aeolian zone, and the rain forest.

* In the late 1980s, scientists discovered and described two new species of ground beetles inside deep
lava tubes in Kipahulu Valley.
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Hawaiian long-horned beetles (Plagithmysus spp.)

* Endemic genus (There are other genera of Hawaiian Long-Horned Beetles, as well.)

* The larvae of these wood-boring beetles feed within living, often damaged trees. Females lay their
eggs in the bark of trees. On hatching, the larvae burrow into the wood, feeding there for a year or
more before pupating into adult beetles.

* Most often, one beetle species has only one tree species as its host. Plagithmysus cheirodendri is
endemic to East Maui and feeds exclusively on the wood of kolea trees. Other long-horned beetles are
associated with koa.

* Wood-boring beetles are an example of adaptive radiation. Over 136 species are believed to have
evolved from a single ancestral species that arrived on the islands millions of years ago, probably from
North America.

* Long-horned beetles are found in many different natural communities on Haleakala. The most
common is associated only with the mamane tree, some are found only in rain forests, and one species
has adapted to feed only on the ‘@hinahina in the alpine/aeolian zone.

* The Maui parrotbill, a Hawaiian honeycreeper, uses its bill to tear apart plant stems in search of the
pale larvae of these beetles, one of its primary foods. The naturalist R. C. L. Perkins found that the
stomachs of the parrotbills he collected in 1894 were filled with long-horned beetle larvae.

Haleakala weevil (Oodemas spp.)

* Endemic genus

* These weevils are also known as snout beetles, for their long snout. They have small (1/4-inch long),
shiny, black, rounded bodies that resemble seeds.

* At least 15 species of Oodemas are known from Haleakala, either in the deep rain forests or in native
shrublands.

* The 58 species of small, rare Oodemas weevils are found only on the Hawaiian Islands. They seem
to have no close relatives in the rest of the world.

* These weevils are a favorite food for birds. The adults hide under bark and in mosses and leaf litter
during the day. They emerge under cover of darkness to feed on native plants and to mate.

Hawaiian carnivorous inchworm (Eupithecia spp.)

* Endemic genus

* The larvae of at least 18 species of Hawaiian moths have abandoned the usual vegetarian diet of
caterpillars throughout the world. These caterpillars practice ambush predation, in which they settle on
the edges of leaves or on plant stems waiting for a tiny spider or insect to approach.

* These carnivorous species are related to other Eupithecia moth species on Haleakala that feed on
flowers, seeds, leaves, and other plant parts.

* The first species of carnivorous inchworms was discovered in 1972.

* These inchworms are about 1.25 centimeters (.5 inch) long.

* There are at least 18 different species using different types of perch sites. They are colored and
shaped to blend in with their favored hunting sites. Some that perch on moss-covered tree trunks even
look mossy themselves!
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Happy-face spider (Theridion grallator)

* Endemic

* These spiders are found in many of the rain forests of Hawai ‘i, although they may be difficult to
spot.

* Happy-face spiders are named for the bright patterns that appear on their abdomens. Some of these
patterns resemble smiling faces.

* They are so small that you need a magnifying glass to really appreciate their markings. Including
their legs, they are only 1.25-2 centimeters (about .5-.75 inch) long.

* They live under the leaves of rain forest trees and shrubs such as kanawao (Broussaisia arguta),
kawa ‘u (llex anomala), and ‘oha wai (Clermontia spp.). They spin irregular-shaped webs in which
they catch their prey.

* Females lay eggs on the underside of leaves. Once the tiny spiderlings hatch, the mother captures
food for them, wrapping it in silken loops.

Pulelehua or Kamehameha butterfly (Vanessa tameamea)

* Endemic (One of only two butterflies native to Hawai ‘1)

* A striking orange, black, and white butterfly that measures about five centimeters (two inches)
across.

* Most commonly found in mesic woodlands and low- to mid-elevation wet forests. Higher-elevation
rain forests and dry forests are less favored but still provide habitat for these butterflies.

* Larvae of this butterfly feed on the leaves of the mamaki (Pipturus albidus) and other native plants
that, like mamaki, belong to the nettle family (Urticaceae). Parts of the caterpillar resemble mamaki
flower clusters, and the chrysalis looks like a dead, curled-up leaf.

* Adult pulelehua feed on nectar from many native plants and are probably important pollinators for
those plants.

Picture wing flies (Family Drosophilidae)

* There are more than 800 species of Hawaiian Drosophila. They are a premier example of adaptive
radiation.

* Drosophila species now occupy a range of habitats. Different species feed on different food items,
including rotting fruit and leaves, tree sap, and fungi.

* About 100 of the Hawaiian Drosophila species are “giant” picture wing flies. With wingspans up to
2.5 centimeters (one inch), these flies have ornate wing and body patterns that enable the different
species to recognize each other.

» Male flies set up breeding territories called “leks” and attract females there. Males have evolved a
wide array of courtship behaviors that have been recorded by scientists studying the role of sexual
selection in the development of new species.

* Like many of the native arthropod species in Hawai ‘i, most of these fly species are endemic to single
islands, and even to very small areas on specific islands. Since their populations are often small and
have a limited range, they are especially sensitive to habitat changes.
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Flying earwig Hawaiian damselfly or Pinao ‘ula (Megalagrion nesiotes)
* Endemic to East Maui and Hawai ‘i

* This species was recently rediscovered on Maui after 75 years with no specimens collected there.
Originally known from both East Maui and Hawai ‘i, this damsefly is likely to be extinct on Hawai ‘i
Island.

* “Flying earwigs” got their name from the pincer-like appendages on the tip of the male fly’s tail.

* Adults tend to fly and perch low amidst the tangled vegetation of the rain forest understory. Unlike
many other damselfly species, this species tends to live well away from ponds and streams.

* Observations suggest that breeding habitat is probably fern banks, steep and moist slopes, and
scattered pockets of water, such as those collected in the leaves of rain forest plants.

* Away from the water, the pinao ‘ula often makes its home in the pa ‘iniu plant.

Tree snails (Partulina spp.)

* Endemic

* Tree snails range from one to 7.5 centimeters (1/3 to three inches) in length. Their color ranges from
white to brown to black, and many are banded. There is a great deal of variation in size, color, pattern,
and shape.

* Graze on microscopic algae or fungi

* Various sources of introduced biota have had a negative impact on the snails and their habitat, among
them the “cannibal snail” which was originally introduced to control the African snail. This predator
eats the tree snail young and eggs. Rats are another chief predator on native tree snails.

* The “singing” tree snails were famous among European naturalists after early explorers brought
specimens back from the Hawaiian Islands. It took about 50 years before crickets were found to be the
source of the song!

NATIVE BIRDS

‘I'iwi (Vestiaria coccinea)

* Endemic

* A member of the Hawaiian honeycreepers, a group that at one time included some 52 species de-
scended from one original finch species. The honeycreepers are an example of adaptive radiation.

* The ‘i‘iwi is about 15 centimeters (six inches) long, scarlet-orange in color, with a deeply curved,
orange bill.

* The ‘i‘iwi prefers nectar but will sometimes eat insects and spiders, and feeds its young on insects. It
is often found high in the canopy, feeding in flowering ‘6hi‘a trees. It can also be found lower in the
rain forest dipping into the long, curved flowers of mints (Stenogyne spp.), other native plants, and
introduced species.

* [ts feathers were prized by Hawaiians for use in making feathered capes for royalty.

* [t is not as common on Maui as the ‘apapane and the ‘amakihi, but is still widespread at upper
elevations. (It is very rare or extinct on O‘ahu, Moloka‘i, and Lana‘i.)

* ‘I“iwi build their nests five meters (16 feet) or higher up in trees.
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‘Apapane (Himatione sanguinea)

* Endemic

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* The red plumage of these 13-centimeter (five-inch) birds matches the color of the red ‘ohi‘a lehua
blossoms perfectly. It is often found in the forest canopy searching for nectar from the ‘ohi‘a, but it
also frequents flowering koa and mamane trees.

* The ‘apapane forages in the forest canopy for nectar and insects.

* This species often nests in the crowns of ‘6hi‘a lehua or in tree ferns, but its nests have also been
found in lava tube skylights.

* The ‘apapane is among the most common honeycreepers in the state. Its range extends from the rain
forests into upper-elevation shrublands and even into planted forests. Unlike many other honeycreep-
ers, it is still found down to sea level in some areas.

* [ts feathers were used in some Hawaiian featherwork.

‘Amakihi (Hemignathus virens).
Also, Maui ‘Amakihi (Hemignathus virens wilsoni) a Maui endemic

subspecies

* Endemic

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* This yellow-green bird measures about 11 centimeters (4.5 inches) in length and has a downcurved
bill, shorter than that of the ‘i ‘iwi.

* The ‘amakihi feeds on nectar, insects, spiders, and fruit from forest trees and plants.

* [t generally nests in uppermost tree branches.

* The ‘amakihi is among the most common honeycreepers in the state. Its range extends from the rain
forests into upper-elevation shrublands and even into planted forests and higher elevation residential
areas such as Kula and Keokea.

‘Alauahio or Maui creeper (Paroreomyza montana)

* Endemic to Haleakala (formerly also found on West Maui and Lanai)

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* Found on East Maui only, most commonly in the rain forest but also in the upper-elevation
shrublands.

* Females of this small (11-centimeter or 4.5-inch) species of honeycreeper are green, the males
yellow-green.

* They forage in pairs or small flocks, usually in the trees and shrubs of the rain forest understory,
feeding on insects and spiders. Less often, they will feed on the nectar of ‘60helo and ‘6hi‘a flowers.
* Often, an ‘alauahio will be seen high above the forest floor, gleaning insects from the bark of a koa
tree.
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‘Akohekohe or Crested honeycreeper (Palmeria dolei)

* Endemic and endangered

* Once found on both Maui and Moloka‘i but now restricted to East Maui

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* This primarily black bird sports a distinctive tuft of head feathers that range in color from light gray
to light orange. It is one of the larger honeycreepers at 18 centimeters (seven inches) in length.

* [t is an aggressive bird that often drives off other honeycreepers from flowering trees, enforcing the
top end of a “pecking order” among nectar-sipping forest birds.

* [t builds its nests in tree tops high in the upper canopy.

* [t feeds primarily on the nectar of ‘0hi‘a blossoms. Its crest probably aids in pollinating the brush-
like flowers of the ‘0hi‘a. ‘Akohekohe will take nectar from other native plants, and it also eats insects
such as caterpillars.

Po’ouli (Melamprosops phaeosoma)

* Endemic to Haleakala (The po ‘ouli is endangered, with a population possibly numbering only three
individuals in early 2001.)

* First described in 1973 on the upper northeastern slopes of Haleakala

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* The name po ‘ouli means “dark-headed,” which is an apt description of this small (14-centimeter or
5.5-inch-long) honeycreeper. Brown above and pale gray below, po ‘ouli wear a dark mask over the
face and head.

* [t builds its nest of twigs, lichens, mosses, and grasses high up in the ‘0hi‘a canopy.

* [t forages in understory shrubs and trees tearing at bark, mosses, and lichens on branches looking for
invertebrates such as native tree snails and wood-boring larvae.

Maui parrotbill (Pseudonestor xanthophrys)

* Endemic to Haleakala and endangered.

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* Parrotbills are small birds (14 centimeters or 5.5 inches long) that are mostly olive green with yellow
and brown markings, a bold eye stripe, and a large bill that resembles a parrot’s.

* The Maui parrotbill is a flocking bird. With its low numbers, it is often seen in flocks with ‘alauahio.
* [t is found in the shrubs and trees of the rain forest understory and subcanopy, foraging for insect
larvae in woody branches and stems. It can be found in ‘0hi‘a and ‘6hi‘a-koa rain forests, as well as in
koa-dominated forests.

* The Maui parrotbill uses its beak like a can opener to split and crack branches, prying out insect
larvae with its tongue and upper mandible.

* There is no known Hawaiian name for this species.
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Nukupu’u (Hemignathus lucidus)
Also, Maui Nukupu’u (Hemignathus lucidus affinis), a Maui endemic

subspecies

* Endemic and endangered, possibly extinct. (The last birds were seen in the 1980s.)

* This bird is a member of the Hawaiian honeycreepers, a group that at one time included some 52
species descended from one original finch species. The honeycreepers are an example of adaptive
radiation.

* Yellow and olive-green birds range from 11 to 14 centimeters (4.5-5.5 inches) long with a long,
curved upper mandible.

* The nukupu ‘u uses its upper bill to search in bark crevices for spiders, caterpillars, Oodemas weevils,
and other insects.

* [ts preferred habitat, the koa forest, has been destroyed on a large scale, occupying only a small part
of its original range. Now, with the koa forests dramatically decreased in size, and the presence of
malaria-carrying mosquitoes at lower elevations, the nukupu ‘u is most commonly found in ‘6hi ‘a-
dominated forests above 1500 meters (4,920 feet).

NATIVE PLANTS

Canopy
‘Ohi’a (Metrosideros polymorpha)

* Endemic

* Polymorpha means “many forms.” This species is found in a variety of forms, both within and
outside the rain forest. Geographically speaking, its closest relatives occur in Australia.

* In the rain forest, it may grow straight and tall, reaching a height of 18 m (60 feet) or more. In the
cloud forest zone, a part of the rain forest where most moisture comes from a nearly-constant cover of
fog and clouds, the tree is smaller, with a gnarled and twisted trunk and leathery leaves. In the extreme
wet of mountain bogs, ‘0hi‘a stands only a few inches high.

* This is the dominant tree in the wetter rain forests at middle and upper elevations. It forms a nearly
continuous canopy in these areas.

* Although its flowers are adapted to wind pollination, native birds feeding on nectar also assist in
pollination.

* [t may begin its life as an epiphyte—a plant that grows using another plant for support, and taking
nutrients from air and rainwater. Wind-blown seeds often lodge and germinate on tree fern trunks.

e ‘Ohi‘a wood is important in Hawaiian canoe-making, used for the gunwale (mo ‘o) of the canoe
because it is hard enough to take the constant rubbing of the paddle. It was also used for the seats,
spreaders, decking, and mast of the canoe, and for the ridgepoles, posts, rafters and thatching poles in
houses.

* In Hawaiian tradition, it is believed that picking the blossoms causes rain.
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Koa (Acacia koa)

* Endemic (Geographically speaking, its closest relatives occur in Australia.)

* Koa can reach heights of 30 meters (100 feet), piercing the ‘0hi‘a lehua canopy in places and tower-
ing above the rain forest.

* Koa may dominate the canopy in relatively drier parts of the rain forest. Sometimes it shares the
canopy with ‘ohi‘a. In other places, the koa will grow taller and can form a distinct upper canopy layer
above the ‘ohi‘a.

* Koa forests have been greatly diminished by logging and ranching. These trees are slow-growing and
not easily renewable.

* Koa 1s the host to many rain forest insects.

* Its small, fuzzy, yellow flowers are important sources of nectar for native forest birds, although not
as important as the red flowers of ‘Ohi‘a lehua.

* Koa wood was prized by the Hawaiians, and was used to carve canoes, paddles, surfboards, spears,
and calabashes (‘umeke la‘au) to hold food, kapa and feathered garments. Koa was not used to store
poi, as it imparted a bitter taste.

* Hulls of single (kaukahi) and double (kaulua) canoes were carved out of a single koa log.

* Koa bark was used as a dye for kapa and for timbers of grass houses.

Loulu or Fan palm (Pritchardia spp.).
Also, (Pritchardia arecina), the species found in the Haleakala rain

forest

* Endemic (The members of this genus are the only fan palms native to Hawai‘i. There are 19 endemic
species, each of which is unique to a particular island.)

* These palms grow emerge above the canopy singly or in small patches.

* Fossil evidence suggests that /oulu was more common in ancient times than it is now.

* These fan palms were used in the construction of heiau loulu, temporary heiau where offerings were
made to the gods who presided over fishing.

Subcanopy
Hapu‘u pulu or Tree fern (Cibotium glaucum)

Also Hapu‘u i’i (Cibotium chamissoi)

* Endemic

* These large ferns can grow taller than three meters (ten feet) on a stocky “trunk,” which is actually a
network of interwoven aerial roots that absorb moisture.

* They can be very abundant in the shade created by rain forest trees such as ‘0hi‘a lehua and ‘6lapa.
Where pigs range through the rain forest, however, these ferns are greatly diminished. They are recov-
ering in areas that have been damaged by pigs in the past but are now fenced and patrolled to keep
pigs out.

* Hapu ‘u are sometimes called “the mother of ‘0hi‘a” because their trunks make a good place for
seedling germination.

* Tree ferns are covered with brown silky hairs called pulu. Pulu was traditionally used for stuffing
pillows, dressing wounds, and embalming the dead.

* During times of famine, the pith of the trunk was cooked and eaten, and the fiddleheads were eaten,
as well.
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‘Olapa (Cheirodendron trigynum)

* Endemic

e This tree ranges in height from five to 15 meters (16 to 50 feet). ‘Olapa is sometimes part of the
understory and sometimes part of the canopy.

* [In Hawaiian rain forests, ‘0lapa often grows intermixed with hapu ‘u tree ferns and ‘ohi‘a.

* This tree bears clusters of small, purplish fruits which are eaten by native birds.

e ‘Olapa is one host plant for native Drosophila flies.

* The soft wood of ‘6lapa makes good habitat for the burrowing insects on which many birds feed.
e ‘Olapa sticks were used by the kia manu (bird catchers). They covered the sticks with képau (sap)
and placed them in the forest. The sap trapped birds that landed on these sticks. The wood burns when
it is wet and was used by the kia manu for fires in the wet forest.

* In hula, ‘olapa is the name given to dancers who are graceful enough to imitate the motions of
‘0lapa leaves fluttering in the breeze.

Mamaki (Pipturus spp.)

* Two Kaua‘i endemic species and two Maui endemics (P. albidus and P. forbesii)

* Mamaki grows as a shrub or small tree two to six meters (six to 20 feet) tall.

* [t is in the nettle family. It is unusual because it lacks the stinging hairs associated with most nettle
species.

* Birds eat the fruits of the mamaki, helping disperse the seeds.

* Mamaki was used to make a kapa similar to that made from wauke but coarser in texture.

* Rope and cordage were made from mamaki fibers.

* The leaves of Pipturus albidus are the primary food of the larvae of the pulelehua or Kamehameha
butterfly (Vanessa tameamea).

* Pipturus forbesii is endemic to Haleakala, found at upper elevations in the rain forest as well as in
subalpine shrubland.

Kanawao or Pa‘ahanui (Broussaisia arguta)

* Endemic

* A multibranched shrub 1.5-4.5 meters (five to 15 feet) tall, kanawao bears clusters of small flowers
that produce small red-maroon fruits that mature to a blue-black color.

* [t often grows in association with ‘6hi‘a lehua and ‘olapa.

* This plant is a favored habitat for the happy-face spider.

* The soft wood of kanawao makes good habitat for the burrowing insects on which many birds, such
as the Maui parrotbill, feed.

* Kanawao fruits were believed to aid conception.

* The cluster of fruits was used to symbolize an expansion in the number of chiefs in traditional
Hawai‘i.
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Kélea (Myrsine spp.)

* Kolea is the collective name for most of the 20 endemic species of Myrsine found in Hawai‘i. Only
some of these species are found in the rain forest (such as M. lessertiana and M. emarginata).

* The 20 Hawaiian Myrsine species are thought to have evolved from one or two ancestral species,
making this group an excellent example of adaptive radiation.

* Some kolea grow as shrubs, while others are trees. Kolea is a common understory tree.

* Dark-colored fruits are clustered along stems or branches.

* At least one kolea species, kolea lau nui (Myrsine lessertiana), provided wood for early Hawaiian
house posts and beams as well as beaters for kapa. Red dye was made from the bark, and black dye
was derived by burning the plant to make charcoal.

Understory
‘Ohelo (Vaccinium spp.)

* Three endemic species (V. calycinum, V. dentatum, and V. reticulatum)

* Related to blueberries and cranberries

e ‘Ohelo grows as a shrub or tree, on the ground, or as an epiphyte using other plants for support.
Depending on the species and the habitat, ‘0helo can range from several centimeters to several meters
in height.

* All three ‘ohelo species can be found in rain forest and bog areas on Haleakala.

* Birds eat the small, usually red, fruits and help disperse seeds. When ‘6helo is in bloom, nectar-
feeding birds favor it.

* The fruits of the ‘6helo were eaten by Hawaiians traveling to the uplands. They are still eaten by
some people. Dried ‘ohelo leaves are still used to make tea.

e ‘Ohelo is considered to be sacred to Pele, the Hawaiian volcano goddess. Visitors to Kilauea would
customarily offer a branch bearing berries to Pele before eating themselves. This tradition lives on
today when people offer a berry or two to Pele before eating. (Breaking branches off the plants is
illegal in Haleakala National Park.)

‘Oha and Haha (and others), or Hawaiian lobelias (Lobelia, Cyanea,

and Clermontia spp.)

* Four endemic Hawaiian genera and many endemic species are represented among Hawaiian lobelias.
(Lobelia is not an endemic genus. Clermontia and Cyanea are among the four endemic genera.)

* Rats and pigs can cause serious damage to these flowering plants, although pigs can be—and are—
excluded from parts of the rain forest.

* The four endemic genera (totaling nearly 100 species) all evolved from a single common ancestral
species that arrived in Hawai ‘i millions of years ago. Among Hawaiian plants, this is the most prolific
example of adaptive radiation.

* Hawaiian lobelias are shrubby species. Many of them have a characteristic lobeliad “rosette” growth
form, in which leaves in circular formation grow at the end of single vertical stems (like palm trees).
Others have branched trunks or vertical branches.

¢ The nectar of many lobelias is attractive to native honeycreepers. The flower shapes coevolved with
the honeycreepers, so there is a correspondence between beak shape and flower shape.
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Vines and Climbing Shrubs

‘le’ie or Climbing screwpine (Freycinetia arborea)

* Indigenous

* This woody, climbing plant is found in the rain forest at lower and middle elevations up to about
1400 meters (4592 feet).

* Sometimes ‘ie ‘ie sprawls across the forest floor. It often wraps around and climbs the trunks of taller
trees such as koa and ‘ohi‘a. It produces many aerial roots ( ‘ie) that attach the plant to the host tree.

* ‘le‘ie used to be pollinated by native honeycreeper species that are now extinct. Introduced birds
such as the Japanese white-eye (Zosterops japonicus) now do the job.

* This plant was greatly diminished by pig damage. Rats are also major threats to ‘e ‘le. It is now rare
to find flowers that have not been eaten by rats. Rat predation on flowers impairs reproduction.

* The fibers in the stem were used to make cordage to tie together house rafters and bind the outrigger
(ama) to the canoe (wa‘a).

* Aerial roots were woven into very fine and durable baskets and funnel-shaped traps to catch fresh-
water shrimp and fish as well as helmets (mahiole) which were worn by chiefs going into battle.

* ‘le‘ie was sacred to early Hawaiians. The plant was dedicated to the forest god, Ki.. In a halau hula,
‘ie ‘ie represented the demigoddess Lauka‘ie‘ie.

Maile (Alyxia oliviformis)

* Endemic

* A climbing shrub or vine with glossy, leathery leaves, tubular yellow flowers, and purple-black fruits
shaped like olives

* There are many varieties of maile, distinguished by differences such as leaf size and shape, and
scent. Different Hawaiian names reflect these differences (e.g., maile ha‘i wale or brittle maile, and
maile pakaha or blunt-leaved maile) and illustrate ancient Hawaiians’ acute observation skills.

* Maile is woven into a fragrant, open-ended lei that symbolizes respect for the wearer.

* Maile is dedicated to the hula goddess, Laka. It has inspired many songs, chants, and dances.

Hawaiian mints (Stenogyne spp.)

* Endemic

* Of eight Stenogyne species known from East Maui, five are thought to be extinct. Unlike most other
mint species found elsewhere in the world, Hawaiian mints are “mintless”—they do not have aromatic
foliage that deters browsing, because they evolved in an environment in which there were no browsing
animals. So they are vulnerable to grazing by introduced cattle, pigs, and goats.

* Rat predation is a significant