
/ 

rP.t, 't:'~-=~j fN Ii h 
W' Agrlc:ultuno 

,-, 
"'"" 
~~No.679 

0)/ 
Common Forest Trees 
of Hawaii 
(Native and Introduced) 

Elbert L. Little, Jr., and Roger G. Skolmen 

:;.: 



f.-::'r., United States \W' Department of 
.. Agriculture 

Forest 
Service 

Agriculture 
Handbook No. 679 

Washington, DC 
May 1989 

Common Forest Trees 
of Hawaii 
(Native and Introduced) 

Elbert L. Little, Jr. 
Chief Dendrologist (retired) 
Timber Management Research 
USDA Forest Service, Washington, DC 

Roger G. Skolmen 
Principal Silviculturist (retired) 
Institute of Pacific Islands Forestry 
Pacific Southwest Forest and Range Experiment Station 
USDA Forest Service, Honolulu, HI 



Library of Congress Cataloging-in-Publication Data 

Little, Elbert L., 1907-
Common forest trees of Hawaii / Elbert L. Little, Jr., Roger G. Skolmen. 

p. cm. -- (Agriculture handbook / United States. Dept. of Agriculture; 
no. 679) 
Bibliography: p. 
Includes index. 
1. Trees--Hawaii--Identification. 2. Forest flora--Hawaii--Identification. I. Skol

men, Roger G. II. Title. III. Series: Agriculture handbook (United States. Dept. of 
Agriculture) ; no. 679. 

QK473.H4L58 1989 
582.1609969--dc19 

Cover: 116. 'Ohi'a lehua, Metrosideros polymorpha Gaud. 

89-7592 
CIP 



CONTENTS 

List of tree species 1 

List of maps 6 

List of color plates 6 

Introduction 7 

Geography, climate, and vegetation 7 

Other publications 9 

Preparation of this handbook 9 

Plan 10 

Hawaiian names of places and trees 11 

Illustrations 11 

How to use this handbook 12 

Summary of Common Forest Trees of Hawaii 13 

Origin of Hawaiian trees 13 

Special lists 15 

Special areas 15 

Champion trees of Hawaii 15 

Weed trees 16 

Poisonous trees 16 

Forests and forestry in Hawaii 18 

Forest types 18 

Forestry 25 

Color plates 31 

Acknowledgments 43 

Tree species, descriptions and illustrations 44 

Selected references 308 

Index of common and scientific names 315 

iii 





ABSTRACT 

Little, Elbert L., Jr., and Roger G. Skolmen. 
1989. Common forest trees of Hawaii (native and introduced). U.S. Department of Agriculture, Agric. Handb. 679, 
321 p. 

This handbook provides an illustrated reference for identifying the common trees in the forests of Hawaii. Useful 
information about each species is also compiled, including Hawaiian, English, and scientific names; description; 
distribution within the islands and beyond; uses of wood and other products; and additional notes. 

The 152 species described and illustrated by line drawings comprise 60 native species (including 53 that are 
endemic), 85 species introduced after the arrival of Europeans, and 7 species introduced apparently by the early 
Hawaiians. The native tree species of Hawaii are mostly scattered in distribution and of small size. Only two native 
tree species presently are commercially important for wood, because of their abundance and large size: 'ohi'a lehua, 
Metrosideros polymorpha, and koa, Acacia koa. Of the two, only koa is considered to be of high value. 

The introduced species described include 13 species of eucalypts (Eucalyptus), 5 species of pines (Pinus), and 
11 other conifers. Two plant families are well represented, the myrtle family (Myrtaceae), with 25 species, and the 
legume family (Leguminosae), with 15. 

One chapter is devoted to forests and forestry in Hawaii. Maps of the Hawaiian Islands show the physical features 
and place names, major forest types, and forest reserves and conservation districts. 

KEYWORDS: Hawaii, trees, forests. 
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Casuarina family (Casuarinaceae*) 86 
26. River-oak casuarina, Casuarina cunninghamiana Miq.* 86 
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Bayberry (waxmyrtle) family (Myricaceae*) 92 
29. Firetree, Myrica taya Ait. * 92 

Birch family (Betulaceae*) 96 
30. Nepal alder, Alnus nepalensis D. Don* 96 

Species (or families) with scientific names followed by an asterisk (*) are introduced (or exotic) and are not 
native to Hawaii. Those with two asterisks (**) were introduced, apparently by the early Hawaiians. 
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INTRODUCTION 

The main objective of this handbook is to provide an 
illustrated reference for identifying the common trees in 
the forests through the various islands within the State 
of Hawaii. Another is to compile useful information about 
each species, including current Hawaiian, English, and 
scientific names; description; distribution within the is
lands and beyond; uses of wood and other products; 
and additional notes. Many of these introduced trees of 
forest plantations are not described in available refer
ences. In addition to serving as a source book of names 
and identification of the trees, this handbook also pro
vides some information on their management and use in 
Hawaii. 

The term forest is used here in the broad sense to 
include wild lands with growing trees. Common exam
ples are natural forests, cutover areas, second growth, 
and forest plantations. Also covered are trees bordering 
roadsides and coasts or shorelines, as well as weed 
trees spreading in waste places and old fields or aban
doned lands. 

Common species of both native and introduced 
trees are described in this handbook. The tree species 
native to the Hawaiian Islands are not numerous, and 
some attain only small size or are shrubby. Many native 
tree species are uncommon or rare, and a few are pro-

posed or listed as threatened or endangered and thus 
outside the scope of this handbook. 

The introduced trees, or exotics, described here are 
mostly those successful in forest plantations out of more 
than a thousand species tested or planted. Also includ
ed are hardy ornamental, shade, and fruit trees that 
have escaped from cultivation and have become natu
ralized, spreading from seeds as though wild. Numer
ous other trees cultivated for flowers, shade, and fruit 
are outside the scope of this handbook and may be 
found in special publications. 

Measurements (trees and their parts, horizontal dis
tances, and altitudes) are given in the English system 
(feet and inches) first, then in the metric system in 
parentheses. These approximate equivalents may be 
noted: 1 foot (ft) is 0.3048 meter (m), 1 inch (in) is 2.54 
centimeters (cm) or 25.4 millimeters (mm), and 1/8 inch 
(in) is 3 millimeters (mm). Also, 1 meter (m) equals 3.28 
feet or 39.37 inches. One mile (5,280 ft) is 1.6 kilometers 
(km) or 1,609 meters (m). One acre (43,560 square feet) 
is 0.45 hectares (94,047 square meters). 

Trees are defined as woody plants having one erect 
perennial stem or trunk at least 3 in (7.5 cm) in diameter 
at breast height (4 1/2 ft or 1.4 m), a more or less 
definitely formed crown of foliage, and a height of at 
least 13 ft (4 m). 

GEOGRAPHY, CLIMATE, AND VEGETATION 

The Hawaiian Islands, which form Hawaii, the Fifti
eth State of the United States of America, are unique. A 
review of their geography will serve as a background. 
These volcanic islands are among the most isolated in 
the world, located near the center of the largest ocean, 
the Pacific, and among the farthest from the continents. 
North America is the nearest continent. California is 
2,400 miles (3,862 km) to the northeast and southern 
Alaska slightly more northward. Japan is 3,400 miles 
(5,472 km) away to the west. Scattered oceanic atolls 
and volcanoes dot the southwest Pacific, the closest 
within 500 miles (805 km). 

The precise location of the Hawaiian Islands in the 
North Pacific Ocean is within latitude 18 degrees 54 
minutes to 22 deg. 14 min. N. and longitude 154 deg. 48 
min. to 160 deg. 15 min. W. The islands lie south of the 
Tropic of Cancer, near the northern border of the tropics 
and are subject to the Northeast Trade Winds and the 
North Equatorial Current, which flows westward. 

The Hawaiian archipelago comprises eight principal 
volcanic islands (fig. 1), totaling 6,450 sq mi 
(2,490 sq km) and scattered over a distance of nearly 
400 mi (644 km) from southeast to northwest (Hawaii 

University 1983) as well as a chain of isles and reefs 
extending 1,200 mi (1,931 km) northwest to Kure Atoll 
(Midway is administered separately and not considered 
part of the State). [Names and dates in parentheses 
refer to Selected References.] 

At the southeast end is the Island of Hawaii, nick
named the "Big ISland," with an area of 4,038 sq mi 
(1,559 sq km), about the size of Connecticut and slightly 
larger than Puerto Rico. It is somewhat larger than all the 
other Hawaiian Islands combined. The other seven ma
jor islands, in approximate order toward the northwest, 
are Kahoolawe, Maui, Lanai, Molokai, Oahu, Kauai, and 
Niihau. 

Few places on earth have as great diversity of to
pography and climate within such a small area. The 
geology and climate of the Hawaiian Islands have been 
summarized by Carlquist (1965, 1970, 1974) in his refer
ences on their natural history and on island life. Briefly, 
these relatively young islands formed as volcanoes from 
the ocean floor at a "hot spot" that lies beneath the 
Pacific Plate near the present location of the Island of 
Hawaii. The islands have each moved off towards the 
northwest with the movement of the plate, forming a 

7 



0 
OJ 
OJ 

,0 0 

0 N 

C' 
,I 

I" 

PRINCIPAL 
HAWAIIAN 0 

'" 

Figure 1--State of Hawaii, showing the principal islands (Nelson and Wheeler 1963). 

string of islands and coral reefs that extends 1,500 mi 
(2,414 km) to Kure. Beyond Kure, the Emperor 
Seamounts, also formed at the hot spot but eroded to 
below sea level, continue beneath the sea for another 
1,500 mi (2,414 km) toward Kamchatka Peninsula (Bal
lard 1983). 

The Island of Hawaii, about a million years old, has 
the State's two loftiest peaks. Mauna Kea, altitude 
13,796 ft (4,205 m), rises nearly 30,000 ft (8,144 m) 
above the ocean floor. From its base, it is the earth's 
highest and largest mountain. Nearby Mauna Loa (alti
tude 13,677 ft or 4,169 m) is still active, with craters, 
molten lava, and occasional lava flows. Haleakala, alti
tude 10,023 ft (3,055 m), on the island of Maui is the third 
highest Hawaiian peak. 

Topography of the Hawaiian Islands varies from 
sandy beaches and long sea cliffs to deep canyons and 
gorges separated by knife-edge ridges and divides. 
Mountain summits range from cinder cones to jagged 
peaks and flattened domes. Barren lava flows of histori
cally dated age to the present also descend several 
slopes of Mauna Loa. 

Many different climates from over the globe are 
compressed and scattered along the mountainsides. 
Generally, the windward slopes, which face the trade 
winds from the northeast, create updrafts that cool the 
moist air, causing ample rainfall. Waialeale Peak, alti
tude 5,148 ft (1,569 m) at the summit of Kauai may be 
the world's rainiest spot. It has a mean annual rainfall of 
460 in (38.3 ft, 11.7 m, or 11,684 mm), and a daily 
average of 1.26 in (32 mm)! Leeward slopes away from 
the wind and the lowlands nearly everywhere are dry, 
nearly deserts, with yearly rainfalls as low as 20 in 
(508 mm). 

Temperatures in the tropical lowlands are hot but 
decrease gradually with altitude, perhaps more than the 
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usual 1 degree Fahrenheit (F) to 300 ft (1 degree centi
grade [C] to 51 m). The upland mountain slopes be
come progressively cooler and have some freezing 
weather in winter. For short periods each year, the 
rounded treeless summits of Mauna Kea and Mauna 
Loa have snow caps. The climate at higher elevations is 
not temperate, however. It is cool all year without the 
pronounced seasonal changes many temperate plants 
require to stimulate normal growth and flowering re
sponses. Also, day length variation is much smaller 
throughout the year. 

Geographic isolation is provided not only by the 
eight islands but by the higher peaks. Each volcanic 
peak rising more than about 2,500 ft (762 m) above sea 
level creates a separate, climatic "island" with a cooler 
oceanic montane climate above. Thus, the Island of 
Hawaii has the equivalent of four geographically isolat
ed, mountainous islands, Maui has two, and Oahu two 
ranges. 

The complex vegetation that has developed be
cause of Hawaii's assorted topography and climate is 
equally varied. The number of habitats or ecological 
niches for plant and animal species is very high. Vegeta
tion zones and types have been described and mapped 
by Ripperton and Hosaka (1942), Carlquist (1970), 
Knapp (1975), and KUchler in the National Atlas (U.S. 
Geological Survey 1969). 

A forest survey and forest type maps were prepared 
by the U.S. Department of Agriculture Forest Service 
(Nelson and Wheeler 1963; Nelson 1967). The forest 
types are further described here in the chapter entitled 
Forests and Forestry. Hawaii's three highest peaks 
have a timberline at about 8,000 ft (2,348 m) and a zone 
of shrubs beyond. The alpine zone above 10,000 ft 
(3,048 m) is composed of barren rocky outcrops, moss
es, and lichens. 



OTHER PUBLICATIONS 

Various other publications describing the trees of 
Hawaii are cited here and under Selected References. 
These references have been helpful in the preparation 
of this handbook and may be consulted for identification 
of Hawaiian trees outside its scope. 

"Flora of the Hawaiian Islands" was prepared more 
than a century ago by William Hillebrand (1821-86), a 
German physician who resided in Honolulu for 20 years 
(1851-71). Published posthumously by his son in 1888 
and reprinted in 1965, it still is the only descriptive flora 
of Hawaii. However, the Bishop Museum is preparing a 
new flora: "Manual of the Flowering Plants of Hawaii" by 
Warren L. Wagner, Derral R. Herbst, and Seymour H. 
Sohmer (1989). The latest compilation is the "List and 
Summary of the Flowering Plants in the Hawaiian Is
lands" by Harold St. John (1973). It includes nomencla
ture, common names, and summary of distribution, as 
well as whether the species is native, adventive, or culti
vated. 

Otto Degener (1899--1987) has prepared a valuable 
"Flora Hawaiiensis" (1933--73) in looseleaf form with a 
drawing and description of each species. Published in 
parts, it contains many trees but is incomplete in 7 vol
umes. A list of the looseleaf sheets has been compiled 
(Mill, Wagner, and Herbst 1985). "Plants of Hawaii Na
tional Parks" (Degener 1973) provided illustrations, de
scriptions, and abundant information on the uses of 
many Hawaiian plants, including trees. "In Gardens of 
Hawaii" by Marie C. Neal (1965) stressed the cultivated 
plants of gardens, including ornamental trees. A revi
sion by Bishop Museum and contributors is in progress. 

The most comprehensive reference on the native 
trees of Hawaii is the classic, scholarly work by Joseph 
F. Rock (1884--1962), entitled "The Indigenous Trees of 
the Hawaiian Islands" (1913). It contained descriptions 
of about 230 native species, including 1 new genus, 22 
new species, and 31 new varieties and was illustrated by 
215 photographs, nearly all by the author. That large 
volume was based upon 5 years of thorough field explo
ration and was published when its author was only 29 
years old. Fortunately, a reprint has the nomenclature 
brought up-to-date by Derral Herbst (Rock 1974). 

Rock prepared that publication and several others 
while he was a consulting botanist with the Hawaii Divi
sion of Forestry (1911--21) and botanist with the Univer
sity of Hawaii. "The Ornamental Trees of Hawaii" (Rock 
1917a) was a companion volume. He wrote several tax
onomic monographs including the sandalwoods, San
ta/urn (Rock 1916), the '6hi'a lehua trees, Metrosideros 
(Rock 1917b), the lobelia tribe Lobelioideae of the blue
bell family, Campanulaceae (the largest native family of 
seed plants in these islands) (Rock 1919a), and the 
native and introduced leguminous plants, Leguminosae 
(Rock 1919a, 1920). He collaborated with Beccari on a 
monograph on the native palm genus loulu, Pritchardia 
(Beccari and Rock 1921). 

A list of about 230 species of native forest trees of 
Hawaii, based mainly upon Rock's book, was compiled 
by MacCaughey (1917; Rock 1917c). A checklist of 
some common native and introduced forest plants in 
Hawaii was issued by the Forest Service (Bryan and 
Walker 1962, 1966). 

The compilation of the flora of Hawaii by St. John 
(1973) contains about 370 species of native trees, as 
defined here. Most later additions apparently have re
sulted from splitting or dividing species and naming 
smaller and smaller variations. According to a conserva
tive estimate, the number of native species is about 300. 

"Native Trees and Shrubs of the Hawaiian Islands" 
by Samuel H. Lamb (1981) is fully illustrated by pho
tographs and contains original notes on woods. Earlier, 
he prepared a list of the trees of Hawaii Volcanoes Na
tional Park (Lamb 1936). Dorothy and Bob Hargreaves 
have two publications filled with color photos, "Tropical 
Trees of Hawaii" (1964) and "Tropical Trees of the Pacif
ic" (1970). Two illustrated guides, "Hawaiian Forest 
Plants" (Merlin 1976) and "Hawaiian Coastal Plants" 
(Merlin 1978) describe numerous plants, including 
trees. There is also "Trailside Plants of Hawaii's National 
Parks" (Lamoureux 1976) with photos and descriptions 
of many native trees and other plants. Another guide 
with illustrations in color is "Hawaiian Flowers and Flow
ering Trees" by Loraine E. Kuck and Richard C. Tongg 
(1958). The latest book with color photos is "Plants and 
Flowers of Hawaii" by Shomer and Gustafson (1987). 

PREPARATION OF THIS HANDBOOK 

This handbook follows the similar two-volume For
est Service handbook on the trees of Puerto Rico and 
the Virgin Islands (Little and Wadsworth 1964; Little, 
Wadsworth, and Marrero 1967; Little, Woodbury, and 
Wadsworth 1974). It is based upon many published 
sources as well as the experiences of the authors. For 

about 40 introduced species, the text and illustrations 
have been adapted from the Puerto Rico books. 

The first author made trips to Hawaii in 1968, 1976, 
1978, and 1987. In August--September 1976, he did 
field work on the six large islands with local foresters, 
collecting more than 300 numbers of tree specimens. 
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Duplicates have been deposited in the herbaria of the 
United States National Museum of Natural History (US) 
and Bernice P. Bishop Museum (BISH). 

The second author has been a resident of Hawaii 
since 1960. From 1960 until his retirement in 1986, he 
conducted research in silviculture and forest products 
at the Institute of Pacific Islands Forestry, Pacific South
west Forest and Range Experiment Station, Forest Serv-

ice, U.S. Department of Agriculture, headquartered in 

Honolulu. His investigations, mainly on Hawaiian woods 
and forest management, have been reported in more 

than 50 publications. Pertinent ones are listed under 
Selected References (Skolmen 1963a, 1963b, 1964, 
1967a, 1967b, 1968, 1973, 1974a, 1974b, 1976, 1978, 

1980a, 1980b, 1983, 1986a, 1986b). 

PLAN 

The plan of this handbook follows that of the two
volume Forest Service handbook for Puerto Rico and 
the Virgin Islands previously cited. In this handbook, the 
species are grouped by plant families botanically and 
within each family alphabetically by scientific name. 
Species with scientific names followed by an asterisk (*) 
were introduced to Hawaii after the arrival of Captain 
James Cook in 1778, either intentionally or accidentally, 
and thus are not native. Those with two asterisks (**) 
were apparently introduced by the early Hawaiians at 
various times during several hundred years, beginning 
about 300 to 500 A.D. 

Names--For each tree species, the heading at left 
consists of plant family name in English and Latin and 
the preferred common name, most often in Hawaiian or 
English. The accepted scientific name at right consists 
of the generic name, which is capitalized, and the spe
cific epithet. In references and technical publications, 
the name of the author --the botanist who first named the 
species-~is added, usually in abbreviated form if com
mon or long. Where the scientific name has been trans
ferred from another genus or combination, the original 
author is placed in parentheses and followed by the 
second author, who made the change. Any other com
mon names and botanical synonyms are listed at the 
end of the write-up. Spanish names from Puerto Rico 
have been added for introduced trees. Common names 
used in American Samoa and in many islands of west
ern Pacific that are associated with the United States are 
provided from two compilations (Falanruw et al. 1989; 
Amerson et al. 1982). These names are included in the 
Index of Common and Scientific Names .. 

Tree descrlptlons--The size and appearance of 
mature trees are noted first. Trees are classed as ever
green if in full leaf through the year or deciduous if 
leafless or nearly so for a brief period, such as in the dry 
season. Average size at maturity is given as small (less 
than 30 ft or 9 m tall), medium (30--70 ft or 9--21 m), or 
large (more than 70 ft or 21 m tall). Trunk measurements 
are diameters at breast height (d.b.h.) or 4 1/2 ft (1.4 m) 
above ground level. 

Notes on bark include color of surface and the tex
ture, whether smooth or rough, and if fissured (with 
many narrow thin cracks) or furrowed (with broad deep 
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grooves). Other details are added if helpful in identifica
tion; these include color, taste, and odor of inner bark 
(the living tissue exposed by cutting), and presence of 
colored sap or latex. 

Leaves, flowers, frults--Because of their impor
tance for identification, the leaves, flowers, and fruits 
(including seeds) are described in detail, mostly in non
technical terms, with measurements for reference. Any 
unfamiliar technical terms may be found in dictionaries 
or botanical references. 

Wood and uses--Information on wood and its uses 
is given for many species, mostly compiled from publi
cations by the second author and others of the Institute 
of Pacific Islands Forestry (Brown 1922; Gerhards 1964, 
1965, 1966a, 1966b, 1967; Skolmen op. cit.; Youngs 
1960, 1964). Some notes on introduced trees are from 
studies made elsewhere. The uses listed are primarily 
those in Hawaii, but special uses elsewhere are added. 
Most native woods are available only in limited quanti
ties and not for export. Nevertheless, many of these 
woods could be utilized in additional ways. 

Economic notes--Other uses and economic notes 
have been compiled from various sources. Many kinds 
of trees are planted for more than one purpose, such as 
wood, shade, ornament, fruit, or flowers. Others have 
bark that yields fibers, dyes or tannin, or have parts 
employed in home remedies. Some are honey plants, 
because of their flowers secrete nectar in quantities or 
produce pollen and attract bees. In special topics are 
Weed Trees and Poisonous Trees. 

Other notes--For some species, particularly those 
tested in forest plantations, brief notes on performance, 
propagation, and growth rate have been added. Special 
uses by native Hawaiians have been compiled, and 
Hawaiian legends about some native trees have been 
repeated. Other notes explain origins of common 
names and derivations of scientific names. In some gen
era, related or similar species are mentioned or com
pared. 

Dlstrlbutlon--For each tree species the natural dis
tribution, or range, is stated, bot~1 in Hawaii and beyond. 
Distribution in Hawaii includes abundance, forest types, 
altitudinal limits, and names of islands (if a species is not 
found throughout). For introduced trees the native 



home is cited. Introduced species are noted as cultivat
ed, as in forestry tests or plantations; escaped, if 
spreading; or naturalized, if common and established as 
though wild by reproducing naturally or becoming a 
weed. Also mentioned are areas where these intro
duced species also occur in continental United States, 
mainly subtropical parts of Florida, Texas, and Califor
nia. 

Champlons--The largest individual tree in Hawaii is 
cited for many species, as explained under the topic 
Champion Trees. 

Special areas--Distribution of most species is cited 
also by parks, botanical gardens, and arboreta where 
trees can be seen, as listed under Special Areas. 

HAWAIIAN NAMES OF PLACES AND TREES 

Because most names of places and trees in the 
Hawaiian Islands are in the Hawaiian language, a sum
mary of the pronunciation is included here, adapted 
largely from "Hawaiian Dictionary" by Pukui and Elbert 
(1986). That reference contains English meanings and 
scientific names for many trees. "Place Names of Hawaii" 
(Pukui, Elbert, and Mookini 1974) has additional infor
mation. 

Early missionaries provided the first orthography for 
the Hawaiian language. The language is phonetically 
Simple, with relatively few sounds and no closed sylla
bles. In 1829, the missionaries by vote adopted an al
phabet with vowels corresponding to the continental 
pronunciation and with consonants pronounced about 
as in English. This short alphabet with regular spelling 
and no silent letters helped the islanders to advance 
readily to books. 

The Hawaiian alphabet has only 12 letters. The 5 
vowels, a, e, I, 0, and u, are pronounced about as 
follows: a as in above and afar; e as in bet; i as in it and 
police; 0 as in sole; and u as in blue. There are only 7 
consonants: h, k, I, m, n, p, w. All are pronounced about 
as in English, except that w may be like v or w, accord
ing to the preceding vowel. There are 8 diphthongs, 
always stressed on the first letter: el, eu, 01, ou, ai, ae, 
ao, au. 

Consonants are single and separated by vowels, 
never double or two together. Vowels may be single or 
as many as four together. Words always end in a vowel. 

Two diacritical marks or signs are inserted to aid 
pronunciation. The hamza I (printed as a beginning sin-

gle quotation mark or reversed apostrophe), or glottal 
stop, is similar to the sound between the oh's in English 
oh-oh. The macron (a line or bar over a vowel like that 
for a long sound in English) as in a, indicates stress or 
accent and often a longer sound. Also, individual words 
combined to make a name are separated here by a 
space but may also be joined by a hyphen. 

Accents are on the next-to-Iast syllable and alternat
ing syllables unless otherwise indicated by vowels 
marked with macrons. 

Hawaiian place names adopted into the English lan
guage commonly drop the diacritical marks for practical 
reasons, as do anglicized words from other languages. 
Publications and maps of the United States Government 
omit the Hawaiian hamza and macron because of legal 
requirements--see for example, the National Zip Code 
Directory (U.S. Postal Service 1988). Uniform name us
age is maintained by the U.S. Board on Geographical 
Names. 

Accordingly, in this handbook Hawaiian place 
names omit any diacritical marks. For example, Hawaii, 
not Hawai'i; Oahu, not O'ahu; Lanai, not Uina'i, 
Haleakala, not Haleakala. However, the Hawaiian com
mon names of trees in this handbook will follow local 
usage with hamzas (glottal stops) and macrons. The 
standard reference for these diacritical marks is that 
cited above. 

The distinctive names in the Hawaiian language for 
most native trees show that the first settlers were good 
naturalists. The Hawaiians mentioned trees in songs 
and legends and did not destroy their forest resources. 

ILLUSTRATIONS 

The illustrations in this handbook follow the plan of 
the similar two-volume reference on the trees of Puerto 
Rico and the Virgin Islands previously cited. The 14 
maps are noted under List of Maps. The first shows the 
8 principal Hawaiian Islands. Others are maps of forest 
types by islands, slightly revised for those published in 
forest surveys and maps of Forest Reserves. All except 
the first were drafted by Barbara H. Honkala. 

Large line drawings showing fOliage and flowers 
and usually fruits face their respective descriptions of 
the 152 tree species cited in List of Species. Most are 
natural size (1 X) for easy comparison with specimens. 
Some have been reduced to 2/3 X or other scales as 
indicated in legends. Twelve color paintings by Isabella 
Sinclair (1885), cited below, are reprinted here natural 
size (1 X). 
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More than one-third of the drawings are originals 
made from fresh specimens collected by the first author 
in Hawaii. Ronald L. Walker made 40 drawings and 
Ruby Rice Little 15, while Barbara H. Honkala added 5. 
The Puerto Rican tree handbooks were the source for 
illustrations of many introduced species, 25 in the first 
volume and 9 in the second (Little and Wadsworth 1964; 
Little, Woodbury, and Wadsworth 1976). 

Many additional drawings are from publications by 
Otto Degener, as credited in the legends and gratefully 
acknowledged here. These include 5 from Degener 
(1930) and 34 from Degener (1933--73), who was assist
ed financially by the National Science Foundation. 

Other drawings are from published sources ac
knowledged here and in the legends. Most drawings of 
Eucalyptus and several other Australian trees are from 
two classic Australian references. These 7 are from the 
1 O-volume monograph by Mueller (1879-84): Eucalyptus 
botryoides, E. camaldulensis (rostrata) , E. globulus, E. 
microcorys, E. paniculata, E. pilularis, and E. robusta. 
Illustrations of the 10 following Australian trees are from 
Maiden (1902-24): Acacia melanoxylon, Angophora 
costata, Casuarina cunninghamiana, C. glauca, Eucalyp
tus resinifera, E. saligna, E. sideroxylon, Pisonia brunoni
ana (inermis), Syncarpia glomulifera (/aurifolia) and Tris
tania conferta. The drawing of Roseodendron 
donnel/-smithii is the original by C. E. Faxon (Rose 
1892). Cones of Araucaria angustifolia and 
A. cunninghamii are from Barrett (1958). 

Twelve color paintings by Isabella Sinclair (Mrs. 
Francis Sinclair, Jr. 1885) are reprinted to aid identifica-

tion and to portray the beauty of the tree flowers. Her 
folio volume of 44 plates, the first book with color illustra
tions of Hawaiian plants, was reviewed many years later 
by St. John (1954). The color plates, with Hawaiian 
names, were accompanied by the author's interesting 
descriptive text with notes on uses including wood. The 
Bishop Museum in Honolulu and the National Agricultur
al Library have copies of this rare work, apparently print
ed privately in a small edition. 

The artist lived on Niihau and Kauai and earlier in 
New Zealand. According to St. John, in 1864 King 
Kamehameha V sold the island of Niihau to Eliza 
McHutcheson Sinclair (Mrs. Francis Sinclair, Sr.) for her 
two sons, J. and F. Sinclair. It has remained partly in the 
family and the estate of Aubrey Robinson. Isabella was 
the daughter-in-law of the original white settlers. Obvi
ously she had artistic ability, a love for flowers, and talent 
for writing. Her voucher specimens were identified by 
the British authority Joseph D. Hooker and were de
posited in Kew Herbarium, where St. John reexamined 
them many years later. 

The 12 color plates of trees are reproduced natural 
size (1 X) here together on pages 31--42. The number 
at left is the species number in this book. As noted by 
St. John, her list includes some economic species intro
duced by the Hawaiians (Nos. 88, 112, 138, 149); other 
lowland species native on both Niihau and Kauai (Nos. 
57, 80, 87), and species of higher altitudes native on 
Kauai but not Niihau (Nos. 41, 43, 48, 83, 116). Addition
alline drawings of the same species appear facing their 
text descriptions. 

HOW TO USE THIS HANDBOOK 

This handbook can be used for tree identification in 
several ways. In many situations, if you can obtain a 
local common name you can consult the Index of Com
mon and Scientific Names directly to find the illustration, 
description, and scientific name. 

To avoid errors, a clue from a common name should 
always be verified by inspecting the drawing and com
paring the specimen with the detailed description of 
leaves, flowers, and fruits. Otherwise, the use of the 
same common name for unrelated tree species or a 
misapplication may lead to confusion. 

For positive identification, it is desirable to compare 
a specimen with flowers and fruits as well as foliage, 
because many kinds of trees have leaves of similar 
shape. However, collection of specimens is not permit
ted in National Parks, botanic gardens, arboreta, and 
some other areas. 

If you cannot obtain a name, you may be able to 
identify many of the trees by reference to the drawings, 
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descriptions, and distribution notes. However, the illus
trations alone may not emphasize differences. among 
closely related species. Distribution notes may aid indi
rectly, as a species may be known only from a certain 
island. A ruler (last page) and a hand lens are helpful. 

The List of Tree Species may help, because related 
trees are grouped together in the same plant family. If 
the family is recognized, others can be compared. Like
wise, an unknown tree resembling one that is known 
should be sought under the same family. A key to the 13 
species of eucalypts (Eucalyptus) has been added. 

You may find trees not included in this handbook in 
other technical and popular references (Selected Refer
ences). You can also obtain assistance from park natu
ralists and rangers, botanists, foresters, and re
searchers and teachers at museums and universities. 



SUMMARY OF COMMON FOREST TREES OF HAWAII 

Hawaii's trees are unique in several ways. The 152 
tree species described and illustrated by line drawings 
may be grouped as to origin, as follows: native to 
Hawaii, 60 species (53 endemic); introduced after the 
arrival of Europeans in 1778 (indicated by an asterisk *), 
85 species; and introduced apparently by early Hawai
ians (designated by two asterisks **),7 species. These 
152 tree species are classified botanically into 106 gen
era (including 53 introduced) and 58 plant families (in
cluding 16 introduced). 

The flora of the Hawaiian islands is very impover
ished for a tropical area. The small number of native tree 
species apparently is related to the great isolation of the 
islands and their young geologic age. Many widespread 
tropical plant families and genera are absent from 
Hawaii. For instance, there are no native conifers, man
groves, oaks, or figs. The mahogany, bombax, and 
bignonia families are absent. 

Many named native tree species in Hawaii differ only 
slightly from others and might be united as varieties. 
Some of these variations may have evolved from a sin
gle ancestor, the hypothetical original immigrant to 
Hawaii. 

The total number of species of native trees in Hawaii 
has been estimated here as about 300. Thus, Hawaii, 
with its mostly tropical climate and great altitudinal 
range, ranks first among the fifty states in number of 
native tree species. Florida, with a partly subtropical 
climate, ranks second with about 258 native tree 
species. In contrast, Puerto Rico and the Virgin Islands, 
tropical islands of comparable size, have about 545 
native tree species, and Puerto Rico alone, about 535. 
Though much nearer to a continent than Hawaii and 
perhaps ten times as old, Puerto Rico has a slightly 
impoverished flora, lacking a few widespread tree fami
lies and common genera. Most native tree species of 
Hawaii are not widespread within the islands but are 
limited to one or few of the six large islands. The Island 
of Hawaii, with about the same area as Puerto Rico, has 
probably fewer than 150 native tree species, or slightly 
more than one-fourth as many as Puerto Rico. In the 
comparison of endemic species, however, Hawaii leads 
the earth with more than 95 percent of its species of 
seed plants endemic, or native nowhere else. Puerto 
Rico has about 25 percent of its tree species endemic. 

Most of the native tree species of Hawaii are scat
tered or uncommon and of small size. Few would be 

rated as common. This handbook includes 60 of these, 
about a fifth of the total of about 300. Relatively few of the 
native tree species of Hawaii would be classed as large 
trees. Of the 60 native tree species in this handbook, 
only about 35 have dimensions reaching 30 ft (9 m) in 
height and 1 ft (0.3 m) d.b.h., or large enough to pro
duce a sawlog. The average size usually is smaller. One 
major exception, however, is 'ohi'a lehua, which is ubi
quitous in most native forests on all islands and so 
common that it is often left out of type descriptions. 

At present, only two of Hawaii's native tree species 
are commercially important for wood, because of their 
abundance and large size: 'ohi'a lehua, Metrosideros 
polymorpha, and koa, Acacia koa. However, in the early 
1800'S, sandalwood, Santalum spp., was harvested 
nearly to extinction as a specialty wood. 'Ohi'a and koa 
form luxuriant rain forests on the island of Hawaii, with 
an attractive understory of treeferns (Cibotium spp.). 
However, the very small number of tree species in the 
forest canopy contrasts with the tropical rain forests of 
numerous species in other parts of the world. 

According to the forest surveys, the Island of Hawaii 
is the only one of the six islands that has commercially 
important stands of native tree species. Kauai, which 
has one of the world's rainiest areas, has no commercial 
native forests. Neither has Oahu, the island with the city 
of Honolulu and the greatest population. 

Thus, this handbook on common forest trees of 
Hawaii describes somewhat more introduced species 
(92) than native (60). There is some justification for test
ing in forest plantations many exotics, including pines 
(Pinus; 5 species described, also 11 other conifers) and 
eucalypts (Eucalyptus; 13 species described). Inciden
tally, some introduced species may excel in perfor
mance in forest plantations away from the diseases and 
insect pests of their native home. 

Two plant families of trees are well represented both 
in native and introduced tree stands. The myrtle family 
(Myrtaceae), with 25 species in this handbook, has the 
native 'ohi'a lehua plus the introduced eucalypts, Java
plum, rose-apple, mountain-apple, guava, and straw
berry guava. The legume family (Leguminosae), with 15 
species in this handbook, has the native koa, wiliwili, 
and mamane, plus koa haole (or leucaena) and kiawe 
(or algarroba) both naturalized in dry lowland areas. 

ORIGIN OF HAWAIIAN TREES 

The origin of Hawaii's trees and other plants is a 
fascinating subject. New Hawaiian volcanoes of barren 
lava arising from the sea were plantless. Seeds had to 

be transported over long expanses of ocean. Some 
could float or ride on driftwood. Others could hitchhike 
on birds ~s seeds of water plants on muddy feet, sticky 
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or hooked seeds clinging to feathers, or hard seeds 
eaten in fleshy fruits. Tiny seeds could be carried long 
distances by the wind, especially hurricanes. 

The origin of the Hawaiian flora can be traced by 
comparison with the closest relatives in other lands. 
Several similar species of one Hawaiian tree genus ap
parently descended from the same extinct ancestor, or 
original immigrant. For example, Hawaii's native palms, 
about 18 species, are all in the genus Pritchardia. This 
genus is known elsewhere only from a few species in the 
South Pacific islands and is of Indo-Pacific affinities. 

Hawaii's native tree species can be arranged in 
groups, each apparently descended from one original 
immigrant, as did Fosberg (1948) for the Hawaiian flora. 
Thus, the total number of about 300 native tree species 
evolved from about 78 species of original immigrants, 
an average of about 5 from each (Little 1969). Based 
upon the archipelago's estimated age of 5 to 10 million 
years, the present number of tree species could have 

been derived from only one successful immigrant land
ing at intervals of roughly 60,000 to 120,000 years! 

These 78 original immigrants and groups of relative 
Hawaiiao tree species can be arranged according to 
their geographic affinities, or regions with closest rela
tives. These regions and approximate numbers of origi
nal immigrants are a) the Indo-Pacific region, including 
Indonesia, or southeast Asia and Pacific, west and 
southwest of Hawaii, 45 (nearly three-fifths); b) the Aus
tral region, or South Pacific, from Australia to Patagonia, 
16 species (one-fifth); c) the American region, 7 (almost 
one-tenth); d) the Pantropic region, or wide tropical or 
cosmopolitan, 2; and e) obscure regions, 8 (one-tenth). 
Thus, the relationships are strongly Indo-Pacific, more 
than half the original immigrants having come from the 
west and southwest and others from the south. Howev
er, the small American element is noteworthy. 



SPECIAL LISTS 

SPECIAL AREAS 

The heading Special Areas under the Hawaiian dis
tribution of each tree species (with 10 exceptions) con
tains names from a selected list of 18 parks, gardens, 
trails, and roads where that species is recorded. These 
trees can be seen for identification and study, and many 
are protected in their natural habitats. However, a spe
cial search may be needed for minor species. Some of 
these National, State, and City parks, botanical gar
dens, and arboreta have trails with labeled specimens 
and guidebooks. 

The assistance of directors of these Special Areas 
in providing tree species lists is gratefully acknowl
edged. The data are subject to revision, and detailed 
species lists have not been compiled for some localities. 
Certain areas require permission to enter. Trees mayor 
may not be labeled. Collecting specimens is not permit
ted in the National Parks and most other places listed. 

Additional areas are being developed or are not 
open to the public at present. The Harold L. Lyon Ar
boretum, University of Hawaii, is open to specialists and 
students by appointment. It has a published checklist of 
plants in cultivation (Hirano and Nagata 1972). 

A list of the 18 Special Areas cited in this handbook 
follows. They are located on four islands: Kauai, Oahu, 
Maui, and Hawaii. Two others, Kula Botanical Garden on 
Maui and Lawai, Pacific Tropical Botanical Garden on 
Kauai, have plants of many tree species mentioned in 
this handbook. 

Eighteen Special Areas are listed below by islands. 
The single word used in the text is followed by full name 
and notes. 

Kaual 
Keahua--Keahua Forestry Arboretum. 
Kokee--Kokee State Park. Primarily along Awaawa

puhi Trail. 
Oahu 

Aiea--Aiea Loop Trail. 
Foster--Foster Botanic Garden, Honolulu. 
lolani--Iolani Palace grounds, Honolulu. 
Koko--Koko Crater Botanic Garden. 
Tantalus--Tantalus Round Top Drive. 
Wahiawa--Wahiawa Botanic Garden. 
Waimea Arboretum--Waimea Arboretum, Waimea 

Falls Park. Admission charge. (Not to be confused with 
Waimea Canyon State Park on Kauai or Waimea Village 
on the island of Hawaii.) 
Maul 

Haleakala--Haleakala National Park. 
Kula--Kula Forest Reserve (Poli Poli Spring). 
Waihou--Waihou Spring Forest Reserve (Olinda). 

Hawaii 
City--Puu Honua 0 Honaunau (City of Refuge) Na

tional Historic Park. 
Kalopa--Kalopa State Park. 
Kipuka Puaula--Kipuka Puaula (Bird Park) Trail, 

Hawaii Volcanoes National Park. 
Pepeekeo--Pepeekeo Arboretum. Obtain directions 

and permission from Division of Forestry and Wildlife. 
Volcanoes--Hawaii Volcanoes National Park. 
Waiakea--Waiakea Arboretum. Obtain permission 

from Division of Forestry and Wildlife. 

CHAMPION TREES OF HAWAII 

The champions, or largest individuals in Hawaii, 
have been located and measured for about 200 tree 
species, both native and introduced, including about 90 
listed in this handbook. Information on the size of each 
champion tree has been taken from the National Regis
ter of Big Trees compiled by the American Forestry As
sociation and published in "American Forests" (Littlecott 
1969; American Forestry Association 1974; Hunt 1986). 

Lester W. "BiII" Bryan, late retired Deputy State 
Forester, located and measured these big trees of 
Hawaii in special searches in 1968 and 1974. Forthese 
records, credit is due him, several persons who assist
ed, and the American Forestry Association. 

Hawaiians are encouraged to continue the search 
for champions of other species, for larger trees to re
place those listed, and for successors to any that may 
have died. Also, existing champions merit remeasuring 
after a period of years. Some relatively young champi
ons of introduced species may not have attained maxi
mum size. Information may be sent to the Hawaii Divi
sion of Forestry and Wildlife, 1151 Punchbowl St., 
Honolulu, HI 96813. 

Measurements recorded are height, circumference 
(girth) at breast height (c.b.h.) or 4 1/2 ft (1.4 m), and 
crown spread (average diameter). For comparison, fig
ures of circumferences can be converted into average 
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diameters at breast height (d.b.h.) through division by pi 
(3.1416 or 22/7). 

A few giants merit special mention here as well as 
under their species descriptions. The largest native tree 
in Hawaii measured in 1969 was a koa (Acacia koa ) 
140 ft (42.7 m) high, 37.3 ft (11.4 m) in circumference, 
and 148 ft (45.1 m) in spread. Unfortunately, this tree 
split in two because of heart rot, and the remnant tree 
is much smaller. A new champion koa has not been 
identified. Another giant is the largest monkeypod 
(Pithecellobium saman) , an introduced species. Its di
mensions reported in 1969 were height 104ft (31.7 m), 
circumference 30.8 ft (9.4 m), and spread 140 ft 
(42.7 m). 

The species of Eucalyptus are the tallest trees here 
as well as in their native home in Australia. Hawaii's 
tallest tree, also the tallest hardwood in the United 
States, is a planted saligna eucalyptus (Eucalyptus 

saligna) 276 ft (84 m) high in 1980 and still growing at 
about 50 years of age (Skolmen 1983). 

Banyans, introduced relatives of figs, have the 
greatest trunk circumference as well as broadest crown 
spread. Their massive trunks and air roots groy! togeth
er to form even wider columns. The spreading crown of 
nearly horizontal large branches is supported by addi
tional trunks from more air roots. Hawaii's champion 
Chinese banyan (Ficus microcarpa) in 1969 measured 
104ft (31.7 m) in height, 90.1 ft (27.5 m) in trunk circum
ference, and 195 ft (59.4 m) in spread. 

Hawaii's naive tree champions could also be regard
ed as national champions, as these tropical species 
(with two exceptions) are not native in continental Unit
ed States. Among introduced trees, Hawaii's champions 
compete with those of the same species in southern 
Florida. For example, Hawaii's largest coconut (Cocos 
nucitera) outranks Florida's. 

WEED TREES 

In this handbook, tree species classed as weeds are 
so designated under distribution notes. These weed 
trees grow outside their normal habitat in other places 
where not wanted and are included in references on 
Hawaiian weeds. ·Common Weeds of Hawaii" (Hawaii 
Weed Conference 1957) listed about 25 tree species 
also in this handbook, nearly all introduced, but a few 
native. Additional information about weed trees is con
tained in ·Handbook of Hawaiian Weeds· (Hasselwood 
and Motter 1966). 

Weed trees may be undesirable because they re
place useful plants or are poisonous to persons or ani
mals. Generally, they reproduce well by seeds or 
sprouts, are hardy, and grow rapidly. Thus, they invade 
disturbed areas, including waste places, roadsides, 
pastures and rangelands, and cultivated or abandoned 
lands. Then they become thoroughly established and 
naturalized. Aggressive exotics may even invade native 
vegetation. 

Fortunately, several species of naturalized trees are 
beneficial. Kiawe or algarroba (Prosopis pal/ida) has 
become perhaps the most useful as well as most com-

mon tree of the dry lowlands of Hawaii. It is Hawaii's 
principal honey tree and has a durable wood prized for 
fenceposts. The pods are feed for livestock in pastures 
or rangelands, and the foliage is browsed too. Other 
naturalized trees bear edible fruits abundantly, for ex
ample, guava (Psidium guajava) and strawberry guava 
(P. cattleianum). Both are obnoxious weeds. 

Unfortunately, other tree species originally intro
duced for useful purposes have become weeds. For 
example, firetree (Myrica taya), was brought into Hawaii 
as an ornamental about 1900 and has become natural
ized in moist areas. It is classed as a weed in pastures, 
rangelands, and waste places and has been declared 
noxious. Another noxious tree, silk-oak (Grevillea ro
busta) , has taken over large areas of pasture in Ka'u, 
Kona, and near Waimea on Kauai. Christmas-berry 
(Schinus terebinthifolia) was imported as an ornamental 
before 1917. It has escaped widely in dry lowlands and 
now is rated as a weed and is poisonous because of its 
sap. Eradication of these undesirable immigrants would 
be difficult and expensive. 

POISONOUS TREES 

Several native and introduced tree species of 

Hawaii are poisonous or injurious to persons or animals. 
These trees have been included with herbs and shrubs 

in lists of poisonous plants, for example, by Arnold 
(1944). Though not a serious threat to residents and 
tourists, poisonous trees deserve mention. 

16 

A list of the 10 species of this handbook known to 
be poisonous, or otherwise injurious, follows. Additional 
notes are summarized in the text. 

38. kahili-flower, Grevi/lea banksii* 
57. wiliwili, Erythrina sandwicensis 
59. koa haole, leucaena, Leucaena leucocephala* 



66. mokihana, Pelea anisata 
70. chinaberry, pride-of-India, Melia azedarach* 
72. kukui, candlenut-tree, Aleurites moluccana** 
74. mango, manako, Mangifera indica* 
76. Christmas-berry, Schinus terebinthifolia* 
82. wingleaf soapberry, manele, Sapindus 
saponaria 
92. 'akia, Wikstroemia oahuensis 

Other introduced trees not in this handbook, such 
as ornamentals, are poisonous according to Arnold 
(1944). Several others with caustic sap or stinging hairs 
are contact irritants. The most frequent cause of fatal or 

dangerous poisoning on Oahu is yellow-oleander, Cas
cabe/a thevetia (L.) Lippold (Thevetia peruviana (Pers.) 
K. Schum.), known also as nohomalie, be-still-tree, and 
campanilla, and elsewhere as lucky-nut. This intro
duced small tree has showy bell-shaped yellow flowers, 
very narrow shiny leaves, triangular-shaped poisonous 
nuts, and very poisonous milky juice. 

Two general rules regarding poisonous plants, stat
ed by Arnold (1944), merit repetition here, especially for 
newcomers and tourists: (1) NEVER EAT OR TASTE 
ANY STRANGE FRUIT, LEAF, OR ROOT. (2) Usually, 
plants that are closely related botanically have similar 
properties. 
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FORESTS AND FORESTRY IN HAWAII 

When Captain James Cook arrived in Hawaii in 
1778, the islands had forests that were more extensive 
than those that exist today. Nelson (1967) reported that 
200 years ago large areas of land cover had been al
tered by nearly 1,000 years of use by the large Hawaiian 
population. However, it was subsequent to the arrival of 
Europeans that the great inroads into the native forest 
vegetation were made--by browsing animals, clearing 
for pasture, invasion of exotic plants, fuelwood cutting, 
and logging. These changes have been abundantly and 
repeatedly documented and need not be reviewed fur
ther. 

Although the Hawaiians had introduced a number 
of plants, including trees such as breadfruit (Artocarpus 
altilis) , coconut (Cocos nucifera) , hau (Hibiscus tili
aceus), kukui (A/eurites moluccana), and 'ohi'a ai (Euge-

nia malaccensis), the coming of Europeans really accel
erated the introduction of plants. As early as 1850, a 
whole new vegetation type had been created by one 
tree species, kiawe (Prosopis pallida) , which happened 
to be placed in a niche perfectly suited to its Peruvian
derived survival characteristics. Other species such as 
guava (Psidium guajava) , mango (Mangifera indica), 
and false kamani (Terminalia catappa) very early be
came prominent components of the lowland forests. At 
present, in many lowland areas, it is difficult to find a 
native plant left among the host of introduced plants 
occupying the roadsides. But in the upland forests, par
ticularly the rain forests that are presently very lightly 
visited by people, there are still large areas of essentially 
pristine native vegetation. 

FOREST TYPES 

The forests of Hawaii occur in diverse mixtures of 
species, often called communities or ecosystems. The 
makeup of these communities varies with the abilities of 
different plants to cope with site variables such as mois
ture availability, temperature, light, soil nutrients, dis
turbance by humans and animals, salt spray, volcanic 
fumes, and the like. In Hawaii, many indigenous plants 
have evolved into various forms capable of occupying 
different site conditions than those used by the plant 
that first arrived by bird, wind, or ocean flotation. But 
during the last 1,000 years, especially the last 180, peo
ple have purposely introduced thousands of new plants. 
These new plants were usually those with particularly 
desirable qualities--fast growth, abundant flowering and 
seeding, ability to occupy difficult sites, and the like. 
Consequently, the recently introduced plants, today of
ten called aliens (a pleasingly derogatory term to differ
entiate them from indigenous plants) are rapidly taking 
over almost all the lowland forests, and are encroaching 
rapidly in those of the uplands. 

There are 4.1 million acres (1.66 million ha) of land 
in the eight principal high islands of Hawaii. Of the total, 
2 million acres (0.8 million ha) are forested. The forests 
of indigenous plants today are largely confined to the 
uplands, mostly on the Island of Hawaii, and difficult of 
access accept by off-highway vehicle or foot trail. It is 
possible today to drive entirely around the island of 
Oahu and never see 'ohi'a lehua, the most common 
native tree, at a close enough distance to be recogniz
able. 

In this handbook the forest types of Hawaii are limit
ed to only nine very generalized named communities for 
clarity of mapping (figs. 2-5). Types are given simple 
names generally descriptive of the principal tree or trees 
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found in them. The native forest types are 
'ohl'a--hipu'u, koa--'ohl'a, mamane--nalo, and native 
dry forest. The forest types of introduced trees are eu
calyptus, mixed exotic hardwoods, guava, klawe-
leucaena, and conifers. Each name is a brief identifier 
for a variable mixture of plants associated with a certain 
site situation. The guava type, for example, might be 
better described as mixed lowland wet primarily non
indigenous forest. The classifications used are general
ly adapted from those of Ripperton and Hosaka (1942) 
and Kuchler (1970). 

The forests of Kahoolawe and Niihau (fig. 4) are 
given only one type, kiawe--Ieucaena. The other islands 
all have three or more types. The kiawe--Ieucaena, eu
calyptus, and conifer types are generally similar on all 
islands and will be described first. The other types, 
which vary from island to island, will be described sepa
rately for each island. 

Kiawe--Ieucaena is common to dry leeward coasts 
of all islands and to parts of the windward shores. Kiawe 
(Prosopis pallida) is not present in the type on windward 
shores except on Lanai and Kahoolawe. Generally, on 
the leeward shores Prosopis begins just beyond the salt 
spray zone of the shoreline and may extend inland to an 
elevation of 600 ft (182 m) at some locations. Leucaena 
leucocephala may occur in mixture with Prosopis, or 
may occupy a site exclusively. Generally, Prosopis 
grows near the coast with occasional Acacia farnesiana 
and Pithecellobium dulce. Leucaena replaces Prosopis 
on hillsides up to elevations where increased moisture 
causes soils to become too acidic for it to compete with 
other plants. In coastal flats where ground water is avail
able, as on Molokai, kiawe grows to impressive size. 
Also on Molokai, the type contains prominent shoreline 



stands of mangrove (Rhizophora) taking over old fish 
ponds. Except on Molokai, this type is probably the 
most threatened of any by current shoreline develop
ment, by frequent fire (which kills kiawe), and by a re
cently introduced insect, a psyllid that defoliates Leu
caena. 

Eucalyptus plantations are common on the five prin
cipal islands. Most frequently, they are single-species 
plantings of Eucalyptus robusta, a tree with thick reddish 
brown bark. Since 1960, E. saJigna, a tree with smooth 
bluish gray bark has been planted extensively and now 
rivals E. robusta in quantity. Along highways, at low 
elevation the most common other species seen are E. 
citriodora, with gray dimpled bark, and E. deglupta, with 
pink and green scaly bark. At higher elevations, the 
common species are E. sideroxylon, with black bark, 
and E. camaldulensis, with bark mottled gray and 
brown. In wet areas, the older Eucalyptus stands often 
have a dense understory of strawberry guava (Psidium 
cattleianum) while in drier locations they have little or no 
ground cover. Hawaii has more than 90 species of Euca
lyptus as well as many closely related Australian Myr
taceae, and they are often found in mixed plantings. 

The conifer type is mapped on Maui, Kauai, and 
Molokai. At the Kula Forest Reserve on Maui there is a 
mixture of conifers planted in contiguous stands, princi
pally Cryptomeria, Sequoia, and Pinus. Also on Maui in 
the upper Waikamoi watershed is a large planting of 
Pinus elliottii, P. taeda, P. radiata, and P. pinaster grow
ing in mixture with StypheJia and Vaccinium shrubs. On 
Molokai and Kauai, the conifer plantations are mostly 
Pinus elliottii and P. taeda, although some trees of P. 
radiata and P. pinaster are also present. Prominent on all 
the islands, but not shown in the maps, are stands and 
individual trees of Araucaria. The island of Hawaii also 
has several large stands of Cryptomeria, not shown on 
the maps. 

Kaual--On the island of Kauai (fig. 2), the 'ohi'a-
hapu'u type occupies the wet central part of the island 
above elevations of about 3,000 ft (914 m). Principal 
genera throughout most of the type are Metrosideros, 
Cibotium, Cheirodendron, Pelea, Gouldia, Coprosma, 
and the fern Dicranopteris. The type on this island in
cludes bog communities of the herbs Dubautia, 
Rynchospora, and Oreobolus with and without 
Metrosideros. 'Ohi'a lehua in these forests varies from 
dwarf to about 30 ft (9 m) in height. 

The koa--'ohi'a type on Kauai is confined to a small 
area in and about Kokee State Park. At this location, 
much of the type is second-growth on land heavily 
grazed until the early part of this century and contains 
many introduced plants, particularly Grevillea robusta, 
and considerable koa, planted as well as natural. Much 
of the Acacia in the Park is A. kauaiensis, distinguished 
when in flower by its panicles. The portion of the type on 
the drier lee side of Puu Ka Pele ridge contains numer
ous large specimens of Alphitonia ponderosa, almost 

absent elsewhere in Hawaii's forests. Also present are 
Antidesma, Pelea, Santalum, and Tetraplasandra. There 
is less Metrosideros and Cibotium than present in the 
wetter forests of this type on other islands. 

The guava type on Kauai includes a mixture of Hibis
cus, Eugenia, Psidium, Schinus, Melastoma, and on the 
Na Pali Coast, a preponderance of Pandanus with Aleu
rites in the valley bottoms. Occasional clumps of 
Mangifera occur in the vicinity of old home sites. 

The term mixed exotic forest is used to describe 
small contiguous plantations of most of the introduced 
species in this book. In the northern areaAlbizia falcatar
ia is most common. In the eastern patches, Melaleuca 
quinquenervia and Casuarina spp. are frequent, and in 
the southwestern area, Grevillea. 

Oahu--On the island of Oahu (fig. 2), the 'ohi'a-
hapu'u type is mapped along the uplands of the Koolau 
Range and near the top of Mt. Kaala. Neither of these 
areas fits well into the category named, although there 
is always some treefern present and 'ohi'a lehua is the 
dominant tree. Mt. Kaala has a unique bog forest that is 
included in the type and in which associated trees are 
Cheirodendron, Coprosma, Gouldia, and Myrsine. In the 
Koolau range, Acacia is associated with Metrosideros 
and Cibotium as well as Antidesma, Perottetia, /lex, 
Cheirodendron, Elaeocarpus, and Pittosporum. 

The area in the central Koolau Range designated 
koa-'ohi'a contains Acacia as the dominant tree associ
ating with the species listed above for the surrounding 
'ohi'a--hapu'u type. Throughout both types are large 
areas of the fern Dicranopteris. 

The native dry forest in the northwest of the Wa
ianae Range is dominated by Diospyros, which asso
ciates with Canthium, Caesalpinia, Nothocestrum, 
Pleomele, and Reynoldsia. 

The guava type along the windward Koolau and the 
north end of the Waianae Range is a mixture of Psidium 
with Eugenia, Schinus, occasional small plantings of 
Casuarina, Araucaria, patches of Mangifera, and rem
nants of native forest. 

The mixed exotic forest type of Oahu includes ex
tensive plantings of native Acacia koa in the Honolulu 
and Honouliuli Forest Reserves, as well as Aleurites, 
Albizia, Angophora, Syncarpia, Tristania, Toona, and in
numerable other introduced trees. Throughout the type, 
patches of native forests are still present because the 
aim of the planting was always to replace ground cover 
where missing, not to replace existing forest. A good 
example of this is along the Aiea Loop Trail, where intro
duced trees occupy the formerly badly eroded ridges 
and native plants, mixed with introduced escapes, the 
gullies. 

Molokai--On Molokai (fig. 3), the 'ohi'a--hapu'u type 
designation applies well for the forest of the upper 
slopes, which on this island is mostly pristine. There are 
small bogs containing dwarf 'ohi'a on some of the 
ridges. The type where mapped extends to the south 
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into an area, the upper part of which was Styphelia
Dodonaea brush land that is now almost denuded of tree 
cover by the large goat and deer population. In draws 
in the lower part of this area, there are a few remaining 
badly chewed trees of Sesbania arborea. 

The guava type on Molokai is simply a catchall term, 
including the cover mostly of Lantana at Kalalau and that 
mostly of Eugenia and Mangifera in Halawa Valley. In 
between Kalalau and Halawa, the valleys contain many 
trees, the most obvious being Pandanus, Aleurites, and 
Mangifera. 

Mixed exotic forest is largely Acacia confusa and 
Casuarina spp. along the highway near Kalalau lookout 
and mixtures of Grevillea and several Myrtaceae in the 
Forest Reserve. 

Lanai--On Lanai (fig. 4), the mixed exotic hard
woods type is confined to the slopes and top of Lanai
hale. It includes Casuarina, Toona, Fraxinus, and many 
trees of Eucalyptus. A single row of Araucaria traverses 
the ridge top, which is occupied by a native wetland 
shrub type in which Scaevola is the most notable genus. 
Leptospermum scoparium, a very large shrub or tree, is 
rapidly taking over the top of the mountain. 

At the southeast edge of the mixed exotic hard
woods type is a strip shown as kiawe--Ieucaena. This is 
actually a shrub type of Dodonaea. 

The tiny area of native dry forest shown in the north 
center of the island is a remnant Diospyros type unique 
to the island and it is fenced to protect it from deer. 

Maul--On Maui (fig. 3), the 'ohi'a--hapu'u type is 
mapped in the central highland peaks and valleys of 
West Maui and the windward and eastern slopes of 
Haleakala. The top of West Maui, where it is not sharp 
ridges, is bog. Puu Kukui has the largest of these bogs, 
and its vegetation is well described and illustrated by 
Carlquist (1970). The slopes of West Maui are clothed 
generally in Metrosideros and the ferns Cibotium and 
Dicranopteris. This type includes also open Met
rosideros forest with an understory of native trees, Char
pentiera, Psychotria, Pelea, Eleaocarpus, and others, 
without treefern. 

On the slopes of Haleakala, the '6hi'a--hapu'u type 
is mostly extremely wet, with Cheirodendron, Coprosma, 
/lex, Pelea, and Myrsine as understory trees. In its upper 
portion, Rubus hawaiiensis becomes a principal under
story component, and above this the forest rapidly 
changes to a Styphelia--Vaccinium shrub type. In the 
upper Kipahulu Valley area some Acacia also occurs 
and this portion could be segregated as the koa--'6hi'a 
type, were it larger in size. 

The mamane--naio type shown near the summit of 
Haleakala is largely Styphelia, Vaccinium, Coprosma, 
and other shrubs, with occasional Sophora and Myopo
rum, also as shrubs. There are few Sophora of tree size 
in the area above the Kula Forest Reserve. 
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The small area of koa-'6hi'a is an Acacia--grass-
native shrub type heavily affected by goats. It is an open 
forest of short, crooked Acacia with few Metrosideros. 

The large area mapped as native dry forest on the 
south side of Haleakala is unfortunately extremely de
graded by grazing animals. The principal tree genera 
are Diospyros, Erythrina, Pleomele, and Reynoldsia. A 
few Metrosideros are mixed with the diverse dryland 
tree species, but the entire area has largely been taken 
over by grasses and shrubs. 

The guava type on Maui is again a diverse mixture. 
In the drier portions of this lowland and coastal type, 
Psidium and Schinus are most common. In wetter areas, 
especially along the Hana Road, Pandanus is very 
common along the sides of gulches and Aleurites in the 
bottoms. The floor of the inland portion of Keanae Valley 
is covered by a dense stand of Hibiscus tiliaceus. Nu
merous small plantings of introduced trees and bamboo 
are common in the East Maui portion of the type. 

The West Maui mixed exotic hardwood type is 
mostly Casuarina. The area shown as this type in the 
Kula vicinity represents the now largely urban thickets of 
Acacia decurrens and small ornamental plantings. 

Hawaii--The forest types of the Island of Hawaii (fig. 
5) are generally less complex because of the younger 
geologiC age of the island. The '6hi'a-hapu'u type on the 
windward slopes of Mauna Loa grows entirely on rela
tively young to very young soils developed on aa and 
pahoehoe lava flows. In this area, the height of the Met
rosideros overstory and vigor of the Cibotium understo
ry seems to be related to soil age and depth. On the 
shallow soils developed on pahoehoe are small '6hi'a 
with extensive Dicranopteris and, at higher elevations, 
Sadleria, openings. Deeper, older aa soils have tall'6hi'a 
and treefern. Common understory tree genera are /lex, 
Coprosma, and Myrsine. 

On the windward slopes of Mauna Kea, the soils are 
developed on volcanic cinder throughout the 'ohi'a-
hapu'u type. In the wettest portions of the type are nu
merous bogs largely covered by the fern Dicranopteris 
but with occasional Metrosideros and Cibotium. In the 
well-drained parts of these very wet forests, Acacia koa 
may be found as a co-dominant. Towards the northern 
part of this extensive type, Cheirodendron becomes the 
most common understory tree (after Cibotium), with /lex 
perhaps the next most common. 

The Kohala '6hi'a--hapu'u type is similar to that of 
West Maui, with almost treeless bogs at and near the 
summits that are dominated by Lobelioideae and (on 
this island only) the peatmoss, Sphagnum. 

The Kona and Ka'u '6hi'a--hapu'u types are some
what similar, although the soils of Kona are much 
younger. The stilt-rooted form of '6hi'a is less common 
in these forests, as is the makeup of the understory. The 
Cibotium layer is still present, but Psycho tria becomes 
the dominant understory tree. Acacia koa is occasional 
throughout the type in these two locations. 



Above the 'ohi'a--hapu'u type, generally starting at 
4,000 ft (1,219 m) on the windward side and at 3,500 ft 
(1,067 m) in Ka'u and Kona, Acacia koa becomes the 
dominant species. These are the areas typed as 
koa--'ohi'a. With increasing elevation, Metrosideros and 
Cibotium drop out in the type, leaving, at the uppermost 
sites, only Acacia with an occasional Sophora or scrub 
Myoporum, intermixed with Rubus and Vaccinium 
ground cover. Very little of the koa--'ohi'a type is un
touched by cattle, and in much of it pigs regularly turn 
over the soil as they root for worms and insects. 

The mamane--naio type has been heavily impacted 
by feral animals, causing Myoporum to be more com
mon than the more palatable Sophora. The best remain
ing forest in this type is on the northwest slope of Mauna 
Kea, the habitat of the endangered bird, palila. 

The native dry forest in the vicinity of Puuwaawaa 
and the north slope of Hualalai is the only location of 
Colubrina oppositifolia. This dry forest contains Met-

rosideros as a common component in addition to 
Diospyros, Erythrina, Caesalpinia, Nothocestrum, 
Pleomele, and Canthium. The native dry forest type in 
Hawaii Volcanoes National Park in the southeast of the 
island does not contain Metrosideros, but rather Diospy
ros and Canthium as the dominants. 

The guava type near Hilo and Honolulu Landing is 
primarily mixed Melastoma, Metrosideros, and Pan
danus. The type in South Puna is complex: Pandanus 
and Metrosideros are probably the most common 
species in a region much disturbed by ancient as well 
as current occupation and farming. 

The mixed exotic hardwood type on this island fre
quently includes rather large single-species block plant
ings of trees other than Eucalyptus. In the Waiakea For
est Reserve, the trees most often planted are Eucalyptus 
and Toona. In the area shown in Kohala, Casuarina is 
most common, and in Ka'u, Grevillea. 

FORESTRY 

In Hawaii, the word forestry had always meant envi
ronmental protection and improvement until the 1960's, 
when an effort to develop a better timber resource and 
to encourage development of a timber industry began. 
Prior to the 1960's, essentially all the work undertaken 
by the Division of Forestry, Department of Land and 
Natural Resources, was concentrated on reforestation 
of ravaged forest land, fencing and patrolling forest re
serves, eradicating feral animals, and developing Forest 
Reserves. 

During the 1960's, the Division of Forestry carried 
out a program of converting existing healthy forest to 
exotic timber species on all islands, but centered pri
marily in the Waiakea Forest Reserve on Hawaii. In the 
late 1960's, environmental concern started a shift away 
from this focus on economic development towards a 
focus on forest protection during the 1970's. In 1979, the 
Division of Forestry became the Division of Forestry and 
Wildlife. 

Forestry has a long and well-documented history in 
Hawaii. It began in the 1880's with the creation and 
fencing of the privately owned Kau Forest Reserve by 
Hutchinson Sugar Co. and with the planting of euca
lypts by the Kingdom on the former Coney Estate on 
Tantalus--the area now called Eucalyptus Ridge. It con
tinued through the 1890's with plantings of Casuarina 
and Eucalyptus in Nuuanu Valley, which was at that time 
bare of the trees, and along Mud Lane above Kukui
haele on Hawaii. 

In 1903, the agency now called Division of Forestry 
and Wildlife was created, and the work of establishing 
Forest Reserves, fencing them, and planting trees be
gan in earnest. In 1904, the first two Forest Reserves 

were set aside, the Kaipapau on Oahu and the 
Hamakua Pali on Hawaii. Both public and private lands 
were given over to Reserve status and eventually 
1.2 million acres (485,830 ha), one-fourth of the land in 
Hawaii, were included in the system. "Reserve" status 
did not confer a "hands oft" type of land managE~ment to 
the forests. Rather, the Division of Forestry took on the 
task of putting trees back on those parts of the reserves 
where they had been destroyed by cattle, fire, and other 
causes. 

The Forest Reserves as they were in 1961, before 
various changes in Hawaii's laws altered their size and 
boundaries, serve as a guide for locating many of the 
species and plantations described here (figs. 6-8). 
Since 1961, almost all the privately owned land formerly 
dedicated to Forest Reserve status has been with
drawn. Also, about 25,000 acres (10,000 ha) of "State 
land," which was actually "Hawaiian Homes Land," has 
been withdrawn. The title "Forest Reserve" has become 
an official deSignation only for the State-\Jwned land. 
The land in other ownerships (figs. 6-8) is almost all 
within "Conservation Districts· and subject to various 
use restrictions intended to maintain its cover type, but 
it is no longer managed and maintained by the Division 
of Forestry and Wildlife as it was before withdrawal. 
Many of the forest plantings mentioned here were made 
by the government on the land in other ownerships 
when it was Forest Reserve. So, for simplicity, and be
cause most people still regard the entire area as Forest 
Reserve regardless of ownership, the entire land areas 
are called Forest Reserves in this handbook. 

In 1904, the Division of Forestry began planting in 
Makiki Valley. At that time, it was almost bare of trees, 
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because it had supplied the City of Honolulu with fire
wood for the previous century. They planted kukui (,4./eu
rites moluccana) and koa (,4.cacia koa) at first but soon 
found that these species did not do well in the eroded 
soil and greatly modified environment. It was necessary 
to use exotic species to establish new trees quickly. 
Thus began the pattern that exists at present. Although 
the native species Acacia koa is numerically the fourth 
most commonly planted tree in Hawaii, most of the suc
cessful plantations are Eucalyptus, Grevillea, Albizia, 
and other fast-growing exotics. 

Today, it is hard to visualize the impact these plant
ings have had. Imagine the mountains behind Honolulu 
or Nuuanu and Kalihi Valleys without any trees, as all 
were bare only 80 years ago. In 1924, there were 5,000 
head of cattle on the 5,000-acre (2,024-ha) Honouliuli 
Forest Reserve above Kunia, Oahu, with no trees at all 
and hardly a blade of grass. By 1938, planting of this 
Reserve was completed and today many of the trees of 
Eucalyptus, Grevillea, and Acacia are large enough to 
supply saw logs if desired. Similarly on other islands, it 
is hard to imagine Kokee and Kauai without koa and 
silk-oak, the Makawao area of Maui without eucalypts, or 
the Volcano Road without its forest parks, but all are 
partly or entirely planted forests of relatively recent ori
gin. 

The bulk of the planting in the Forest Reserves 
came about in the 1930's as part of the Civilian Conser
vation Corps program. Most of the forest plantations in 
the State, particularly the eucalyptus plantings, date 
from this period. These plantings were made simply to 
get cover on the land. There was no intention at that time 
of producing a timber resource, although many earlier 
plantings had been made by the ranches and sugar 
companies to produce firewood and fenceposts. 

In 1957, the Territory of Hawaii requested the assis
tance of the USDA Forest Service in conducting a timber 
survey and determining the research needs to enhance 
both the watershed and timber values of the forest 
lands. The Forest Service assigned Robert E. Nelson to 
Hawaii to plan and lead the survey, evaluate other re
search needs, and provide on-the-ground support for 
various federally funded forestry support programs. 

At the numerous meetings and discussions that 
were held, the principal forestry concern of land man
agers in Hawaii was watershed protection. The possibil
ity of timber harvesting sparked interest, but not if it 
meant damaging watersheds that had taken half a cen
tury of effort to get back in order. Thus the first re
searchers to join Nelson worked on watershed 
problems--soil trafficability and evapotranspiration. 

A comprehensive research plan was developed 
jointly by local land managers, primarily from private 
industry, working with the State and Federal agencies 
involved. This plan, which began to be implemented in 
earnest in 1960, called for extensive research to solve 
watershed management problems, develop a thriving 

timber industry, and determine how best to manage the 
native and exotic forests. The plan was followed 
throughout the 1960's, with the bulk of the needed re
search being carried out by the Forest Service research 
unit, which became known as the Institute of Pacific 
Islands Forestry. 

By 1961, the forest survey had made it apparent that 
Hawaii had a sizable timber resource available for har
vest. The 20,000 acres (8,097 hal of planted forest con
tained almost one-fourth of the total sawtimber volume 
in the State. It became the policy of the Division of 
Forestry to increase this level further. This was done by 
clearing and planting native forest on Hawaii and shrub 
exotic forest on the other islands at a rate of about 2,000 
acres (810 hal a year from 1961 to 1968. The prinCipal 
trees planted were Toona, Eucalyptus, Flindersia, Pinus, 
and Fraxinus. At the same time, the Forest Service re
searchers began to evaluate these and alternative 
species to determine their management characteristics. 

The exotic species used for timber production in 
Hawaii are unusual as compared with elsewhere in the 
world. The primary reason for this is that most of the 
forest land available for growing tree crops is at rela
tively high elevations above 2,000 ft (610 m), where the 
temperature is too cool for the more common tropical 
timber species such as teak and mahogany to grow 
well. The climate at these higher elevations is not a 
temperate climate, however, because there is very little 
seasonal variation in temperature. It is an oceanic mon
tane environment at a latitude having few other similar 
high island groups. Consequently, trees that have 
grown well after introduction to Hawaii's forests are often 
not widely known or used elsewhere. Secondly, be
cause for many years the sole objective of the Division 
of Forestry was to reforest denuded watersheds with 
any trees that would grow, and preferably with trees that 
would not later be cut for industrial use, a great many 
unusual species were tried in forest plantations. Some 
of these, such as Toona and Flindersia spp., happened 
to be good timber trees. 

Hawaii in 1987 has about 46,000 acres (18,623 hal 
of planted forest on commercial forest land (Metcalf et 
al. 1978). Half is in eucalypts and the rest in other exotic 
species. These forests contain about 69 million cu ft 
(1.95 million cu m) in trees of 5.0 in (13 cm) diameter and 
larger. The eucalyptus plantations contain 88 percent of 
this volume. 

Only two native tree species are considered com
mercial timber. These are 'ohi'a and koa. There are 
about 115 million cu ft (3.25 million cu m) of 'ohi'a and 
25 million cu ft (0.71 million cu m) of koa in Hawaii 
(Metcalf et al. 1978). The '6hi'a commercial forest occu
pies about 174,000 acres (70,445 hal and the koa and 
'ohi'a--koa commercial types, 62,000 acres (25,101 hal. 

The Institute of Pacific Islands Forestry grew during 
the 1970's to an organization of about 30 people, with 12 
to 15 scientists engaged in research in several subjects 
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including forest pathology (particularly as related to a 
serious decline of '6hi'a), modern container tree nursery 
development, tissue culture propagation of koa and eu
calyptus, biomass production by intensive cultivation of 
eucalypts, streamflow sediment loading resultings for 
the '6hi'a decline, the habitat of endangered birds, and 
a host of other subjects, including an entire project de
voted to the forestry problems of Micronesia. 

This research was in part always funded by the 
State of Hawaii and in Hawaii carried out primarily on 
State-owned land, frequently with the help of State em
ployees and equipment. The Institute of Pacific Islands 
Forestry has currently passed the 30-year mark of For
est Service presence in Hawaii and can point to more 
than 400 publications that have resulted from its re
search over the years. Many of these publications are 
listed in the Selected References. 

One long-term task of the Institute that aided materi
ally in providing numerical counts and location informa
tion for this publication was the compilation of the plant
ing records of the Division of Forestry for 1910--1960. 
This staff effort was summarized by Nelson (1965) and 
completed by Skolmen (1980). 

A small forest industry has been present in Hawaii 
since about 1850. The mainstay of this industry has 
been the native koa, an excellent cabinetwood. 'Ohi'a, 
the principal species available, has a very heavy, hard 
wood of limited usefulness. Over the years, the industry 
has changed considerably. At one time, from 1909 to 
1917, there was a large mill in Puna cutting railroad ties 
of '6hi'a. More recently, in 1968, there was a veneer and 
plywood plant in Kawaihae. In the late 1970's, there were 
three sawmills and one chipping plant in Hawaii. Two 
sawmills produced lumber from koa and the other cut 
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Eucalyptus. The chipping company chipped Eucalyptus 
for shipment to Japan for use as paper pulp. In the 
1980's, the industry reverted to 4 or 5 very small mills 
cutting koa and on-again, off-again attempts to log and 
utilize eucalyptus chips for fuel in electrical generation. 

There is continuing interest in growing Eucalyptus 
on short rotations using intensive agricultural tech
niques to supply either the pulpwood market or fuel
wood for electrical energy production in place of oil. The 
U.S. Department of Energy has for several years funded 
a large research project in eucalyptus biomass produc
tion. 

Hawaii's forests are important in other ways than as 
a source of timber and will continue to be managed for 
other purposes. The forests maintain the water supply 
for irrigation and domestic water. They reduce erosion, 
preventing stream siltation and killing of coral surround
ing some of the islands. They supply the habitat for feral 
pigs, an important game resource. Although they are 
rapidly changing because of the invasion of introduced 
plants, the native forests still supply the habitat for native 
birds, land snails, and plants found nowhere else in the 
world. Managing these forests to preserve these unique 
organisms, some of which are threatened and endan
gered species, must remain a major goal of the forestry 
effort. . 

The forests also supply the scenic backdrop to 
beaches, cities, roads, and residential areas that, as well 
as providing recreation, cause Hawaii to be the uniquely 
beautiful place that it is. Tourists in increasing numbers 
continue to enjoy Hawaii's tropical trees, both native and 
exotic. These forests must continue to receive careful 
management. 
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TREE SPECIES, DESCRIPTIONS AND ILLUSTRATIONS 

TREEFERN FAMILY (DICKSONIACEAE) 

1. Hapu'u-'i'i, Hawaiian treefern 

Large treeferns are among the most distinctive and 
most beautiful plants of Hawaii's tropical rain forests. 
They are easily identified as ferns by their giant feathery 
or lacelike fern leaves (fronds) unrolling from a densely 
hairy coil and by the absence of flowers, fruits, and 
seeds. The unbranched trunks, leafy only at the top and 
evergreen, qualify as trees. 

Six species of treeferns, all belonging to the genus 
Cibotium, have been distinguished as native in Hawaii. 
All have their powdery beadlike masses (sori) of micro
scopic spores in yellowish boxlike cups (indusia) in 2 
rows on edges of under surface of leaf segments. Small
er trunked ferns, genus Sad/eria with 6 or fewer native 
species, are treelike and have been included with an 
example, species NO.4, 'ama'uma'u, Sad/eria cy
atheoides. These smaller ferns bear their spores along 
midvein between 2 long black folds or lines. 

This species, the native treefern of largest size, is 
recognized by the rough leafstalks covered with long 
stiff, shaggy blackish hairs and by the broad thickened 
leaf segments with prominent veins often branching. 

A small tree with trunk usually less than 10ft (3 m) 
high, rarely to 23 ft (7 m), and with several very large 
erect spreading leaves adding as much as 10ft (3 m). 
The unbranched trunks are covered in lower part with 
compact masses of fibrous blackish air roots as much 
as 2--3 ft (0.6--0.9 m) in diameter, usually much smaller. 

Leaves (fronds) several, erect and spreading, the 
oldest dying and bending down along trunk, very large, 
feathery, divided 3 times (pinnate), mostly 6--12 ft 
(1.8--3.7 m) long and 3--5 ft (0.9--1.5 m) wide. Leafstalk 
or axis (stipe) to 3 ft (0.9 m) long, stout, green, rough, 
and warty, the enlarged base shaggy with long glossy 
reddish brown narrow flattened hairlike scales, beyond 
with coarse, long stiff black hairs or bristles often shag
gy and forming dense cover. The main axis is rough and 
bears many pairs of branches (pinnae) to 21/2 ft (0.8 m) 
long, further divided. Branches (pinnules) many pairs, 
narrowly lance-shaped, 5--10 in (13--25 cm) long and 
1--1 1/2 in (2.5--4 cm) wide, ending in very long narrow 
point, with very short stalk at base, divided or lobed 3/4 
to midvein. Segments or lobes many, nearly paired, 
oblong rounded, to 1/2 in (13 mm) long and 1/4 in 
(6 mm) wide, with edges turned under, slightly thick
ened, upper surface green and hairless with prominent 
veins often forked, lower surface paler and usually hair
less. 

44 

Cibotium chamissoi Kaulf. 

Older leaf segments bear, on lower surface at ends 
of veins and on edges, 2 rows of 7 or fewer yellowish 
boxlike cups (indusia), each containing masses of dark 
brown spore cases (sporangia), which shed masses of 
microscopic spores abundantly. These boxlike cups are 
1/16 in (1.5 mm) wide, larger than in related species. 

In cross section the trunk has a thick outer mass of 
compacted fibrous blackish air roots, next the small 
stem with hard outer wall. Within is the whitish soft pith 
containing scattered woody strands or leaf traces. 
Trunks of ferns are not divided into bark and wood and 
increase in diameter only slightly. 

Fortunately, these treeferns are hardy. They with
stand damage by cattle and when uprooted by wild 
hogs continue to grow, so long as the growing tip or 
"fiddle head" is not destroyed. A felled trunk can form 
many shoots. However, a few treeferns may be killed by 
shading of larger trees. Young plants of species No. 
116, 'ohi'a lehua, Metrosideros po/ymorpha, often begin 
growth from seeds that lodge and germinate among the 
moist leaf bases and air roots in the top of a treefern. 
Then roots are sent to the ground. Thus, some Hawai
ians believed that the treefern was the parent. 

This species is common and widespread in wet 
forests at low and middle altitudes of 800--6,000 ft 
(244--1,829 m) through the 6 large islands. It is a charac
teristic understory plant in 'ohi'a forests and with other 
treeferns often forms dense undergrowth. The largest 
treeferns and best displays are on the Island of Hawaii, 
such as in the forests of Puna, Hilo, and Kohala Moun
tains. 

Special areas--Waimea Arboretum, Wahiawa, Vol
canoes, Waiakea. 

Champion--Height 35 ft (10.7 m), c.b.h. 15.8 ft 
(4.8 m), spread 24 ft (7.3 m). Honaunau Forest Reserve, 
Kailua-Kona, Hawaii (1968). 

Range--Hawaiian Islands only. 
Other common names--hei'i, hapu'u ii. 
Botanical synonym--Cibotium menziesii Hook. 
This largest native treefern for many years was 

known as Cibotium menziesii Hook. At the same time the 
name Cibotium chamissoi was misapplied to the 
species now called Cibotium sp/endens(Gaud.} Krajina. 
This species honors Ludolf Adalbert von Chamisso 
(1781--1838), German naturalist and explorer. 

Treeferns were utilized for their trunks in the 1960's 
(Nelson and Hornibrook 1962). The outer part, like bark, 



1. Hipu'u-i'i, Hawaiian treefern Cibotium chamissoi Kaulf. 
Upper leaf surface (center) and lower leaf surface (left), 2/3 X, and base of axis (right), 1/6 X. 
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consisting of tightly packed fibrous blackish air roots, 
was sawed in narrow widths like slabs of bark or lumber. 
These sawed pieces of fibrous roots (called ·poles·) 
were shipped to the mainland for use as media or bases 
for growing orchids and other air plants. Some cutting 
of treeferns for this purpose continues. Chunks of 
treefern trunk are widely used as a rooting medium, and 
·pots· made of short cross sections have been a main
stay of the vanda orchid industry. This logging does not 
destroy the resource so long as the tops are left on the 
ground to grow again. The tops survive for long periods 
while forming new root systems. This is the preferred 
species for ·pole· manufacture because of its acidity 
and moderate density. 

2. Hipu'u-pulu, Hawaiian treefern 

This treefern is widespread in wet forests and is the 
most common species on the island of Hawaii. It is 
distinguished by the smooth leafstalks with masses of 
shiny golden brown, soft hairlike scales on enlarged 
base and lower part. Also, the leaf branches (pinnules) 
are stalkless, the leaf segments divided to midvein and 
beneath whitish and hairless, and the lowest pair of leaf 
segments common with earlike lobe and overlapping 
the axis. 

A shrub or sometimes small tree with slender un
branched trunk 3--1 ° ft (0.9--3 m) high, rarely to 16 ft 
(5 m), and 6--8 in (15--20 cm) in diameter, and with erect 
spreading leaves adding as much as 8 ft (2.4 m). The 
trunk is smooth, but stubs of leafstalks remain attached. 

Leaves (fronds) several, erect and spreading, the 
oldest dying and bending down along trunk, very large, 
feathery, divided 3 times (pinnate), mostly 6--8 ft 
(1.8--2.4 m) long. Leafstalk or axis (stipe) stout, slightly 
flattened, the enlarged base with masses of shiny gOld
en brown hairlike scales to 2 in (5 cm) long, beyond light 
green and hairless. The main axis bears many pairs of 
branches (pinnae) to 2 1/2 ft (0.8 m) long, further divid
ed. Branches (pinnules) many pairs, narrowly lance
shaped, 5--6 in (13--15 cm) long and 1/2--3/4 in 
(13--20 mm) wide, stalkless, divided to midvein. Seg
ments many, nearly paired, long, narrow, rounded, 
slightly curved, to 3/8 in (1 ° mm) long and less than 
3/16 in (5 mm) wide, with edges turned under and 
slightly wavy, thin, upper surface slightly shiny green 
with fine side veins slightly sunken, lower surface whitish 
and hairless. 

3. Meu, HawaIIan treefern 

This treefern, not distinguished in older references, 
is limited to wet forests of the Island of Hawaii. It is 
recognized by the slender smooth trunk, by the leaf
stalks appearing hairless but covered with soft matted 
dull brown hairs with masses of pale, dull gray brown, 
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The durable cut trunks of treeferns have served in 
corduroy trails across swamps, as water bars across 
mountain trails for drainage, and also for posts. The 
horizontal trunks usually sprout at one end to form a 
hedge of young leaves. 

Wild hogs, which were introduced by the early 
Hawaiians, are enemies of treeferns. They uproot the 
plants and feed upon the starchy trunks. Degener re
ported that before the National Park was established, 
large tree trunks in the Kilauea region were dumped into 
steam crevices for cooking by volcanic heat, then fed to 
fatten hogs. In times of famine, the early Hawaiians 
cooked and ate the starchy trunks and young leaves. 
Actually, many people today eat peeled and boiled 
treefern growing tips and consider them a delicacy. 

Cibotium glaucum (Sm.) Hook. & Arn. 

Older leaf segments bear, on lower surface at ends 
of veins and on edges, 2 rows of 7 or fewer yellowish 
boxlike cups (indusia) more than 1/32 in (1 mm) wide, 
each containing masses of dark brown spore cases 
(sporangia), which shed masses of microscopic spores 
abundantly. 

The main product of this treefern was pulu, the 
dense soft cover of glossy, silky scales of hairs at the 
base of young coiled leaves. Pulu served the Hawaiians 
as an absorbent surgical dressing and in embalming 
the dead. This "wool· was harvested, often by cutting 
down the larger plants, and exported mainly to Califor
nia for stuffing mattresses and pillows. According to 
Degener (1930), the harvest was extensive by 1859, 
rose to the maximum export of almost 623,000 pounds 
in 1869, and ended by 1885. Because it becomes mat
ted, breaks into powder, and absorbs mOisture, pulu 
was replaced by other fibers. About 1920, treeferns 
were cut for the starch in their trunks, which was used 
for laundry and cooking. However, that industry was 
short-lived. 

Widespread but apparently uncommon in wet 
forests at low and middle altitudes of 800--6,000 ft 
(244--1,829 m). 

Special area--Volcanoes. 
Range--Larger Hawaiian Islands except Maui. 
This species propagates by trunk buds as well as 

spores. It grows well in shady, damp gardens at sea 
level and is often used as an ornamental. The other 
species do not survive at sea level. 

Cibotium hawaiiense Nakai & Ogura 

narrow flattened hairlike scales on enlarged base and 
lower part; and by the leaf segments light green be
neath. 

A shrub or sometimes small tree with slender un
branched trunk to 20 ft (6 m), and 4--6 in (10--15 cm) in 
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2. Hapu'u-pulu, Hawaiian treefern Cibotium glaucum (Sm.) Hook. & Arn. 
Upper leaf surface (above), lower leaf surface (lower left), base of axis (right), 2/3 X. 
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diameter, and with erect and nearly horizontal spread
ing leaves adding as much as 6 ft (1.8 m). Lower part of 
trunk is smooth, and upper part bears dead broken 
leaves. 

Leaves (fronds) several, erect and spreading, the 
oldest dying and bending down along trunk and break
ing off cleanly, very large, feathery, divided 3 times (pin
nate), mostly 5--6 ft (1.5--1.8 m) long. Leafstalk or axis 
(stipe) stout, flattened above, the enlarged base and 
lower part with masses of pale dull brown hairlike scales 
1 1/4--2 in (3--5 cm), beyond green and hairless. The 
main axis bears many pairs of branches (pinnae) to 
2 1/2 ft (0.8 m) long, further divided. Branches (pinnules) 
many pairs, narrowly lance-shaped, 5--6 in (13--15 cm) 
long and 3/4 in (2 cm) wide, mostly with very short stalk 
at base, further divided or lobed almost to midvein. Seg
ments or lobes many, nearly paired, oblong narrow 
rounded, to 3/8 in (10 mm) long and 3/16 in (5 mm) wide, 
with edges turned under and finely wavy, thin, upper 
surface light green with inconspicuous veins, lower sur
face dull light green with tiny cobwebby hairs. 

Older leaf segments bear, on lower surface at ends 
of veins and on edges, 2 rows of 7 or fewer yellowish 
boxlike cups (indusia) more than 1/32 in (1 mm) wide, 
each containing masses of dark brown spore cases 
(sporangia), which shed masses of microscopic spores 
abundantly. 

The uses are similar to those described for the first 
species of treefern, but the stem is rarely large enough 
in diameter to be sawed or even bucked into • pots. • 

Widespread in wet forests at low and middle alti
tudes of 800--6,000 ft (244--1,829 m) on the Island of 
Hawaii. An understory plant in 'ohi'a forests, often abun
dant in thickets. 

Special area--Hawaii Volcanoes National Park, un-
common except in Olaa tract. 

Range--Island of Hawaii only. 
Other common name--hapu'u. 
Closely related to Cibotium sp/endens (Gaud.) Kra

jina (earlier called C. chamisso/) and not distinguished 
in most references. Perhaps only a variety of that 
species, which is more common. 

BLECHNUM FERN FAMILY (BLECHNACEAE) 

4. 'Ama'u, sadie ria 

This common trunked fern growing on open lava 
flows and in wet forests at middle altitudes through the 
Hawaiian Islands resembles a small treefern and be
comes treelike. This species will serve as an example for 
its endemic genus of 5 or 6 species. 

A shrub with slender unbranched trunk 3--5 ft 
(0.9--1.5 m) high, reported by Hillebrand (1888) as 
sometimes more than twice as tall, and 3--4 in 
(7.5--10 cm) in diameter. A tree with a trunk more than 
16 ft (5 m) long to the first leaf scar was cut in the late 
1950's near Glenwood, Hawaii, and displayed for many 
years at Hawaiian Fern-Wood Ltd. in Hilo. Tall trunks 
were also observed in Kona, Hawaii, and Waimea, 
Kauai. Trunk brown, upper part with old dead leaves 
hanging down on broken stalks, upper part with fibrous 
roots. 

Leaves several, large, feathery, spreading from top 
of trunk, developing from large coil with long golden 
brown narrow flattened scales, 3--5 ft (0.9--1.5 m) long. 
Leafstalk or axis (stipe) 1--2 ft (0.3--0.6 m) long, light 
green, flattened above, densely covered at base with 
long golden brown narrow flattened hairlike scales to 
2 in (5 cm) long, hairless above. Blade (frond) 2--3 ft 
(0.6--0.9 m) long, oblong, nearly hairless, twice divided 
(bipinnate). Branches (pinnae) 30--40 on a side, 6--10 in 
(15--20 cm) long and 1/2--1 in (1.3--2.5 cm) wide, divid
ed almost to base into many narrow oblong curved 
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Sad/eria cyatheoides Kaulf. 

segments, blunt at apex and turned down on edges, 
hairless, slightly thickened, upper surface slightly shiny 
green with fine sunken midvein and inconspicuous side 
veins, lower surface dull whitish green. 

Older leaves bear, on lower leaf surfaces along mid
vein, 2 long black folds or lines (indusia) and between 
them a mass (sorus) of numerous dark brown spore 
cases (sporangia) that shed powdery masses of micro
scopic spores abundantly. Under favorable conditions 
spores, like seeds, develop into new plants. 

Common and widespread in wet forests and open 
areas to 5,500 ft (1,676 m) altitude through the Hawaiian 
Islands. 

Special areas--Haleakala, Volcanoes. 
Other common names--'ama'uma'u, ma'uma'u, 

ma'u. 
The trunked ferns of Sad/eria are widespread within 

Hawaii. They grow under extreme conditions, from near 
the sea to mountain peaks, from rain forests to barren 
new lava flows, where they are among the pioneers or 
first plants to become established. 

These ferns serve as nurse plants and soil for No. 
116, 'ohi'a lehua, Metrosideros po/ymorpha. The tiny 
wind borne tree seeds lodge in the scaly and leafy fern 
stems and germinate there. Then the young trees, deriv
ing moisture and nutrients from the fern leaves, crowd 
and replace the ferns. A weevil that bores into the stems 



3. Meu, Hawaiian treefern Cibotium hawaiiense Nakai & Ogura 
Upper leaf surface (above). lower leaf surface (below). base of axis (right). 2/3 X. 
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and damages the leaves has become a pest locally in 
recent years. 

Various uses by the Hawaiians have been summa
rized by Degener (1930). Formerly, the soft hairlike 
scales of the young leaves were gathered commercially 
with those of the larger treeferns for stuffing mattresses 
and pillows. Leafstalks of this fern were beaten and used 
as sizing with bark in making tapa, or bark cloth. The 
large leaves served as thatch for the houses, especially 
at corners and ridges. For dry-land vegetable crops the 
fronds served as ground cover or mulch. The starchy, 
almost tasteless inner part of the trunks was cooked in 

the ground and eaten, mainly in times of famine. The 
young leaves, which taste like asparagus, were cooked 
also. A red dye for bark cloth was extracted from the 
outer part of the trunk by mashing the fibers and then 
squeezing the sap into a vessel. This liquid was then 
boiled with hot stones added to protect the container. 

Halemaumau, the fire pit within Kilauea Crater, 
means "the house of 'ama'uma'u fern.' 

This species is the type of the genus Sad/eria. The 
name commemorates Joseph Sadler (1791--1849), 
Hungarian botanist and physician. 

ARAUCARIA FAMILY (ARAUCARIACEAE*) 

5. Parana-pine 

Large evergreen tree with straight axis, horizontal 
branches usually in tiers or rings of 4--8, and spreading 
lance-shaped sharp-pointed leaves. Introduced about 
1955 and relatively slow growing in Hawaii, it has not 
reached large size. At two different sites, it grew to 24 ft 
(7 m) in height in 6 years. 

Leaves borne singly or sometimes paired, mostly 
1 1/4--21/4 in (3--6 cm) long and to 1/4 in (6 mm) wide, 
green or whitish green, long-pointed, stiff and leathery, 
with keel and whitish lines beneath. Upper leaves on 
cone-bearing branches shorter and crowded in spirals. 

Male and female cones usually on different trees, 
the male crowded near bases of leaves, cylindric, 3--4 in 
(7.5--10 cm) long and 1/2--3/4 in (1.3--2 cm) wide. Ma
ture female cones large, rounded, slightly flattened, 5 in 
(13 cm) long and 6 1/2 in (16.5 cm) in diameter, nar
rowed from middle upwards. Cone-scales many, over
lapping, ending in stiff points curved backward. Seeds 
large, shiny brown, oblong, to 2 in (5 cm) long, 3/4 in 
(2 cm) wide, and 3/8 in (1 cm) thick. 

The wood of trees grown in Brazil has sapwood and 
heartwood of various shades of brown, sometimes 

6. Columnar araucarla 

Large introduced evergreen tree with straight axis, 
branches horizontal or slightly drooping, in rings, nar
row columnar crown, and both awlshaped and scalelike 
leaves. To 130 ft (39 m) or more in height and 3 ft (0.9 m) 
in trunk diameter. Bark gray, rough, thick, with horizontal 
cracks, resinous. Branches regular, with twigs spread
ing in one plane. Twigs long and very slender, shed
ding. 

Leaves on young trees and branches narrow, awl
shaped, to 1/2 in (13 mm) long, pointed; leaves on older 
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Araucaria angustifolia (Bert.) Kuntze* 

streaked with red. It has a specific gravity of 0.55 and is 
a general purpose softwood used for construction, mill
work, boxes, and pulp. 

Formerly this species was an important timber 
species of southern Brazil. However, after cutting, the 
natural forests are being replaced by plantations of 
more rapidly growing pines. 

This tropical species has not been extensively plant
ed in Hawaii. It has been tried in a few plantations and 
has done well in two locations at 2,100 ft elevation 
(640 m). It may be seen at the Kalopa section of the 
Hamakua Forest Reserve on the Island of Hawaii. 

Special areas--Keahua, Wahiawa, Kula. 
Range--Native of southern Brazil and northeastern 

Argentina. 
Other common names--candelabra-tree, Parana 

araucaria. 
Botanical synonym--Araucaria brasiliana A. Rich. 
The generic name is derived from Arauco, the 

province in Chile of the type species, monkey-puzzle 
araucaria, Araucaria araucana (Molina) K. Koch. 

Araucaria co/umnaris (G. Forst.) Hook.* 

branches broadly triangular, up to 1/4 in (6 mm) long, 
closely overlapping and curving inward, like a rope. 

Male and female cones usually on different trees, 
the male cone about 2 in (5 cm) long, 1/2--3/4 in 
(1.3--2 cm) wide, borne single in large numbers at ends 
of twigs. Mature female cones large, elliptical, to 6 in 
(15 cm) long and 3--4 in (7.5--10 cm) in diameter. Cone
scales many, about 1 1/4 in (3 cm) wide. Seed 1 at base 
of cone-scale, with broad wings. Seedling with 4 narrow 
cotyledons about 1/16 in (1.5 mm) wide. 



4. 'Ama'u, sadleria Sad/eria cyatheoides Kaulf. 
Upper leaf surface (above), lower leaf surface (left), base of axis (lower right), 1 X. 
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5. Parana-pine Araucaria angustifolia (Bert.) Kuntze* 
Leafy twig, 1 X. Cone, cone-scale with seed, and male cone (lower left), 1 X (Barrett). 
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6. Columnar araucaria Araucaria columnaris (G. Forst.) Hook. * 
Twig with scalelike leaves (left), twig with needlelike leaves (center), and seeds 

with cone-scale (lower right), 1 X. 
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The wood is a lustrous straw color. Tests of clear 
wood at the USDA Forest Service, Forest Products Lab
oratory have indicated that it has a strength approxi
mately equal to that of Rocky Mountain Douglas-fir 
(Pseudotsuga menziesil). The lightweight wood (sp. gr. 
0.44) is rarely available knot-free. It is used for attractive 
knotty pine paneling, turned bowls, and bracelets. For a 
short period when Hawaii had a veneer plant, it was 
used as veneer. 

This tree is present on all islands, commonly known 
as "Norfolk-Island-pine" in Hawaii (see below). It may be 
seen above St. Louis Heights in Honolulu, at Schofield 
Barracks, and in Waiahole Valley on Oahu, at Lanai City, 
at Mahinahina near Lahaina, Maui, and at many other 
locations. Nearly 2 million board feet of this species 
have been cut on Hawaii and Maui for lumber and ve
neer production. It is also planted extensively in Christ
mas tree plantations and was in the recent past export
ed to the West Coast as a novelty Christmas tree. 

Special areas--Aiea, Foster, Wahiawa. 
Champion--Height 109 ft (33.2 m), c.b.h. 10.2 ft 

(3.1 m), spread 40 ft (12.2 m). Kukuihaele, Hamakua, 
Hawaii (1968). 

Range--Native of New Caledonia and Isle of Pines. 
Other common names--Cook araucaria, Cook

pine. 
Botanical synonym--Araucaria cookii R. Br. ex 

Lind!. 
Hawaii is a leader in supplying seed of "Norfolk

Island-pine" to other parts of the world. The seed sup
plied is A. columnaris rather than A. heterophylla, al
though possibly a little may be hybridized. Hybridization 
is unlikely because the two species shed pollen 6 
months apart. Seed and foliage samples sent to Kew 
Gardens were all identified as A. columnaris. The very 
high percentage of albinism in the Hawaiian seed indi
cates serious inbreeding. 

Identification of the seed is important. Araucaria 
columnaris does not grow with the erect habit that it 

7. Hoop-pine 

Hoop-pine or Moreton-Bay-pine, is a large intro
duced ornamental evergreen tree with straight axis, with 
a conical crown that becomes irregular and rounded 
with age. The branches spread widely in rings about 2 ft 
(0.6 m) or more apart, the lower horizontal and upper 
pointing upward, and the needlelike leaves are of 2 
kinds. To 80 ft (24 m) and 1 1/2 ft (0.5 m) in trunk 
diameter, somewhat larger in age and in native home 
100--200 ft (30--61 m) high and 2--6 ft (0.6--1.8 m) in 
diameter. Bark dark gray brown, smoothish, with hori
zontal lines suggesting hoops or bands, slightly scaly, 
peeling off in thin layers like birch, on small trunks gray 
and very smooth. Inner bark red, very hard, thick. 
Branches regular, several at a ring. Twigs long and very 
slender, often crowded and clustered or tufted, green, 
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attains in Hawaii and in its native New Caledonia when 
it is used as an ornamental in parts of Florida and 
Queensland, Australia. At those places, and perhaps 
others, it produced trees with very crooked, undesirable 
stems, and has a poor reputation for that reason. 

It is said that, when discovered by Capt. James 
Cook in New Caledonia, the tall trees resembled pillars 
or columns of basalt from a distance. In its native habi
tat, but rarely in Hawaii, the lower branches shed and 
are replaced by short twigs forming a dense green col
umn that widens abruptly near apex of the narrow 
crown. 

In 1983, a hurricane hit Kauai and stripped all the 
branches from the narrow-crowned A. columnaris and 
the wider-crowned suspected A. heterophylla. When the 
branches sprouted back, they grew to the same length 
from top to bottom of the trees, producing columnar 
crowns regardless of the original crown shape. Thus, 
crown shape may be a result of wind damage. 

Norfolk-Island-pine, Araucaria heterophylla (Salisb.) 
Franco* (A. excelsa (Lam.) R. Br.) is a closely related 
species very similar in appearance. However, it has a 
wider crown of coarser foliage and when open grown 
tends to have much longer branches and a more pyra
midal appearance. Mature cones are rounded and often 
broader than long, 3--4 in (7.5--10 cm) long and 
3 1/2--4 1/2 in (9--11 cm) in diameter. Seeds are larger, 
with swollen body to 3/8 in (1 cm) thick. Seedlings have 
4 broad cotyledons 1/8--3/16 in (3--5 mm) wide. The 
species is native to Norfolk Island, which lies between 
New Zealand and New Caledonia in the South Pacific 
and is extensively cultivated in subtropical and tropical 
climates of the world and grown indoors in temperate 
regions. 

Most trees called NOrfolk-Island-pine in Hawaii, as 
well as seeds distributed from Hawaii under that name, 
apparently are columnar araucaria. Seeds of the two 
species are readily distinguished by size and the 
seedlings by cotyledon width. 

Araucaria cunninghamii D. Don* 

hairless, branching and spreading horizontally, shed
ding with attached leaves. 

Leaves alternate and crowded, hairless, mostly 
spreading almost at right angle in 2 rows, needlelike, 
about 1/2 in (13 mm) or more in length or near forks 
becoming shorter and less than half as long, flattened 
and nearly 1/16 in (1.5 mm) wide, stiff, ending in very 
narrow point, extending down twig at base, shiny green 
above, shiny light green beneath. Leaves on uppermost 
branches and cone-bearing twigs spreading on all 
sides of twig, curving inward, shorter and 1/4--3/8 in 
(6--10 mm) long, short-pointed. 

Male and female cones usually on different trees 
(dioecious). Male cones cylindrical, 1 1/2--3 in 
(4--7.5 cm) long and 1/2 in (13 mm) in diameter, at ends 
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of twigs. Female cones egg-shaped or rounded, 3--4 in 
(7.5--10 cm) long and 2--3 in (5--7.5 cm) in diameter, 
composed of many overlapping winglike cone-scales, 
ending in narrow stiff point curved backward, falling 
apart at maturity. Seed 1, about 3/8 in (1 cm long), 
attached to a cone-scale 1--1 1/4 in (2.5--3 cm) long and 
shedding together like a 2-winged seed. 

The wood is pale yellow or whitish, lightweight (sp. 
gr. 0.42) fairly soft, straight-grained, easily worked, and 
readily stained. It is not resistant to decay or termites. In 
Australia, it is used for interior construction, including 
flooring and molding, furniture, veneers and plywood, 
and boxes and crates. It is not used in Hawaii because 
of the limited supply. A transparent whitish to yellowish 
resin is produced from wounds. 

Introduced to Hawaii about 1880 as an ornamental 
and later used in forestry tests. A large individual on the 
grounds of lolani Palace in Honolulu serves as the com
munity Christmas tree. The Division of Forestry has 

planted 8,600 trees on the forest reserves on all islands 
but mostly on Kauai. This species is one of the most 
important native softwoods of Australia. 

Special areas--Foster, Pepeekeo. 
Champlon--Height 101 ft (30.8 m), c.b.h. 7.6 ft 

(2.3 m), spread 28 ft (8.5 m). Foster Gardens, Honolulu, 
Oahu (1968). 

Range--Native of eastern Australia. Scattered in wet 
forest of coastal ranges, subtropical with warm humid 
summers and mild winters. Planted as a forest tree in 
Australia and South Africa and as an ornamental 
through the tropics. 

Other common names--Moreton-Bay-pine, Cun
ningham araucaria, Hawaiian-star-pine. 

This species honors Allan Cunningham 
(1791--1839), British-born botanist who explored Aus
tralia. 

PINE FAMILY (PINACEAE*) 

8. Slash pine 

Large introduced narrow-leaf or needle-leaf ever
green tree of forest plantations. Trunk long and straight, 
to 90 ft (27 m) in height and 2 ft (0.6 m) in diameter, with 
branches in horizontal tiers or rings, more than 1 annu
ally. Bark gray, very thick, cracking into long narrow 
plates and peeling off, exposing dark brown layer, be
coming purplish brown with large flat scaly plates. Inner 
bark whitish beneath dead orange brown outer layer, 
resinous. Twigs stout, brown, rough, and scaly. Winter 
buds cylindrical, pointed, reddish brown, with fringed 
spreading scales. 

Leaves or needles 2 or 3 in cluster, stiff, spreading, 
6--12 in (15--30 cm) long, slightly shiny dark green, with 
many fine whitish lines on each surface, finely toothed 
edges, and sharp pOint. Sheath at base of leaves about 
1/2 in (13 mm) long. 

Cones few, conical or narrowly egg-shaped, sym
metrical, 3--6 in (7.5--15 cm) long, maturing in 2 years 
and shedding, leaving a few basal scales attached. 
Cone-scales at exposed end shiny dark brown, 4-sided 
with stout short prickle. Seeds paired and exposed at 
base of cone scales, with egg-shaped, blackish mottled 
body 1/4 in (6 mm) long and detachable wing about 1 in 
(2.5 cm) long. 

This species and longleaf pine (Pinus palustris) are 
leading producers of naval stores or oleoresins. The 
lumber of both serves elsewhere for miscellaneous fac
tory and construction uses, flooring, railroad-cars, and 
ships. Other uses are poles, piling, and pulpwood. 
Some thinnings of the Hawaiian plantations have been 
used for fenceposts. 
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Pinus elliott;; Engelm. * 

The wood of one tree grown at Lalakea, Hawaii, was 
tested at the Forest Products Laboratory. Also, an incre
ment core survey was made of the wood specific gravity 
of several stands (Skolmen 1963). These studies indi
cated that the wood produced by the species in Hawaii 
is considerably less dense (sp. gr. 0.42) than is normal 
for the species in its native habitat (sp. gr. 0.54). Thus, 
the wood may have strength properties and pulp yields 
similar to those of western hemlock (Tsuga heterophyl
la), rather than those of the very strong southern-grown 
slash pine. Such strength properties would almost cer
tainly be adequate for construction lumber. 

Slash pine grows well in plantations in the Hawaiian 
Islands. It has been planted on eroded lands on Kauai 
and Molokai in mixture with other pines to control ero
sion. There are 1,100 acres (446 ha) of pine, mostly 
slash, in the Puu Ka Pele Forest Reserve on Kauai and 
700 acres (283 ha) on the south-facing ridges of 
Molokai. In addition, this species has been planted at 
the Waiahou Spring Forest Reserve and Kula Forest 
Reserve on Maui and at several locations on the Island 
of Hawaii. It attains its best growth at 3,000--4,000 ft 
(914--1 ,219 m) elevation where the rainfall is about 60 in 
(1,524 mm), but it is also growing very well in two loca
tions on stony organiC muck soil in 200 in (5,080 mm) 
rainfall. On Molokai, it has been damaged by the fungus 
Diplodia pinea. 

Range--Southeastern continental United States, 
Coastal Plain from southern South Carolina to southern 
Florida, also Lower Florida Keys, and west to southeast
ern Louisiana. 



8. Slash pine Pinus elliottii Engelm. * 
Closed cone (upper left). leafy twig with year-old cone. and open cone (lower right). 1 X. 
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9. Jelecote pine 

Large introduced narrow-leaf or needle-leaf ever
green tree of graceful shape, in forest plantations on 
moist slopes, with long slender drooping or "weeping" 
needles, many clustered cones remaining attached, 
and reddish bark on upper trunk and branches. To 95 ft 
(29 m) or more in height, with straight or forked trunk 
1 1/2 ft (0.5 m) in diameter. Bark with scattered warts, 
smooth ish, papery reddish brown, becoming thick, 
rough, furrowed, and gray. Inner bark light brown, fi
brous, spreading, resinous. Branches long and 
spreading, more than 1 tier or ring annually. Young 
twigs slender, with whitish bloom, hairless, becoming 
reddish brown. Winter buds cylindrical, long-pointed, 
1/2--1 in (1.3--2.5 cm) long, with long-pointed fringed 
spreading scales. 

Leaves or needles usually 3 in cluster, sometimes 
4--5, shiny green, yellow green when young, very slen
der, drooping, 4--8 in (10--20 cm) long, only 1/32 in 
(1 mm) wide, with many fine whitish lines on each sur
face, finely toothed edges. Sheath at base of leaves 1 in 
(2.5 cm) long. 

Cones crowded in clusters of 5--10, narrowly coni
cal, 3--4 1/2 in (7.5--11 cm) long, shiny dark brown, 
1-sided or oblique at base, stalkless or nearly so, bent 
down, maturing in 2 years, remaining attached with 
scales closed. Cone-scales with exposed end flattened 
and with tiny shedding prickle. Seeds paired and ex-

10. Cluster pine 

Large introduced narrow-leaf or needle-leaf ever
green tree of forest plantations, with paired long stout 
needles, clustered large brown cones remaining at
tached, and thick rough bark. To 80 ft (24 m) or more in 
height with long straight trunk 2 1/2 ft (0.8 m) in trunk 
diameter, usually without branches except near top. 
Bark very thick, rough, deeply furrowed Into long narrow 
ridges, blackish, in upper part or on smaller trees 
smooth ish and gray. Branches horizontal, usually 1 tier 
or ring annually. Twigs light brown, hairless, becoming 
ridged and rough from bases of scale leaves. Winter 
buds large, 3/4--1 in (2--2.5 cm) long, long-painted, with 
Whitish-brown fringed spreading scales. 

Leaves or needles 2 in cluster, dull gray green, 
stout, stiff, 4--8 in (10--20 cm) long, flattened and more 
than 1/16 in (1.5 mm) wide, with many fine whitish lines 
on each surface, finely toothed edges, and blunt point. 
Sheath at base of leaves 1 in (2.5 cm) long. 

Cones 1 to several clustered in ring, egg-shaped, 
3--5 in (7.5--13 cm) long, shiny brown, symmetrical or 
nearly so, nearly stalkless, spreading or bent down, 
maturing in 2 years, opening or sometimes closed, re
maining attached. Cone-scales with exposed end 
4-angled and bearing a stout blunt point. Seeds paired 
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Pinus patula Schiede & Deppe* 

posed at base of cone-scales, with triangular mottled 
gray black body less than 1/4 in (6 mm) long and wing 
1/2--3/4 in (13--19 mm) long. 

The specific gravity of the wood of this species was 
found to be 0.44 in an increment core survey (Skolmen 
1963). This was denser than trees grown in New 
Zealand but less dense than trees grown in South 
Africa. The species is very important for pulp and lumber 
in South Africa and Swaziland but has not been utilized 
in Hawaii. 

This subtropical pine has been planted at Waihou 
Spring Forest Reserve, altitude 3,800 ft (1,158 m) and 
the Kula Forest Reserve at 5,500 ft (1,676 m) on Maui, 
and at several locations on the Island of Hawaii. Trees 
from all the provenances tried have grown with a very 
steep branch angle and usually with multiple leaders. 
Because of its generally poor form as a timber tree, this 
species has not been used in recent plantings. 

Champlon--Height 108 ft (32.9 m), c.b.h. 6.4 ft 
(2.0 m), spread 27 ft (8.2 m). Kula Forest Reserve, Maui 
(1968). 

Range--Native of mountains of eastern Mexico 
(Tamaulipas to Oaxaca). 

Planted as an ornamental in subtropical regions, it 
is also so used on Maui in upland gardens. 

Other common name--Mexican weeping pine. 

Pinus pinaster Ait. * 

and exposed at base of cone-scales, with elliptical body 
3/8 in (1 cm) long and wing 1--1 1/2 in (2.5--4 cm). 

The wood is moderately heavy and hard, coarse
textured, and resinous. An increment core survey of 
wood density indicated that Hawaii-grown wood had a 
specific gravity of 0.49. It produces true annual rings in 
Hawaii. Sapwood pale yellow to whitish; heartwood red
dish brown. Uses elsewhere include construction, box
es, mine timbers, utility poles, and railway crossties. 
Chiefly in western France, large forest areas are 
managed for production of oleoresins or naval stores by 
tapping operations. Resin is extracted also from stumps 
and waste wood by destructive distillation. 

The trees thrive in sandy soils in warm climates and 
have served to reclaim large areas of sand dunes along 
coasts of France and Portugal. 

This pine has been planted at Waihou Spring Forest 
Reserve, altitude 3,800 ft (1,158 m) and at the Kula 
Forest Reserve at 6,200 ft (1,890 m) on Maui. It has also 
been planted on the leeward slopes of Molokai and 
Kauai as well as several locations on Hawaii. Trees have 
been severely damaged by the Eurasian pine adelgid 
("aphid") (Pineus pint) on Molokai, Maui, and the Island 
of Hawaii, and are also very susceptible to a fungus 



9. Jelecote pine Pinus patula Schiede & Deppe* 
Leafy twig with male cones and twig with cone (lower left), 1 X. 
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(DipJodia pinea) , which has killed many trees on 
Molokai. Because of these attacks and the relatively 
slow growth rate as compared to the southern pines, 
cluster pine will not be used in future plantings. 

Champlon--Height 90 ft (27.4 m), c.b.h. 9.9 ft 
(3.0 m), spread 54 ft (16.5 m). Waihou Springs Forest 
Reserve, Olinda, Maui (1968). 

11. Monterey pine 

Large introduced narrow-leaf evergreen tree of for
est plantations. Trunk straight, with irregular branches in 
2 or more tiers or rings annually and growing angled 
slightly to strongly upward. To 150 ft (46 m) in height 
and 4 ft (1.2 m) in diameter. Bark gray, when young with 
prominent horizontal lines (Ienticels); furrowed into flat 
ridges, the branches smoothish. Inner bark with 
reddish-brown and light brown layers, resinous. Twigs 
hairless. Winter buds 1/2--3/4 in (13--19 mm) long, 
short-pointed, brown, resinous, with closely pressed 
scales. 

Leaves or needles 3 in cluster, crowded, slender, 
4--6 in (10--15 cm) long, shiny green, with many fine 
whitish lines on each surface, finely toothed edges, 
sharp-pointed. Sheath at base of leaves 3/8--1/2 in 
(10--13 mm) long. 

Cones usually 3--5 around branch in 1 or more clus
ters annually, egg-shaped, pointed at apex, very 
1-sided or oblique at base, almost stalkless, turned 
back, 3--5 1/2 in (7.5--14 cm) long, shiny light brown, 
maturing in 2 years and remaining attached and usually 
closed on tree many years. Cone-scales with exposed 
end thick, hard, raised and rounded, those on outer side 
very large, bearing minute prickle. Seeds paired and 
exposed at base of cone-scales, with elliptical blackish 
body 1/4 in (6 mm) long and wing about 1 in (2.5 cm). 

The wood is pale brown, slightly hard, and resinous, 
usually with very indistinct growth rings. The specific 
gravity based on an increment core survey was 0.46, the 
same as that of trees grown in California. This density 
indicates that the wood should be suitable for most 
structural purposes. The generally steep branch angle 
and poor form would produce low lumber grade yield if 
the species were sawn. 

12. Loblolly pine 

Large introduced narrow-leaf or needle-leaf ever
green tree of forest plantations on moist slopes, 70 ft 
(21 m) or more in height; with long straight trunk 1 ft 
(0.3 m) or more in diameter. Bark gray, thick, rough, 
deeply furrowed into long narrow scaly plates. Inner 
bark within thick dead outer layer, light brown, fibrous, 
resinous. Branches horizontal, usually 2 or more tiers or 
rings annually. Twigs hairless, whitish, becoming brown 
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Range--Native of western Mediterranean region 
from Portugal, Spain, and Morocco east to southern 
France, Corsica, and eastern Italy, greatly extended be

yond by cultivation. 

Other common names--maritime pine, seaside 
pine. 

Pinus radiata O. Oon* 

This subtropical pine has been used in many forest 
plantations on all the islands of Hawaii except Oahu. 
Planted at 5,200 ft (1,585 m) at Kulani Honor Camp 
southwest of Hilo, Hawaii, it has done quite poorly be
cause of frequent defoliation from volcanic sulfur fumes. 
Near Waikii, Hawaii, it is doing well except for occasional 
damage by the Eurasian pine adelgid. At the Kula Forest 
Reserve at 6,000 ft (1,829 m) on Maui, it is presently 
doing well after being set back by the Eurasian pine 
adelgid, which is now believed to be controlled by an 
introduced insect parasite. On Molokai, most of the 
Monterey pine has been killed by a fungus (DipJodia 
pinea). Because of its high susceptibility to this disease, 
to wind damage, and to adelgid damage, it has been 
deleted from future planting plans. These problems are 
unfortunate because the tree grows better over a wider 
elevational range than any other pine planted in Hawaii, 
1,500--7,500 ft (457--2,286 m). It also has a tendency to 
foxtail or form very long unbranched leaders that have 
slow diameter growth. In at least one area, Kalialinui, 
Maui, growth equal to the best in New Zealand was 
measured in 14-year-old trees (Skolmen 1963). 

Special areas--Waihou, Kula. 
Range--Very rare and local at 3 localities on coast 

of central California (San Mateo, Santa Cruz, Monterey, 
and San Luis Obispo Counties). Also a var. on Guadalu
pe Island, Mex. 

Other common name--insignis pine. 
Botanical synonym--Pinus insignis Dougl. ex Loud. 
The most common pine in forest plantations 

through the southern hemisphere for pulpwood and 
lumber, particularly in Australia, New Zealand, and 
South Africa. Grown also for shade and ornament. 

Pinus taeda L. * 

and ridged. Winter buds conical, 1/4--1/2 in (6--13 mm) 
long, light brown, with fringed spreading scales. 

Leaves or needles 3 in cluster, stiff, spreading, 
6--9 in (15--23 cm) long, with many fine whitish lines on 
each surface, finely toothed edges, and sharp point. 
Sheath at base of leaves nearly 1 in (2.5 cm) long. 

Cones several in 2 or more groups, conical, sym
metrical nearly stalkless, 3--5 in (7.5--13 cm) long, sym-
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10. Cluster pine Pinus pinaster Ait. * 
Leafy twig (left), twig with male cones (right), and cone (below), 1 X. 
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11. Monterey pine Pinus radiata D. Don* 
Foliage and male cones (upper right), year-old cones (lower left), and mature cone (lower right), 1 X. 
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12. Lob\o\\Y pine PinuS taeda L.* 
Leafy twig and cone (lower right). 1 X. 63 



metrical, dull brown, maturing in 2 years and shedding. 
Cone-scales 4-sided at exposed end, with ridge and 
stout curved spine. Seeds paired and exposed at base 
of cone-scales, with mottled dark brown body 1/4 in 
(6 mm) long and wing about 1 in (2.5 cm) long. 

The wood grown in Hawaii has very broad bands of 
summerwood and because of its fast growth, wide 
growth rings. Sapwood yellowish, heartwood light 
brown. Its specific gravity (0.42) found by increment 
core survey is somewhat less than that of wood grown 
in the southeastern states, where it is the principal soft
wood, but still adequate for structural strength. Used as 
lumber on the mainland for building material including 
millwork, boxes and crates, agricultural implements, 
and low-grade furniture. It is also an important plywood 

species. Veneer is used for containers. This and other 
southern pines are the leading native pulpwoods and 
leading woods in production of slack cooperage. 

This pine is being tested in a large spacing study at 
Waihou Spring Forest Reserve, altitude 3,800 ft 
(1,158 m) on Maui. It has also been planted along with 
Pinus elliott;; on Kauai, Molokai, and Hawaii. 

Range--Southeastern continental United States, 
Coastal Plain, and Piedmont from southern New Jersey 
and Delaware south to central Florida and west to east
ern Texas, and north in Mississippi Valley to extreme 
southeastern Oklahoma, central Arkansas, and south
ern Tennessee. 

Other common names--oldfield pine, shortleaf 
pine. 

REDWOOD FAMILY (TAXODIACEAE*) 

13. Sugl, cryptomerla 

Introduced aromatic evergreen tree with small awl
shaped or needlelike leaves. In Hawaii, it grows to 80 ft 
(24 m) in height and 1.5 ft (0.5 m) in diameter. Crown 
cone- or pyramid-shaped or irregular, narrow. Trunk 
straight, tapering from enlarged base. Branches 
spreading horizontally. Bark reddish brown, with long 
fissures, smoothish to slightly shaggy, fibrous, peeling 
off in long shreds. Inner bark light pink within red-brown 
outer layer, resinous. Twigs very slender, dull green, 
hairless, spreading or drooping, mostly shedding with 
leaves after a few years. Buds minute. 

Leaves borne singly (alternate) and spreading on all 
sides of twig, awl-shaped or needlelike, 1/4--5/8 in 
(6--15 mm) long, curved forward and inward, slightly stiff 
and blunt-pointed, slightly flattened and 4-angled, dull 
blue green, hairless, base extending down twig. Flushes 
of new growth in winter bright orange. 

Males cones in clusters of 20 or more at leaf bases 
near ends of twigs, oblong, 1/4--3/8 in (6--10 mm) long, 
orange or reddish. Female cones on same tree, single 
on short leafy stalks, rounded, 1/2--3/4 in (13--19 mm) in 
diameter, dull brown, opening at maturity the first year, 
but remaining attached many many years. Cone-scales 
20--30, outer surface flattened and angled with 3--5 
spinelike points at top and another curved down from 
center. Seeds 2--5 at base of cone-scale, slightly 
3-angled, less than 1/4 in (6 mm) long, dark brown, with 
narrow wings on edges. Sometimes a leafy twig grows 
from apex of the slightly pOinted cone. 

The wood is soft, lightweight, aromatic, easily 
worked, and durable. The sapwood is whitish or yellow, 
and heartwood reddish brown. Wood grown in Hawaii 
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Cryptomeria japonica (L. f.) D. Don* 

has a specific gravity of 0.41 and thus should have 
strength properties similar to western redcedar (Thuja 
plicata). One of the most important timbers of Japan, it 
is used for construction, paneling, furniture, and boxes 
there. In Hawaii, where there are 2.5 million board feet, 
the wood has so far been used only for fence posts. 

Cryptomeria is the national tree of Japan, where it is 
important in forestry plantations, and is widely planted 
as a tree and ornamental, and is found about temples. 
Alone in its genus, this species has many horticultural 
varieties. 

Forest plantations have been established in moist 
middle altitudes of Hawaii, mostly at 2,500--6,000 
(762--1,829 m) on Kauai, Maui, and the Island of Hawaii. 
Trees may be seen at Kokee on Kauai, on the Kula and 
Waihou Spring Forest Reserves on Maui, and along the 
old Volcano Road at Volcano Village, Hawaii. The best 
stand in the State of Hawaii is on the land of Papa in 
South Kona, where the trees were planted in the late 
1880's. About 500,000 trees were planted by the Divi
sion of Forestry at various locations on the Forest Re
serves between 1910 and 1960. Grown also as an orna
mental and windbreak. 

Champlon--Height 105 ft (32.0 m), c.b.h. 8.8 ft 
(2.7 m), spread 18 ft (5.5 m). Hoomau Ranch, Honomoli
no, Hawaii (1968). 

Range--Japan and China. Widely planted in warm 
temperate regions, including Europe, eastern United 
States north along coast to New York City and Boston, 
and in Pacific States. 

Other common name--Japanese-cedar. 



13. Sugl, cryptomeria Cryptomeria japonica (l. f.) D. Don* 
Twig with cone and male cones, 1/2 X; cone (lower left), 2 X; and male cone (lower right), 5 X (Degener). 
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14. Redwood 

Large to very large introduced aromatic evergreen 
tree with short needlelike leaves, in Hawaii reaching 
about 110ft (34 m) in height. Trunk straight, becoming 
enlarged at base, to 3.S ft (1 m) in diameter, with narrow 
irregular crown of slender, slightly drooping branches. 
Bark rough, very thick, fibrous, corky or spongy, dark 
brown, deeply furrowed into long narrow ridges, expos
ing reddish brown layers. Inner bark light brown, fibrous, 
slightly bitter. Twigs very slender, angled, light green, 
turning brown, ending in scaly brown buds 1/8 in (3 mm) 
long, mostly shedding with leaves. 

Leaves spreading in 2 rows, 1/4--1/2 in (6--13 mm) 
long flattened and nearly 1/8 in (3 mm) wide, stalkless 
with twisted base onto twig, short-pointed, with sunken 
midvein, slightly shiny dark green above and with 
whitish lines beneath, gradually shorter toward both 
ends of twig. Leaves on leading and cone-bearing twigs 
slightly spreading around twig, scalelike and shorter, 
only 1/4 in (6 mm) long, sharp-pointed. 

Seed-bearing or female cones drooping at ends of 
slender twigs, oblong, or egg-shaped, 3/4--1 in (2--2 
1/2 cm) long, hard and woody, reddish brown, maturing 
and opening the first year, remaining attached. Cone
scales 14--20, the ends 4-sided with horizontal ridge 
and raised point in center. Seeds 3--7 exposed at base 
of each cone-scale, about 1/16 in (1.S mm) long, light 
brown, with narrow wings. Male or pollen cones on 
same tree, oblong, S/16 in (8 mm) long, borne singly at 
end of leafy twig, short-stalked. 

The heartwood is reddish, and the sapwood light 
yellow. The wood is lightweight (sp. gr. 0.36), soft, fine
textured, and easily worked. When grown in its natural 
habitat, it is very durable in the soil and resistant to 
termites. Wood grown in Hawaii is very fast-grown and 
lacks resistance to decay and termites. The Hawaii-

Sequoia sempervirens (D. Don) EndJ. * 

grown wood has been tested by the Forest Products 
Laboratory and found to be similar to California-grown 
second growth redwood in most properties (Youngs 
1960). Redwood trees in Hawaii are quite limby, thus 
supplying only low-grade lumber suited for construc
tion. In Hawaii, redwood is traditionally used as clear, 
all-heart lumber for house siding. The locally grown 
trees will not supply this product, nor will they supply 
wood with the durability for which redwood is noted. 
Construction lumber and fencing will be the main uses 
for Hawaii-grown redwood. 

Redwood has been planted in many Forest Re
serves. Maui has more than 280 acres (113 ha) with 
about 7 million board feet in the Kula Forest Reserve at 
S,SOO ft (1,676 m). The tree may be seen at Kokee State 
Park on Kauai, Waihou Spring Forest Reserve on Maui, 
and near Volcano Village on Hawaii. It is also planted at 
about S,SOO ft (1,676 m) on the land of Piha in the Hilo 
Forest Reserve and at 3,000 ft (914 m) in the Honaunau 
Forest Reserve. Except in the Kula Forest Reserve on 
Maui, where it attains a good form, redwood in Hawaii is 
very strongly tapered in stem form. 

Redwood is planted widely as an ornamental and 
shade tree in moist tropical regions. Pieces of burls 
placed in water will sprout and produce house plants for 
temperate regions. 

This species is the world's tallest tree. The tallest, in 
northwestern California, attains a height of about 368 ft 
(112 m). California redwood, also including giant se
quoia, or Sierra redwood, (Sequoia dendron giganteum 
(LindJ.) Buchholz), is the State tree of California. 

Range--Pacific Coast region from extreme south
western Oregon south to central California. 

Other common names--coast redwood, California 
redwood. 

CYPRESS FAMILY (CUPRESSACEAE*) 

1S. Arizona cypress 

Medium-sized introduced aromatic evergreen tree 
with small scalelike leaves. Trunk straight, to 40 ft (12 m) 
high and 1 ft (0.3 m) in diameter, with conical or rounded 
crown of spreading branches. Bark commonly reddish 
brown, smoothish or scaly, peeling off in thin scale 
plates; in one variety rough, thick, furrowed, gray or 
blackish. Twigs numerous, 4-angled, branching nearly 
at right angles in all directions, green, becoming dark 
brown. 

Leaves paired, scalelike, overlapping in 4 rows 
against twig, blunt-pointed, 1/16 in (1S mm) long, pale 
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Cupressus arizonica Greene* 

blue green, often with gland dot and drop of resin on 
back. 

Seed-bearing (female) cones short-stalked, round
ed, 3/4--1 in (2--2.S cm) in diameter, hard and woody, 
gray brown, remaining attached several years. Cone
scales 6 or 8, shield-shaped, with raised point in center. 
Seeds about 100 per cone, oblong or 3-angled, brown, 
about 1/8 in (3 mm) long, with narrow wing. Pollen cones 
(male) on same tree, more than 1/8 in (3 mm) long, 
yellow. 

Wood moderately soft and lightweight; heartwood, 
light brown, fragrantly scented, and very durable. Else-



14. Redwood Sequoia sempervirens (D. Don) Endl.* 
Leafy twig, 1 X; and cone (lower right), 2/3 X. 
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where used for fenceposts. In Hawaii, wood not widely 
known or distinguished from other cypresses and not 
used. 

This handsome tree with blue green foliage and 
scaly reddish brown bark has been planted elsewhere 
in the world as an ornamental and in shelterbelts. It is 
cultivated also as a Christmas tree in southeastern 
States. In Hawaii, a total of 10,300 trees were planted 
between 1910 and 1960. L. W. Bryan (1947) reported 
that it was growing well at low and middle elevations in 
Hawaii. It may be seen at Waihou Spring Forest Reserve 
on Maui, where 80 trees were planted in 1936. In 1939, 

16. Mexican cypress 

Mexican cypress is an introduced conifer of gar
dens and old farm lots and also of forest plantations, 
where it has been tested. The paired scalelike leaves on 
4-angled twigs have an inconspicuous gland dot on 
back, and the rounded, hard, brown cones are about 
5/8 in (15 mm) in diameter. 

A medium-sized evergreen tree, resinous and aro
matic, becoming 40 ft (12 m) high and 11/2 ft (0.5 m) in 
trunk diameter, with straight erect axis and dense regu
lar or narrow crown of green to dark green foliage. Bark 
reddish brown, smooth to fissured, and sometimes with 
a few scales or shreddy. Inner bark whitish, slightly fi
brous, and slightly resinous. Leafy twigs alternate, nu
merous, spreading, branching regularly in 4 rows, less 
than 1/16 in (1.5 mm) in diameter. Older twigs reddish 
brown, rough and scaly, with dead leaves persistent. 

Leaves crowded, opposite in 4 rows, mostly dark 
green, scalelike, pressed against twig, less than 1/16 in 
(1.5 mm) long, Short-pointed, angled or keeled, with 
inconspicuous gland dot, covering twig and shedding 
together. The foliage has a resinous odor and taste. 

Pollen and seeds are borne on the same tree (mo
noecious). Male cones numerous toward the apex of 
short branches, cylindric, 3/16 in (5 mm) long and less 
than 1/8 in (3 mm) broad, greenish yellow, the scales in 
4 rows bearing pollen sacs and pollen. Female cones 
(strobili) begin as a few inconspicuous green scales 
less than 1/8 in (3 mm) across, with naked ovules, at the 
end of short twigs. At maturity the second year, the hard 
woody cone, about 5/8 in (15 mm) in diameter, changes 
from whitish green to dull brown. It is composed mostly 
of 8 rounded but angular cone-scales, pressed together 
at edges, each with a stout central raised point about 
1/8 in (3 mm) high. Later, the cone opens to free numer
ous brown seeds more than 1/8 in (3 mm) long, irregu
larly flattened with borders slightly winged. 

The sapwood is pale brown and the heartwood 
pinkish brown, not distinct from the sapwood. The wood 
is a moderately lightweight softwood (sp. gr. 0.40), fine
textured and fragrant, but not durable (Scott 1953). 
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the largest planting of this species, 3,200 trees, was in 
the Kula Forest Reserve on Maui. 

Range--Southwestern continental United States 
from trans-Pecos Texas to Arizona and southern Califor
nia and in northern Mexico (5 varieties or closely related 
species). 

Other common names--Arizona rough cypress, Ari
zona smooth cypress. 

The commonly cultivated variation with reddish 
brown scaly bark is Arizona smooth cypress (var. glabra 
(Sudw.) Little). 

Cupressus lusitanica Mill. * 

Used for construction and furniture elsewhere, but not 
in Hawaii. 

Occasionally, Mexican cypress has been planted in 
the Forest Reserves. These plantings total only 3,700 
trees for the entire State. The Division of Forestry in 1929 
planted 62 trees on Kapapa Island off Oahu and 100 
trees at Kahuku also on Oahu. Another planting site was 
Waihou Spring Forest Reserve on Maui. This species is 
suited primarily to lower elevations and is reported by 
Bryan (1947) to grow very rapidly. It is used primarily as 
an ornamental and windbreak in Hawaii. Trees seen in 
old homesteads often were planted by Portuguese set
tlers along with Cupressus macrocarpa to remind them 
of Portugal and the Azores. 

For ornament, the plants can be pruned in different 
shapes or trimmed as living hedges. Small symmetric 
plants 3--6 ft (0.9--1.8 m) high would serve as attractive 
Christmas trees and could be grown in plantations for 
this purpose. The leafy branches also serve for decora
tions and wreaths. The trees are subject to windthrow 
on poorly drained soils. 

Champlon--Height45 ft (13.7 m, c.b.h. 3.3 ft (1.0 m), 
spread 32 ft (10.0 m). Honaunau Forest Reserve, Kailua
Kona, Hawaii (1968). 

Range--Native in mountains of Mexico, Guatemala, 
EI Salvador, and Honduras. Widely spread in cultivation 
and naturalized southward in mountains of Central 
America to Costa Rica, in Andes from Colombia and 
Venezuela to Argentina and Chile and in the Old World. 
Introduced in northern Florida. In Kenya it is grown ex
tensively and has become an important timber tree. 
Common in South Africa. 

Botanical synonym--Cupressus benthamii Endl., C. 
Iindleyi Klotzsch. 

This variable species consists of several forms. One 
has drooping or weeping branches and another a very 
long and narrow columnar crown. The scientific name, 
meaning 'of Lusitania,' an old name of Portugal, was 
based on planted trees in that country before the origin 
was definitely known. 



15. Arizona cypress Cupressus arizonica Greene* 
Twig with male cones (upper left) and twig with cones, 1 X. 
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17. Monterey cypress 

Medium-sized to large introduced aromatic ever
green tree with small scalelike leaves. Trunk straight, to 
110ft (34 m) high and commonly 2 1/2 ft (0.8 m) in 
diameter, with conical or spreading crown. Bark dark 
gray, rough, thick, furrowed into flat ridges. Inner bark 
light brown with outer dark brown layer, slightly bitter, 
resinous. Twigs slender, 4-angled. 

Leaves paired, scalelike, overlapping in 4 rows 
against twig, blunt-pointed, 1/16--1/8 in (1.5--3 mm) 
long, dark green, without gland. 

Female (seed-bearing) cones clustered on short 
stalks, rounded, 1--1 1/2 in (2.5--4 cm) in diameter, 
brownish, maturing second year and remaining at
tached. Cone-scales 8--14, shield-shaped, rounded at 
edges, with raised point in center. Seeds about 140 per 
cone, 3/16 in (5 mm) long, light brown, angled, with 
several gland-dots and with narrow wing. Male (pollen) 
cones on same tree, oblong, 1/8 in (3 mm) long, yellow. 

Heartwood, yellowish brown, is not readily distin
guished from the sapwood. The fine-textured, slightly 
aromatic wood is moderately lightweight (sp. gr. 0.40). 
Strong and suited to most types of construction, but 
reported to lack durability in ground contact (Streets 
1962). A small amount of lumber has been sawn in 

18. Italian cypress 

Italian cypress is a handsome introduced conifer 
occasionally planted for ornament and in forestry tests. 
Columnar Italian cypress (var. stricta Ait.), the common 
variety, is readily identified by the very narrow columnar 
crown. The paired scalelike leaves in 4-angled twigs 
have a gland dot on back, and the rounded hard gray 
or brown cones are relatively large, 1--1 1/4 in 
(2.5--3 cm) in diameter. 

Medium-sized coniferous evergreen tree, resinous 
and aromatic, becoming 60 ft (18 m) tall and 1 1/2 ft 
(0.5 m) in trunk diameter. In its native home this is a large 
tree with stout trunk and spreading branches. The vari
ety commonly cultivated has short erect branches. Bark 
brown, smoothish, becoming rough and fissured. Inner 
bark light brown with outer reddish layer, fibrous, 
resinous and bitter. Leafy twigs alternate, numerous, 
crowded and spreading, much branched, slender, less 
than 1/16 in (1.5 mm) in diameter. 

Leaves scalelike, paired in 4 rows, closely pressed 
against twig, blunt, with gland dot in groove on back, 
about 1/32 in (1 mm) long, dull green, covering twig and 
shedding together. 

Male and female cones borne on the same tree 
(monoecious), the male elliptical, more than 1/8 in 
(3 mm) long, yellowish. Female cones short-stalked, 
woody, composed of 8-14 flat cone-scales irregularly 
5--6 sided, with a short point or knob in center. Seeds 
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Cupressus macrocarpa Hartw. * 

Hawaii, and the wood was used for general construc
tion. Butt logs of large trees are relatively knot-free, but 
are deeply fluted, making lumber grade yield quite poor. 

This species, distinguished by the larger cones, is 
the most common cypress in Hawaii and is most fre
quently seen as a large tree at old homestead sites in 
the uplands. Widely planted in the Forest Reserves on 
all islands: more than 216,000 trees were planted be
tween 1910 and 1960. It grows well at 1,500--5,000 ft 
(457--1,524 m) altitude in most areas and may be seen 
at Kokee, Kauai, Waihou Spring (Olinda), Maui, and at 
Waimea and Volcano Village on Hawaii. 

Elsewhere, the trees have been planted widely for 
ornament, hedges, and windbreaks, not only in the Pa
cific States, but in warm temperate parts of Europe, 
South America, Australia, and New Zealand. However, 
this species is no longer recommended in the Pacific 
States because of a fungus disease. 

Champlon--Height 85 ft (25.9 m) c.b.h. 27.6 ft 
(9.4 m), spread 81 ft (24.7 m). Waikoekoe, Waimea Vil
lage, Hawaii (1968). 

Range--Very rare and local on Pacific coast near 
Monterey, California. 

Cupressus sempervirens L. * 

8--20 at base of each cone-scale, 3/16 in (5 mm) long, 
elliptical, flattened, angled, and slightly winged, brown. 

The wood is described as yellow or light brown, 
moderately hard, fine-textured, aromatic, easily worked, 
and durable. Elsewhere, it has been used for construc
tion, furniture, and clothes chests. It has not been used 
in Hawaii. 

This species is very common in gardens throughout 
Hawaii. It has also been tested on a small scale in the 
Forest Reserves. A total of 3,000 trees were planted in 
the forests between 1923 and 1955. Examples may be 
seen at Kokee, Kauai, and in the Olaa Forest Parks 
along the Volcano Road on Hawaii. 

This classic cypress of ancient Greece and Rome is 
conspicuous in formal gardens and cemeteries of 
southern Europe. It is hardy in subtropical and warm 
temperature climates, such as southern continental 
United States from Florida to Arizona and California. 
Because of its narrow shape, it is used for borders as 
well as formal planting. Hedges can be formed by clip
ping. 

Champlon--Height 82 ft (25.0 m), c.b.h. 8.4 ft 
(2.6 m), spread 20 ft (6.1 m). Ulupalakua Ranch, Ulu
palakua, Maui (1968). 

Range--Native in the eastern Mediterranean region 
of southern Europe in Syria, Cilicia, Greece, and the 
islands of Rhodes, Crete, and Cyprus and in the moun
tains of northern Iran in western Asia. 



16. Mexican cypress Cupressus lusitanica Mill. * 
Twig with cones and male cones, 1 X. 
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17. Monterey cypress Cupressus macrocarpa Hartw.* 
Twig with young female cones (upper left), twig with male cones (upper right), and twig with 

cones (below), 1 X. 



18. Italian cypress Cupressus sempervirens L. * 
Leafy twig (above), twig with cones (lower right), 1 X (P. R. v. 2). 
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