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““There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.”’—Shakespeare.
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PREFACE.

In the preparation of the following pages it has been the aim of the author
to bring together into one volume the more important and interesting facts about
the Hawaiian Islands and their primitive inhabitants, as well as information
concerning the native and introduced plants and animals of the group.

It is believed that those who read this volume—be they travelers, residents
or students—iwill find, in its brief account of nature in Hawaii, not only much
that will prove interesting and entertaining, but that which will foster and
stimulate an interest in the things of nature for which these mid-ocean islands
are far-famed.

It is asserted that, in childhood, every person is interested in some of the
many fields of natural history. It would be strange, indeed, if Hawaii, with
its wonderful natural environment and remarkable tropical plants and interesting
animals. did not rekindle in the minds of the old and encourage in the hearts
of the young a desire to know more about things Hawaiian. As a result of
the natural longing for information, there has existed for years a pressing de-
mand in Hawaii, from teachers, travelers and students, for a hand-book that
would supply the names for, as well as the facts relative to, familiar objects.

To supply a guide that would provide reliable and readable information,
in a form that would be welcomed by the general reading publie, and, at the
same time, that would meet the requirements of the homes, the schools, and the
libraries of Hawaii and the mainland, as a convenient reference book, has been
the author’s endeavor. While the volume lays no claim to being an exhaustive
monograph of the vast subject of which it treats, the material used has been
patiently gathered from every possible source and carefully selected, sifted
and verified in the field and study, by the author, during many years’ resi- .
dence in the islands as an enthusiastic naturalist, museum curator and college
professor. For these reasons it is believed that specialists with technical in-
formation at hand, no less than those who pride themselves on their general
knowledge of things Hawaiian, will find the volume a handy ‘first aid’ and re-
liable and convenient reference work.

The carrying out of the three-fold object of preparing a readable account
of Hawaii, a text-book or supplementary reader on the natural history of the
islands, and a convenient reference book for those who require a more technical
or detailed handling of the material included than is customary in a book
frankly popular in nature, presents certain difficulties that seem to have been
met by the selection, classification, and arrangement of the text and the illustra-
tions.

The casual reader will find the body of the text shorn of the technical
verbiage and scientific names that so often distract, annoy and fatigue the lay-
man. Where such terms have been indispensable they have been defined in the
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10 NATURAL HISTORY OF HAWAIL

text, the footnotes, or in the index and glossary. Those who prefer their reading
should rest on the firmer ground that definite nomenclature is supposed to im-
part, will find the necessary technical names of orders, families, genera and
species, referred to in the text given in the footnotes, or in the cross-references
in the index. The systematist and specialist will not expect the degree of com-
pleteness in this regard that would characterize a manual dealing with any one
of the subjects herein treated. However, the scientific worker will find in the
index and glossary, not only the scientific names most frequently in use for
common objects in the more important contributions to the literature of his
subject in the islands, but often the latest word on the nomenclature of the
species in question.

The index and glossary is made a special feature of the book. It has been
carefully prepared and numerous cross-references to the various English, IIla-
waiian and Latin names that are current with the people, or are written into the
literature of the islands will aid the student in working out synonyms. The
author has endeavored to make the possession of a little information, concerning
the natural history of Hawaii, of use to the would-be student. To aid the lay-
man, two generous open doors have been provided: one through the index, the
other through the table of contents. By the use of these doors the inquirer, in
possession of any one of the many common names, the name of the great division
to which the plant or animal belongs, or even knowing something of its habits
or habitat, will, in most cases, find their knowledge sufficient to guide the way
to such definite information as may be contained within the body of the book.

Much in the form of notes, comments and observation that seemed too
specific, local, critical, fragmentary or prosaic to fit well into the plan of the
body of the text, has been reserved for the combined index, glossary and com-
pendium at the end of the volume, and there appears in alphabetical order without
reference to the text. The index therefore should be in constant use by the
reader and student.

Because of obvious limitations, and owing to the nature of the objects
sought, the author has made no rigid attempt to follow out a system
of arrangement in this volume such as an ethnologist, a geologist, a botanist
or a zoblogist would choose were they treating their special subject
separately and in fuller detail. Strietly rigorous adherence to the various
chapter headings has often been next to impossible. A given subject is often
presented in preceding and succeeding chapters; or it may oceur in different
parts of the book. The natural desire is that books, in any way scientific in
character, should follow some generally accepted system or arrangement. Such
systems usually start with the lower, older, simpler or more generalized form
and proceed gradually to the consideration of the more recent, higher or com-
plex. Oeccasionally, however, for the sake of convenience, the system is reversed
and a different order of arrangement may be followed. In the following pages
the arrangement of the material has been based largely on a certain association
of ideas and objects; but the sequence of the chapters has been controlled, to a
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certain degree, by expediency or caprice. Even in the arrangement of the five
main sections into which the book is divided, it has seemed expedient to place
that part first which, in a rigid natural order. would logically have been placed
near the last. Nevertheless it will require no great intelligence on the part
of the reader to trace out for himself the historical sequence of nature in Hawaii.
No doubt the first great event would be the formation of the islands, followed by
their occupation by plants and animals. These events in the natural order, and
according to system, would doubtless long precede the peopling of the islands
by the Hawaiian race, or the introduction, by them or any other race, of the
various foreign plants and animals found in the group.

The intimate relation which existed between the splendid native Hawaiian
people and their isolated environment is a subject of the greatest interest and
entitles the human inhabitants to first consideration in the present treatment of
this subject. The character and natural history of the race and the use
made by the people in their economy, arts and practices, of the various ma-
terials furnished them by nature, unites them most closely with their environ-
ment; and in a natural history, such as this, calls for an acquaintance with the
Hawaiian race, as a native people and the aboriginal inhabitants of the coun-
try, before we consider the environment which they had so thoroughly explored
and mastered long before their contact with Europeans.

It is confidently believed that the all too brief account of the ancient Ha-
waiian people is one that will instill a just pride of ancestry into the hearts
of those readers whose forebears were of the native Hawaiian race. Not so
many hundred years ago, the ancestors of the proudest Europeans were little
more than aborigines, and ate nuts and herbs, and depended on the fortunes
of the chase for their meat. Not so many centuries before that, as the world
measures time, a collection of their handiwork would have shown a group of
objects far more crude than were those possessed by the Hawaiians at the time
of their meeting with a dominant and powerful race.

It seems hardly necessary to say that the following pages are not offered
primarily as an original contribution to the natural history of Hawaii. The
task has been chiefly to bring together information about the islands that only
an expert knows where to find. That which has suited the author’s purpose
has often been taken almost verbatim from the most available, which in many
cases has been the original source.

From the writings of the many experts who have studied the various fields
the natural history of Hawaii affords, the author in his own reading has culled
wherever anything was found that would help to make this book more complete
or interesting. The fruitful fields have been many, and to workers, past and
present, whoever they may be, the author gladly makes the fullest acknowledg-
ments. It is owing to the efforts of all that this general treatment of nature in
Hawaii is made possible. In many cases where it has been necessary to trace
material to its original source, so much has been found that had been borrowed
without acknowledgment—even in the writings of our most punectilious scient-
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ists—that to give full and proper credit for information on Hawaiian subjects
would involve a searching and comparing of original sources, that would profit
but little, and would add endless labor to an already heavy task.

So as the teller of an old tale the author makes no elaborate attempt to
enumerate his sources and burden his book with an extended bibliography.
No one however can, without flagrant injustice, write upon any Hawaiian
theme without acknowledging his indebtedness to Mr. Thomas G. Thrum, who
for more than forty years has been steadily engaged in gathering, compiling
and publishing data on every phase of the Ilawaiian Islands. His forty An-
nuals constitute a mine of information of which these islands are justly proud.

In the body of the text effort has been made to indicate the chief source
and give credit for noteworthy facts, but the author wishes especially in this
connection to allude to his colleagues and fellow workers in the field of science,
who have generously given every assistance in their power in a spirit of willing
coOperation that has made a pleasure of what would otherwise—and but for
the love of the thing—have been a tedious and thankless task.

In order that these pages might carry the additional weight of specific
authority the author has read the manuscript of the various chapters to special-
ists who have distinguished themselves in their chosen fields, and has incorporated
their suggestions and corrections in the text. Those who have rendered material
aid in this line or in other ways not elsewhere mentioned are Dr. John T. Gulick,
evolutionist; Dr. N. B. Emerson, ethnologist; Dr. William D. Alexander, his-
torian; Mrs. Emma Metcalf Nakuina, Itawaiian scholar; Mr. Thomas G. Thrum,
historian and Hawaiian authority; Dr. Charles H. Ilitchcock, geologist; Pro-
fessor Charles W. Baldwin, geographer; Dr. Henry A. Pilsbry, conchologist;
Miss Mary Rathbun, crustaceologist; Dr. Walter K. Fisher, zodlogist; Professor
Otto Swezey, Mr. David T. Fullaway, Mr. E. M. Ehrhorn, economic ento-
mologists; Dr. R. C. L. Perkins, Professor Ilenry W. Henshaw, Mr. Daniel B.
Kuhns, naturalists; Mr. J. E. Higgins, horticulturist; Professor F. G. Krauss,
agriculturist ; Professor Vaughan MacCaughey, Mr. Joseph F. Rock, Mr. Charles
N. Forbes, botanists, and to Messrs. D. Thaanum, William Wilder, Irwin Spald.
ing, collectors. The author is under especial obligations to his former student,
Mr. D. B. Kuhns, for much help in many fields.

To the author’s wife, Elizabeth Letson Bryvan, Sc. D., whose interest in his
labors has been never failing, a sincere tribute of appreciation is due for con-
stant and valuable help, criticism and suggestions in all departments of the book.
Only those who write books can appreciate what her contribution in encourage-
ment, denial, love and service has been to this book.

The half-tone illustrations were made from photographs in the author’s eol-
lection. They, like the text, have been brought together from many sources.
The greater number, however, are from negatives that, at one time or another,
have been made expressly for use in this volume. Credit is given for the
illustrations in another connection.
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Doubtless errors will be found in the text and in the proof-reading by those
who search for them. Few will expect absolute perfection. If the bare facts of
nature have been clothed with living interest sufficient to make them acceptable
and full of information for the general reader, as well as memorable and useful
to the student of nature; and if at the same time what has been written falls
well within the tenets and tenor of truth as understood by the more critical
scientists; and above all, should the book prove generally useful, the author’s
ambition will have been attained.

WILLIAM ALANSON BRYAN.

The Palms, Honolulu, Hawaii,
September 13th, 1915.
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Natural History of Hawaii.

SECTION ONE
THE HAWAIIAN PEOPLE.

CHAPTER L
THE COMING OF THE HAWAIIAN RACE.

HAwAIIANS THE FIRST INHABITANTS.

The Polynesian ancestors of the Hawaiian race are believed to be the first
human inhabitants to set foot on Hawaii’s island shores. Inasmuch as the group
comprises the most highly isolated island territory on the globe, it seems logical
to infer that this sturdy race must have migrated to Hawaii from other lands.
By tracing the relationship of the original inhabitants it has been found that
they belong to the same race as the natives of New Zealand, Samoa, Marquesas,
Society, Tonga and other islands in the southern, ecentral and eastern Pacific.

That all the native people found over this vast Pacific region are the
scattered branches of one great race, springing from a common ancestral stock,
has been demonstrated in many ways. The marked similarity in the manners
and customs, language and religion, as well as many peculiar physical char- .
acteristics and intellectual traits common to the inhabitants of the widely scat-
tered Pacific islands just mentioned, leaves little doubt in the minds of those
who have studied these people of the Pacific, as to their racial affinities.

POLYNESIAN AFFINITIES.

Collectively, this group of Pacific Islanders has been called by Europeans
the Polynesian race, a reference to the many islands inhabited by them. The
exceedingly vexed question as to the genesis of the race as a whole and the
fixing of the place from whence the progenitors of the dark-skinned kanaka
people entered the Pacific has long been a subject of interesting discussion.

Since the genesis of the race is by no means a settled question it will not
be profitable in this connection to dwell upon the matter farther than to say

DESCRIPTION OF PLATE.

The splendid physique of the people, their well shaped heads, attractive features and
kindly eyes are well shown by the photographs and indicate the strong individuality and lovable
character of the race as a whole. Old Hawaiians, especially of the better class, possessed a
high type of Polynesian culture that embraced a thorough and useful knowledge of their iso-
lated environment. At the time of their introduction to European civilization many among
them were intimately acquainted with their own history and genealogy, as well as with the
fund of information concerning their traditions, myths, arts, occupations and practices; more-
over they possessed a store of knowledge about the islands and their natural history that at
once won for the race the respeet and admiration of their European benefactors.
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that the origin of the Polynesian race has been traced by different writers, in
different ways to various places. North, South and Middle America, as well
as Papua, Malay, China, Japan and India, have each in turn been declared
the cradle of this widely distributed people and each made responsible, directly
or indirectly, for their presence in the Pacific Ocean.

While it is probable that the origin of the race, as a whole, will always be
shrouded in doubt, there is little uncertainty as to the more immediate an-
cestors of the Ilawaiian people. All their various affinities seem to point un-
erringly in the direction of the islands to the south of us. Although the Society
and Samoan Islands, which are the nearest islands in any direction at present
inhabited by this race, are more than two thousand miles distant, they, without
doubt, form the stepping stones over which the early immigrants passed—if they
are not the actual points of origin of the migrations that resulted in the
settling of the Polynesian race on this, the most remote group.

EvVIDENCE OF EARLY IMMIGRATIONS.

That the race existed here ages ago, perhaps far beyond the traditions of
the people, is believed by some to be proven by certain geologic evidence. What-
ever the geological facts may be, and the data thus far secured is by no means
conelusive, the traditions of the people are more certain. They throw much light
on the antiquity of the early voyages of the race and point far back into the
shadowy past. Their genealogies, which were handed down from father to son
with remarkable accuracy, also contribute much information that can be ac-
cepted as reasonably authentic and historie, and give a fair basis for measuring
time, especially during the past four or five centuries. The comparative study
of genealogical records has brought to light proof of many obscure points that
had to do with the history and wanderings of the race as a whole, but their.
traditions are especially clear with reference to the Ilawaiians themselves.

TRADITIONAL AND HiSTORICAL EVIDENCE OF EARLY VOYAGES.

Those who have studied the history and traditions of the Polynesians as a
people regard Savaii, in the Samoan group, as the most likely center of dispersal.
It is probable that at least one of the bands of early voyagers that settled on
these, then presumably unpeopled islands, came from that group in very ancient
times,—perhaps as long ago as 500 B. C. Just why these early wanderers
set out on the long perilous journey over unknown seas will never be known.
It is suggested that they may have been forced from their early homes by war
and driven from their course by storms. But since there was no written lan-
guage, the historian, as already stated, is forced to rely for his data on legends,
traditions, genealogies and such other meager scraps of information as are
available.

Unfortunately, of the very early period scarcely a reliable tradition exists.
We are therefore left free, within a certain measure, to construet for ourselves
such tales of adventure, privation and hardship as seem sufficient to account for
the appearance of the natives in this far-away and isolated land. We know
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that the first voyages, like many undertaken in more recent times, must have been
made in open boats over an unfriendly and uncharted ocean. We know also
that they survived the journey and found the land habitable when they came.

To the dim and uncertain period covering the severai centuries that fol-
lowed, many great primitive achievements have been ascribed. Among them are
such tasks as the building of walled fish-ponds, the construction of certain great
crude temples, the making of irrigation ditches, and the development of a
distinet dialect, based of course, on their ancient mother tongue. But at last,
after the lapse of centuries, perhaps many centuries, this long period of isola-
tion and seclusion ended and communication was once more resumed with the
rest of the Polynesian world.

ANCIENT VOYAGES.

It is reliably recorded in the traditions of the race, but more especially
in those of the Hawaiian people, that after many generations of separation
from the outside world, communication was again taken up and many voyages
were made to Kahiki—the far-away land to the south. From this time on the
story of the people becomes much more definite and reliable. We not only know
that intercourse was resumed between IIawaii and the islands of the South
Pacifie, but the names of several of the navigators and the circumstances, as well
as the time when their journeys were made, also incidents of their voyages,
have come down to us. In some cases the same mariner is known to have made
more than a single journey. Naturally the exploits of the brave navigators of
the race were made matters of record in the minds of the people and handed
down from father to son in numberless songs, stories and traditions. As a mat-
ter of fact, there is evidence to prove that during the twelfth and thirteenth
centuries of our Christian calendar there came an era of great unrest through-
out the whole of Polynesia and a great number of voyages were made to the
remote parts of the region. In fact it is asserted in the tradition of the peo-
ple that ‘‘they visited every place on earth.”” This broad statement seems to
indicate that to the Polynesian mind the world was confined to Oceanica, as
they appear to have known nothing of the great continents which surrounded
them on every side. At any rate, there is on record a considerable list of
these voyages and an equally long list of the places where they landed, accom-
panied by incidents of their wanderings.

ANIMALS AND PLANTS BrOUGHT TO HAwall AS BAGGAGE.

Our special interest in the natural history of the plants and animals of
Hawaii makes this period of Pacific travel of unusual importance. It was at
this time that most, if not all, of the useful plants and animals that had fol-
lowed the race in their various wanderings were brought as precious baggage
with them to these islands from over the sea.

Any one who has experienced the difficulties and disappointments encoun-
tered in transplanting a young breadfruit tree from one valley to another, will
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appreciate in a measure the difficulties that must have beset the Hawaiians in
transporting living cuttings of this delicate seedless plant from far off Kahiki
to these islands, yet it is practically certain that not only was the breadfruit
brought here in this manner but also the banana, the taro, the mountain apple,
the sugar-cane and a score or more of their other important economic plants.
The wild fowl, the pig and the dog were also brought with them in the same
way, in very early times, and were in a state of common domestication over the
group when the islands were first visited by the white race.

Naturally there were many references in Hawaiian and Polynesian tradi-
tion to these long and tempestous vovages. When all the circumstances sur-
rounding these rugged feats of daring and adventure are considered, it is not
too much to say that the race to which the ancient Hawaiians belonged is worthy
of a special place among the most daring and skillful navigators of all times.
To this day their prowess and aptitude in matters pertaining to the sea is such
as to command the admiration and respect of ali.

DouBLE CANOEs.

The making of the large canoes employed in their important journeys by
the use of stone tools alone, was by no means an ordinary task. Aside from the
descriptions of their canoes handed down to us in their traditions, we know that
a century ago there existed in these islands the remains of war canoes, such as
we are told were used in those early voyages, that were seventy feet in length
by more than three feet in width and depth, capable of carrying seventy per-
sons from island to island. What is still mors remarkable the hull in each case
was carved from a single giant koa log.

The selecting of a suitable tree from among its fellows in the mountain
forests, the felling and shaping of it by means of the crude stone implements
of the time, and the subsequent transporting of the rough-hewn canoe to the
sea by main strength, was an undertaking not to be lightly assayed; but the
executing of a 2000-mile voyage in such a crafi seems almost incredible. In this
connection it is well to remember that the early Polynesians made not only
single canoes of monstrous proportions, but double ones by lashing two together
and rudely decking over the space between them. In this ingenious way they
made a craft capable of carrying a large number of people and a goodly supply
of provisions.

ProvisioNs For LoNG VOYAGES.

It is probable that in their more extended voyages, especially when they
were voluntarily undertaken, the natives used the double canoce and provided
the craft with a mast to which they rigged large, durable sails made of mats.
The legendary mele telling of the coming of Hawaii-loa states that during five
changes of the moon he sailed in such a craft to be rewarded at last by the
sight of a new land ever after called Hawaii.

As to the supply of provisions it is to be remembered that the Polynesians
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have several kinds of food capable of being preserved in a compact form. The
cocoanut, either fresh or dried, was an invaluable article of food, while dried
fish and squid are not to be despised. The taro, breadfruit and sweet potato,
or yam, are articles of daily diet, capable of being transported in an edible
condition for great distances at sea. Besides cocoanut water, in the nut, to
drink, they had utensils for storing fresh water and it is probable that they
provided themselves with calabashes and wooden bowls specially prepared for
use on their long sea journeys.

STEERING A COURSE BY THE STARS.

As they were expert fishermen and exceedingly hardy seamen the perils of
the deep were considerably minimized. Add to this their intimate knowledge
of the food to be found living everywhere in the sea at all seasons and their
acquaintance with the habits and methods of capture, as well as skill in the
preparation of such animals and plants as they esteemed as food, and we must
conclude that they were by nature well fitted for such journeys. With such
substitute food as the sea would furnish, always at hand, it was possible for
them to travel far and suffer but little, for they were able to eat, not only such
fresh and dried food as we have mentioned, but to relish many creatures of the
sea in a raw state—as flying-fish, squid and seaweed—that would scarcely be
thought of as food by a more fastidious people. Moreover, in making these
journeys they were able to roughly guide their course by the stars, the sun and
the moon, as they had a erude but working knowledge of astronomy. In addi-
tion to this they had a number of traditions, telling of mysterious lands, far
away beyond the horizon, that served them both as an inspiration and an assur-
ance, besides being useful to them in many ways in their practical navigation.

ESTABLISHMENT OF THE HAwAIIAN RACE.

Great care was always exercised in selecting the proper place and season
for setting forth on their journeys. Once having made a successful voyage
they were particular to start from the same spot in making similar journeys
thereafter. In this way the south point of Ilawaii as well as the southern end
of the little island of Kahoolawi came to be known as the proper points from
which to embark on a journey to Tahiti.

There is but little doubt that in those times they ‘were expert navigators,
who in addition to being able to guide their courses at sea by the stars, also
knew the art of steering their canoes in such a fashion as to catch and ride
great distances on the splendid long ocean swells, after the manner of the surf
riders of less adventurous times.

Just how these striking feats of navigation were accomplished we may
never know. At any rate there is every reason to believe that they were per-
formed. We do know, however, that the perils attending them were safely
passed, the difficulties of the journeys surmounted, and that those who per-
formed them lived to tell the tale of their daring to their children. and they to
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their children’s children. We know that through them in time the Polynesian
race came to occupy a new land, established the Ilawaiian people and built up a
crude though worthy civilization.

CHAPTER IL

TRANQUIL ENVIRONMENT OF HAWAII AND ITS EFFECT ON THE
PEOPLE.

THE NATURAL ENVIRONMENT.

Without dwelling further on the remote and uncertain period which had
to do with the origin and early migration of the Hawaiian people, it will be
fitting to briefly consider the race in connection with their natural environment.
It is well within the purpose of this sketch of the natural history of Hawaii
to treat of the people as the native inhabitants, and for that reason we shall
dwell upon their primitive and interesting native culture rather than their
more recent political history.

In dealing with the race as a natural people it will be of interest to enu-
merate some of the various forces of nature among which they developed for
centuries, since without doubt their environment helped to make the race what
it was at the time of its discovery,—a swarthy, care-free, fun-loving, super-
stitious people, with a culture that, now it has been more fully studied by un-
biased ethnologists and is better understood, has at last gained for the ancient
Hawaiians, not only the respect, but the admiration of their more highly cultured
and fairer skinned brothers. In seeking only to depict their life as it was in
the interesting time of their primitive paganism, before Christianity was brought
to them, we must leave entirely out of account the story of one of the most re-
markable religious and political developments that a race has ever under-gone
in the history of the civilized world.

So capable and receptive was the Hawaiian race that within less than an
hundred years the entire population has not only embraced a foreign and ex-
ceedingly advanced form of religion, but by its agency transformed their lan-
guage, practices, customs, manners, arts and morals to such a degree that today
hardly a trace of their former culture remains to indicate the long road which
they have traveled in the upward march from a rude rule of might, fear and
superstition to the place where their representatives, chosen by ballot, sit on
equal terms in legislative assemblages with their one-time patrons and would-be
benefactors, and, without fear or favor, creditably discharge the duties of citi-
zenship in the great American Republic.

KoNA WEATHER AND TRADE WINDS.

One of the most important.physical influences that has affected the people
is the climate. Although the Hawaiian Islands lie at the northern edge of the
torrid zone, their climate is semi-tropical rather than tropical. and is several
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degrees cooler than that of any other country in the same latitude. The tem-
perature is moderate, at least ten degrees below the normal, owing to the in-
fluence of the cool northeast ocean currents. The delightfully cool northeast
trade wind, which is obviously the principal element in the Hawaiian climate,
blows steadily during at least nine months of the year. During the remaining
months the wind is variable, and occasionally storms with heavy rains blow
from the southwest, producing what is known as ‘‘Kona’’! weather. Taken
through a long period, the temperature at sea level rarely rises above 90
degrees during the hottest day of the year, and seldom falls below 60 degrees
for more than a few hours at a time, with the mean temperature fluctuating
about 75 degrees Fahrenheit. The difference between the daily average mid-
summer and midwinter temperature is about 10 degrees. With reference to
human comfort the temperature excells for its equableness. This fact, coupled
with the refreshing trade winds that sweep over thousands of miles of cool
ocean and the bright and genial warmth of the tropical sun, produces the climate
of Paradise—a condition found in no other region on the globe.

ALTITUDE AND ITS EFFECT ON CLIMATE.

In fact the Hawaiian language had no word for ‘‘weather,”’ as it is usually
~ understood. Nevertheless, a remarkable difference in climate is experienced
in passing from one side of the islands to the other, or from lower to higher
altitudes. The northeast, or windward side of the group, which is exposed to
the trade winds, is cool and rainy, while the southwestern or leeward side is, as
a rule, much drier and warmer. The most important variation, however, is
due to altitude; the thermometer falling about four degrees for every 1,000 feet
of ascent. It is therefore possible to look from the palm groves that bask
in tropical warmth along the coast of Hawaii to the highest mountain peak of
the group,? to find it frequently snow-capped, particularly during the cooler
months. As to rainfall, similar variations occur. At Honolulu the average
precipitation is thirty-eight inches, at the Pali. five miles away in the moun-
tains, 110 inches; while at ITilo, on the north side of Hawaii, it is nearly
twelve feet. If the group is taken as a whole, almost every variation from
warm to cold, wet to dry, windy to calm, may be found.

ErFECT OF A SUFFICIENT AMOUNT OF Foob.

The direct influence of these facts on the character of the people, however,
is rather obscure. Aside from the bearing it may have had on their clothing,
food and shelter it is indeed difficult to trace. Although it is the general
opinion that a warm climate is not liable to be conducive to a higher culture.
there is plenty of evidence to the contrary here and elsewhere, and, considering
the insular position of the Islands, their limited food supply. the lack of raw
materials for manufacture, the absence of such metals as iron and copper and

1 Southerly. 2 Mauna Kea, 13.825 feet
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the want of domestic animals as beasts of burden, the Hawaiians achieved a’
remarkably high stage of development before their discovery. The degree of
their development is especially shown, as we shall see, by the thoroughness
with which they had explored their environment and utilized the natural raw
materials which it supplied.

The easy tropical conditions, as well as the unsettled political state which
surrounded them originally, were not necessarily conducive to the highest
physical or mental achievements. According to Blackman, the regular recur-
rence of a sufficient amount of food to supply their needs may also have pre-
vented the development of the traits of thrift and frugality that are so inbred
in the races of the north. There is no doubt that the bright, warm, cheerful
climate had its influence on their temperatment, their health, and their home
life, by diminishing the relative importance of permanent shelter, by enticing
the people out of doors; and also on their morality, as we interpret it, by ren-
dering clothing the thing least required for bodily comfort.

INTER-ISLAND COMMUNICATION.

Another important point in their environment was the fact that the in-
habited islands were sufficiently numerous and near enough together to influ-
ence one another decisively, yet far enough apart to make inter-island com-
munication difficult. The group was far enough removed from other groups to
prevent frequent migrations and small enough to render a wandering life and
contact with other people and tribes impossible. At the same time they were
just far enough away from each other to satisfy the natural human desire for
travel, adventure and experience.

INTER-TRIBAL WARS.

The valleys on the various islands constituted natural divisions of the land
that had a marked influence on the government of the people by district chiefs
who were frequently at war with one another. To offset this there were inter-
tribal and inter-island marriages enough to prcduce a uniform stock throughout
the group. This interchange of blood and ideas was most beneficial in bringing
about the homogeneity and compactness necessary to preserve inherited habit
and secure the persistence of traditions, customs and the learning of the whole
pecple.

AGRICULTURE AND THE Foop SuPPLY.

Although the valleys are usually fertile, they are limited in extent. The
soil though rich, varies greatly in productiveness, and being of a porous nature,
needs much water to render it valuable for the various pursuits of agriculture.
To meet this demand, extensive irrigation systems were built and used by the
native farmers. Besides the valley lands, there are broad tracts of rough lava
and dry upland country that were of little use to the ahorigines with their
primitive methods of agriculture. In brief, the conditions were such as to re-
quire much labor and skill to produce sufficient food from the soil to supply



[F 1]

THE HAWAIIAN PEOPLE. 3

their wants. For this reason, among others, their life was not the one of
indolence it is sometimes thought to have been, yet conditions were uniformly
more favorable to life in Hawaii than were those met with in certain other
groups in the Pacific to which Polynesians migrated and settled, presumably
as they did in these islands.

FAUNA AND FLORA EXPLORED BY THE HAWAIIANS,

So much must be said of the animals and plants in another connection that,
though they form an important feature of environment, it will suffice here to
note the salient facts. The flora furnished trees for the construction of their
canoes and houses, the implements of their warfare and peaceful pursuits, the
raw material for the manufacture of their clothing, nets, calabashes, medicines,
and above all, a sufficient amount of wholesome food throughout the year to pro-
vide for their sustenance.

The most important animals existing on the islands at the time of their dis-
covery by the whites were the swine and the dogs, both of which were freely used
as food. There were domestic fowls of the same species as were common
throughout the Polynesian islands. The waters about the group provided a
never failing supply of fish food. The insects were all inconspicuous and harm-
less. The only game birds, as ducks and plovers, were not abundant, while the
reptiles were represented by a few species of small, inoffensive lizards that
were of little importance.

The Hawaiians were preéminently an agricultural people with a natural
love for the soil and its cultivation. They had an appreciation of the beautiful
in flower and foliage that has had an abiding influence on their homes and
home surroundings. They were also skilled fishermen. The lack of animals,
domestic or wild, other than the few species mentioned, prevented them from
following the hunting and pastoral life, and as a result they were settled in
permanent villages, usually along the coast.

Since there were no noxious insects, poisonous serpents or dangerous birds
or beasts of prey, there was no occasion for the alertness and constant fear that
so frequently makes life in a tropical country a never-ending strain if not an
actual burden.

Foop AND ITs EFFECT ON THE PEOPLE.

While the chiefs and the more prosperous of the people were well supplied
with meat, the common people had it only at rare intervals. They were forced
to subsist on a diet chiefly vegetable, which was lacking in variety, and, although
fat-producing, was also diffuse and bulky. To the character of their food may
be attributed the habit of alternately gorging and fasting, which was so com-
mon a trait of the ancient Hawaiians, and which is believed to have resulted in
the abnormal development of the abdomen, formally so noticeable among them.

Although taro was the staff of life in Hawaii, sweet potato, or yam,
also figured largely in the every day diet of the common people. Though meat
was never abundant, as has been stated, they were not entirely without ani-
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mal food. Fish was always available and fairly plentiful, and certain kinds
were often eaten raw. Fowl, pork and dogs were occasionally to be had as a
change and were much esteemed as delicacies. The poi-dog, when carefully
fed and fattened on poi, was regarded as even more delicious in flavor than pork.
Dogs always formed an important dish at the native feasts and on such occa-
sions large numbers of them would be baked in earth ovens.

RESPONSE OF THE NATIVES TO THEIR ENVIRONMENT.

Looking broadly at their environment it may be said that the most decisive
factors in the surronndings of the Hawaiian race were isolation, the evenness
of the climate and the conditions which made the pursuit of agriculture a
necessity. The latter induced a more regular and constant activity and more
settled life than is found among a hunting and roving people, and in connection
with the other conditions mentioned it had an important bearing on the tempera-
ment of the race. The isolation, even temperature, and always sufficient food
supply must have had their effect in producing a patient, tranquil, self-reliant
mind—a satisfied disposition—an even temper—a settled attachment to the soil—
an aptitude and faculty for the development of their peculiar forms of learning,
and above all, habits of life and customs of dress that were peculiarly suited to
and the result of the gentle demands of their environment.

CHAPTER IM.
PHYSICAL CHARACTERISTICS OF TIIE PEOPLE.

STATURE AND PHYysicAL DEVELOPMENT OF THE PEOPLE.

At the time of the discovery of the Hawaiians they were physically one of
the most striking native races in the world. Moreover, they were distinguished
as being among the kindest and most gentle mannered of people, and but for the
oppression of their priests and chiefs, they would undoubtedly have been among
the happiest.

As a race they were tall. shapely and muscular, with good features and
kind eves. In symmetry of form the women have scarcely been surpassed, if
equalled, while the men excelled in muscular strength, particularly in the region
of the back and arms.

The average height of an adult Polynesian is given as five feet nine and a
third inches, and the Hawaiians were well up to, if not above, that average,
while individuals of unusual size, often little short of giants, were not uncommon

DESCRIPTION OF PLATE.

1. Secraping and preparing a pig [puaa] for baking. 2. The earth oven [imu] hollowed
out and filled with heated stones ready for the food. 3. The imu filled and closed; the heat
and steam bakes the food which is wrapped in ki or banana leaves. 4. The food baked and
ready to be eaten. 5. Pounding poi on a ‘‘double’’ board [papa kui poi], which is a shallow
trough made of hard wood; ‘‘single’’ boards were also common. About the grass house may
be seen cocoanut palm trees in the rear, papaya trees to the right and left and a small noni
tree at the end of the house.
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among them. There is an authentic record of a skeleton found in a burial
cave that measured six feet seven and three-quarters inches in length, and there
is sufficient evidence to establish the fact that men of even larger stature were
by no means unusual.

Instances of excessive corpulency have been common among Hawaiians,
especially among the chiefs who were always better nourished than were
the common people. Ilaving plenty to eat and little to do, they grew
large and fat. This tendency to corpulency, as has been elsewhere noted, was,
however, more common among the women. Many of them were perfectly enor-
mous in size, but this is not to be wondered at since the Iawaiian ideal of
female loveliness includes stoutness of figure as a fundamental requisite.

The natives, before their mixture with foreigners, were a brown race, vary-
ing in color from light olive to a rich swarthy brown. Their hair, usually raven
black, was straight, wavy or curly, but never kinky. Their lips were of a little
more than medium thickness, with the upper lip slightly shortened. This gave
to the mouth a peculiar form that is characteristic of the race. Their teeth
were sound, regular and very beautiful, a fact frequently ascribed to the char-
acter of the food they ate. The nose, a rather prominent feature, was in most
cases broad and slighty flattened. The eyves of the pure-blooded Hawaiian
were always black and very expressive. Their foreheads were usually high,
and perhaps a trifle narrow in proportion. In general, their features were
strong, good-humored, and in many instances, when combined with their splendid
physiques, produced a striking and impressive personality that gave the im-
pression of their belonging to a very superior race.

CLOTHING OF THE PEOPLE.

At the time of their discovery the men wore the malo, a plain piece of tapa
cloth, about the loins in the form of a T bandage. The women wore the pa’u
of tapa, which was a simple piece of bark cloth, wrapped about the waist, to
form a short skirt, that hung down to the knees. While the foregoing were the
usual articles of dress they were by no means averse to answering the call of
their environment by stalking about naked or nearly so, if a pretense offered.
‘I'hey were fond of certain kinds of adornment, particularly flowers. using them as
garlands about their necks or as wreaths about their heads. The children while
often wearing flowers about their necks, went otherwise unadorned until six or
eight years of age.

CLEANLINESS.

Although the Hawaiians wore their tapa cloth clothing as long as it would
hold together, the people as a whole took great pride in personal appearance
and cleanliness. They were fond of ornaments and were skillful in their manu-
facture. Both sexes wore ornaments fashioned from shells, nuts and ivory
about their heads and shoulders in addition to the flower garlands just men-
tioned. While tattooing was indulged in as a form of decoration its use in this
respect was not carried to the extent that it was among the New Zealanders or
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the Marquesians. Its principal use in Hawaii was to denote rank or lineage,
to brand a slave or sometimes as a token of mourning.

Although the chiefs were markedly superior physically and otherwise, when
compared with the common people, they were. nevertheless, descendants of the
same race. The difference in stature and capability which they exhibited seems
to have been the natural result of their environment. Being better fed, having
more leisure, and relieved of the burdens of living and in many ways pampered
and protected, they escaped the marks that exposure, excessive toil, hunger,
fear and superstition invariably stamp on the less fortunate of every race.

LiFe IN THE OPEN AIR.

The unusually salubrious Ilawaiian climate stimulated the habit of out-of-
door life, which was almost universal. The native huts were used chiefly as
sleeping places and for protection from the rain. Their aquatie, athletic and
sea-going habits were the growth of the open-air life they led. The love of
frequent bathing, the nearness of the sea and the necessity of securing at least
a part of their sustenance from the ocean, all combined in making them the
most powerful and daring swimmers in the world and developed among them,
perhaps, the world’s most expert and intelligent fishermen.

THEIR LANGUAGE AND ALPHABET.

Their language was singularly deficient in generic and abstract terms, but
to make up for this general deficiency it was especially rich in specific names
of places and things, most of which were derivitives that were full of meaning,
frequently taking account of nice distinctions. Broadly speaking the Hawaiian
language was little more than a simple tribal dialect of the Polynesian tongue
that was spoken with much uniformity in a large number of the Pacific island
groups. In fact, there is less variation in meaning and pronunciation of the
language throughout Polynesia than exists today between the Spanish and
Italian tongues. Besides the language of every-day life there was a style especi-
ally appropriate for oratory and another suited to the demands of religion and
poetry. Since there was no written language. not even a picture language, at
the time of which we write, one of the first acts of the American missionaries
was to reduce their speech to writing. For this purpose only five vowels, a, e,
i, 0, u, and seven consonants, h, k, 1, m, n, p, w, were found necessary. In the
use of these twelve letters the European pronunciation of the vowels was adopted.
The letter a is sounded as in arm; e as in theyv; i as in machine, and u as
in rule. The dipthong ai, resembles the English ay, and au has the sound of ow.
The consonants were sounded as in English except that k is sometimes exchanged
for t, and the sound of 1 confounded with k and d. The dirth of consonants
and the over-plus of vowels gave to the spoken language such openness, fluidity
and richness as to be particularly noticeable to persons unacquainted with the
tongue. By some this peculiar quality of the spoken language, by reason of
its intellectual indefiniteness, perhaps, is believed to represent, or at least re-
flect, the open, frank character of the people who developed it.
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GENEALOGY AND HISTORY.

Their legends and traditions, many of them identical with those found in
other groups in Polynesia, as has been stated, were handed down, generation
after generation, by a highly honored class of genealogists and bards. Each
family or clan had its respected historians and poets, and generally the position
of genealogist, at least, became hereditary, to be handed down from father to
son. It was the especial office of the genealogist to keep and correctly transmit
the historical records of chiefly unions, births, deaths and the achievements of
the more important people of their community.

In this way much of the history of the people, as well as many of their
legends and much of their historical beliefs, superstitions and practices, have
come down to us in fairly accurate form, often from very remote times.

MELES AND HuLas.

Their meles and hulas were the supreme literary achievements of the ancient
historians and poets, and, as their subjects were diverse, they vary much in
substance and character. Many are folk songs; some are of a religious order,
being prayers or prophecies; others are name songs, composed at the birth of a
chief, in his honor, recounting the exploits of his ancestors; the dirge was a
favorite form of composition; others again are mere love songs, and still others
are composed to or about things and places.

Although they are without rhyme or regular meter, as it is generally under-
stood, many of them are strikingly poetic in spirit. A single example taken
almost at random from the many excellent translations given by my friend,
Dr. N. B. Emerson, in his book on the Hula, may serve to illustrate their
appreciation of the poetic side of nature as well as to demonstrate their natural
descriptive power and literary gift.

By way of introduction, we should know that Koolau is a district on the
windward, or rainy, side of the Island of Ozhu and that the stanza given is
one taken from one of the many songs for the hula ala’a papa. It is but an
episode from the story of Hiiaka on her journey to Kauai to bring the handsome
prince Lohiau to the goddess Pele. Hence,—

‘“'"Twas in Koolau I met the rain;
It comes with lifting and tossing of dust,
Advancing in columns, dashing along.
The rain, it sighs in the forest;
The rain, it beats and whelms like the surf;
It smites, it smites now the land.
Pasty the earth from the stamping rain;
Full run the streams a rushing flood;
The mountain walls leap with the rain.

See the water chafing its bounds like a dog,
A raging dog, gnawing its way to pass out.’’

DESCRIPTION OF PLATE.

1. The nose flute player and hula dancer. 2. Hawaiian house on a raised stone plat-
form. 3. Making fire by the ancient Hawaiian method: a hard stick of Olomea (Perrottetia
Sandwicensis) is rubbed in a groove on a soft piece of hau wood until the friction ignites the
tinder-like dust that accumulates in the end of the groove. 4. A temporary house made of
rugar-cane leaves. In the foreground taro and tobacco are shown, to the left a papaya, while
in the background lauhala, banana, breadfruit and cocoanuts may be seen.

4
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Many find a suggestive parallelism of expression in the Ilawaiian meles
comparable with the Hebrew psalms, others to the rugged poetry of Walt Whit-
man. No better illustration of this dignified form of Hawaiian poetry can bhe
found, perhaps, than the passage from the dirge, ‘‘In the Memory of Keeau-
moku,’’ as preserved by the Rev. William Ellis:

‘¢“Alas, alas, dead is my chief,
Dead is my lord and friend;
My friend in the season of famine,
My friend in the time of drought,
My friend in my poverty,
My friend in the rain and the wind,
My friend in the heat and the sun,
My friend in the cold from the mountain,
My friend in the storm,
My friend in the calm,
My friend in the eight seas,
Alas, alas, gone is my friend,
And no more will return.’’

As so frequently happens with people gifted with a lyric talent, the Ha-
waiians were also possessed of an extraordinary musical talent. There were
many among them at the time of their discovery that sang with skill, after their
own fashion, and they were by no means slow to acquire the technique of our
own more intricate written musie, a fact which soon revolutionized their form of
musical expression.

MARRIAGE.

Passing now to the more domestic customs of the people it may be said that
among the Hawaiians, marriage was entered into with very little ceremony,
except, perhaps, in the case of a few of the more important chiefs. Among all
classes the relations among the sexes were very free and it is difficult to determine,
with aceuracy, what the exact condition was originally with reference to chastity.
All the evidence goes to show that the habits of the people in this regard were far
better formerly than they afterwards became. Whatever may have heen
brought about by the coming of white men, and we refer to the hardy seamen
of the early days, it is a mistake to assume that wholesale promiscuity existed
originally among them comparable to the debasing type found among certain
classes in our own scheme of social civilization. Although there was much free-
dom on the part of both parties in the marriage relation and scarcely any re-
straint at all among the young previous to entering the more settled domestic
arrangement, it is an error to suppose that there was an absence of a definite
marital relationship, accompanied by well understood obligations between the
parents and their offspring.

PoLycamy.

By such Hawaiians as could afford and command more than one wife,
polygamy was practiced to some extent, rather more as a mark of distinction
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and affluence than otherwise. The poor and dependent condition of the mass
of the common people, if there had been no other reasons, prevented the practice
from becoming widespread among them. It is a curicus and interesting fact
in this connection to note that the Hawaiian called all of his relatives of the
same generation as himself ‘‘brothers’’ and ‘‘sisters,’”” and those of the next
older—‘‘fathers’’ and ‘‘mothers’’; those of a younger generation ‘‘sons’’ and
‘‘daughters,”” and so on. This tendency is taken by some as indicative of the
uncertain relations that existed among them, since brothers, to a certain extent,
shared their wives in common, and sisters their husbands. But the marital form,
where one man and one woman habitually cohabit, while yet indulging in other
attachments, was the rule among them at all times and in all classes as is clearly
shown by the earliest recorded facts on the subject.

It is known that in certain instances betrothals were arranged by parents
and friends while the children who were the principals in the arrangement were
still quite young. Among the common people, as distinguished from the chiefs,
marriage was largely a matter of caprice, but among the chiefs it was a subject
of serious concern, involving matters of state, public policy, position and power.
Especially was this true at the mating of women of rank, since rank, position
and inheritance descended chiefly, though not wholly, through the mother. For
example, the offspring of a woman of noble birth would inherit her rank despite
the rank of the father. But the children of a father of high rank would fail
to retain their position if born to a woman of inferior position.

MARRIAGE AMONG PERSONS- OF RANK.

For this reason reigning families were careful to examine into the genealogy
of those who were liable to join themselves with members of the more exclusive
families. For reasons of policy brothers were forced on rare occasions to marry
sisters, that there might be no question as to the rank of their children.

While there was no set wedding ceremony the event was often made an
excuse for a feast; and frequently, particularly among the common people, the
bridegroom declared his choice by throwing a piece of tapa cloth over the bride
in the presence of her relatives, or less frequently by their friends throwing
a piece of tapa over both bride and groom. It is an astonishing fact, that with
the exception of marriage, almost every act in the life of the people was cele-
brated with prayers, sacrifices and religious ceremonies. It cannot be doubted.
therefore,- that the marriage tie was a loose one, lightly assumed and lightly
put off, and depended largely for its duration on the will of the husband.
As might be expected, separation was of frequent oceurrence among them; and
while fond of their children, after time had given opportunity for an attach-
ment to develop between parent and child, it was never-the-less a widespread prac-
tice among them, for mothers to part with their babies at birth, giving them freely
and without reserve to relatives or friends who might express a wish for the child.

INFANTICIDE.

There can be no doubt but that infanticide was prevalent among them and
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that a very large per cent of the children born were disposed of in various ways
by their parents, soon after their birth. Generally speaking, it ap-
pears that in Hawaii, as throughout Polynesia, the struggle for exist-
ence and life’s necessities, was largely evaded by restricting the na-
tural increase in population in this way. Whatever the cause may have
been for this unusual restriction, it is quite generally admitted to have been an
effective one so far as keeping the population down to where a comfortable
subsistence could be had by all who were permitted by their parents to live past
the perilous period of early infaney. From the purely economic point of view
this artificial check was most beneficial. Freed from crowding by overpopula-
tion, the primitive community need not live under the scourge of grinding
poverty. By limiting the size of the family to the means and ability of the
parents to provide, there could be enough for all. Direct reasoning led them,
therefore, to free themselves from the irksome necessity of providing mere or
dividing less, by restricting the increase in population to a point well within
the apparent normal food supply. My friend, Dr. Titus Munson Coan, without
upholding the crude methods employed in adjusting the two important factors
mentioned, finds the freedom which the people enjoyed from the necessity of
providing, to be the main cause of the unusual development of the genial and
generous traits of the Hawaiians, and in it finds the principal source of their
marital happiness. Other writers account for the practice of infanticide among
the Hawaiians on the unpardonable ground of laziness—unwillingness to take
the trouble to rear children. But as we are told that parents were fond of their
children and parental discipline was not rigorous, and as children were left
largely to their own devices, their care could hardly be reearded as a serious
burden ; moreover, more girl children were destroyed than boys. indicating that
the former reason was the more economic and therefore the more human and
logical one. On the other hand it may be urged that a certain amount of
brutality was always exhibited toward their own kind. The old and phvsieally
unfortunate among the common people fared roughly at the hands of the com-
munity. Old age was despised. The insane were often stoned to death and

DESCRIPTION OF PLATE.

1. A sturdy old native in characteristic European dress. 2. The Ilawaiian warrior
Kamehameha I. From a monument in front of the Judiciary Building in Honolulu, ereeted,
during the reign of King Kalakaua, one hundred years after the discovery of the Hawaiian
Islands by Captain Cook. The statue, by an American artist, is a composite, based on a paint-
ing of Kamehameha by a Russian artist and supplimented by photographs of the finest types of
modern Hawaiians. The figure is shown wearing the helmet [mahiole] made of wicker-work
covered with feathers; a long cloak [ahuula] of feathers attached to a fine net work of olona;
about the chest and over the shoulders is draped the malo of Umi, also made of feathers on an
olona foundation. About the loins is tied the common tapa malo—the covering worn by the
men of ancient Hawaii when at work; in the left hand is the spear [newa], the chief imple-
ment of warfare. The Honolulu statue is a duplicate of the original which was lost in a wreck
on the voyage to Honoluln. The sunken statuc was subsequently raised and now stands in
the court yard at Kohala, Hawaii. Four pictures in bas-relief about the base of the monunent
(not here shown) represents (a) canoes greeting Captain (‘ook at Kealakekua Bay; (b) six men
hurling spears at Kamehamcha; (c¢) a fleet of war cances built for the invasion of Kauai,
and (d) mwen and children on the roadside. 3. Muscular young Hawaiian.
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the sick sometimes left to die of neglect or, less frequently, were put to death
by their relatives.

DEsceNT oF RANK.

While the descent of rank through the female line gave women a place of
unquestioned importance in their social scheme and often elevated her to the
highest positions in the political order, it did not save her from certain forms
of social degradation directed irrevocably at all her sex. For example, her sex
was excluded from the interior of their chief heiaus. At birth she was more un-
welcome than her brother and more liable to be summarily sent to the grave.
She was the object of the most oppressive of the regulations of the tabu system.
She must not eat with men or even taste food from an oven that had been used
in preparing food for them. She was not allowed in the men’s eating houses,
and several of the choicer food products of the islands were absolutely forbidden
her. Such delicacies, for example, as turtle, pork, certain kinds of fish,
cocoanuts and bananas, were reserved by the tabu for the exclusive use of the
male sex. But as a sort of compensation the men attended to the preparation
and cooking of the food, and women were allowed the privilege of accompanying
and aiding their husbands and brothers in battle. They could manufacture
bark cloth without fear of competition by the men, and they could engage in
the practice of medicine, as they understood it, on equal terms with the sterner
Sex.

THE TaBuU.

Reference has just been made to their tabu system. A cursory examination
of it will show what a far-rcaching, serious and exceedingly complicated system
of penal exactions and regulations it was. No one, not even the king, was alto-
gether free from its influence, and the common people were made to bow to its
dictation at every turn of their daily lives. As an institution, the system was
both religious and political, in that the violation of the tabu! was a sin as
well as a erime. As a punishment for its infraction the offender was liable to
bring down the wrath of the gods, and they were numerous, as well as bring
about his own death, which was often inflicted in an exceedingly eruel and bar-
barous manner. This extraordinary institution, although ecommon throughout
Polynesia, was worked out to a finer detail, and more sternly enforced in ITawaii,
perhaps. than in any of the Pacific islands. For the present purpose it would be
tedious to sketch the system in anything more than a general way. Suffice to
say that the tabu was the supreme law of the land. In its final analysis it was a
system of religious prohibition founded on fear and superstition, the interpreta-
tion and use of which was in the hands of a powerful and unserupulous priest-
hood, the kahunas, who in their palmy days were supported with all the physical
power that the kings and influential chiefs could bring to bear.

Some of the tabus were fixed and permanent, being well understood by all
the people. Many such there were relating to the seasons, to the gods and to

'_1-Th; wl;irh was forbidden.
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oft-repeated ceremonies. Others were special, temporary and erratic, having
their inception in the will or caprice of the king or the pleasure of the kahunas.
Some of the more burdensome were specific and directed against certain persons
or objects. Kor example, the persons of the chiefs and priests were tabu 2
as were the temples and the temple idols. Some in effect were exceedingly
rigid requirements, others partook more of the force and importance of regula-
tions. There were four principal tabu periods during each month. During
these periods a devout chief was expected to spend much time in the heiau?
At such times women were forbidden to enter a cance or have intercourse with
the other sex until the tabu was lifted. An especial edict made it incumbent
that during the whole period of her pregnancy the expectant mother must live
entirely apart from her husband, in accordance with a very ancient tabu. At
the periods sacred to the great gods many were put to death for infractions
of the tabu, as many restrictions were promulgated and enforced at such sea-
sons, and, through ignorance, the people were liable to disregard them.

We are informed by the people and through the records of early visitors
that at such times no person could bathe, or be seen abroad during the day-time,
no canoes could be launched, no fires were allowed, not even a pig could grunt,
a dog bark or rooster crow for fear the tabu might be broken and fail of its
purpose. Should it fail the offenders were made to pay the penalty with their
lives.

Any particular place or object might be declared tabu by the proper person
by simply affixing to it a stick bearing aloft a bit of tapa, this being a sufficient
sign that the locality was to be avoided. The bodies of the dead were especially
sacred objects and always tabu. As long as the body remained unburied it was
subject to the vagaries of the system. Those who remained in the house or had
to do with the corpse were defiled and forbidden to enter other houses in the
village.

Owing to the tabu, two ovens must be maintained, one for the husband, the
other for the wife; two houses must be built to eat in, a third to sleep in. In a
thousand similar ways the system was fastened on every act of the daily life of
the people to such an extent that it was ever present, dominating their every
thought and deed. It oppressed their lives, eartailed their liberties, and dark-
ened and narrowed their horizon beyond belief.

CHAPTER 1V.

THE RELIGION OF THE HAWAIIANS: THEIR METHODS OF WAR-
FARE AND FEUDAL ORGANIZATION.

Complex and bewildering as was the Hawaiian system of tabus, their re-
ligious system was even more so. Moreover, the one was so intertwined with
the other that the two subjects cannot be treated separately. Since the Ha-

2 Sacred. 2 Temple.
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wailans were naturally a highly religious people, they found many objects to
worship and many ways in which to worship them. As a matter of fact, the
earth, the sea and the air were filled with their amakuas, in the form of invisible
beings, who wrought wonders in the powers and phenomena of nature. The
presence and power of the amakuas was evidenced to them by the thunder, light-
ning, wind, earthquakes and volcanoes.

RELIGION AMONG THE HAWAIIANS.

Of the innumerable gods in the pantheon, Ku, Kane, Lono and Kanaloa
were supreme. These important gods were supposed to exist in the heavens, in
invisible form, and to have been present at the beginning. They were also be-
leved to appear on the earth in human form. In addition to these each person
had his or her own titulary deity, and each occupation was presided over by a
special amakua, to which worship was due. Thus the fisherman, the canoe maker,
the hula dancer, the tapa maker, the bird catcher, even the thieves and the
gamblers, all had presiding deities with power to prosper them in their callings
and bring them good luck in their undertakings. Other deities were clothed in
life in the form of numerous animals and plants. Disease and death were quite
naturally regarded as the work of the gods and appreciated by the people as
material evidence of their invisible powers.

Ipor, WORSHIP.

They worshipped their deities chiefly through idols made of wood or stone.
They believed that such images represented, or in some way were occupied by
the spirit of the deity that they sought to worship.

The people as a whole had a rather well defined conception in regard to
existence after death. They believed that each person had an invisible double.
They also thought that after death the spirit lingered about in dark places in
the vicinity of the body and was able to struggle in hand to hand encounters
with its enemies. A nightmare was interpreted as a temporary quitting of the
body by the spirit and in certain cases, through proper prayers and ceremonies,
it was believed to be possible to put the soul back into the body after it had
left it. This was usually accomplished by lifting the toe-nail of the unfortunate
person concerned. Many places were believed to be haunted and the spirit was
supposed to journey from the grave to its former abode along the path that the
corpse was carried for burial.

DESCRIPTION OF PLATE.

1. The Heiau of Puukihola at Kawaihae—a huge stone enclosure built by Kamehameha I.
as a protection against the perils of war. Many human sacrifices were made on its altar to
the great war god Kukailimoku; among athers the.bodies of Kamchameha’s rival, Keoua, and
his followers who, on a peace mission, were treacherously slain while landing at Kawaihae
from a canoe in the year 1791. 2. Entrance to the Heiau at Kawaiha2. 3. Double war
canoe equipped with mat sails; the gourd masks worn by the warriors are also shown.
4. Feather cloak [ahuula] worn by chiefs of importance; made of red [iiwi] and yellow
[mamo and o-o0] bird feathers. 5. The city of refuge [puuhonua] at Honaunau; a stone wall
twelve feet high and fifteen feet thick encloses seven acres of tabu ground. To such sanctuaries
women and children, warriors worsted in battle, criminals and others in peril might flee for
safety from their avengers. 6. Heiau of the open truncated pyramidal type; compare with
the rectangular walled type shown in figs. 1 and 2.
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THE FUTURE STATE.

They had a rather indefinite notion as to the exact nature of the future state.
However, they believed that the two usual conditions, misery and happiness,
existed. If the soul after journeying to the region of Wakea! was not favor-
ably received, it was forced through despair and loneliness to leap into the
abode of misery, far below. Precipices from which the souls of the unhappy
departed were supposed to plunge on this wild leap are occasionally pointed out
at various places about the group. One at the northern point of Oahu, another
at the northern extremity of Hawaii, and a third on the western end of Maui
are well known to those acquainted with Hawaiian superstition.

HElaus.

In order to propitiate their gods, or better accomplish their worship, the peo-:
ple through fear or at the command of the king or priests, erected numerous
temples or heiaus. To many students of the race this blind fear of their gods
and their chiefs, and their unreasoning acceptance of the tabu, are subjects of
continual wonder. Their principal temples were of two general forms, the
older being composed of rough stones laid up without mortar in the form of a
low, truncated pyramid, oblong in shape, on top of which were placed the altar
of sacrifice, certain grass houses, the idols of the temple and the other grotesque
wooden images and objects used in their worship. The later and more common
form of heiau was made by erecting four high walls of stone, surmounted with
numerous images. enclosing a space occupied, as before, by the various images,
oracles, sacred places and altars of worship. These temples were numerous in
the more thickly settled regions on all the islands and were usually built near
the shore. On Hawaii, in the region from Kailua to Kealakekua, partienlarly,
they were very numerous and close together. The principal heiaus were dedi-
cated to their chief gods, but many smaller ones were built, as fish heiaus, rain
heiaus and the like, and were dedicated to the special god of the builder.

Where temples were found in large numbers a corresponding number of
priests were to be expected. Of these there were many orders and sub-orders.
They and their rights were constantly made use of by the chiefs for the purpose
of terrifying the people. Through them the tabu was coupled with idol worship,
and their combined cruelties, terrors and restrictions made an integral part of
the general system of government.

‘WARFARE.

War among the ancient Hawaiians was one of the chief occupations and
with them, as with other races, war was the ‘‘sport cf kings.”” In making
preparations for war the king, however, in addition to the council of his chiefs.
had the advantage of the advice and skill of a certain class of military experts
who were instructed in the traditions and wisdom of their predecessors. Being

1 The home of the reputed father of the race, a place provided with houses, food, consorts and
pleasures.
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well acquainted with the methods of warfare that had been successfully re-
sorted to by kings in former times, they were at all times among the king's
most respected advisors.

Fortifications, as we understand them, were not a part of their scheme of
warfare, though sites for camps and defences were selected that possessed
natural advantages in the matter of their defense against the enemy. That
part of the population not actually engaged in battle was sent to strongholds,
usually steep eminences or mountain retreats. In case of a rout the whole army
retired to these strongholds and valiantly defended them. In addition to these
natural forts, there were temples of refuge or sanctuaries to which those broken
in battle, or in peril of their lives in time of peace, might flee and escape the
wrath of all powers without. These temples were crude though permanent
enclosures, whose gates were wide open to all comers at all times.

The Hawaiian warriors had many methods of attack and defense, depend-
ing usually on such matters as the strength of the enemy, the character of the
battlefield and the plan of campaign. Their bhattles were generally a succession
of skirmishes, the whole army seldom engaging in a scrimmage. They usually,
though not always, made their attack in the daytime, generally giving battle in
open fields, without the use of much real military strategy. Occasionally inter-
island wars occurred in the form of naval battles in which several hundred canoes
were used by both sides, but as a general thing their differences were settled on
land.

Practically the entire adult population was subject to a call to engage
in hostilities. Only those who were incapacitated through age or from in-
firmity were exempt from the summons of the recruiting officer sent out by the
king to gather warriors, when anything like an extensive military operation
was determined upon. If occasion required, a second officer was sent to forcibly
bring to camp those who refused to answer the call of the first. As a humiliation
and mark of their insubordination it was a custom to slit the ears of the offenders
and drive them to camp with ropes around their bodies.

PRELIMINARY TO A BATTLE.

The army stores were usually prepared beforehand, and each warrior was
expected to bring his own provisions and arms. Not infrequently notice of
an impending attack was sent to the opposing forces and a battlefield mutually
satisfactory to both forces selected for the engagement. The women took an
active share in the important part of the work connected with the commissary ;
often following their husbands and brothers onto the battlefield, carrying extra
weapons or calabashes of food. When the forces were assembled and all things
in readiness for the fray, an astrologer was consulted by the king. If the signs
were auspicious the battle would be undertaken. As the opposing armies ap-
proached each other, the king’s chief priests were summoned to make the king’s
sacrifice to his gods. Two fires being built between the armies, the priests
of each army made an offering, usually a pig, which was killed by strangling.
When the various religious ceremonies were over the battle would begin,
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the priests accompanying the armies, bearing their idols aloft—that the bodies
of the first slain in battle might be properly offered to the gods. Their idols
took the place of banners. During the heat of battle they would be advanced
in the midst of the warriors, while the priests, supporting them, to cheer their
followers and spread terror in the hearts of the enemy, would give blood curdling
vells accompanying them with frightful grimaces, all of which were supposed to
come from the images themselves, and to be an unmistakable token that the
gods were in their midst.

In opening the attack, it is related, a single warrior would sometimes ad-
vance from the ranks, armed only with a fan and when within hailing distance
would proceed to blackguard the enemy, daring them to attack him single-handed.
This exasperating challenge would be answered by a number of spears being
hurled at the taunting warrior, who would nimbly avoid them or seize them in
his hands and hurl them back at the enemy. Such incendiary manoeuvers were
well calculated to precipitate trouble and not infrequently they resulted in the
death of the intrepid warrior. A fierce struggle would then follow to gain
possession of his body.

Their battles were often almost hand to hand encounters, lasting some-
times for days. However, they do not seem to have been very fatal. Often
they resulted in routing one party or the other, the conquerors taking possession
of the land and portioning it out among the victorious chiefs. A heap of stones
was made over the bodies of the victorious dead, while the vanquished slain were
left unburied. Captured warriors were occasionally allowed their freedom, but
more frequently they were put to death or kept as future sacrifices. The
women and children of the captured were made slaves and bound to the soil.

‘When peace was sought a branch of ki leaves or a young banana plant was
borne aloft by the ambassadors as a flag of truce. When terms were arrived at
a pig was saecrificed and its blood poured on the ground as an emblem of the fate
of the party to the treaty who should break its conditions. The leaders of both
armies would then braid a lei of maile and deposit it in a temple as a peace
offering. The heralds were then sent running in all directions to announce

DESCRIPTION OF PLATE.

1. Typical Hawaiian burial cave. The common people after death were usually secreted
in caves in the neighborhood; the burial took place during the night. Great care was taken,
however, to hide the bones in secret places to prevent them from being used for fish hooks and
arrow points. The important bones of the kings, including the skull, leg and arm bones, were
gathered from the decayed flesh, collected into a bundle, wrapped with tapa and bound up with
cord; the bundle was then deified by elaborate ceremonies before the bones were placed in the
most secret and inaccessible caves, often being carried from one island to another. The bones
of a high chief were preserved in vault-like caves in the cliffs and not infrequently were laid
at rest in the warrior's canoe together with other precious possessions belonging to the departed.
2. An aged kahuna. 3. Kukailimoku, the god of war; taken from a figure in Cook'’s
Voyages; other representations of this god are on exhibition in the Bishop Museum. 4. Burial
cave (near view of fig. 1) showing a ‘‘tranmsition’’ burial in a coffin hewn from a log.
5. Burial cave showing portion of a canoe, mats, tapa, ete. 6. Ancient wooden idol. Prior
to the landing of the missionaries idolatry was abolished and the idols of the nation hidden
away in caves; later many of them were collected and burned. A number, however, were
preserved and are now in museums in Hawaii, America and Europe.
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. the termination of the war, and the event would be appropriately celebrated with
feasts, dancing and games.

Tue King aNp His POWER.

The king was the recognized head of all civil and military, also ecclesiastical
authority. The lands, the people, their time, their possessions, the temples, the
priests, the idols, the tabus, the prophets, all belonged finally to him. Every-
thing was his to use as he willed so long as he was in the favor of the
gods. The priests, who were the only ones skilled in interpreting the oracles
and learning the wishes of the gods, were also the class which determined the
offerings that would placate the deities worshipped. In this way, through
fear, they were able to hold no small amount of influence over the affairs of
state by reason of the king’s dread of the wrath of the gods of his realm.

The high priest kept the national war god and was at all times in close rela-
tion to the monarch. Other priests were charged with perpetuating the traditions
of the people as well as their own medical, astronomical and general learn-
ing. Besides the regular orders of priests there was a numerous class of
more irregular priests or kahunas, that were little more than sorcerers. They
were able to cause the death of persons obnoxious to themselves, their clients,
their chiefs or their king.

In order to pray any person to death it was only necessary for one of their
kahunas to secure the spittle, the hair, a finger nail, or personal effects be-
longing to the intended victim, and, by means of certain rites, conjurings and
prayers to the gods, to so work upon the fear and imagination of the individual
as to almost invariably cause his death. As a result they were unpopular as a
class and not infrequently were conspired against by the people, or themselves
prayed to death by the more powerful of their eult.

THE NosiLiTy, CHIEFS AND (CoMMON PEOPLE.

In the time of which we write the population was divided into three classes,
the nobility, including the kings and chiefs; the priests, including the priests,
sorcerers and doctors; and the common pcople, made up of agriculturists,
artisans and slaves taken in war. There was an impassable gulf between the
class including the chiefs and the common people.

The distinction was as wide as though the chiefs came from another race
or a superior stock, yet as we have said elsewhere they were undoubtedly all
of one and the same origin with the people under them. A common man could
never be elevated to the rank of a chief, nor could a chief be degraded to that of
a commoner. Hence the rank was hereditary in dignity at least, though not
necessarily so as regards function, position or office. Within the class of the
nobility, sharp distinctions were numerous and a certain seniority in dignity
was maintained. As far as can be learned there was no distinetion between
civil, military, ecclesiastical and social headship, and there was no separation
between the executive, judicial and legislative functions. The power, in an
irrespousible way, was entirely centered in the hands of the nobility.
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Since the chiefs were believed by the common people to be descended from
the gods in some mysterious and complicated way, they were supposed to be in
close touch with the invisible powers. They were looked up to with super-
stitious awe, as being both powerful and sacred. This advantage was shrewdly
employed by the ruling class in securing the respect and unquestioned sub-
mission of the common people. Death was the penalty inflicted for the slightest
breach of etiquette. Through the enforcement of such submission the chiefs
were able to exact the marks of distinction claimed by them from the masses,
and to control and direct them through a blind rule of duty. Singularly enough
the chiefs were respected while living and in most cases were revered by the
people after their death.

Among the chiefs themselves there was constant bickering and class rivalry.
The moi, or king of each island usually inherited his position, but the accident
of birth did not guarantee that he would long remain in power, for unfortu-
nately the assurance of his place lay in the hands of the district chiefs under
him. Seldom could they be relied upon for unshaken fealty. Their love of
power and capacity for intrigue, as a rule, was not of a common order and
they were often able to demonstrate their complete mastery of the game of
politics.

The important chiefs were therefore usually summoned by the king to sit in
council as an advisory body when weighty matters were to be passed upon.
But the immediate source of all constructive law as such, among the ancient
Hawaiians, was the will of their king. Not unlike kings in more emightened
lands, they were guided in important matters by their stronger chiefs whose
influence they required. These, in turn, were influenced by and dependent upon
the good will of the people under them, for there was nothing to prevent the
common people from transferring their personal affections and allegiance to
other and more considerate chiefs. But back of the king, the chiefs, and the
people was the traditional code of customary law that served as a powerful re-
straint on the king in preventing the promulgation of purely arbitrary decrees.
The traditional law of the land related mostly to religious and customary ob-’
servances, marriage, the family relation, lands, irrigation, personal property and
barter. With such crimes as theft, personal revenge was the court of first
resort. The aggrieved person had the right, if he so desired, to seek the aid of
a kindred chief, or to resort to sorcery with the aid of his kahuna. The king,
however, was the chief magistrate, with his various chiefs exercising inferior
Jurisdiction in their own territories.

THE KING AND THE LaND.

The king was regarded as the sole proprietor of the land; of the people who
cultivated it, the fish of the sea,—in fact everything on the land or in the sea
about it was the property of the king. The king. in short, owned everything,
the people owned nothing, so that technically, the people existed in a state of
abject dependence. The system that developed from this was one of complete
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and absolute feudalism. The king made his head chiefs his principal bene-
ficiaries. They, in turn, established a grade of lesser chiefs or landlords, who
gathered under them the common people as tenants at will. The lands being
divided, those who held the land owed every service and obedience to the chief-
tain landlords. On these landlords the king relied for men, labor, munitions
and materials to carry out his plans and fight his battles.

TAXEs.

This system was so offensive that it is said that the laborer did not receive
one-third the returns due him for his toil; the lion’s share of everything, even
in this simple system, went to the over-lords, in the form of a tax. There was
first, the royal tax that was collected by each grade paying to its superiors until
the whole tax, which consisted of such articles as hogs, dogs, fish, fowl, potatoes,
yams, taro, olonfi, feathers, and such articles of manufacture as calabashes,
nets, mats, tapas and canoes, was collected. In addition to the foregoing, the
people were subject to special taxes at any time, and labor taxes at all times,
when they were called upon to build walls, repair fish ponds, cultivate the chief’s
taro ponds, or construct or repair the temples.

Besides all these, and other means of taxing the people, there were customs
which made it necessary to make extraordinary presents to the king, especially
when that dignitary was traveling, with the penalty that if enough presents
were not brought, plunder and rapine was the consequence. With this hasty
review of some of the more general and especially interesting or striking pecu-
liarities of the Hawaiian people, as a branch of the Polynesian race, that are of
importance as salient characteristics when we wish to compare them and their
natural human history with that of other races of mankind, we can now pass to a
brief review of their arts, occupations, ornaments, weapons, tools and kindred
subjects in which they made use of the materials with which nature surrounded
them.

CHAPTER V.

THE HAWAIIAN IIOUSE: ITS FURNISHINGS AND HOUSEHOLD
UTENSILS.

The houses of the common people were little more than single-room straw-
thatched hovels, supported upon a erude frame-work of poles, the struecture
in many instances being scarcely sufficient to shelter the fmmh On the other

(Dencription of Plate (ontinued from Opposite Page.)

woven over a wooden umeke or a gourd-calabash, a fine Niihau [makaloa] mat, a sled [papa
holua] for coasting on the grass on steep hills and two spears; in 2 are a number of small
objects including gourd water bottle [huewai], small idol, canoe model, bowling stoues [ulu-
maika], Hawaiian brick shaped pillows [uluna], gourd hula drum [pahu hula], three large
and several small umekes, fans, a feather malo or waistband and a large and small kahili; in
3 the old Hawaiian kecper [kahu] is surrounded by numerous objects of native manufacture,
including poi pounders [pohaku kui poi|. kukui nut and feather leis, the famous skirt [pa-u]
of o0-o feathers (made for the sister of Kamehameha III. and last used over the coffin of
Kalakaua) and two large and two small kahilis; in 4 are three large umekes in nets [koko],
a carrying stick [auamo], a gourd fish line container [poho aho], several choice umekes, rare
tapas, kukui nut leis and a small kahili.




PLATE 9. PORTION OF THE HAWAIIAN GOVERNMENT COLLECTION.
(Now Deposited in the Bishop Museum.)

Among other objects shown ip 1 are three large wooden calabashes [umeke] of flat form
on a fine lauhala mat; four kahilis of various forms; a wicker-work basket [hanai poepoe]
(Deascription of Plate Continued on the Opposite Page.)
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hand, the houses of the better class, notably the chiefs and the nobility, were
much superior. Being well built and neatly kept, thev were not so devoid of
simple comfort as their absolute lack of architectural beauty might suggest.

While their houses varied much in size and shape they were uniformly
dark and poorly ventilated, being invariably without windows or doors, save
the small hole left, usually on one side, through which the occupant might pass
in and out in a crouching posture.

COMPLETE DOMESTIC ESTABLISHMENT.

As with the various occupations that had to do with the gathering of their
food and the making of their raiment, so the building of the house which
sheltered them was attended by many important religious observances, the omis-
sion of any of which might result in the most serious consequences. Every
stage, from the gathering of the timbers and grass in the mountains, to the last
act of trimming the grass from over and around the door before it was ready
for final occupancy, furnished an occasion for the intervention of the priests
and the imposition of special tabus that must be satisfied before the house
could be used as a dwelling.

As has been sugeested elsewhere, a complete domestic establishment was made
up of several conveniently grouped single-room houses that were given over to
special purposes. The well-to-do Hawaiian boasted of at least six such single-
room houses. The house for the family idols and the men’s eating house were
both always tabu to women. The women’s eating house, a common sleeping
house, a house for the beating of the tapa, and lastly, a separate house for the
use of the women during various tabu pericds made up the group. Occa-
sionally the better houses were on a raised stone foundation, and a fence made
about the group to separate them from their neighbors and to mark the limits of
the sphere of domestic influence. To the foregoing might be added a house
for canoes, a storehouse, and others for special purposes as might be required.

BuiLping oF A HotsE. .

The building of a grass house of the better type was an important task and
one that called for much skill and experience. The timbers of which it was con-
structed were selected with great care, different woods being preferably used for
certain purposes. When trimmed of the outer bark, notched and fashioned into
shape by crude stone tools they were placed into the positions which they were
intended to occupy in the framework of the structure and then firmly bound
together with braided ropes of ukiuki grass.

The corner posts were first to be put in place, each being securely set in the
ground. The side posts were next planted in line and the plate pole lashed
to the top. The tall poles at the end of the house were next put up and the
ridge pole put into place. The rafters were then added and the upper ridge
pole lashed firmly above the main ridge pole. Small straight poles were finally
lashed horizontally, a few inches apart, on the outside of the completed frame-
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work. This done the thatch was added and a rude sliding door made and fitted
in place. The outside was trimmed, and over all a large net placed to hold the
grass in shape while it dried. Pili grass, lauhala leaves, sugar-cane and ki
leaves were used as a thatch according to circumstances. When completed a
group of Hawaiian houses resembled nothing as much, in general appearance,
as a number of neat hay stacks.

While as a general rule each man was expected to be able to perform all
the various forms of labor necessary to the building of a house, making a canoe
or carving his dishes, there were those who by choice did certain things in ex-
change for the work of others. That is to say, should a chief order a house built,
certain men would cut the timbers, others gather the pili grass, others hue the
timbers, while still others made the binding cords or prepared the holes for the
corner posts. The thatchers would then perform their work, so that by piece
work, all working together, a house could be completed in two or three days.
If well made it would last a dozen years,—when it would require re-thatching

HousE FURNISHINGS.

The furnishings and utensils in even the best houses were meager in the
extreme. The raised portion of the floor, covered with mats that formed the
beds by night and lounge by day, and the space on the stones in the center of
the floor, that served as a fireplace when required during rainy weather, were
the most noticeable evidences of comfort. The braided mats and ornamented
tapas were the most conspicuous among their possessions, but the bowls and
dishes for the serving and storage of food were. perhaps, the most important
household necessities. These few objects formed characteristic features of the
Hawaiian home. The most valuable of their household utensils, without doubt,
was the calabash. It was fashioned from wood or made from the shell of
the gourd, for though clay was known to the ITawaiian people they made no use
of it and knew nothing whatever of the potter’s art.

In the carving of these wooden bowls or umekes they exhibited much skill,
using only the simple stone implements of their culture and such primitive
devices as they knew in fashioning them. Some wonderful bowls were pro-
duced from the woods of the native kou, kamani and the koa trees. After the
log had been soaked for a long period it was roughly shaped without and was
hollowed out within by hacking and burning until the desired form was secured.
By this method the wooden sides were reduced to a fraction of an inch in thick-
ness. The receptacle was then smoothed by rubbing first with coral, then rough
lava, and lastly with pumice. The real polishing was done by rubbing with
charcoal, bamboo leaves and at last with breadfruit leaves and tapa. Often a
lid, made and polished in the same way, was added, and usually a koko or net
of convenient form for carrying or handling them was provided. It may be
truthfully said that the splendid vessels made in this way, some of them thirty
inches in diameter, were among the most remarkable objects wrought by the
ancient Hawaiians.
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HousEnoLp IMPLEMENTS.

In the manufacture of other household implements, as pig dishes, dog
trays, fish dishes, finger bowls, slop basins and the like, the same tools and ma-
terials were used and the same general method of working them into shape was
employed, though frequently they were carved or ornamented in various ways.

In the calabash gourd the Ilawaiians had a substitute for the more labori-
ously prepared wooden bowl just deseribed. While the calabash gourd is not a
native of Hawaii and was not found on the other islands in Polynesia, it was
in general use among the natives of this group at the time of their discovery
and the shells of the fruit put to many uses in their economy, often being em-
ployed as receptacles for food, containers for water and storage boxes for cloth-
ing and personal effects.

A slightly different though equally useful species was the bottle gourd.
Unlike the former, it was known and used quite generally throughout Poly-
nesia. The smaller ones served as first-rate water bottles and the larger speci-
mens were utilized in the manufacture of their hula-drums, which were some-
times three feet or more in height. Both species were extensively cultivated in
the period of which we write. In preparing them for use the soft, bitter pulp
was first scraped out as clean as possible and the shell allowed to dry. When
it had become thoroughly hardened the remaining portion of the soft material
was scraped out with a piece of pumice or a fragment of coral. They were then
filled with water and left to stand until they had become sweet.

In making water bottles where the small neck did not admit of the pre-
liminary scraping, the soft part was allowed to rot out. Then stones and sand
were put inside and shaken about until the contents came away, leaving only
the clean, hard outer shell. To the bottle was added a sea shell or folded palm
leaf as a stopper, and the container was ready for use. The different forms often
had different uses. When it was desired to carry them,—or indeed any heavy
burden,—the larger gourds were usually provided with carrying nets of ene form
or another and suspended one on either end of a tough wooden carrying stick
which was notched at each end.

Finger bowls were in general use among the Hawaiians long hefore they
were introduced by the whites, and many ingenious devices were perfected
by the natives to remove the sticky, pasty poi from their fingers. These bowls
varied greatly in size, shape and design, but were generaly made from the kou.

DESCRIPTION OF PLATE.

1. A chiefess [alii] wearing a holoku; about the neck is shown a lei [lei palaoa] of
braided human hair ornamented with a pendant ivory hook; in the hand is a small kahili with
ivory and tortoise shell handle. The lei palaoa and the ‘‘fly flap’’ are both insignia of chief-
tainship. 2. Middle-aged corpulent Hawaiian; beside the poi board is shown the taro roots
as they appear before baking. 3. Group of Hawaiian diving boys in Honolulu harbor.
4. Hawaiian woman plaiting a lauhala mat; beside her is a finished mat and a bundle of the
lauhala leaves ready for use. 5. Ohulenui, whose father, as a boy, was familiar with the
history and practices of worship at Iliiliopoi, the great heiau on Molokai in Mapulehu Valley.
6. A pure blood middle-aged Hawaiian surrounded by objects of more or less recent manu-
facture.
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With the finger bowl at hand, into which the fingers might be dipped or the
hands washed, and with a plentiful supply of fresh leaves as napkins, the
absence of knife, fork and spoon from the Hawaiian table was not such a serious
omission as it might at first seem. However, in certain parts of the group, as
Puna, where a less tenacious poi was made from the sweet potato, a general
utility implement was fashioned in the form of a generalized spoon from a frag-
ment of cocoanut shell that served very well the combined purpose of spoon and
ladle.

Other household implements for special use were made from the shells of
cocoanuts. Besides serving many varied purposes they were chiefly useful
as cups and were made in special forms as containers for awa.

The Hawaiian mirror was an ingenious device consisting simply of a pol-
ished piece of wood or a piece of smooth, dark-colored lava. In order to pro-
duce a reflecting surface it was dropped into a calabash of water. The image
was thus produced on the surface of the water, or, if sufficiently polished, it
could be used after immersion in the water. To trim the hair, a shark tooth
firmly fastened in a stick was employed; or, if this method proved to be too
painful, fire might be used instead. A fan of curious form, braided usually
from the leaves of the pandanus or the loulu palm, was a convenience of ancient
origin among the Hawaiians. The form, however, has been greatly modified
in recent times. The back-scratcher, a scraper-like implement made of hard
wood and provided with a long handle, was a decided comfort to the ancient
Hawaiians, and they were in general and frequent use at the time of which we
write.

In the evening artificial light was supplied by burning the nuts of the
kukui, which were strung on slender strips of bamboo. The oil of these useful
nuts was also pressed out and burned with a tapa wick in a stone cup or crude
lamp. Occasionally the fat of the pig and dog was used as an illuminating oil.

FIRrE.

The Hawaiian method of lighting a fire was by the friction of two pieces
of wood. A sharp hard stick was pressed firmly into a groove on a large and
softer stick and rubbed up and down until the fine dust that rubbed off and
accumulated in one end of the groove ignited from the heat of friction. When
everything was properly managed only a few minutes were necessary to start
the tinder and transfer the light to a bit of tapa or other inflammable material.
The trouble incident to igniting a fire was obviated by carrying fire from place
to place. To do this old tapa was twisted into a cord a third of an inch in
diameter and rolled into a ball to be used when desired as a slow-burning toreh.
In this way a lighted fuse might be carried a long distance.

The Hawaiian broom was simply a conveniently-sized bundle of palm-stem
midribs tied together. And since sweeping was not an exacting art, it served
every purpose. While wooden pillows were used, oblong six-sided ones made of
platted pandanus leaves were more common.
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Small stones of different shapes for various domestic purposes were used,
some for cooking birds, others as bath rubbers, and so on, but the principal
use of stone in the household was in the manufacture of poi pounders and
mortars, to which reference has been made in another chapter. Lastly, refer-
ence should be made to their wooden slop jars which were in common use as
receptacles for refuse food, banana skins, fishbones and offal. While many of
them were roughly made of kou, others were finished, and a few belonging to
the chiefs were inlaid with the bones of their enemies or those whom they
would dishonor.

, CHAPTER VL
OCCUPATIONS Of THE HAWAIIAN PEOPLE.

AGRICULTURE AMONG THE HAWAIIANS.

Agriculture was one of the principal occupations of the ancient Hawaiians
and like almost everything they did, was accomplished by a set of more or less
elaborate religious ceremonies. They were particular to plant in the proper
time of the moon, and prayers were said, and offerings made and tabus kept
during the various stages of the growth of the plant. "When necessary, prayers
were made for rain or to allay the wind, or to stop the ravages of insects, and at
last when the crop was ripe, prayers of thanksgiving were said and appropriate
offerings were made to the family gods.

The growing of taro was the chief industry among their farming activi-
ties, and the simple dishes manufactured from this plant have always been their
prineipal and often only article of food. Two methods of planting were and
still are followed. Where running water was to be had from the streams taro,
or kalo, could be grown at all seasons, and only a scarcity of water could seri-
ously influence the yield. Where water could be led onto the ground from the
streams or be led to the fields by their primitive irrigation ditches, the crop was
always in a flourishing state of growth. The work necessary to prepare the
ground, plant, irrigate and cultivate the crop, then as now, formed the most
lahorious part of the native farming.

TAro (GROWING.

Considering the character of the country, the natives had arrived at a
degree of skill in the cultivation of the useful taro plant that has been difficult
to improve upon. After a century of contact with European ingenuity and
learning, the crop is still cultivated in the ancient manner, with the exception
that the primitive digger or oo, made of wood, has been supplanted by some of
the more modern garden implements made of metal.

The taro ponds are usually small and irregular in form, and vary in size
from a few yards to a half acre or more in extent. They were formerly made
with the utmost care, by first removing the earth down to a water level and
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using the surplus soil to build strong embankments on all sides of the pond,
which, when necessary, were re-enforced with stones, sugar-cane and cocoanut
leaves. The earth in the pond was then carefully manipulated so that the bot-
tom and sides could be beaten solid. In early times the hard end of acocoanut
leaf was used as a flail when it was necessary to pack the earth firmly to form
the walls and bottom into a water-tight basin. When the pond was water-tight
the earth was thoroughly spaded and worked over for a couple of feet in depth.
The water was then let into the pond and the earth mixed and stamped with
the feet until a thin muck was formed.

The next step was the planting of the new crop. The leaves cut off in a
bunch just below the crown of the plant as the ripe roots are harvested, form
the huli. The taro is usually propagated by planting the huli while still fresh,
in rows eighteen inches to two feet apart. Water is let into the patch, after
planting, so as to form a shallow pond and a fresh water supply is constantly
kept running into the patch until the roots become mature, when they are ready
for use.

The taro plants usually require from nine to fifteen months in which to
ripen, but they will continue to grow and improve in quality for two years or
more. The provident Hawaiian would therefore plant but a small area at a
time with the result that the plants would not all be ready to harvest on the
same date.

In addition to the common method of pond cultivation just described several
other methods continue to be made use of in the planting and cultivation of
taro, which vary more or less in detail. In regions where streams were not avail-
able and where other conditions were suitable, the land was cleared of weeds
and large holes dug in which several plants were set. 'When necessary the soil was
enriched with kukui leaves, ashes and fine earth. The crop, if carefully planted
in this way, and tended faithfully, would yield abundant returns.

.

DESCRIPTION OF PLATE.

1. Kahuna pule anaana. It was the business of these sorcerers to procure the death of
persons obnoxious to themselves, or the chiefs, or their clients, by means of prayers and reli-
gious rites. They secured the spittle or some intimate belonging of the person whom they
wished to destroy and by means of certain rites, conjuring and prayers to the gods, so wrought
upon the imagination and superstitious fear of the individual as to almost invariably bring about
his death. At the left is shown a large cocoanut hula drum [pahu hula] that formerly was
only beaten on the occasion of a royal birth. 2. Group designed to show the process of poi
pounding. 3. Tapa making; the old woman is shown beating the bark on the wooden anvil
[kua kuku] with a tapa club for the purpose of thinning the wet bark or felting the edges
of the strips together. The girl stands by with an umeke of water to sprinkle on the bark
from time to time; on the bush beside her are a number of strips roughed out ready to be
beaten thin and smooth; behind her a finished sheet is in the process of being ornamented.
4. Scraping olona. The long fibers of this useful plant are hackled out by scraping the
bark on a narrow board [laau kahi olona] with a tortoise shell scraper [uhi kahi olona
kuahonu]. From the fiber, twine for all purposes, but especially useful in the manufacture of
fish nets, was made. In the case behind are shown such fishing apparatus as seins, nets, fish
hooks, shrimp baskets, sinkers and all the various articles made use of by the native fisherman.
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TAro AND ITs Usks.

Several varieties of taro were planted by the natives which varied in size,
flavor and growth. In general, however, the varieties all have large, thrifty,
heart-shaped leaves of a light green color. The flower is a fragrant, green-
yellow, calla-like blossom and inconspicuous. The root is of a regular oval
form, from four to eight inches in length, and from two to four inches in dia-
meter. In a natural state, when either ripe or unripe, both the root and the
leaves have the exceedingly acrid, pungent taste so characteristic of the genus
of plants to which the taro belongs. But when thoroughly cooked it becomes
mild and palatable without a more disagreeable, peculiar or characteristic taste
than spinach or potatoes might be said to have. When the root is ripe it is
compact and whitish in color, both before and after cooking; but when poor in
quality or unripe, it is liable to be a dull lead color. There are several varieties,
as the pink or royal taro, and the blue, or common taro, which differ as indi-
cated in the color of the ripe and cooked roots as well as in the color of the
poi made from them.

The natives prepared the root for use, as they cook all their food, by first
baking it in a curious oven called an imu. The oven is formed by digging a
hole two or three feet in depth and six or more feet in circumference and
placing in the bottom of the hole a layer of stones. On the stones wood is piled
and on top of the heap still other layers of stones are laid. A fire is then
lighted in the pile of wood and kindling. When the stones are thoroughly
heated those on top are thrown to one side and the taro, sweet potatoes, bananas,
pig. dog, fish or whatever is to be cooked is wrapped in ki or banana leaves
and laid on the stones in the bottom of the hole. The loose hot stones are thrown
in on top of the bundle of leaves containing the food, and a little water is added
to create steam; the earth and leaves arec then hurriedly placed on the mound.
to prevent the heat from escaping.

Por.

The taro after being cooked in this manner was and is made into the favorite
dish of the Hawaiians, namely poi. The process of manufacture, though simple,
was laborious and was invariably performed by the men. The first step in the
process of transforming taro into poi was the removing of the rough outer skin
of the root after it had been thoroughly cooked. The scrapings thus secured
were put aside to be returned to the ponds as a fertilizer. The roots when
carefully secraped were thrown on a short plank of hard wood called a poi
board. The board was scooped out slightly in the middle, like a shallow tray.
On this plank the roots were pounded with a thick, heavy stone pestle, of which
two or three forms were formerly in use.

Poi pounding is real work, and when it was to be done properly the na-
tives stripped themselves of everything save their loin ecloths. Seating them-
selves cross-legged, usually one at each end of the poi board, the pestling of the
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mass would continue for an hour or more. With careful manipulation the roots
were thus reduced to a sticky, dough-like mass. As the pounding proceeded,
water was judiciously added to prevent the mass, in the form called paiai, from
sticking to the stone pestle. When it was sufficiently smooth and firm it was
removed from the board and at once made into poi by thinning with water to
whatever consistency was desired; or made into good-sized bundles wrapped
with ki leaves. In this way the paiai could be kept for months at a time and
was often shipped from place to place. It was in this condition, in all proba-
bility, that taro formed one of the chief stores made use of by the natives in
their long voyages.

Whenever poi was required a portion of the doughy mass, paiai, was put
in a calabash and thinned with water. It was ready for use in a few hours
after the water was added, but the natives preferred it after it had soured, or
worked, for a day or more.

Poi was eaten by thrusting the forefinger of the right hand into the mass
and securing as much as would adhere to the finger, and then passing the food
from the bowl to the mouth by a neat revolving motion of the hand and finger.
The native name for the forefinger signifies the ‘‘poi finger.” For this reason
it was quite the custom to grade poi as one-finger poi, two-finger poi, and so on,
thereby indicating its consistency. When ready to be eaten a dozen or more
natives might surround one calabash and greedily dip up its contents, sucking
their fingers and smacking their lips in a state of obvious enjoyment. Usually
they finished the entire allowance at one sitting, only to fall asleep afterwards—
‘“‘full and satisfied.”” Poi was occasionally mixed with the tender meat of the
cocoanut, and was specially prepared for the sick in several ways. Baked taro
also makes an excellent vegetable, and the leaves of the plant, as well as the stems
and flowers were cooked and greatly relished by the natives.

SWEET POTATOES AND YAMS.

Next to the taro, sweet potatoes and yams were the most important food
plants grown in the islands. Many varieties, accurately described and named
by the natives, were in general cultivation. They thrived in the drier localities
and were eaten raw, baked or roasted. They were also made into a kind of poi.
Poi and sweet potatoes were fed to their pigs and dogs to fatten them, and ani-
mals cared for in this way were regarded as particularly delicious by the Ha-
waiians of a century ago.

BREADFRUIT AND BANANAS.

The breadfruit was much used as a food by the natives, after being cooked
in their ovens or roasted in an open fire. It was pounded into a delicious poi
as well. The natives were very skillful in growing this delicate plant,
which was propagated by root cuttings. Bananas were also cultivated by them
and eaten both raw and cooked. Sugar-cane, calabash gourds, the paper mul-
berry, olona, ki, cocoanuts and awa were among the useful plants formerly
grown by the Hawaiians.



lowtunu ] wotie FupAadus oy
Wl iy popuaedens CHuggioge pun poog Aupuiuinos spanod Juydaavo auioanay u UM ol o AN pun Csaojute ooy pinbwe

Hangaour ‘sdug ouogs ‘suiaog wiowwa Jo waopunod jod Cwopmod Bursmoygs wnosnpr dogeigy gy ut sjucumapduin ouoyw jo vsue o g

SUHSVHVIV)) ANV SLNARUTIRT INOLS 2l HLVId




THE HAWAIIAN PEOPLE. 69

In addition to the foregoing list of plants that were cultivated to a cer-
tain extent, there were a number of others that were made use of as food in
times of scarecity that could hardly be regarded as cultivated in a strict sense.

FIBER PLANTS.

The paper mulberry, called wauki, one of the plants from which their
bark cloth was manufactured, was regularly cultivated, there being extensive
groves of this small tree planted about almost every native home. The plant
was kept carefully trimmed from its earliest growth in order to prevent it fol-
lowing its inclination to branch out from the main stem. In this way a single
shoot was secured unbroken by branches. When it had attained a height of
ten or twelve feet and a diameter of an inch or two, the men cut the plants and
the women stripped off the bark in a single piece by splitting it from end to
end of the stem. The outer bark was then scraped off and the fibrous part
forming the inner bark, was rolled endways into loose disk-like bundles
and left to dry until it had taken on a flat surface. The bark was then placed
in water until it became covered with a mucilaginous coating; then it was laid
on a stone or a log prepared for the purpose and beaten with a series of round
and square sticks of hard wood, known as tapa beaters.

MANUFACTURE OF TAPA.

In the making of tapa cloth, strips of raw material were laid side by side
and doubled, pounded and manipulated in order to unite the free edges, the mass
being kept saturated with water during the process. The length and breadth
of the tapa sheet was increased at pleasure by the addition of more bark. Sheets
double the size of an ordinary blanket were frequently made in this simple way.
The water mark in the fibre, as well as the texture and thickness, was regu-
lated by the amount of the beating and the character and markings of the mallet
used. Places torn in making the sheet were mended by rewelding the edges.
When finished the tapa was spread in the sun to dry and bleach.

The next step in the process was the dying and marking of the cloth. The
tapa is naturally of a light color and much of it was worn in that state, but a
great portion of it was stained either with dyes, mostly of vegetable origin,
or by mixing with the sheet while in a plastic state fragments of old colored
tapas that had been reduced to pulp. The colors used were both beautiful and
durable—yellow, salmon, straw, blues in various shades, purple, green, red, lilac,
pink, dove, chocolate, brown, fawn, as well as black and white were quite com-
mon. The list of vegetable and mineral dyes utilized to produce the various
colors is a long one and shows a knowledge of the simple chemical reactions of
the dyer’s art that is truly remarkable. Leaves, roots and bark were used in
various conditions, singly and in combination, often with mineral substances,
as salt, earth, muck, charcoal, or oceasionally with animal dyes, as that derived
from the sea-urchin, the squid and certain sea slngs.



PLATE 13. OBJECTS OF NATIVE MANUFACTURE,

(Scale line—6 in.)
1. Large wooden idol of ohia wood, long buried in a fish pond. 2. A wooden image of
Kalaipahoa, the poison god. 3. Hawaiian fish baskets and traps. 4. Canoe paddle.
(Description of Plate Continued on the Opposite Page.)
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TarPA MAKING A FINE ART.

The plain or colored tapas were, often, beautifully and tastefully
printed with ingenious figures or patterns of various designs. The pattern to be
transferred to the cloth was first cut on the side of a narrow strip of bamboo.
The bamboo was then dipped into the color and the pattern carefully printed on
the tapa by pressing the stick on the tapa and against the hand. This operation
was repeated until little by little the intended design was completed. Often
the entire tapa was printed with various designs and colors in this primitive
manner. Some kinds were marked with a string dipped in the color to be trans-
ferred. The string was then drawn taut across the tapa and the color snapped
on it in the same manner in which the chalk line is commonly used.

In the preparation of their ‘‘printing inks’’ the colors were frequently mixed
with kukui nut oil. Some tapas were saturated with cocoanut oil to render them
waterproof and to make them more durable. Tapas which were not oiled could
not be washed. For this reason the laundry work to be done in the Hawaiian
family was reduced to the minimum, but the amount of time and labor expended
in the manufacture of the tapa must have been enormous, since three or four
days were required to beat an average sized tapa and a new set was required
about once a month. Other materials were used by the Hawaiians in the manu-
facture of tapa, the most important being the bark of the mamake, which grew
wild in the woods. It was gathered by the women and steamed in an oven
with a certain fern that gave off a dark red coloring matter. The bark from
tender breadfruit stems was sometimes used, as was also the bark from the
hau tree.

Provision was commonly made for carrying on this work by providing a
special house devoted to the purpose and also by the setting aside of certain special
gods to preside over the undertaking. Certain of their tapas were delicately
perfumed with the root of the kupaoa; maile and mokihana were also used in
this way on account of their delicate and lasting scents.

It is worthy of remark that tapa beating was common among all the
Polynesian islanders, when suitable material was to be had. It was an art that
was old in the hands of the pioneer Hawaiians at the time of their settling
on these islands. While tapa making was generally practiced over the whole of
the Pacific, and indeed almost the whole world, it fell to the painstaking
Hawaiian women to carry the manufacture of paper cloth to the highest degree
of excellence attained among any primitive people. Their best tapas were but
little, if any, inferior to the fine cotton fabries that have entirely displaced

(Description of Plate Continued from Opposite Page.)
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5. Small kahili. 6. Slop bowl ornamented with human teeth. 7. Stone lamps of various
forms. 8. Feather cape [ahuula]. 9. Tapa beater. 10. Poi pounders (ring form). 11.
Pandanus baskets. 12. Finger bowls of various designs. 13. Spittoons, 14. Large and
small umekes or bowls. 15. Hanai poepoe. 16. Carved dish for baked pig. 17. Gourd
hula drums. 18. Hawaiian fans. 19. Cocoanut wood hula drums. 20. TUliuli hula or
rattles. 21. Mortar and pestle.
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them. So completely, however, has the art and manufacture disappeared that
the implements used in its manufacture even are only to be seen in museums,
while the technique of the art must be gleaned from the scanty records of the
early missionaries and travelers.

MAT MAKING.

Perhaps the manufacture next in importance to the making of tapa was
the plaiting of mats. These were used by the natives to lounge upon by day and
to sleep upon by night. Mats were also used as sails for their canoes, as parti-
tions in their houses, as food mats, clothing and robes,—in fact their uses were
innumerable. Taken altogether, being more durable than tapa, their possession
in abundance was regarded as unmistakable evidence of material wealth.

The typical bed of the ITawaiian chiefs was a raised portion of the floor,
perhaps one entire end of the house. The elevated portion was made of loosely
laid stones forming a pile eight or ten feet square, over which was spread several
thicknesses of mats, as many as thirty or forty being employed on the bed of a
well-to-do chief. Naturally the coarsest ones were placed at the bottom and
the finer ones spread on top. Lauhala mats are still made and used quite generally
throughout the group, many of the best houses being furnished with them in
place of the more familiar though less approved floor rugs. Several materials
were made use of in the weaving of mats, the most important being
the lauhala; next came the stems of the makaloa, and lastly species of other
native sedges.

LauHALA MarTs.

In the making of lauhala mats, the leaves were broken from the trees, by the
women, with long sticks. They were withered over a fire for a short time and
then dried in the sun. The young leaves were preferred to the old ones, so
that in plaiting the mats the raw material was carefully selected and graded
as to quality and color. It was then scraped, the saw-like edges removed, and
split into strips of the required width, varying from an eighth to an inch or
more in width. The braiding was done by hand without the aid of a frame
or instrument, and, though mats were often made twenty-five feet square, they
were finished with great evenness of texture and regularity of shape. The finer
braided ones were usually small in size and left with a wide fringe; being
greatly prized, they were occasionally carried by attendants to be spread down
on other coarser mats when their chiefs chose to sit.

MakaLoA MATs.

The rush or sedge mats, called makaloa mats, are soft and fine; the
islands of Kauai, and particularly Niihau, were famous for their production.
For this reason the mats are frequently spoken of as Niithau mats. But on both
islands the finest mats were those made from the young shoots.

Many of the lauhala, as well as most of the Niihau mats were ornamented with
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much taste—red and brown sedge stems being used for the purpose. These were
worked in on the upper surface of the mat in patterns that resembled embroidery,
various designs being formed, as squares, diamonds, stripes and zigzag lines.

The plaiting of mats, like the beating of tapa, was women’s work in ancient
Hawaii, and those who possessed much skill in these important arts were esteemed
for their labor and praised for their handiwork.

FisHING.

Aside from war, fishing and agriculture were the chief occupations engaged
in by the men, so that, in general, men procured the food while the women did
their full share in making the provisions for the Iawaiian family, and supply-
ing the raiment that their civilization required.

Fishing, like agriculture, was associated with religious ceremonies and the
worship of idols. Among this class, the practice was carried to such an extent
that special heiaus and altars were constructed and a somewhat different form
of worship established. Like the fishermen in all lands and in all times, the
natives were firm believers in good luck and their faith in signs and omens was
accordingly deep-seated. Their gods were numerous, so that each fisherman
worshipped one of his own choice. Likewise the tabus of their gods were many
and the devotee would go to a great length in carrying out the fancied desire
of his patron deity. The god of one fisherman would tabu black, for example,
and in observance of the tabu, the fisherman would have nothing black on his net
or canoe, would take nothing black from the seas, and his dutiful wife would
wear nothing black upon her person nor allow the tabu color to appear even
in the vicinity of her home.

The business of fishing was carried on with great skill and those engaged in

_the occupation had an extensive knowledge of the habits, feeding grounds and
species of fish in the sea round about the islands.

Fish nets were made in various forms for various purposes. They werc
netted of a twine manufactured by twisting the fiber of the olona to form
cordage, most remarkable for its durability. As a substitute in certain cases,
cord made from the cocoanut fiber was used, though it was by no means as
flexible or durable as the former. The olona grew in a semi-cultivated state, in
the mountain valleys, where abundant rainfall was assured. The bark was
gathered from the young shoots, which were stripped and hackled with a scraper
made of tortoise shell or bone.

Nets of various sizes and patterns were designed for various purposes, as
were various fish hooks, poisons, traps and the like. A few of these will
a fuller treatment in a chapter devoted to ITawaiian fish and fishing.

SALT MANUFACTURE.

Salt was an important article among the Hawaiians and they were adept
in the manufacture of a coarse salt from the sea water. Two methods were em-
ployed: One, that of putting the water in shallow scooped-out stone dishes

6
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to evaporate; the other, by impounding the sea water in small shallow ponds
and collecting the residue as the water evaporated. Salt Lake, on Oahu, also was
an important source of supply.

The foregoing were the principal productive occupations that consumed
the four to six hours a day that the ancient ITawaiians devoted to labor. It is,
however, not to be presumed that these were the only pursuits in which they
could engage. Certain districts and settlements became famous for their peculiar
wares and products. Occasional fairs or markets were held at which the pro-
ducts and articles of manufacture of one district were exchanged for those of
another, and a crude sort of barter was thus in vogue by which, recognizing
the importance of specialized skill, or by utilizing special natural advantages,
the wants and necessities were supplied, so that food, clothing, ornaments, uten-
sils and tools might be had by all.

CIIAPTER VII.

TOOLS, IMPLEMENTS, ARTS AND AMUSEMENTS OF TIIE HA-
WAIIANS.

The Hawaiians at the time of their discovery by white men were still in the
stone age. The absence of iron, copper or any of the metals in a workable form
was a serious handicap to their development. Stone, bone and wood were the ma-
terials at their disposal, and from them they were forced to construect such tools
as they could devise.

IMPLEMENTS OF STONE, BONE AND SHELL.

Of the simpler tools made use of by the natives, none was of more value
and importance than was the stone adz. It was formerly in general use
throughout the whole group, as it was throughout the most of Polynesia. In
ITawaii adzes were made in various shapes, weights and sizes, for various pur-
poses, but the principle was the same in all and consisted in the securing of a
cutting or bruising edge of stone that might be held in a convenient form
for use as a hand tool.

The hardest, most compact clinkstone lava was selected for the bit by the
ancient adz maker. The rough stone was patiently worked into form by chip-
ping, splitting and grinding. When at last the proper shape was secured, the
bit was bound to the handle, (usually made from a branch of the hau tree), by
means of a cord made of cocoanut or olona fiber.

In certain cases, the bit was used without the addition of a handle. For
heavy work, as the felling of trees, the shaping of canoes, or the framing of
the house timbers, large adzes were required, and there are some in existence
that weigh several pounds. For more exacting work, as in carving their hideous
idols, or finishing and mending the umekes, fine chisels were needed, and ex-
amples are extant that are, in effect, carving sets in which simple forms of
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gouges, chisels, and the like can easily be recognized. Among their implements
they had sharpening stones made of hard phonolite, which were used to give an
edge to their tools, or as polishing stones. Some of these were boulders and
were permanently located, while others were smaller and could be taken about
as rquired. The saw-like teeth of the shark were used as tools in many ways,
where cutting, scraping, and sawing edges were required. One of the most
curious of their tools was the rotary or pump drill. The staff, tipped with a
slender piece of hard lava or a Terebra shell, was fitted with a crude fly-wheel
and a bow-like device, which caused it to spin back and forth. This simple
device was convenient for boring the innumerable holes required to accom-
modate the cord that, for want of nails, was used in fastening all kinds
of objects together. Hand stones for hammers, stone files for making fish
hooks of bone, scrapers of bone and shell, stones for smoothing, fine pumice,
coral grit and other fine materials for polishing, were all tools commonly found
in an artisan’s kit. The oo or digger, a long staff of hard wood, was almost
the only tool of husbandry, while in net manufacture the simple and ,widely
used seine needle and mesh gage were practically the only tools employed.

As we think of the endless variety of tools necessary to perform even the
most ordinary task in our own more complex civilization, it seems incredible
that the patient Hawaiian, with such exceedingly simple tools at his command,
could have utilized the materials of his environment to such splendid purpose.
The wonder of their achievement grows when we contemplate not only the
variety and amount of their handicraft, but the neat and substantial character
of their work—a trait for which the ancient Hawaiians are justly famed.

ORNAMENTS OF FEATHERS.

Ornaments wrought from the feathers of birds were among their most
valuable possessions. Among their handicraft, especially such as had to do
with adornment, nothing made by them surpassed in elegance their feather
capes, helmets, cloaks, leis, kahilis, and feather pa’us or dresses. So handsome
were they that their possession was almost entirely limited to the alii or per-
sons of rank, or those of special distinction.

The most valuable of all were the feather cloaks or robes of state, which
were indeed priceless insignia of rank. The most valuable were made en-
tirely of the rich, golden-yellow feathers of the very rare and now extinct
native mamo. A robe in the Bishop Museum that was the property of Kame-
hameha I, is composed almost entirely of the feathers of the mamo, and con-
stitutes one of the Museum’s chief treasures. As the arrangement of the cloak
was always such that additions could be made from time to time, it is not to be
wondered that this beautiful robe of state, which occupied over one hundred
years! in making, should be valued at as high a figure as a million dollars,
when the amount of labor involved in the gathering of the raw material from
which it was made is taken into account. As a substitute for the rarer golden-
yellow mamo feathers, certain more common yellow feathers from the now

1 Nine generations.
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equally rare oo were used by the old Hawaiians. The feathers of other birds
as the iiwi, apapane, ou, koae and iwa were used in combination with the
foregoing or in various other ways, in the different articles mentioned, that
chiefs and those who could afford them might have capes; but the yellow feathers
were reserved for royalty only. The ground work for the capes and cloaks was a
fine netting made of the native olona; to this the feathers were firmly fastened in
such a way as to overlap each other and form a smooth and uniform surface.

Tue KaBILIL

The kahili, a fly brush or plumed staff of state, was the emblem and embellish-
ment of royalty and was held in the time of which we write, solely as an adjunct of
the alii. A few of these curious feather plumes were of enormous proportions,
there being records of some that were borne on poles thirty feet in length. The
plume was composed of feathers arranged in bunches, bound on stems, which
were attached to the central staff in such a way as to form a loose, fluffy,
cylinder-shaped head, sometimes two or more feet in diameter by three or four
feet in length. The handle was occasionally made of alternate rings of ivory
and tortoise shell. In some instances the bones of the famous alii slain in
battle were placed on the stem as trophies of victory or as savage ornaments.
However, the kahili handle was commonly made of a stout spear-like shaft of
kauila wood. Many of the smaller kahilis were definitey used for the
purpose of fly flaps and are thought to be the form from which the larger and
more ornamental ones were evolved.

Their helmets, which were exceedingly picturesque and striking ornaments,
were generally worn by the chiefs on state occasions. They were made of
wicker work of the aérial ieie roots, covered with the feathers of several species
of the birds mentioned, red and yellow being chiefly used, and were extremely
variable in form.

Hideous effigies of the powerful war god Kukailimoku? were made of
wicker work and feathers, like the helmets, and were usually supplied with
staring pearl-shell eyves and horrible grinning mouths set round with dogs’
teeth. We are told that not more than a dozen of these curious feather gods
have been preserved in various museum collections.

LEIs.

The feather lei was the simplest form of feather work wrought by the
Hawaiians, and may be regarded as the royal counterpart of the more com-
mon and perishable garlands made of flowers, nuts and seeds. The flower
and feather leis were twined through the hair or slung gracefully around
the necks of both sexes, and seem to have had but little real significance other
than to gratify a taste for ornament. Durable leis were also made of such
objects as sea and land shells, boars’ tusks and dried fruits.

An ornament much worm by the chiefesses was a necklace that consisted of

2 Ku=a god; kailimoku—to-take-the-ixlund.
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many strands of finely braided human hair on which was suspended, as a
pendant, a much-prized ornament, the palaca, made from the tooth of a whale
or walrus. These were tabu to all below the rank of chief. Necklaces of ivory
beads were also prized; bracelets of shells, especially the pipipi, and of whale
ivory, were worn, fastened on the back of the wrist with a small cord of olona.
Boars’ teeth were also used as bracelets. A beautiful amber tone was given
to many of the ivory ornaments by wrapping them in ki leaves and exposing
them for considerable time in the heavy, strong smoke of sugar-cane.

MEDICINE OF THE HAWAIIANS.

Of the practice of medicine and the use of medicinal herbs among the
ancient Ilawaiians, but little is known further than that it was a matter of
worship rather than the practice of a healing art. It seems that superstition
was the principal element combined with vegetable substances and crude sur-
gery. The doctors were a distinct class of priests who worshipped certain gods
from whom they were supposed to have inherited their knowledge of medicine.
They were regular in the practice of their art in that they exacted offerings
for the god of medicine before they would undertake a cure, and then forbade
certain articles of food to the sick. As a matter of fact they seem to have
had considerable knowledge of the medicinal properties of herbs though they were
by no means uniformly successful in their preseription and use. They followed
a crude form of external diagnosis for internal ailments. They were adept
in the use of rubbing and manipulation to alleviate soreness and minor ills.
They set limbs with some skill, reduced inflammation by the use of herb
poultices and made use of the pulp of the calabash gourd vine as a cathartie.
Patients were held over the smoke of specially prepared fires for certain ail-
ments, were steamed over hot stones for others, and so on through a long list
of practices that were, no doubt, useful in securing to the patients the satisfae-
tion of feeling that they were at least doing something for their ailments. From
the natural history point of view their practice of medicine adds much interest
to the study of the botany of the islands, for a surprisingly large number of na-
tive plants were well known as specifics for different diseases, and to this day
frequent allusions are made by the natives to the uses of various plants by the
old kahuna doctors.

IMPLEMENTS OF WARFARE.

Although war was an important vocation with the ancient Hawaiians,
there being a certain period of the year set apart during which it might
properly be engaged in, the implements were few and simple. They consisted
chiefly of spears, javelins, daggers and clubs made of tough wood and were, as
a rule, smoothly polished. They had no armor other than the gourd masks
worn by the canoe men. The Ilawaiian warriors preferred to fight dressed
in their malos only. As a substitute for the shield, a device of which they ap-



(‘ADVd ALINOdd() AAS ALVI 40 NOILJITHORA(T ¥OJ])
‘SYATIY-A41S HHL 90 dLVId

B e = ]



THE IHAWAIIAN PEOPLE. 81

peared to be ignorant, they used their stout spears in warding off blows.
These were made of heavy solid wood perfectly straight in form and were
twelve to twenty feet in length. Their javelins were smaller, being about
six feet in length and were provided with plain, arrow-shaped, or barbed
heads which, though dull, were effective when thrust against the bare skin of
the enemy. . The next most important of their weapons were stout clubs of
various sizes and forms made of wood, stone or bone. With these they were
able to deal a powerful blow. Their dagger-like sword was from sixteen inches
to two feet in length and was frequently pointed at both ends. This weapon
was supplied with a string of olona by which it was suspended from the wrist.
Another form of sword had a saw-like edge set with a few shark teeth. The bow
and arrow in a diminutive form, although used by the alii in the royal sport
of shooting rats and mice, was never made use of in warfare; instead, slings
manufactured of human hair, braided pandanus or eqcoanut cord were the im-
portant weapons of defense. With them they were able to hurl the smooth
egg-shaped pebbles which they prepared with special care, with great force and
accuracy. The canoe breaker, made for naval warfare, was simply a round stone
firmly fastened to the end of a rope. This could be whirled about the head
and thrown with sufficient force to smash the thin shell of the enemy’s canoe.

The instruments made use of in hand-to-hand encounters were knives fitted
with one or two shark’s teeth; disemboweling weapons were made by fastening
a single shark tooth firmly in a short stick of wood, so arranged as to be carried
concealed in the hand, until, in an unguarded moment. it could suddenly be
made use of with fatal effect. A rarer weapon, used in securing victims
for human sacrifice, was a stout cord in a slip-noose form, that was firmly
fastened to a knob-like handle. In use the noose was stealthily thrown over the
head of the intended victim and hauled taut from the rear by the knob, the back
of the vietim usually being broken in the attack that followed.

While the natives were industrious and skilled in the pursuits of peace,
expert in their primitive arts of war, and an exceedingly religious people, they
found much time for amusements and devised many games suited to both chil-
dren and adults, from which they derived much enjoyment.

Tue HvurLa.

The hula was the form of diversion most commonly indulged in. All of
every age and character took part in it. It was not so much a dance in the
usual sense of the term, as a form of religious service in which acting in gesture
and movement was made use of in developing the ideas expressed by the song

DESCRIPTION OF PLATE.

1. Hawaiian youth standing on the surf board [papa hee nalu]. 2. Showing the
shape and size of the board. 3. Racing in the surf at Waikiki; Diamond Head in the back-
ground. 4. An outrigger canoe (wau) showing the outrigger (ama) of wiliwili wood and
the connceting bars [iako] of hau and the gunwale [moo] of ulu. The paddles [hoe| are of
koa and kauila wood. 5. Two single canoes on the beach. The hull of the canoe is always
made of a single koa log.
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which the gestures accompanied. Like everything else the Hawaiians did it was
made the subject of extensive religious ceremonies and was accompanied by an
intricate form of worship in which Laka was the chief goddess. Naturally
there were many forms of the hula, some of them extremely lewd. The latter
class, unfortunately, have been used more than any other single thing to spread
the fame and infamy of Hawaii, and create an erroneous and distorted im-
pression of the Hawaiian race. Yet it should be understood that their dances
were, in the main, entirely chaste; but, unfortunately, some of them were in-
tended for the gratification of the baser instinets and it is these, under the en-
couragement given by a certain class belonging to our own European civiliza-
tion, that are most frequently seen in our own times.

The dancers, who were usually though not always women, wore the pa’u, or
hula skirt, about their waists, with wreaths of flowers about their heads and
shoulders. Ocecasionally dogs’ teeth anklets, hogs’ teeth bracelets and whales’
teeth ornaments were worn by the participants. The performers stood or sat
singly, or in companies, according to the hula being given, usually staying in
one place and moving their body and limbs in perfect time and in keeping with
the sentiment of the accompanying chant, which was accentuated with the various
sonnds produced by a series of primitive musical instruments. It is a curious
fact that almost all the HHawaiian musical instruments were made use of in the
performance of the hula. Naturally the most important instruments were those
calculated to mark the crude intervals of time in their chanted songs. The
large drums, some of them three feet in height. with half that diameter, made
of hollow cocoanut stems over which shark skin heads were stretched, were played
by rapping with the finger tips gnd were especially prized. Other drum-like
instruments, with astonishing resonance, were made from large bottle gourds,
two of which were joined by inserting the neck of one within the other.

MusicAL INSTRUMENTS.

To produce the sound desired, the gourd instrument. held in the hand by a
loop, was dropped on the padded floor of the house and at the same time beaten
with the palm of the hand, thus varying the sound to accord with the action
and feeling of the accompanying song. The deep base of the larger drums was
supplemented by the rattle of lesser drums made from cocoanut shells with shark
skin heads, or by rattles of small gourds partly filled with dry seeds. Other
rattle instruments were made by splitting a long joint of bamboo for half its
length, to form small slivers, so that the free ends, in response to the lively
motion from the hands of the player, produced a curious swishing sound. A
still more primitive instrument was made of two sticks of hard, resonant wood
which were struck together.

The most ambitious musical instrument of the ancient IHawaiians and one
requiring unquestioned skill in its manipulation, was the nose flute. - To make
the nose flute, a long, single joint of bamboo was used. One end was left closed
by the joint and three small holes bored along the upper side, one near the
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closed end, the other two about a third of the distance from either end. In
playing, the instrument was held so that the end hole was squarely under the
right nostril. The sound produced was modified by the finger holes to give five
notes, which might be varied at the pleasure of the performer.

A similar instrument was the love-whistle or kiokio, made of very small
gourds in which three holes were pierced. The method of playing this tiny
instrument was similar to that of the nose flute. Another instrument sometimes
used to accompany the mele, was based on the principle of the Jew’s harp.
It was made of a short stick of bamboo slightly bent in such a manner as to
hold the three strings of olona fiber taut. In use one end of the instrument
was placed in the open mouth which served as a resonator for the feeble tones
produced by striking the strings with the fingers or with a bamboo splinter as a
plectrum.

BoXING THE NATIONAL GAME.

Returning to their festivals and games, for there were many in which
strength, skill and chance played an important part, we find boxing was, per-
haps, the national game. It was regulated by certain rules, umpires were ap-
pointed, the victor defended the ring against all comers, the conqueror receiving
the highest honors. A great crowd of all classes usually attended their games
and sports, and wild excitement and much hilarity prevailed. In many of the
important contests between the followers of various chiefs, not infrequently
death was the result of blows received.

Wrestling and foot racing were also popular sports. It is recorded that
the king’s heralds were frequently able to make the circuit of Ilawaii, a distance
of three hundred miles, over exceedingly rough trails, in eight or nine days.

A game which must have contributed much to their skill as warriors, in
their form of warfare, was one in which spears were thrown a short distance
at the body of the contestant—to be parried by him. The more skillful, it is
said, were able to ward off a number of spears at once. Mock fights with stones,
spears and other missiles, were also indulged in.

THE PriMITIVE BowLING ALLEY.

A favorite amusement was one which consisted in bowling or rolling a
smooth disk-like stone over a track especially prepared for the purpose, with
sufficient skill to cause the stone to pass between two sticks driven a few inches
apart at the opposite end of what may be termed a primitive bowling alley.
The game had many variations, one being to excel in bowling the longest distance.
Still another modification of this game had as its object the breaking of the
opponent’s bowling stone. Amusements of precision, like the above, led to
great care being exercised in the selecting of the material and the employment
of much skill in the manufacture of their ulu or olohu stones. The best were
preferably perfect disks in shape, of hard lava stone, or coral rock, and were
three or four inches in diameter by an inch or more in thickness, with an average
weight of about one pound. They were slightly thicker in the center, gradually
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thinning slightly toward the edge of the stone. While this was the usual form,
others that were perfect spheres are in existence that measure over seven inches
in diameter and weigh as much as twenty-two pounds.

A sport which was justly popular with all classes was what might be called
‘‘summer tobogganing.”’ It consisted in sliding down hill over carefully pre-
pared slides, a few yards in width, on a long, double-runner sled. There are a
number of these slides that are still pointed out as favorite coasting places of
ancient times. Any smooth mountain slope of sufficient steepness would serve
the purpose. The only complete sled in existence is in the Bishop Museum.
The two runners of this one are each just over eleven feet in length and are
three inches apart. They are firmly fastened to the narrow frame. The native
tobogganer would lie flat upon this curious sled, the papa holua, and give
it a push with his foot, to start it off. During the decent it would frequently
gain an immense velocity, and the sport, while exhilarating, must have been
accompanied with great danger to life and limb. Several of the old slides are
more than a half mile in length, one on the town side of Diamond Head ran far
out on the plain, and another still longer one is to be seen from King street, at
the opposite end of the city of Honolulu.

GAMBLING.

Many of their sports and games were more properly games of chance.
Gambling in various forms was indulged in by all classes in the natural state
of their civilization. Seldom did they enter into serious contests without an
accompanying bet of some sort, so that food, clothing, ornaments, crops, wives,
their daughters, and even the bones of their bodies after death, were wagered
on the outcome of some simple contest.

In addition to those already described, cock fighting was also much affected
in the ancient times, and was a game of chance of rare interest. They also
played a game resembling checkers on a flat lava stone, divided into numerous
holes or squares, using black and white stones for the men.

Surr RipING.

A favorite game in which women engaged with much skill, consisted in
hiding a pebble, the noa, which was held in the hand, under one of five piles of
tapa. It was for the opposing side to guess in which pile the stone was left,
striking the pile selected with a rod tipped with feathers. There were also many

children’s games, such as flying kites, cat’s eradle and jumping the rope. But
" the sports par excellence in which the chiefs and common people, both old and
young indulged. were those which had to do with the wonderful surf for which

DESCRIPTION OF PLATE.

1. Hawaiian girls plaiting lauhala mats. 2. Spear practice (from an old drawing).
3. Sheet of copper formerly affixed to a cocoanut tree at Kealakekua Bay marking the spot
where Captain Cook met his death February 14, 1779. 4. Captain Cook’s monument at
Kealakekua Bay. This monument was erected by the British Government about fifty years
after the death of the great explorer at a spot as near as possible to the place where he fell
when killed by the natives. 5. Two old Hawaiians at home.
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the islands are far-famed. Being excellent swimmers from their youth the na-
tives were as a race devoid of fear. They would leap from high precipices into
the foaming surf below, fifty, sixty and seventy feet; and it is still common to
see the swimmers and divers in the harbor leap one after another from the
bridge or from the life boats of the largest ocean steamers. But riding the
surf with the surfboard was and is still the favorite amusement, and an art in
which the Hawaiians always exhibited wonderful skill and dexterity. For
this amusement a plank, preferably of koa wood, known as a surfboard, was
used. It was a coffin-shaped plank averaging about ten feet in length by a
foot and a half in width, though they were occasionally eighteen feet or more
in length, and from that ranged down to very small ones for children. Some
were made of the very light wiliwili wood. They were always made with great
care and were kept smoothly polished. The swimmer, with his board, would
gradually work his way out through the shallow water, over the fringing coral
reef to where the high rollers rise over the outer reef and follow each other
in rapid succession over the table-like reef toward the shore. The more terrific
the surf, the greater the pleasure to those skilled in the sport, a form of recreation
that is enjoyed in these modern and more strenuous times by natives and foreign-
ers alike.

Selecting the proper kind of wave, the surf-rider would get his board under
way by paddling furiously with his hands and feet. At the proper moment, mount-
ing a high wave he throws himself on the board just as it is seized by the force
of the on-rushing water. Skillful manipulation is required to manage and keep
the board just abreast of the crest of the towering wave, which, if everything
goes as planned, carries the swimmer and his board, at race-horse speed, clear
into the shallow water at the beach.

In this manner they disported themselves for hours at a time, returning
again and again, often standing erect and gracefully poised on their boards as
they were wafted in on the bosom of the foam-capped wave. Surf-riding ex-
tended to canoe racing in which the principle just indicated was even more
elaborately applied.

Strong crews of picked men would man their best type of racing canoes
and pull out to where the surf began to rush over the reef. There amid the rush
and dash of the sea, each crew would await the signal, when the race would
begin, each man paddling furiously, until the canoes were caught by the waves,
and amid wild shouts of exhilaration, scarcely audible above the ocean’s roar,
the successful crew would reach the shore, claiming the race, to the unbounded
Jjoy of all. :

Thus we have hastily passed in review, the life, the customs and the culture
of this splendid, though vanishing race. 'We have seen how, though isolated
as they were from their own kind, they developed a natural civilization well
adapted to their needs and their peculiar environment. We can now approach
the natural history of the animals and plants, and the land itself, with a better
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understanding of its meaning to the natives and a livelier appreciation of other-
wise unimportant elements which have long been determining factors in the
lives of these people.

We can now better understand the changes and modifications which have
been wrought on the whole by the introduction of another race that has trans-
planted hither the animals, the plants, the industries and the arts of a more
aggressive and far different civilization.
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Natural History of Hawaii.

SECTION TWO

GEOLOGY, GEOGRAPHY AND TOPOGRAPHY OF THE HAWAIIAN
ISLANDS.

CHAPTER VIIL

COMING OF PELE AND AN ACCOUNT OF THE LOW ISLANDS OF
THE GROUP.

PELE’S JOURNEY TO HAWAIL

There is perhaps no better way to begin an account of the natural history
of the Hawaiian Islands than by recounting an Hawaiian legend that tells of
the coming of Pele, that powerful mythical deity of fire and flood, feared and
respected by all the ancient inhabitants of the group as the source, as well as
the end, of all the wonderful voleanic phenomena with which they were familiar.

In the beginping, so one version of the legend runs, long, long ago, before
things were as they now are, there was born a most wonderful child called Pele.
Hapakuela was the land of her birth, a far distant land out on the edge of the
sky—away, ever g0 far away to the southwest. There she lived with her parents
and her brothers and sisters, as a happy child, until she had grown to woman-
hood, when she fell in love and was married. But ere long her husband grew
neglectful of her and her charms, and at length was enticed away from her
and from their island home. After a dreary period of longing and waiting for
her lover, Pele determined to set out on the perilous and uncertain journey in
quest of him. .

‘When the time came for the journey her parents, who must have been very
remarkable people indeed, made her a gift of the sea to bear her canoes upon. We
are told that among other wonderful gifts Pele had power to pour forth the
sea from her forehead as she went. So, when all was in readiness, she and
her brothers set forth together, singing, making songs, and sailing—on, on, on
over the new-made sea—out over the great unknown in the direction of what
we now know as the Hawaiian Islands.

But in the time of which the legend tells the islands of Hawaii were not
islands at all, but were a group of vast unwatered mountains standing on a
great plain that has since become the ocean’s floor. There was not even fresh
‘water on these mountains until Pele brought it. But as she journeyed in
search of her husband, the waters of the sea preceded her, covering over the
bed of the ocean. It rose before her until only the tops of the highest moun-
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tains were visible; all else was covered by the mighty deluge. As time went
on, the water receded to the present level, and thus it was that the sea was
brought to Hawaii-nei.!

From her coming until now, Pele has continued to dwell in the Hawaiian
Islands. According to ‘the legend, her home was first on Kauai—one o1
the northern islands of the group. From there she moved to Molokai and settled
in the crater Kauhako. Later she removed to Maui and established herself in
the crater hill of Puulaina, near Lahaina. After a time she moved again to
Haleakala, where she hollowed out that mighty crater. Finally, as a last resort,
she settled in the great crater of Kilauea, on Hawaii, where she has even since
made her abode.

In this way Pele came to be the presiding goddess of Kilauea and to rule
over its fiery flood, and from those ancient days to the present, she has been
respected as the ranking goddess of all volcanoes, with power at her command
to lift islands from the sea, to rend towering mountain peaks, to make the very
earth tremble at her command, to obscure the sun with stifling smoke, to cause
rivers of molten rock to flow down the mountains like water, and above all to
keep the fires forever burning in her subterranean abode.

This interesting legend should be regarded as a sincere effort of the Ha-
waiian mind to account for the presence in the islands of the primeval power
they saw in the volcano and to explain certain fundamental phenomena of
nature which surrounded them on every hand. Iere were the islands, here
were the burning mountains, here was the great sea, here were the people, the
animals and the plants. Whence came they all, and how did they come to be?

LEGEND AND SCIENCE AGREE.

With all our toasted science, we are still groping, as were the ancient Ila-
waiians, seeking an explanation of the beginning of the islands, and of the mar-
velous variety of life which they support. In the search, science has sub-
stiluted theory for legend, and observation for myth, but when we compare the
legendary course of Pele as she moved her home, from the oldest island, Kanai,
to the young island, Hawaii, with the theory that geologists have worked out
to account for certain basic facts in the evolution of the group, we are sur-
prised to find that legend so closely accords with the modern accepted theory
of the succession in time of the extinction of the voleanic fires that marked
the completion of one island after another, until Hawaii alone can boast of the
possession of the eternal fires.

1 All Hawaii.

DESCRIPTION OF PLATE.

1. Midway Island; looking from sand islet towards green islet, showing the characteristic
vegetation. 2. Showing the cable station on Midway Island. Note the growth of sand grass
(Cynodon dactylon) in the foreground. 3. View on Ocean Island showing the formation of
sand hills under the protection of the low bushes (Scevola Koenigii). 4. Hut built on green
islet by Japanese bird poachers. 5. Midway Island home of Capt. Walker and family, who
were shipwrecked on the island in 1887 and spent fourteen months there before being rescued.
(The hut has since been burned).
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(GEOGRAPHIC POSITION OF THE ISLANDS.

Considering the Hawaiian Islands in relation to each other and to the rest
of the world, we find this wonderful group of mid-Pacific islands to be made up
of twenty-one islands and a number of other small islets that are contiguous
to the shores of the larger ones.- For the sake of convenience, the group, which
stretches for about 2,000 miles from southeast to northwest, has been divided
into the leeward or northwest, and the windward or inhabited chain. In the
leeward islands are grouped eight low coral islands and reefs, and five of the
lowest of the high islands. Beginning at the western extremity, the low group
includes Ocean Island, ten feet high; Midway Island, fifty-seven feet high;
Gambier Shoal, Pearl and Hermes Reef, Lisiansky lsland, fifty feet high;
Laysan Island, forty feet high, and Maro and Dowsett Reefs.

These are probably the tops of submerged mountains that have had °their
summits brought up to or above the surface of the ocean by the combined
action of the hardy reef-building corals, the waves, and the transporting power
of the wind. The wind has had an important part in their final form, since it
has gathered up the dry sand left above the ordinary action of the wave and
piled it, as at Midway, in the center of a secure enclosure, formed by an encireling
coral reef, or as at Laysan, to form a sand rim about an elevated coral lagoon.

Lying between the group of low islands and forming a connecting link
with the high or inhabited group, are five islands, the lowest of the high islands.
They form a transition group between the coral and the volcanic islands and a
second division of the leeward chain, and are made up of Gardner Island, 170
feet high; French Frigates Shoal, 120 feet high; Necker Island, 300 feet high;
Frost Shoal, and Nihoa or Bird Island, 903 feet high.

Together with the low islands, they form the leeward chain of thirteen
islets, reefs and shoals that have a combined area of something over six square
miles, or about four thousand acres. With the exception of Midway, which is
the relay station for the Commercial Pacific Cable Company’s wire across the
Pacific, they are uninhabited at the present time. The entire chain, with the
exception of Midway, has been set aside by the federal government to form the
Hawaiian Islands Bird Reservation, which, taken collectively, forms the largest
and most populous bird colony in the world.

To many these remote, shimmering, uninhabited islands are devoid of inter-
est; to the naturalist, however, every square foot of the surface, and all the
life that inhabits them, has an interesting story to tell. The geologist finds
in them subjects of the greatest interest and importance. The thrilling
story of their up-building through centuries by the tireless activity of the
tiny animal. the coral polyp, that by nature is endowed with the mysterious
power of extracting certain elements in solution from the sea water and little
by little transforming them into a reef of solid lime-stone masonry, which, in
time, becomes the foundation of inhabited land, is indeed most wonderful.
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As the formation and growth of coral islands and reefs has been a subject
prefound enough to engage the attention of such thinkers as Darwin, Agassiz,
Dana, Wallace, and a score of others, it is small wonder that these coral islands,
which gem the surface of our summer seas, are invested with vital interest for
those who feel a scientific concern in them and who are permitted to study them.

OcCEAN IsLAND.

The leeward chain furnishes interesting examples of the various types of
coral islands. Ocean Island, the extreme western end of the Hawaiian chain,
lies in 178° 29’ 45” west longitude, and 28° 25’ 45” north latitude, and is almost
at the antipodes from Greenwich, and, as it lies in the northern limit of the
coral belt, it furnishes an excellent example of a circular barrier atoll in mid-
ocean. The coral rim surrounds and forms a barrier about four small sand islets
and is approximately sixteen miles in circumference. The rim is broken for a
mile or -more on the western side, but the lagoon enclosed is too shallow to
admit the entrance of sea-going ships. Over this low coral rim the curving line
of white breakers beat, forming a snowy girdle about the low islets that lie pro-
tected within.

Mimpway ISLAND.

Midway Island is fifty-six miles to the east of Ocean Island, and, like it,
is made up of a low circular coral rim or atoll, six miles in diameter, averaging
five feet in height by twenty feet in width, which is open to the west. Like Ocean,
it has one fair-sized sand islet and one that is covered with shrubbery. These
islets lie in the southern part of the circle, about a mile apart, and are utilized as
stations by the cable company. The coral rim encloses an area of about forty
square miles of quiet water which attains a depth of eight fathoms. The island
was discovered in 1859 by Captain Brooks, who took possession of it for the
United States. Attempts to utilize it as a coaling station were abandoned after
a single trial; but in 1902 it was successfully occupied by the cable company,
and has since been regularly visited by vessels carrying provisions and supplies.

Just prior to my visit in 1902, which preceded the arrival of the cable by a
few months, the island had been visited and devastated by a party of poachers
engaged in securing birds’ feathers for millinery purposes. The dead bodies of
thousands of birds, ruthlessly slaughtered by them for their wings and tails,
were thickly strewn over both islets. The reports made at the time, by the
writer, to the State Department and various officials in Washington, was the
first step in the long campaign that finally resulted in the establishment of the
Hawaiian Islands Bird Reservation.

GAMBIER SHOAL.

Gambier Shoal is a circular atoll lying about half way between Midway and
Pearl and Hermes Reef. The latter is an irregular oval atoll, about forty miles
in circumference, which encloses a dozen smali islets of shifting sand. It was
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discovered in 1822 by two whaling vessels, both of which were wrecked on the
reef the same night within ten miles of each other, thus giving the reef its
double name, and establishing a record for the locality that has served as a
danger warning to mariners even to the present day.

Lisiansky, discovered in 1805 by a Russian, for whom it is named, is a
small oval island composed mostly of coral sand. It is about two miles by
three miles in extent and is surrounded by shallow water, but is without a ecentral
lagoon. Like Midway and Laysan, it has been visited by bird poachers from
time to time. In 1905 a party of Japanese were found on the island engaged
in killing birds for the millinery trade. It was estimated by the officers of the
U. S. Revenue Cutter Thetis, who arrested the offenders, that they had killed three
hundred thousand birds during the season.

LaAvsaN.

Laysan Island was an American discovery, made in 1828, and named by the
captain for his vessel. It was taken possession of by the Hawaiian Kingdom
and later proved to be a rich guano island. For years it was leased to a firm in
Honolulu, which removed thousands of tons of valuable fertilizer from it.
Laysan is about two miles long by a mile and a half in breadth. The writer
has estimated that during the year 1902 it was inhabited by ten million sea birds
that roam over the central north Pacific Ocean. This island differs from those
previously considered in that it is unmistakably an elevated coral atoll, since
it holds in its center a large briney lake, that has its surface slightly above
the level of the sea that surrounds the island. The evidence seems to indicate
that what was a low atoll at some remote period, possibly during the late Pliocene,
was elevated and transformed, so that the atoll became a lake in mid-ocean
surrounded by a ring of coral sand. The island is in turn practically sur-
rounded by a coral reef with here and there an opening of sufficient size to
admit a small row boat.

The harbor is on the southwest side and affords a safe anchorage in the lee
of the island. The island has been more or less continuously inhabited for a num-
ber of years, and has been visited on several occasions by naturalists, so that its
fauna and flora have been more fully studied and the island made more widely
known than any of the other islands in the leeward chain. In another con-
nection the remarkable bird population for which Laysan is justly famous has
been referred to at some length.

The guano deposits have been very extensively worked and may now be
regarded as practically exhausted. The beds were located on the inner slopes
of the sand rim of the island at each end of the lake or lagoon. Originally
they were from a few inches to two feet in thickness and varied greatly in the
percentage of phosphate of lime—the valuable property for which they were
worked. The bones and eggs of the birds whose excrement, in combination
with the coral sand, formed the rich calcium phosphate or guano fertilizer, were
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often found in these beds in a semi-fossilized state, pointing to the way in which
similar fossils have been embedded elsewhere in much older deposits.

The rate of deposition of this valuable fertilizer is necessarily very slow and
is in direct proportion to the bird population. While it continues to be de-
posited, the amount is small as the colony has been seriously interferred with
owing to the slaughter of the greater number of the large albatross, which doubt-
less have always been the chief factors in guano production in these waters.

Maro Reef was also the discovery of an American whaling ship in 1820. It
is a rough quadrangular wreath of white breakers, about thirty-five miles in
circumference, with no land in sight.

Dowsett Reef is but thirteen miles south of Maro, and like it, is evidently
a young reef as compared with Laysan, since only a few rocks are awash here
and there above the breakers. It was named for Captain Dowsett of the whal-
ing brig ‘‘Kamehameha,’’ whose vessel struck on the reef in 1872.

GARDNER AND FRENCH FRIGATES SHOAL.

Coming next to the second division of the leeward chain, we find, with the
possible exception of Frost Shoal, which is thirteen miles southwest of Nihou,
that they are no longer wholly of coral formation. Gardner, the first of these
islands, is a cone-shaped rock 170 feet high by 600 feet or more in diameter.
There is a small island lying a short distance to the east of the main rock, but
deep water comes up close to the main island on all sides, and vertical sea ecliffs,
sixty or seventy feet high, surround it on all sides. It was discovered by an
American whaler in 1820, but has seldom been visited since. This is the first
exposed evidence of volcanic rock to be met within the chain, and is of special
interest, since it is more than 700 miles east and south of Ocean Island.
and is at least 600 miles northwest of IHonolulu. Such facts give the reader
an idea of the magnificent distances one encounters in traveling through the
length of the Hawaiian group. It also emphasizes the extent and magnitude
of the chain of voleanic mountains submerged in the central north Pacific, of
which, according to the legend of PPele’s coming, previously related, and the
opinion of learned geologists, only the tops of the tallest peaks are exposed.

The French Frigates Shoal 2 is about thirty square miles in extent and
was discovered by the great navigator, La Perouse, in 1786, and by him named
for the two French frigates under his command. A striking voleanic rock,
120 feet high, rises from the lagoon, which is filled with growing reefs and shift-
ing sand-banks. The surrounding reefs form a barrier about the voleanie point
within and is perhaps the best example of this form of reef in the group.

NECKER ISLAND.

Necker Island was discovered in 1786, during the same expedition that
made the French Frigates Shoal first known to the world. It was named by
the discoverer for the great French statesman and financier who convened the

2 Not Frigate as usually written.
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French States-General in 1789. The island, as shown by the steep sea ecliffs,
is the remains of a soil-capped volcanic crater, that is about 300 feet high,
three-fourths of a mile in length, by 500 feet in width, at the widest part. It is
surrounded by shallow water; there being an extensive shoal, principally on
the south side.

This island and near-by Nihoa, or Bird Island, are of special interest as
they were visited in ancient times by hunting and fishing parties from Kauai,
who made the journey to it in their outrigger canoes. As Necker is 250
miles distant from the nearest inhabited island,® the journey thither would
seem to be one not to be lightly undertaken. But as the island was one of the
few sources of supply of the coveted frigate and tropic bird feathers much used
in their feather work, the journey seems to have been made more or less regu-
larly.

The level portion on top of the island of Necker is more or less covered
with a number of curiously formed stone enclosures, which may have been
temples,* in which have been found several remarkable stone images, fifteen
inches or more in height. These, together with a number of curiously formed
stone dishes with which they were associated. are now in the Bishop Museum.
They are of such unusual design and workmanship as to make them appear
relics of some race other than the Hawaiian. However, as the Hawaiian is the
only race known to have visited these remote islands at so early a period, and
as they were by nature a very religious people, there still remains the possi-
bility that the relics, including the stone enclosures, if not of their making,
were at least known to and probably made use of by them.

N1HOA.

Nihoa completes the list of the leeward uninhabited islands of the Ha-
waiian group. It is 150 miles east of Necker and 120 miles northwest from
Niihau, the nearest inhabited island. It is the highest island in the leeward
chain, its summit being a pinnacle at the northwest end which rises 900 feet
above the sea. The island is about a mile in length by 2000 feet in breadth,
which gives it an area of 250 acres. It is unmistakably the eroded remains of
a very ancient and dceply submerged crater, the outer slopes of which have been
worn away, leaving only a portion of the familiar, hollowed, volecanic bowl
The materials of which it is composed are similar to those of the high islands,
and there is every evidence that it is even more ancient than Kauai.

Dr. Sereno Bishop, who visited it in 1885 as the geologist of a party, headed
by the then Princess Liliuokalani, declared the island to be a pair of clinker
pinnacles out of the inner cone of a once mighly volecanic dome, which has been
eaten down by wind and rain for thousands of feet during unreckoned ages.
From the large number of basaltic dikes which cut the island from end to end.
he was led to infer that Nihoa is the result of an extremely protracted period
of igneous activity. Perhaps this hoary remnant of the past may at one time

3 Niihau. ¢ Heiaus.
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have been a stately island, like those of the inhabited group with which we are
familiar, that through submergence and crosion, has been reduced almost to sea-
level.

CHAPTER IX.
THE INHABITED ISLANDS: A DESCRIPTION OF KAUAI AND NITHAU.

HAWAII-NEI: POSITION OF THE INHABITED ISLANDS.

The wonderful group of high, inhabited, volcanic islands over the forma-
tion, or at least the completion, of which the Hawaiians believed Pele presided,
consists of the islands of Hawaii, Kahoolawe, Maui, Lanai, Molokai, Oahu, Kauai
and Niihau, together with several smaller islands scattered about them. Taken
collectively they form the Hawaiian group as it is generally understood, or as
the natives expressed it, ‘‘Hawaii-nei,”’ meaning all Hawaii. They are an-
chored far out in the middle of the north Pacific, under the Tropic of Cancer, and
extend in a northwesterly direction from Hawaii, the southern most, to Niihau,
a distance of about 400 miles. Honolulu, the capital and principal port of
the Territory of Hawaii, is located on Oahu. The position of the Territorial
observatory in the capitol grounds in Honolulu is in W. long. 157° 18’ (0"
and N. lat. 21° 18’ 02”, and is at a point about fifty miles north and west of the
geographical center of the inhabited group.

Like most volcanic islands, the Hawaiian Islands lie in a more or less
straight line; or to be more exact, in two nearly parallel lines, and are sup-
posed by some to be superimposed over a great crack in the ocean’s floor, and
by others to rise from a submerged plateau.

Looking more broadly at the group in its relation to the rest of the world,
we find the islands situated at the cross-roads of the Pacific Ocean, 2100 miles
southwest from San Francisco and eléven days’ journey by the fastest train and
ship, from New York. They are planted far out in the deep blue waters of the
Pacific and are the most isolated islands in the world. It is twelve to eighteen
thousand feet down to the ocean’s floor on all sides of the group, and, as has
already been said, it is believed that all of the islands are the exposed sum-
mits of gigantic mountains that rise more or less abruptly from the very bed
of the Pacific Ocean. .

This chain of fantastically sculptured volcaniec mountain peaks, is made up
of fifteen great craters, of the first magnitude, all of which at one time or another
have been active. All but three of them, however, have been dead and extinct
for centuries, perhaps thousands of centuries. Fortunately all three of the
active volcanoes are located on Hawaii, the southernmost, and undoubtedly the
youngest island of the group.

Since Honolulu is ordinarily the point of arrival and departure for trans-
Pacific steamers, as well as inter-island boats. it is well to make it the center
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from which to study, in some detail, the main geographic, topographic and
geologic features of the group.

NIIHAU.

To the northwest of Honolulu lie the islands of Niihau and Kauai. The
former, the farther removed of the two, is in a northwesterly direction
from Honolulu and is in line with the islands mentioned in another chapter as
forming the leeward chain. It is seventeen miles west of Kauai from which it is
separated by a very deep ocean channel. It is about eighteen miles long by
eight miles in width, at the widest part, and has an area of ninety-seven square
miles. The highest portion attains an elevation of about 1300 feet above sea
level.

The island consists of a high central section called Kaeo, surrounded by a
plain on three sides. On the north and west sides it is the highest and it is here
that steep cliffs occur where the high land joins the summit flat. The higher
part is irregular and of a basaltic origin, but is without the sharp peaks that
characterize some of the larger islands. A large, natural pond near the center
of the island and several smaller ponds and artificial reservoirs are found in
various sections. .

‘While Niihau shows evidence of great erosion it is evident that its moderate
height and small size has prevented it receiving the abundant rainfall which
has been an important factor in aging its larger companions.

A large part of the island is low, apparently of coral or molian origin,
and is the inhabited section. The island is now utilized as a great sheep ranch,
there being extensive areas of grass land, especially suited to grazing. Per-
haps 150 natives, mostly comparatively new arrivals, now inhabit the island,
and together with the old inhabitants, all told, are but a remnant of the
thousand sturdy Hawaiians who made it their home less than seventy years
ago. The island is noted in the group as the one on which is found the famous
sedge from which the natives weave their serviceable soft grass mats, although
the same plant occurs in suitable localities on all of the islands. The beaches
are strewn with beautiful, though small, sea shells, known as Niihau shells,!
which are strung into long necklaces called Niihau leis.

Near Niihau are two cinder cones, Kaula on the west and Lehua on the
northeast, which form small detached islands. Prof. Hitchcock says, ‘‘The first
is about the size and shape of Punchbowl, cut in two and the lower half destroyed
by the waves. The concentric structure of the vellow cinders, much like the
lower surface of Koko Head, is very obvious. Lehua appears to be a similar
remnant, less eroded, as it has maintained about 200 degrees of its eir-
cumference instead of the 140 degrees of Kaula. Both these crater cones have
the western or leeward side the highest, because the trade winds drive the
falling rain of ashes and lapilli in the direction of the air movement, building
up a compact laminated pile of material to leeward. The subsequent erosion

1 Columbella varians.
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by the waves fashion a erescent-shaped island opening to the winds and surges
upon the northeast side.’’

KAuAI—THE GARDEN ISLAND.

Kauai, next to the smallest of the five large islands, seems to agree with Niihau
in age of formation. In faect, it is suggested that some great force has torn the
smaller island away from the larger one without disturbing the strata of either.
It is nearly circular and at the same time roughly quadrangular in form.
Excepting the Mana flats, which seem to be uplifted coral reefs, the island
could all be included within a circle, with a radius of fifteen miles, using
Waialeale, the highest point, as the pivot. It is a beautiful, rich, well-watered
island clothed with varied and luxuriant verdure and as such is often spoken
of as the ‘‘Garden Island’’ of the group. Disintegration of the lava has pro-
ceeded farther here than on the other islands. a fact, taken in connection with
other data, as indicating that the voleanic fires died out first at this end of the
chain.

The coast is singularly regular in outline, there being no extensive bays or
pronounced points or headlands. Except along the northwest side of the island,
at Napali, where there are fifteen miles or more of picturesque sea cliffs, the
coast lands are comparatively low and flat. The shore-line is free from coral
reefs, presumably owing to the depth of water near the shore. In general the
main contour of the island slopes rather gradually from the summit of Wai-
aleale, at an elevation of 5250 feet, down to the sea, though ridges and correspond-
ing valleys radiate spoke-like in all directions.

The eastern and northern side of the island, as is the case with all the
islands, has been drenched by tropical rains for countless centuries with the
result that erosion by wind and rain is most marked on that side of the island.
The original slopes on the windward side of Kauai have been almost entirely
eroded, leaving only a few short spur-like ridges. On the opposite or leeward
side; however, the erosion is not so marked nor so far advanced, as the deep
gorges with wide level spaces between them indicate. These gorges are deep and
caiion-like, inland, but, as they near the sea-coast, their sides become less
precipitous and finally loose their character as the valley reaches the coastal
plain.

‘WAIALEALE MOUNTAIN.

Geologists agree that the central dome of Waialeale must have been much
higher than now, and that the disintegrated lava has been washed from its
summit to form the rich soil that imakes up the coastal plain. The effects of
erosion have been considered as perhaps the best evidence of the age of the Ha-
waiian mountains, and this great mountain worn to the core with its one-time
lofty central crater eaten down to form a slimy bog on its summit, points to the
great antiquity of the island under consideration. The gnawing action of wind
and rain leaves only the more resistant ridges, as the old mountain is thus slowly
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eaten away. This has progressed on Kauai until only the skilled geologists
can, in fancy, reconstruct its original dome-like outlines.

Everywhere in the group, but especially on Kauai, is found excellent ex-
amples of one-time solid rocks which are passing into fertile soil through the
ordinary agencies of disintegration. In its earlier stages the new-formed soil
is open and porous like a gravel bed. In this condition it absorbs large quanti-
ties of moisture which rapidly seep away from the surface. The power of
lava soils to retain moisture varies with the mechanical state of the soil and
the amount of organic matter it contains. While the soil tinder cultivation on
Kauai is very fine, and for that reason retains water reasonably well, it is, in
most cases, very red in color, indicating that it has not been discolored by the
impregnation of vegetable acids, which in the forests and beds of valleys is
very liable to produce a characteristic black soil.

Lava SoiL.

Generally speaking the soil on Kauai is everywhere good, but is light and
open, and requires much irrigation to make it fertile. The constant cultivation
of the land does much to improve the soil, and by the addition of carefully com-
pounded fertilizer and an abundant supply of water, enormous yields of sugar-
cane are secured. The growth of various crops affect the soil differently, as
they remove from it varying amounts of nitrogen, phosphoriec acid, potash and
lime, which are the principal elements required by plants as food. Careful
experiments have shown that the amount of these elements removed varies
greatly even with the different varieties of cane that are grown in the islands.
As a result, the care and proper fertilization of the soils of the group has been
the subject of much scientific study.

While the main central dome on Kauai is the most conspicuous natural fea-
ture, there are other important elevations. The Hoary Ilead range, which
extends down to the coast at Nawiliwili Bay, may be considered as part of the
backbone of the main mountains. The highest point on this ridge, Haupu, is 2030
feet; but between this point and the central dome the ridge is much lower,
forming a pass for the Government road from Lawai to Lihue.

SECONDARY VoLcANIC CONES.

A number of secondary voleanic cones on Kauai are important in the general
topography of the island. The largest of these is Kilohana crater, which rises
from the level Lihue plain to a height of 1100 feet. The ejecta from this cone
has been thrown over the country-side roundabout within a radius of four
or five miles. In the neighborhood of Koloa are several small secondary vol-
canie cones within the radius of a few miles. The lava emitted by them was
black and of a peculiar ropey type. Along the sea-shore the sea water forces
its way under the surface and is often expelled through holes and open-
ings in the lava in this vicinty. At favorable seasons the water spouts high in
the air, forming great fountains termed ‘spouting horns.”’
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A great central forested bog, or morass, extends for miles along the top
of the precipice which bounds the Wainiha Valley on the northeast. It slopes
gradually to the southwest, and provides the natural storage reservoir for the
headwaters of the Waimea, Makaweli and Hanapepe rivers. This bog forms
one of the least known, most dangerous and thoroughly inaccessible regions in
the entire Hawaiian group. The writer, with an experienced native guide,
spent three weeks in the region in the spring of 1900, and amid chilling rains
and bewildering fogs made an expedition extending through four days over
miles of quaking moss-grown bog to a point designated by the guide as the
summit of Waialeale. We were never out of the dense fog during the expedi-
tion, and that we returned to our camp and to civilization at all has always
seemed little short of the miraculous.

In many sections the thin turf, which covered the quagmire beneath, would
tremble for yards in all directions at every step, and too often at a false step
from the proper route, would give way, plunging us hip deep in the mire. Our
chief concern was to locate reasonably solid ground, a necessary precaution that
entailed many weary miles of wandering in the weird moss-grown wilderness,
with attendant hardships and hazardous experiences that are still vivid in memory.

CaRons oF Kaval

The numerous valleys and cafions of Kauai, and their attendant streams
have justly been celebrated for their beauty and grandeur. Waimea is one of
the finest, since it has cut its way between perpendicular walls which are several
thousand feet in height at the head of the stream. The scenery along the
Makaweli and Olokele cafions, tributaries of the Waimea system, and the
Wainiha gorge, is the equal of the most rugged and magnificent mountain
scenery anywhere in the world, and well repays the traveler for the effort made
to view it.

The great Hanhlei Valley, on the northern side of the island, is note-
worthy for its scenery, its waterfalls and its stream, which is the largest river in
the group, being navigable by small boats for about three miles. Wailua and
Hanapepe are beautiful valleys, made more beautiful by their splendid water-
falls. Several of these streams, notably Hanalei, and the Hanapepe stream
opposite it, give evidence of being drowned valleys, as in each case a broad inter-
vale extends for a considerable distance inland.

THE NAPALI CLIFFS.

The region of Napali, on the northwest side of the island, is difficult of
access and, unfortunately, is seldom seen by the traveler. The section is given
over by nature to a series of short, deep amphitheater-shaped gulches that show
marks of profound erosion, leaving the region with some of the most awe-
inspiring scenery on the islands. Returning from a cruise down the leeward
chain, the writer had an opportunity to view the wonderful scenery of Napali
at its best, from the vantage point of the deck of the vessel. at close range under
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the most favorable conditions. The late afternoon sun was lighting the bold
headlands and the fantastic fjord-like valleys—in a way to accentuate every detail
of the singularly charming and beautiful panoramic view. The splendor of
Kalalau valley, the largest and perhaps the most wonderful of them all,—a val-
ley of grandeur, golden light, purple shadows, and sunset rainbows—was a
welcome change after the daily monotony of the open sea on a long, lonely,
though happy voyage.

THE BARKING SANDS.

Among the natural features of Kauai of considerable geologic interest
should be mentioned the barking sands of Mzana. They consist of a series of
wind-blown sand hills, a half mile or more in length, along the shore at Nahili.
The bank is nearly sixty feet high and through the action of the wind the
mound is constantly advancing on the land. The front wall is quite steep.
The white sand, which is composed of coral, shells and particles of lava, has
the peculiar property, when very dry. of emitting a sound when two handfuls
are clapped together, that, to the imaginative mind, seems to resemble the
barking of a dog. 'When a horse is rushed down the steep incline of the
mound a curious sound as of subterranean thunder is produced. The sound
varies with the degree of heat, the dryness of the sand and the amount of friction
employed ; so that sounds varying from a faint rustle to a deep rumble may be
produced. Attempts at explaining this rare natural phenomenon have left
much of the mystery still unsolved. However, the dry sand doubtless has
a resonant quality that is the basis of the peculiar manifestation, which dis-
appears when the sand is wet. That the barking sands are found in only a
couple of the driest localities in the group is also significant. Much of the shore-
line of Kauai, for example, is lined with old coral reefs that have partly dis-
integrated into sand that forms the beaches. This sand, as wolian deposits, is
often carried inland for considerable distances, and though composed of the same
material, it has none of the peculiar qualities of the sand at Mana.

SpouTiING HORN—CAVES.

The blow hole, or spouting horn, is a familiar natural curiosity fairly com-
mon in the islands. Famous ones at Koloa, mentioned above, have long been
objects of interest to travelers. At half-tide, particularly during a heavy sea,
the larger ones throw up fountains from openings five feet in diameter, that
often rise as a column of water and spray fifty or sixty feet in height. The
sound of the air as it rushes through the small crevices is most startling to the
spectator, who feels the rocks beneath his feet tremble as shrill shrieks and various
uncanny noises are produced by the wild rush of the water into the cave below
him. These caves are usually bubbles in the lava stream, or sometimes they
are formed by the washing away of the loose pieces of rock underlying the more
solid outer crust of the old lava flow.

The caves in the cliffs of Haena are among Kaunai’s numerous places of
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geologic interest. Two of these are at sea level and are filled with water.
In one the water is fresh, in the other it is salt. In many places the roof of the
caves are encrusted with mineral deposits, sometimes several inches in thick-
ness. The lower eaves can only be entered at certain tides and under favor-
able conditions. However, they are known to be old lava conduits and evi-
dently extend back into the cliff for some distance.

In several places in the group, but notably in Hanapepe Valley, columnar
basalt occurs. These curious prisms are from ten to eighteen inches in dia-
meter with sides from five to seven feet in length. They are rude six-sided
columns which appear to be due to the peculiar contraction of the lava, usually
under pressure, as it cools.

CHAPTER X.
ISLAND OF OAMHTU.

For obvious reasons the formation of Oahu, the metropolis of the group,
has received much attention from various observers, with the result that its
topography and geology are better known than is the case with any of the other
islands.

A LABORATORY IN VULCANOLOGY.

Only a few of the more striking physiographic features of the island can be
referred to here, but it is a fact that on Oahu the student of natural phenomena
has a veritable open-air laboratory in vulcanology, stored with splendid speci-
mens, showing practically every phase that results from voleanic activity and
erosion.

Oahu is about fifty-four miles long by twenty-three broad in its greatest
right angle dimensions. It has an area of 5.985 square miles, with a coast line
of 177 miles, and has its highest mountain peak 4,030 feet above the sea. In
outline it forms a four-sided kite-shape figure in which the four points might
be said to correspond, in relative position, to the stars in the Southern Cross.
Kaena, the northwest point of the island, is at the top of the cross; Makapuu,
the southeast point, is at the bottom. Kahuku Point, at the northeast, and
Barber’s Point, at the southwest, correspond with the right and left hand stars
in the astral figure. The shore-line of the island which connects these four main
points is more irregular in outline than that of any other island in the group,
a fact which has given to Oahu its valuable harbor facilities.

HonoLuLu HARBOR—PEARL ITARBOR.

Beginning with Honolulu Harbor, situated at the mouth of the Nuuanu
stream, and about midway along the southern side of the island between Maka-
puu and Barber’s Point, we find the most important harbor in the group. It is
formed by a sight indentation of the coast-line and is protected by a coral reef
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that extends across the exposed sea-side. Through the reef an entrance has
been kept open by the waters from Nuuanu and the adjoining stream, which,
being fresh, prevents the growth of the coral. This natural entrance to the
harbor, which has since been deepened and strengthened, was taken advantage
of by the natives and by foreign vessels that visited the islands until, in time,
the village on the shore grew into a prosperous city. The harbor derived its
name not from the harbor itself, but from a small district along the Nuuanu
stream a mile from the mouth,—‘‘a district of abundant calm,’’ or ‘‘a pleasant
slope of restful land,’”’ that received its name in turn from a chief called
Honolulu, whose name was formed by a union of two words, ‘hono,” abund-
ance, and ‘lulu,’ peace or calm; hence to speak of Honolulu as a haven of
abundant peace and calm is but to transfer to the harbor a poetic descriptive
name derived from the adjacent land.

Along the coast a few miles to the west is the entrance to Pearl Har-
bor, which is an enclosed body of water made up of two main divisions, known
respectively as East and West Lochs, the latter being much the larger of the two.
They combine to form a channel which also carries fresh water sufficient to keep
open a passage, through the protecting coral reef, to the sea. This great land-
locked harbor is now being developed by the Federal government, by dredging
and fortifying its channel, with a view to making of it a great naval base for the
United States, as well as the finest and safest harbor in the Pacific. On the
opposite or windward side of the island are located Kaneohe Bay and Kahana
Bay, both with extensive coral reefs across their mouths. The former, a large,
beautiful sheet of water, is partially enclosed on one side by Mokapu Point, and
on the other by Kualoa headland, but unfortunately it is filled with submerged
coral islands, rendering it inaccessible except to small vessels. Waialua Bay, on
the northwest shore, while formed by a pronounced curve of the coast-line, is
in reality little more than an open roadstead where small coasting vessels can
anchor and find shelter from the northeast trades that have full sweep down
that coast. Other beautiful bays of much geologic interest and significance
oceur at various points. Among them should be mentioned Waimea, a few miles
beyond Waialua, Laie and Kailua bays on the windward coast, and Hanauma
and Waialae bays between Honolulu and Makapuu Point on the south coast.

THE KooLAU AND WAIANAE MOUNTAINS.

Turning to the land itself we find the island formed by the union of two
nearly parallel mountain chains. The Koolau Range stretches for thirty-seven
miles along the northeast or windward side of the island and, extending from
Kahuku to Makapuu points, forms the longest range of mountains in the Ha-
waiian group. Along the southwest side extends the Waianae Range, which is
about one-half the length of the range along the opposite side of the island.

‘Without doubt, the Waianae Range is the older of the two, and with Kaala,
the highest point on the island, as its central figure, the range furnishes topo-
graphic features of prime importance. Geologists believe this group of moun-
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tains to correspond in age with the central dome of Kauai and that an enormous
amount of erosion has left but the skeleton of a vast dome that was much higher
and more symmetrical than its time-scarred outline would now suggest.

It is thought that it was long after the Waianae Range! was formed as a
separate island, before the Koolau Range? began to build itself up above the
sea to form an annex, as it were, to the original island which had Kaala
as its center. Thus, according to Dana and other geologists, Oahu was formed
as a volcanic doublet—the work of two volcanoes whose adjacent sides, by lava
flows and by erosion, have been united in the plains of Wahiawa, but whose
forms have been so eroded that the exact position and extent of their craters
has not been indicated with certainty.

Tue PaLlL

The magnitude of the second crater is perhaps best appreciated from the
historie landmark and pass through the Koolau Range known as the Pali, a word
signifying in Hawaiian, a steep precipice. The Pali is approached from Hono-
lulu by a road five or six miles in length that winds up the floor of Nuuanu Val-
ley until at an elevation of 1,207 feet, with the peak of Lanihuli,® on the left,
and Konahuanui,* the highest peak in the Koolau Range, on the right, it sud-
denly ends in a vertical drop of 700 feet. Several miles of almost vertical
basaltie cliffs,—the eroded walls of this vast crater—stretch away on either
hand. The Pali is truly Oahu’s scenic lion. It is a natural wonder, that as a
genuine surprise has nothing to equal it in all the world. From its sheer edge,
the splendid panoramic view of the windward side of the island is spread out at
the observer’s feet—a view of rugged mountains, of cliffs, of country side, of
quiet bays, of coral strands, and of the open sea that has beggared the descriptive
powers of the most gifted.

Here the observer comes to appreciate not only the stupendous constructive
power of nature that has called the island inte being, but also those destructive
agencies which, through countless centuries have been tearing down the solid
rock, disintegrating, transporting and distributing it according to well-established
natural laws.

With its long, vertical crater wall standing abreast of the northeast trade
winds, and with the elevation and other conditions favorable to bring about an
abundant rainfall, the Koolau range, on the leeward side. especially, has been
furrowed from end to end into a series of deep lateral valleys, separated from
each other by nearly parallel ridges that are conspicuous and significant fea-
tures of the general topography of the island. The larger and more important
of these valleys and ridges have a general southwesterly trend. The streams
which rise in the section between the Koolau and the Waianae chain, however,
are deflected by reason of the high plateau at Wahiawa so that part of them
enter the sea at Waialua, while others join in the Ewa district of the island

1 Formed by an elliptic crater. 2 The remains of an elongated crater. 32275 feet. 43105 feet.
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and find their outlet to the ocean through the great Pearl Lochs already men-
tioned.

The windward side shows plainly the full force of drenching rains® and
the cutting winds, for the seaward surfaces are everywhere deeply eroded and
the disintegrated lava removed, leaving a series of amphitheaters, narrow
promontory-like outlying ridges and ecliffs that mark the more resistant cores of
the solid rock.

The erosion of the Kaala dome is not so easily understood since the greater
excavations are on the west side, while the slopes which are to windward, that
is towards the Koolau range, are more gradual. But as the Waianae Moun-
tains are conceded to be much older than the opposite range it is presumed that
the conditions which exist now are much modified from those that were in effect
when the Waianae Range was first eaten down.

SMALLER BasALTIiIC CRATERS AND TUFF-CONES.

‘While the main ranges already discussed are of first importance in the
topography of the island, the later voleanic manifestations, especially of the series
of basaltic craters and tuff-cones that mark the close of volcanie aetivity on
Oahu, form striking objects in the general contour of the island.

The tuff-cones are the most numerous and conspicuous, several being in view
from ITonolulu. Of these Diamond Head, or Leahi, the famous landmark often
spoken of as the sphynx of the Pacific, is the most noticeable. As the traveler
approaches the island for the first time Diamond Head with its imposing, rugged
outline is sure to attract attention; often, too, it is the last parting glimpse of
Diamond Head from the distance, as the voyager leaves the island behind, that
brings the full realization to mind of all that it typifies of the life in a tropic
land that has so fascinated him that, wander where he will, Oahu’s shores seem
always to call him back again.

Diamonp HEAD.

Diamond Head rises in bold relief from the shore-line beyond Waikiki, to
the height of 761 feet. While its sharp outline may seem to suggest to some the
appropriate and accepted popular name by which the point is known far and
wide, the name was, in fact, derived from the excitement created through the
discovery by sailors at an early day of small calcite crystals ® that they thought
to be diamonds.

This crater mountain looks from the outside to be solid rock, but in
reality it is a great hollow oval tuff-cone, 4,000 by 3.300 feet in its diameters,
with its elongation in the direction of the trade winds. Owing to the ejecta
being carried by the prevailing winds when the crater was in eruption the
southwest side of this and of similar cones on the island is considerably higher
than is the opposite side. Inside the erater the walls slope gently to the center,
where, near the eastern wall, during the wet season, there is, or at least there

8 The annual rainfall at the Pali usually exceeds 150 inches. 8 8till to be had for the gathering.




GEOLOGY AND TOPOGRAPHY OF HAWAIL 115

was, a small fresh water lake, 200 feet above the sea, that was frequented by wild
fowl at the proper season.

Dr. Sereno E. Bishop made Diamond Head the basis of a study calculated
to show the brief time required for the completion of tuff-cones of similar form.
He concluded that such a cone ‘‘could have been created only by an extremely
rapid projection aloft of its material, completed in a few hours at the most,
and ceasing suddenly and finally.”” Taking into account the extreme regularity
of its rim and the uniform dip and character of its crater he proceeded, with a
mathematical calculation, to estimate that the 13,000,000,000 cubic feet of ma-
terial that forms its mass could have been raised to approximately 12,000 feet,
and dropped into its present position in two hours’ time, and he was inclined to
increase the velocity of the ejecta and reduce the time to perhaps one hour
Other geologists, however, are very likely to question the soundness of the con-
clusions drawn by Dr. Bishop since there is unmistakable evidence that it was
in eruption a number of times with intervening periods of repose.

PuncuBowL HiLL.

Punchbowl Hill, with a form which suggests its name—lies just back of the
city and is 498 feet high. It is similar to Diamond Head in form and structurc
and has in its outer wall on the town side, numerous seams filled with calcite.
Much can be learned of the geology of the vicinity by the study of the cone
itself and from the phenomena about it. Other tuff-cones are Tantalus, Salt
Lake, and Koko Head ; there are still others on the opposite side of the island at
Kaneohe, as well as at the south end of the Waianae Mountains at Laeloa.
Some of the cones in the latter region, however, are small basaltic craters, as
are also the one on Rocky Hill in Manoa Valley, and the two small craters,
Muumai and Kaimuki, on the ridge back of Diamond Head, to the east of Hono-
lulu.

ELEvATED CorAL REEFS.

Almost the entire shore-line of Qahu shows more or less evidence of elevated
coral reefs. In the vicinity of Honolulu these reefs form the foundation on
which much of the city it built. The elevated reefs are most extensive, how-
ever, in the vicinity of Pearl Lochs, where they are intimately associated with
the sedimentary deposits, volcanic flows, decaying rock and volcanic ash. It is
thought by Professor Iitchcock and others that this series of deposits began
in the Pliocene period and that it and the older layers beneath may be a base on
which the ejections that formed the volcanic island began to accumulate as
indicated on Plate 75. The region about Pearl ITarbor is one of much geologic
interest, but is far too complicated in character to be readily interpreted by the
casual visitor. Features of general interest, however, are that in many places
as many as nine or ten stratified deposits may be seen in a vertical eut of forty
or fifty feet, and that in the region, beds from one to three or four feet thick, of
large oyster shells (Ostrea retusa) are exposed, far inland. According to the in-
vestigations of Professor Hitcheock, ‘‘the Pliocene area of Oahu coincides very
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nearly with the low land tract utilized for cane and sisal from Barber’s Point
to Koko Head; perhaps to the altitude of 300 feet entirely around the island.”’
Small patches of the rock appear at Waianae, Waialua, Kahuku Plantation,
Laie and other places on the northeast coast, the highest reef being on the south-
west end of Mailiilii at 120 feet above the sea. The rock is also extensively dis-
tributed beneath the surface, as is developed in boring artesian wells.

AGE oF OAHU.

Dr. W. H. Dall, who also studied the deposits in the vicinity of Pearl
Harbor and Diamond Head, found specles of sea shells7 seemingly extinet,
which are referable to the Pliocene. In conclusion he says, ‘‘that the reef rock
of Pearl Harbor and Diamond Head limestones, are of the late Tertiary age
which may accord with the Pliocene of West American shores or even be some-
what earlier, and in the region studied there was no evidence of any Pleisto-
cene 8 elevated reefs whatsoever. It is probable that Oahu was land inhabited
by animals as early as the Eocene,”’ which period preceded the Miocene, and
marked the opening period of the Cenozoic era, or the era of modern life.

BrLAcK VOLCANIC SAND.

Over much of the region about Honolulu, but especially on the slopes of the
Punchbowl and Tantalus group of cones, are to be found extensive deposits of
black ash, a voleanie product usually formed from basalt when erupted in associa-
tion with much steam. The maximum thickness of the deposits is exposed at the
base of the Tantalus cone, in Makiki Valley, where a bed twenty-five feet thick
occurs. This coarse-grained sand has found many uses in the city; such as in
making sidewalks and grading roads, and to some extent as sewers in the early
days, while recently it has been found to be of some value as a fertilizer owing to
the presence of potassium. The sources of the deposits referred to seems to have
been Tantalus and Punchbowl; but practically all of the smaller cones have
given more or less volcanic ash, which varies in fineness and color, as well as in
amount, in each eruption and at different times during the same eruption. On
Punchbowl! especially this ash overlays the tuff, and, owing to the pronounced
weathering of the latter, it seems to indicate two quite distinct periods of activity
from the same source, with a long period of time between them. In the first
eruption the material came up through the sea as the character of the tuff
deposits indicate, while the later eruption or eruptions, including the ash, the
basalt-like dikes which radiate from the rim, as well as the cinder-like beds on
the upper part of the rim, found its way up a pipe within the cone from a
deeper source of basalt, apparently ‘without coming in contact with the water of
the sea or its limestone deposits.

Limestone is also abundant about the erater at Diamond Head, at Koko

Head, and at the Salt Lake crater, where portions of the old reef are said to be
present on the inside of the crater.

7 (Conus, Purpura, Chama and Ostrea 3 The more recent glacier period.
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A matter of considerable interest has been brought to light through the ex-
cavations and road-cuttings about the base of Diamond Head, and especially
at the quarries and sand pits opened there. The material of the lower slope is a
talus made up of angular fragments from the slopes above, which is cemented
into a breecciated mass, showing clearly that none of the angular particles have
been rounded against each other, or by the action of water. In this mass have
been discovered the remains of land shells of several probably extinct species
belonging to well-known genera. Dr. Hitchcock concludes that the talus breccia
at Diamond Head must be much newer than the date of the eruption of the
tuff, since it is composed of fragments of that material from the older eruptions
that are cemented -together in the more recent talus. Considerable time must
have elapsed between the ejection of the older material and the presence of the
shell-bearing animals because the rocks must have been decomposed sufficiently
to admit the growth of some vegetation on which the mollusks could live. From
observations made in the same vicinity, and data gathered elsewhere about the
island, but principally from the remains of the marine shells distributed inland
over its surface, the same authority concludes that the whole of the island of
Oahu must have been subsequently submerged for a brief period to a depth of
two to three hundred feet, presumably during the Pliocene period. If so, it
is concluded that the time of deposition of the land shells, found at the foot
of Diamond Head, will be fixed at a period sufficiently remote to admit enough
time to have elapsed since then to aceount for the development elsewhere on
the island of the related and varied forms of land and tree shells® which,
as we shall find in another chapter, have been much studied by many zoélogists,
but especially by the world-renowned evolutionist, Dr. John T. GQulick, whose
pioneer work in that important field of science has added so much that is funda-
mental to our understanding of the great laws of organic evolution.

GeoLoaic ITISTORY OoF OAHU.

In the preceding pages only a meager outline of the written evidence touch.
ing on the more salient points in the geologic history of Oahu has been at-
tempted. Enough of the wonderful story has been given, however, to make it
appear that the island was not in existence in its present form at the beginning,
nor was it thrown up in its present form in a single mighty titanic convulsion
of nature.

Let us review in their apparent natural order, some of the important chap-
ters in nature’s history of Oahu, for the facts which tell of the hoaryv events
resulting in the formation of this wonderful island, with its charming scenery, are
all written in stone, as it were, and may be read by those with skill and patience
to decipher.

In the beginning the long Pacifie Ocean swells doubtless rolled without
interruption over the place where the island now stands. Just how long this
condition lasted we can never know, bl.lt the evidence seems sufficient to Professor

® Achatinellide.
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Hitchecock and others to warrant the conclusion that deposits of the Tertiary.
perhaps the Eocene period, form the foundation on which the voleanic mass of
the original island of Kaala was formed. These eruptive deposits began to be
laid down under water, but in time the cone of Kaala built itself above the
ocean perhaps three thousand feet higher than the tallest peak of the Waianae
Range as we know it today. In reality the range is but the remains of a great
dome, more or less symmetrical, that at first arose above the waters. By the
erosive action of copious rains brought then as now from over the sea, it was
deeply eaten away on all sides until its ancient form was very nearly effaced.
During this period it slowly acecumulated a stock of plants and animals from
other regions, partly from other islands near and far and partly from the distant
continents about the ocean.

Subsequently the island which may be called Koolau, only twenty miles to
the north, was developed by a succession of eruptions, much as Kaala had develop-
ed before it, until its lavas and the soil eroded from them banked up several hun-
dred feet about the foot of the older adjacent island-mountain, uniting the two
islands into one and forming the plain of Wahiawa. It is asserted that Koolau
extended farther northeast than at present and that the active center of the
crater must have been beyond the foot of the Pali.

As soon as conditions became favorable, limestone began to form as coral
reefs, probably first about the older island and later about them both. It has
continued to be formed to the present day through the various chemical, physical
and biologic agencies. Artesian well borings1® and other sources of in-
formation have revealed data to prove that during this immensely long period
the surface of the island stood much higher than at present.

The Pali crater and a doubtful crater near the head of Nuuanu Valley
give evidence of periodic activity during this time, such as the eruption of
the cellular or viscular lava, the formation of olivine laccoliths, and the intrusion
of dikes of solid basalt that filled in fissures in the older mass. The last evidence
of activity at the Pali appears in the form of an eruption of ash, clinkers and
lava.

About this time Kapuai and Makakilo craters in the Laeloa region at the
east end of the Waianae Range, and perhaps one or more of the Tantalus
craters, were formed. Then came the ejection of some of the lavas met with
in the sinking of artesian wells and the formation of certain of the Laeloa
craters, also those at Kaimuki, Mauumai, and perhaps Rocky Hill, though Dr.
Bishop places the eruption of the solid basalt which completely blocked the
mouth of Manoa Valley at a much earlier period; but as its lower end extends a

10 For example the famous geologic land mark, the Campbell well, at the west base of Diamond
Head, after penetrating the surface gravel and beach sand for fiftv feet and tufa. like Diamond Head,
for 270 feet, entered a strata of ‘“hard coral rock like marble” 505 feet thick. Stratas of dark brown
clay, washed gravel, and deep red clay were below and overlaid soft white coral twenty-eight feet thick; be-
ginning at 1048 feet below the surface, stratas of stone-like rock, brown clay, and broken coral were next
penetrated, when the drill entered the first hard blue lava at a depth of 1223 feet. A thin strata of
black and red clay was passed through, and the boring stopped at 1500 feet, after entering 249 feet into
brown lava. Numerous other wells in diffenent parts of the island show similar, though varying, evidence
of deeply submerged coral beds which, as they form only at or near the surface, bear mute testimony
of the periodic subsidence of the island.
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short distance over the elevated reef at Moiliili, Rocky Hill must have been in
eruption after the reef was formed.

Next came the period of the eruption of the tuff craters: the Salt Lake
group, Punchbowl, Diamond Ilead, Koko IIead, the Kaneohe group and other
smaller craters of similar character. During this period the tuff came up
through coral reefs, the land as we know it being submerged in the region
of eruption. Then followed a long period of decay and the disintegration of
the older eruptions and the newer tuff-cones of sufficient duration to produce
soils from them. This period culminated in the discharge of ashes from Tantalus,
Punchbowl, Diamond Iead, Koko Head and other members of this group of
craters, which terminated usually in a more or less extensive shower of vol-
canic stones. Dikes were then intruded into crevices, cutting Punchbowl, Dia-
mond Iead, and the coral reefs at various points, notably at Kaena Point,
Kupikipikio and Koko Head.

Time then elapsed for the accumulation of calearious talus breccia with
soil and vegetation on the lower slope of Diamond Head sufficient to support
several species of land shells. Then apparently came the depression of the
whole island during which time the ocean encroached on the land above its present
level, submerging the low lands about the island. This comparatively brief
period left ocedn deposits and slight wave markings about the new shore line,
which, when the island was again elevated to its present level, was marked by
ocean-flooded sand dunes—over which more recent dunes have been piled by
the action of the wind. Lastly comes the long periods of disintegration, the
formation of surface soil and finally human culture. While geologists may dis-
agree, and there is much ground for disagreement, in the interpretation of the
records in minor matters, all are agreed in the main points, and freely state
that almost inconceivable time has elapsed since the oldest part of Oahu first
emerged as a volcanic island.

THEORY OF THE FORMATION OF THE GROUP.

Among the various theories that have been advanced in attempts to recon-
struct the past history of the group, one of great interest and significance has
recently been brought forward, in a very concrete form, by Dr. Henry A. Pilsbry,
that has as its basis an exhaustive study of the Hawaiian land shells.1!

He finds this interesting portion of the fauna belonging chiefly to a branch
of a very ancient group!? of land mollusks that are distributed on various
islands of the Pacific. As there is a marked absence of modern types of land
mollusks—save those that have been introduced through commerce—he feels that
the peculiar fauna cannot be considered as springing from accidental intro-
duction in the group from time to time in the remote past. By analogy the
conclusion is arrived at that ‘‘the Achatinellide had already differentiated as a
family before the beginning of the Tertiary.”” But the close relationship of the

11 Achatinellide. 12 Orthurethra.
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genera of the sub-family Amastrine and the even closer relationship of the
genera of the related sub-family Achatinelline ‘‘indicate a sudden rejuvenescence
of the old stock in comparatively modern3 time.’”” A study of the species,
varieties and forms extant show that everywhere intense local differentiation
is still in progress.

Dr. Pilsbry concludes that ‘‘the logical geographic boundaries of most of the
species of Achatinellide give excellent ground for the belief that the present
distribution of all the larger species has been attained by their own means of
locomotion and that unusual or so-called accidental carriage, as by birds, drift-
ing trees, ete., has been so rare as to be negligible. No evidence whatever of

such carriage is known to me.’

After exhausting the possibilities of accidental introduction of species from
island to island, the coneclusion follows that all of the important islands must
have been, at one time, connected by land, and that distribution of the an-
cestral forms of land shells from Kauai to ITawaii was effected at that time.

As the Hawaiian chain, from Ocean and Midway Islands to IIawaii, a
distance of 1,700 miles, rests on a submarine ridge, the greatest depth between
the islands being less than 3,000 fathoms, the distribution and subsequent isola-
tion of the forms on the islands appear to be in accord with the theory of sub-
sidence of the ridge supporting the entire archipelago after wide distribution
of the land forms had taken place.

From the affinities and the geographic relations of the several groups of land
shells studied our authority deduces the following sequence of events, the be-
ginning of which is placed probably in the Mesozoic, possibly in Eocene time.

I. ‘“The Hawaiian area from northern Hawaii to and probably far beyond
Kauai formed one large island which was inhabited by the primitive Amastrine.
This pan-Hawaiian land, whatever its structure, preceded the era of vul-
canism which gave thelr present topography to the islands and probably dated
from the Paleozoic.”” (Plate 75, fig. 1.)

II. ““Voleanic activity built up the older masses, subsidence following,
Kauai being the first island dismembered from the pan-Ilawaiian area.”” (Plate
75, fig. 2.)

IIT. ‘‘Northern Hawaii was next isolated by formation of the Alenuihala
Channel, leaving the large intermediate island, which included the present islands
of Oahu, Molokai, Lanai, and Maui.”” (Plate 75, fig. 3.)

IV. ‘“In the eastern end of this Qahu-Maui island arose certain genera,l4
while another peculiar genera !5 was evolved in the west from undoubted an-
cesteral stock.

V. ““The Oahuan and the Molokai-Lanai-Mauian areas were sundered by
subsidence of the Kaiwi Channel.”” (Plate 75, figz. 4.) On Oahu the molluscan
fauna bears out the generally accepted theory of two centers, probably two
islands, the western or Waianae and the eastern or Koolau area. In each area
certain genera were differentiated, but later, in the later Pliocene or Pleistocene

18 Tertiary. 14 Laminella. 18 Pterodiscus.
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time, a forested connection was established between the two Qahuan centers of
evolution, forming a faunal bridge which admitted of the mingling of the two
island faunas. While the land connection endures the forest has, in recent time,
become extinct and thus the two centers are again isolated so far as forest-
loving snails are concerned. :

Turning to the eastern or Molokai-Lanai-Maui region it is Dr. Pilsbry’s
opinion that the close relationship of their fauna indicate that they formed a
single island up to late Pliocene or even Pleistocene time. The formation of
the channels between Molokai, Lanai and Maui must be considered as a very
recent event since they stand on a platform within the 100 fathom line and their
faunas are very closely related.

The investigation of the island fauna and flora as conducted by various ob-
servers has brought out facts of evolution that seem in full accord with the dis-
memberment of the various islands as here described.

In addition to all else the evidence of the wonderfully dissected mountains,
the deeply eroded valleys, the submerged coral reefs all tend to bear out the
broad conclusion that the group has evolved by the submergence of a single
island, and that the isolation of the existing islands, with their peculiar, yet re-
lated plants and animals, have been formed as superimposed volcanic rem-
nants on the older and deeply subsided larger land area.

Dr. Sereno Bishop, discussing the geology of Oahu, tentatively offered an
estimate of the length of time that must have elapsed since the successive events
in the geological history of the island took place. Such estimates of geologic
time must of necessity be accepted only as individual guesses and the personal
factor taken into account, but they have their value for those less skilled, enabling
them to form a rough chronology that the mind can in a measure grasp.

While scientific guesses of this nature are valuable, they are liable in each
instance to fall far short of the actual time involved. Dr. Bishop’s table places
the time of the emergence of the Waianae Range as a voleanic mountain at
one million years ago. The emergence of the Koolau Range is placed at
eight hundred thousand years ago, and the extinetion of the Waianae activity one
hundred thousand years thereafter, while the extinetion of the Koolau Range is
placed five hundred thousand years back in the past. The emergence of Laeloa
craters and Rocky Hill are both placed at least seventy-five thousand years ago.
The time of the eruption of Punchbowl is given as forty-five thousand years ago:
thz small Nuuanu craters twenty thousand; Diamond Ilead fifteen thousand;
Kaimuki twelve thousand ; the Salt Lake group ten thousand; Tantalus, seven or
eight thousand, while the eruption of the Koko ITead group, the last of the im-
portant tuff-cones to be formed, is given as oceurring but a meager five thousand
years ago. The author, however, is inclined to attribute a very much greater
age to Oahu than that indicated by Dr. Bishop. The foundation for such a belief
is based largely on a careful physiographic study of the Waianae Mountains. It
seems obvious that the deeply eroded valleyvs of the Waianae Range were practi-
cally completed as they are now before the slight re-elevation of the island



PLATE 31. NUUANU PALIL

1. Nuuanu Pali from the road on the windward side looking back towards Lanihuli
peak (2781 feet); on the left of the road is Konahuanui (3105 feet); the road at the Pali
is 1214 feet above the sea. The Pali is of great geologic, historic and scenic interest.
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brought the ancient reefs above the sea. These elevated reefs contain extinet
fossils, probably those of Eocene time. The dawn of the Eocene is generally
placed by geologists at four million years ago. Iow much older then must be
the mountain mass in which the valleys of the Waianae region were so deeply
carved before the reefs were laid down across the embayments at the mouths of
their valley streams?

ARTESIAN WELLS.

Reference has been made above to the artesian water supply of the island,
and the important geologic facts that the sinking of five hundred or more artesian
wells on Oahu has brought to light. The wealth of water, amounting to millions
of gallons per hour, now poured out on what was formally in many places semi-
arid, and therefore, unproductive land, has been the prime factor in the modern
development of the agricultural resources, not only on the island under con-
sideration, but all the islands of the group, where conditions favorable to the
development of artesian wells are found.

The erosion of the sloping voleanic lava flows in the mountains offers condi-
tions favorable for storing in the ground much of the excess of the copious
precipitation occurring in the higher altitudes. As we have seen, the strata of
igneous rock exposed in the mountains are often buried several hundred feet
beneath the surface when they reach the costal plain. The water which enters
the exposed portion of the more porous strata, especially when the water-bearing
strata lie between more impervious strata, tends by gravity to flow as under-
ground water down to the lower levels. Eventually, this underground stream
descends to the sea, often several miles distant from the point in the highlands
where it was taken into the porous rock or soil. .

If the lower ends of the water-bearing strata open into the sea beneath its
surface, the fresh water gradually forces its way out at the lower end of the
natural eonduit, to mingle quietly with the water of the ocean, or, as often occurs
about the shore line of the group, to bubble to the surface forming fresh water
springs in the ocean.

Owing to the pressure exerted by the sea, the subterranean water moves out
much more slowly than the surface water which rushes from the mountains to the
sea in the form of rivers. If the pressure of the water in the underground stream
is greater than the pressure exerted by the water of the sea, the stream con-
tinues to flow into the latter as fresh water. If the pressure of the ocean exceeds
that exerted by the underground waters, the two waters commingle, and brackish
water occeurs in the underground basin. So long as the fresh water level in the
underground stream or basin is maintained at a level above sea-level, the water
in the underground stream or basin seems to remain free from salt.

An appreciation of the geologic conditions existing in the strata of rock
underlying the island, and the need of a more abundant water supply, led to
the practical utilization of this great natural resource through the development
of artesian wells. The first well was sunk in 1879 by James Campbell on an
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island in Pearl Harbor and fresh water was secured at a depth of 240 feet.
The natural principle involved in the fresh water spring and especially the
spring in the ocean, was turned to practical account. To secure water, wells
were driven deep enough into the earth to puncture the more or less impervious
strata overlying the water-bearing strata beneath, with the result that owing to
the pressure or head on the empounded water, it rose in the well, and in the
lower zone about the island often overflowed to form an artificial spring or
flowing artesian well. The principle involved in wells which do not overflow
is the same as that in those that do; for which reason all deep wells are now
called artesian. Wells in which the water is raised to the surface by pumps are
liable to become brackish, through excessive pumping, while those which flow
naturally seldom show a marked change in the amount of salt carried in their
waters.

The water-bearing stratum on Oahu at the sea-shore, is usually found to be °
between three and four hundred feet below tide level, and is usually a very
porous basalt, capped with an overlaying impervious stratum usually of basalt.
Wells drilled in the vicinity of Honolulu at an elevation above forty-two feet
above the sea have to be pumped. The flowing wells are, as a rule, found at
the lower levels. It is of interest to note in this connection that as a rule the
shallowest wells are those bored about the ends of radiating lava ridges and
that usually their depth increases the nearer they are to the sea-coast. Wells
drilled in the middle of valleys are usually deeper than those at either side.
All of these facts taken together indicate that the island has been submerged
to considerable depth before the subsequent clevation of the raised coral reef
on the costal plain about the island, and that the reefs were laid down in sub-
merged valleys that were already deeply eroded before the reefs were formed
in them.

In several places, notably at Waianae and Oahu plantations, as well as else-
where in the group, underground streams have been encountered through hori-
zontal tunnels driven into the mountains, and the underground water supply has
been tapped near its head. The tunnel is then extended to the right and left, form-
ing a Y-shaped drain, which brings the water to the surface, far above possible
contamination with sea water. Such tunnels are usually driven at altitudes suffi-
cient to admit of distributing the water by gravity over extensive fields well
upon the slopes of the mountain. On Maui a daily flow of six million gallons
has been secured in this way at an elevation of 2,600 feet. The wonderful Waia-
hole tunnel on Oahu, built on a modification of this principle, delivers twenty
million gallons of water each twenty-four hours.

EcoxoMic ProbucTs.

Of the economic products, clays are the most important and are found on
Oahu, Maui and Hawaii, in many places, in varying amounts. A number of
vears ago a brick kiln was opened in Nuuanu Valley and brick of fair quality
was manufactured. TUnfortunately, the attempt was abandoned in a short time.
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In 1910 steam bricks were made at Moiliili from pulverized lava by an elaborate
process, but, owing to unexpected chemical changes, the bricks were found to
be inferior in quality, and the process and product altered after an expensive
experiment. Lime manufactured from coral rock has long been a common
commodity in the islands, but it has never been considered quite equal to that
manufactured from limestone on the mainland. Sandstone of a fair quality
occurs at several points about the island. St. Andrew’s Cathedral, in Honolulu,
is made of sandstone imported from England long hefore Hawaii became an
integral part of the United States. When a few years ago it was decided to
enlarge the cathedral, the import duty made it impracticable to go to the same
source for more stone. A large part of the United States was unsuccessfully
hunted over for a match to the English stone. It was finally found near Bar-
ber’s Point, about twenty miles from the cathedral site. This local stone is pleas-
ing in color and durable in quality. The hard, compact, dark bluish-grey basalt
is much used in building operations whenever cut stone is required. A num-
ber of the most substantial structures in the islands are made entirely of cut
stone derived from quarries usually opened in the vicinity of the particular
structure in which the stone is used.

Much of the softer grade of basalt is used in concrete and in road construe-
tion. Beach sand is also used in mortar and to some extent on the roads, and
as road dressing. It is usually mixed with coral rock, the whole being rolled
together and oiled to form a smooth surface. Sand from beds in the neighbor-
hood of the Waianae Mountains is also used extensively in building operations,
but being formed from coral and shells it is undoubtedly inferior in quality
when compared with the sharp sand brought from the mainland. Salt is still
manufactured on the island by evaporating the sea water in shallow ponds along
the sea shore, but the main supply is imported. The use of the loose rough field
stone or ‘‘moss stone’’ has recently come much into vogue for foundation and
trim work and has added much to the rustic as well as permanent appearance
of the bungalow homes, in the building of which it is being extensively use.l.

This already lengthy chapter on the geology of Oahu would be incomplete
without some brief reference to a few of the more interesting, though minor,
natural features of the island which are objects of interest to residents and
tourists alike. Among these may be mentioned the numerous natural caves
formed in the voleanic rock. One at the west end of Judd street, a portion of
which was once used as a burial cave, extends back for several hundred feet by
a winding, narrow passage. Other burial caves are found above ‘the road at
Wailupe Valley, and beyond, while along the sea enast, bevond Koko Head, are
caves in which several interesting stone carvings have been found.

PoinTs oF GEOLOGIC INTEREST ABoUT QAHU.

The coast-line from Koko Head to Makapuu Point is a region of much
geclogic interest, with spouting horns, olivine erystal beaches, and muech coast
scenery. The dash of waves against the exposed headlands at Koko Head and
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Makapuu Points, are features of an excursion thither that are always much en-
joved, while the picturesque coral bay at Hanauma, and the unmistakable evi-
dence of the nature of the formation of the bay, presents a variety of objects well
worthy of a visit.

Along the coast, bevond Diamond Head, at Waialae Bay, are a number of
fresh water springs on the edge of the ocean. and at the end of Black Point
is a sea cave with a large hole through the roof, from which water and spray
spurt thirty or forty feet in the air during rough weather. As has been
intimated, the sea slope of Diamond Head is full of geologic interest. Along
the beach line sand concretions, caused by organic acids, may be seen in the
process of forming about the roots of plants and trees which penetrate the ex-
posed beds. Higher up, in excavations along the line of the road, similar con-
cretions may be found, thousands of years old, in which the roots that formed
the center have been completely fossilized.

Pot-holes in the rock along the reef are especially numerous on the
shore at this point. Many of them are three feet or more across, and well
illustrate this peculiar, rather than important, feature of erosion. The scouring
work is accomplished by the grinding action of the sand rock fragments as tools
in the hands of the waves. The coral reef between Waikiki and the mouth of
Honolulu Harbor is a complete laboratory in reef formation. Seen through
a waterglass or a glass bottom boat, the growing, living reef, in connection with
the elevated reef farther inland, exhibits the present side by side with the dim
past, and shows every phase of this living agent that has played so important
a part in the geologic history of the group.

A half day’s ramble over the slopes of Punchbowl and down along the
nearby Nuuanu Stream will reveal excellent examples to illustrate a hundred
points in structural and dynamie geology. The road up Nuuanu Valley, the
Pali, and the descent over the floor of the old Pali crater to the sea-shore on
the windward side of the island exhibit scores of points of interest to onme who
cares for geology. The latteral valleys with their gauze-like waterfalls; ex-
amples of sub-aérial erosion at the Pali; the splendid dikes displayed in the
solid rock by the roadside; the vertical walls of the mighty pit itself; the living
reef at Kaneohe: these and a thousand features like them, fill the mind with awe
and wonder, and the careful observer is surprised that so much can be crowded
into a cross-country ride.

The windward shore of the island at Laie exhibits the combined action of
the sea and the wind in piling up dry sand inland into mounds thirty or forty
feet in height, and of the effect of the submergence again of such dunes under
the sea from whence they originally came and from which they have again
been lifted up. At Kahana we have an excellent example of a drowned valley.
At Kaliuwaa is a valley of awe-inspiring grandeur; so narrow and deep is it
that it forms a dark, narrow passage-way cut into the solid mountain that is
shut in with inaccessible vertical walls, nearly a thousand feet in height. Down
these basalt walls clear, cold mountain water has eut out smooth channels so re-
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markable, in fact that they seem to have been the handiwork of the gods,—and
indeed, they were regarded and worshipped as such by the ancient inhabitants.

At Kahuku the elevated coral reef, filled with caves, and the interesting fea-
tures associated with them, furnish an object entirely worthy of a separate
expedition.

The estuaries of the Waimea and the Waialua streams are the main points
of interest along the northwest end of the island. Returning to the eity by
way of Wahiawa, the windward side of Waianae and the long parallel valleys
of the lee side of the Koolau Range may be studied to advantage, and the relative
age of the two chains observed.

The Salt Lake crater is a feature of much interest since here is formed a
lake three-quarters of a mile from the sea, enclosed within a high tuff rim and
entirely cut off from the sea, which is more salt than the sea itself. To the
student of natural history Salt Lake, with its uplifted and shattered coral reefs,
salt-impregnated walls, and other unusual features, is a point of more than
ordinary interest. Along the line of the Oahu railway numerous cuts expose
the strata of the complex section about the Pearl Lochs and in the neighbor-
hood of the Laeloa craters. Farther on, the lowering walls of Kaala, with its
abrupt precipices and narrow buttresses, may be observed from the train as it
winds along the coast line. Objects of special interest are the natural bridge
and the giant basalt boulders along the coast, and the ‘high reef’ in the neigh-
borhood of Waianae.

CIHHAPTER XL
ISLANDS OF MOLOKAI, LANAIL MAUI AND KAIIOOLAWE.

The five islands lying to the southeast of Oahu may all be seen from the
decks of the inter-island steamers in making the journey to Hawaii—a journey
usually made by travelers in order to visit Madame Pele in her abode in the
heart of the living volecano Kilauea.

As a matter of fact, when atmospheric conditions are favorable the outline
of the nearest of these islands, namely Molokai, Lanai and Maui, may be plainly
seen from the rim of the crater of Diamond Head or Koko Ilead. Although no
one has probably been able to do so, it is not improbable, as asserted by Dr.
Titus Munsen Cloan, that from the high peak of Kaala, if visual conditions were
favorable, the high peaks on all of the inhabited islands could be seen through
a telescope.

MoLOK AL

Since on the actual journey to the voleano the mystical island of Molo-
kai comes first to view, it may be well to know that it is but twenty-three miles
from QOahu and that it lies directly between that island and Maui. It extends
as a long narrow island almost due east and west for forty miles, but it is
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only ten miles in width at its widest part. It is roughly rectangular in form
and has an area of two hundred and sixty-one square miles.

Like QOahu, it bears unmistakable evidence of being the result of several
periods of voleanic activity, and it, too, is formed by the junction of two vol-
canic mountains of which the western crater Mauna Loa,! an eminence little
more than a hill, is far the older. The eastern end of the island is much higher,
attaining at Kamakua peak an altitude of 4,958 feet. The highland between
the two points mentioned, while less extensive. has been built up in much the
same manner as the region between the two groups of mountains on Oahu.

The island from the north presents a more or less vertical face of vary-
ing height which rises, as a line of cliffs, usually from a very narrow level
plain. From the high backbone of the island in the eastern end, several deep,
beautiful valleys, with gaunt finger-like lateral ridges, run down to the sea.
The most prominent point along the northern coast is formed by the wedge-
shaped peak of Olokui,2 which has its sea end formed by a wall rising all but
perpendicularly from the sea to almost the extreme height of the mountain.
The deep balloon-shaped valleys of Wailau and Pelekunu almost surround this
point and form its almost inaccessible walls inland. The whole section has been
deeply eroded and is one of the most remarkable and picturesque districts of
the entire group. The vertical sea cliffs and the great amphitheater-shaped val-
leys, set, as they are, directly across the path of the northeast trade winds, are
almost constantly drenched with heavy tropical rains. Unfortunately this
abundant supply of water is still allowed to flow to the sea uncontrolled, while the
opposite end of the island, with its thousands of acres of rich, deep-red tillable
soil lies parched and barren.

HAaLawa VALLEY.

The eastern, and consequently the most remote end of the island, is occu-
pied by smooth, high bluffs topped with a table-land that is cut through by
the valley of Halawa. This valley is one of great isolation and primitive
beauty. Its purple cliff-like walls terminate abruptly at the head of the gorge
in a vertical precipice, over which pour two streams drawn from the rain-soaked
uplands. The Halawa waters reach the floor of the valleys by monster leaps,
forming Moaula Falls; the other, the Hipuapua stream, forms a single silvery
thread from top to bottom of the cliff. The ceaseless tumble and roar of these
falls, the delicious freshness of the breeze, the song of the fearless native birds,
the abundant vine-swung tropical verdure, the simple friendly hospitality of the
natives, the morning and evening rainbows that span the falls, the sweep of the
sand-rimmed bay, the tranquil scene of life along the river, the peace, the plenty,
the contentment of it all, blends again in memory as I write, as not many years
ago it did in reality to form a picture,—a picture of bliss, such as I would paint
were I gifted, and call the ‘‘Island Vale Avalon’’—an earthly paradise within
the western sea.

11382 feet. 2 4600 feet.
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The southeastern, and particularly the southern part of the island, is broken
by a number of parallel ridges and valleys. As the valleys are many of them but
two or three miles in length the streams, which have their source in the cloud-
wrapped peaks that form the dividing line of the island, are cool and beauti-
fully clear. In many of these valleys may still be seen the remains of the old
orange and breadfruit groves for which Molokai was one time famous. The
heads of the valleys often end in almost vertical and deeply eroded precipices.
Several of the valleys, as Moanui, have a number of large eaves, which were used
extensively in olden times as burial caves.

The valley of Mapulehu is the largest valley on the south side of the island.
Having steep funnel-shaped sides and being opposite the great rain-soaked valley
of Wailau, it is especially subject to torrential rains.

The nearby harbor of Pukoo, well to the eastern end, and the harbor of
Kaunakakai, near the center of the island, are the principal ports of call on
the southern side of Molokai. They are both formed by openings in the wide
coral reef which extends along the greater part of the island.

THE LEPER SETTLEMENT.

Unfortunately the whole of this island of Molokai is known as the ‘‘Leper
Island.”” In reality only the low shelf-like promontory of Kalaupapa which
jets out into the sea, a distance of three or four miles, at a point about the
middle of the island on its northern side, is in any way included in the area set
apart by the Territory for the isolation and care of those suffering with this
disease.

The settlement forms a colony inhabited by eight hundred to one thousand
persons, most of whom are lepers. The colony is completely cut off from the
rest of the island by cliffs fifteen hundred or more feet in height, the steep sea-
face of which is called Kalawao. The plain or shelf of Kalaupapa is crossed by
several lava streams of more recent date than have been found elsewhere on
the island. So it is not unlikely that this section, as stated in the legend of Pele
previously mentioned, was the last point on Molokai to feel the influence of vol-
canic fires.

LANAI AND KAHOOLAWE.

Lanai is in plain view from both Molokai and Maui, being only nine miles
west from the nearest point of the latter island.

From the vessel as it passes through the channel between the islands it ap-
pears as a single voleanic cone, that doubtless, owing to the protection fur-
nished by the nearby-island to windward, has suffered but slight erosion, though
its sides are here and there furrowed by small gulches, down one of which there
runs a small stream. It has an area of 139 square miles and the principal peak,
which is well wooded, is given as 3,400 feet in height. It rises from near
the southeastern end and slopes rather gradually to the northwest, where abrupt
declivities are found. Steep cliffs also occur along the southwest shore where
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they are often three or four hundred feet in height. It appears that neither
Lanai nor Kahoolawe have ever been carefully studied by geologists.

Kahoolawe, the smallest of the inhabited islands, is about twelve miles
long and has an area of sixty-nine square miles. Owing to its slight elevation,3
and the fact that it lies in the lee of Maui, whose high mountains wring the
rain-clouds dry, the surface shows but little wash and is almost level. There
being no important streams or springs on the island it has never been con-
sidered of much value. In consequence it has been given over to a few goats,
sheep and cattle that roam over its barren red lands at will. Plans have been
considered by the Territorial government, however, which contemplate refor-
esting the island, as an experiment in conservation, with a view to securing
scientific data on the increasing and storing of water through the agency of
plant growth.

Like Lanai, the island of Kahoolawe has high, steep sea cliffs on the lee
shore. Enough of the underlying strata is exposed to foster the helief that
neither of these small islands was ever more closely connected with each other
or with the nearby and larger island of Maui than they are now unless it was
by their normal slopes, now hidden beneath the sea. The larger island of Maui
is separated from the smaller of the two islands by seven miles of placid water
known as the Alalakeiki channel which, together with the Auau channel between
Lanai and Maui, forms the Maui channel ; a waterway which no doubt has been
formed by the subsidence of all three islands just mentioned.

Mavr TuE VALLEY ISLE.

It is the custom to regard Molokai, Lanai, Kahoolawe and Maui as form-
ing a natural group of islands, there being about the same distance between the
nearest points on the neighboring islands of Molokai and Oahu+t in the north-
west, that there is between the nearest points of Maui and Hawaii 5 at the
southeast end of the central cluster of islands, the combined area of which is
placed at 7,289 square miles. Maui is the largest island in the middle group
and is the second largest in size of the inhabited islands. However, it is con-
siderably less than one-fifth the size of Hawaii, which boasts of its area of 4,015
square miles.

To the mere traveler Maui is but a synonym for the name of the great
extinet crater which forms one of the chief objective points of his round-the-
world journey. But to the geologist the splendid double island, aptly named
the Valley Isle, is no less interesting in its topography and history than Kauai
or Oahu are.

Like Molokai and Oahu, it has been produced from two distinet centers of
volcanic activity., West Maui with its highest peak ® corresponds in age with
the western group of mountains on Oahu. As on Qahu, the advanced disintegra-
tion, shown by the deep wonderful valleys dissceted into its mass. makes it un-
mistakably the older end of the island. In fact it has every evidence of being
as old as Kauai, the Waianae Range on Oahu, the western end of Molokai, or
the Kohala mountains on Hawaii.

31472 feet. 4 23 miles. 8 26 miles. ¢ Puu Kukui, 5788 feet.
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Ir0 VALLEY.

As has been the case on the other islands, this voleanic pile has suffered
its deepest erosion on the northeast flank. Exposed to the trade winds, the
great awe-inspiring valley of Iao, with its head a vast amphitheater in the very
heart of the mountain, has been so wonderfully eroded that it is indeed difficult
to feel it has been formed solely by the chisel of the elements.

Rising on every hand about ‘‘The Needle,”’ an isolated, nearly inaccessible
pinnacle, standing hundreds of feet above the floor of the vallev—are almost
vertical verdure-covered walls of basalt. They rise abruptly for more than
four thousand feet. Over and about the top of the highest peaks cluster and
frolic the down-like clouds that so often, without apparent provocation, gather
into a lowering pall from which pours torrents of cold, pelting rain. Within
an hour their waters will flood and choke the babbling gorge stream, until it
rushes down to the sea in an irresistible torrent.

Few are the visitors who have seen the grandeur of Iao who are not willing
to compare it favorably with the more famous valley of the Yosemite. But
those who have mastered the difficulty of the ascent and who have once looked
down from the summit of Puu Kukui into the head of Iao Valley, and the
equally wonderful valleys of Waihee and Olowalu, are unstinted in their praise
of the wild scenery that stretches away from their feet in all directions—to the
ocean, to Haleakala, and to the snow-capped mountains of Ilawaii. Those
travelers who can take the circumstances that surround each into account and
compare the grandeur of the Valley Isle with the grandeur of the Yosemite
never fail to rearrange the list of America’s great natural wonders in a way
most complimentary to this island wonder, which, unfortunately, too few have
as yet been privileged to visit.

The summit of Puu Kukui is made up of an extensive bog which, as a great
mountain reservoir, receives and stores the water that flows down the lee or
Lahaina side of the mountain. As a matter of fact no fewer than eight caiions
radiate in all directions from the central portion of west Maui, at least five of
them being notable for their size. The whole summit of this western end of
the island is copiously supplied with water. It is therefore well wooded.
although the lower slopes, especially on the southwestern side, are dry and
barren. Along the shore the costal plain is composed of rich red soil washed from
the mountains. When artificially watered and under cultivation it is most
productive.

In its outline the island of Maui has often been compared to the head and
bust of a woman. West Maui, the head, with the face looking to the southwest;
the lowland joining the portion just described to the larger eastern end of the
island, forms the neck, with Kahului Bay at the back of the neek and Maalaea
Bay forming the hollow beneath the chin.
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ITALEAKALA.

The giant crater of Ilaleakala, easily the largest extinet crater in the world,
rises as a shoulder from the center of the portion forming the bust of our
figure, to the sublime height of 10,032 feet. Besides being the feature of the
topography of Maui, since it covers an area six times as large as west Maui,
it furnishes to the world a single striking, clean-cut example of the awful power
in nature which can rock continents on their foundations and lift up islands in
the midst of the sea, until their tops are lost above the clouds.

The low plain forming the neck or isthmus between the eastern and western
extremities of the island is almost level and is about six miles in length, by seven
or eight in width, at the narrowest part. There seems every reason
to believe that this portion of the island was at one time a waterway,
and that then the older and the newer ends of the island were sepa-
rate. Later this shallow channel was filled by flows from Haleakala which have
been added to by wash from the highlands. The sand dunes near Wailuku
are two hundred feet high and contain only fragments of coral and sea shells
in the form of sand particles that point to their origin, while the sand hills
nearer the shore and elsewhere are undoubtedly the products of the wind.
‘Wind-blown or molian calcarious sand has had much to do with the building
up of the low land deposits; the central part of the neck being only 156 feet
above the sea. In the sand hills along the shore in this portion of Maui, as
elsewhere in similar situations in the group, numerous calcarious concretions and
fossil land shells are found.

The trip to Maui is in many respects the most interesting one in the islands
to the traveler. Naturally Haleakala 7 is the chief object of interest to the
tourist and scientist and its ascent is often made as a side trip on the journey
to or from the active craters on Hawaii. In plan east Maui, which is formed
solely by Haleakala, is roughly triangular in outline, with the crater lying well
towards its eastern angle. The windward side of the dome being well watered
is furrowed by numerous cafions and gorges. Along the side exposed to the
weather there are sixty or more eroded caiions, most of them carrying fair-
sized streams, in a distance of half as many miles. While abundant rains fall
on the eastern or Hana end of the island, the cafions are wanting, owing per-
haps to the resistant nature of the more recent lava flows in that region.

From Hana to Kaupo on the south side of the island, the slopes are cut up
into numerous gorges, many of them with streams. The ravines here have long
been celebrated for their riot of tropical verdure, but as the trail from Kipahulu

7 The Hawaiian name for this mountain, meaning the *“‘house of the sun,” doubtless finds its origin in
an interesting and very ancient folk-tale of the people. According to the legend it was to Haleakala
that Maui,—the adventurous son of Hina—went to capture and tame the sun. The object of the exploit
was to discipline the sun in its course and make it go more slowly in order to give time for the drying
of the bark cloth or tapa which his mother made. We are told he was successful in capturing the sun
by ingeniously snaring its rays as they rose one by one over the top of the mountain. When at last
sixteen of its longest rays had been captured the sun, begging for mercy, was hauled down to earth by
Maui, who only permitted it to continue on its course when an agreement had been made that the sun
should go more slowly ever after and that in certain seasons the days should be longer than in others.
The Rev. Mr. Forbes, the Hawaiian Missionary, who first published the legend. asserts that it was this
adventure that gave the name to the mountain which should properly be called Alele-ka-la (sun snarer)
and not by the more poetical name Haleakala, now in general use.
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on leads up and down over the points of the ridges the road is a difficult and
tedious one to travel. The absence of important cafions on the western side
of Haleakala seems to be due to the fact that the rain clouds are relieved of
their burden on the opposite slopes of the mountain, so that the two sides when
compared furnish interesting examples of the effect of wet and dry climate
on the same mountain.

THE GREAT CRATER DESCRIBED.

The trip to the summit of the mountain is usually, though not always, made
from Paia, the terminus of the Kahului railroad. Paia is situated on the north-
western slope and can be easily reached from most of the landings on both
Maalaea and Kahului bays. As no better conception of the great crater and
this portion of the island can be formed than that gained from making the ascent,
it is proposed to follow the usual route, which, from Paia, leads to Idlewild 8
and on the way to the summit, a distance of about twenty-two miles.

The outer slopes of the crater on all sides are quite irregular, ranging be-
tween eight and ten degrees, but the slope is a trifle steeper on the northeastern
side. This makes the ascent an easy uphill climb that it most deceiving. The lower
western slope of the mountain has been graphically described as resembling a
whole township diversified with farms and woods, valleys and hills, resting on
its elbows, so to speak, and looking out over the broad Pacific. From the base
of the mountain one can look up to the cloud-line and often get a glimpse of the
summit through an occasional rift in the clouds.

At Idlewild ? the traveler leaves his wheeled conveyance and continues the
ascent for a distance of eight miles on horseback. For six miles the trail leads
by an easy, gradual climb through grassy pasture land, where the skylarks,
stimulated by the fresh, cool air of the mountain side, often mount skywards.
carrying their song far into the clouds.

From the cloud-belt on to the summit the trail becomes rougher and steeper.
The grass and trees of the lower reaches give way to low, scrubby bushes.
Entering the clouds the soft white fog usually obscures everything above
and below, but in less than an hour’s climbing the rough, jagged outline of the
summit appears, floating on a sea of clouds as the traveler emerges into the
sunshine again. Often the world below is completely hidden from view; more
often, however, the blue Pacific may be seen in the distance, apparently rising
like the inner side of a vast blue bowl until it joins, in some mysterious way,
with the edge of the bright blue dome that overtops everything, even this high
mountain.

From the favorable places, at this great height, much of the outline of the
island may be seen, spread out like a great colored map lying on the lap of
the mountain. West Maui appears usually above the clouds as the detached
summit of another island mountain.

As the trail ascends it winds about the base of more than one sizable crater,

8 Olinda. ® Elevation 4500 feet.
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but in eomparison these seem to be mere pimples on the back of the gigantic
Haleakala. Taking the entire western slope into consideration there are two
dozen of these craters. Most of them appear to be very ancient but show no
evidence of ever having been points of eruptive flow, though on the west coast
near the shore there are several streams of very fresh-looking lava that may
be traced to some of them.

All the route to the summit is exceedingly interesting and instructive to
one with an interest in geology, but to the ordinary tourist the ascent seems a
trifle monotonous after the first few miles of travel. The surface of the moun-
tain is everywhere covered with quantities of broken red rock and resembles the
region about Kaimuki on Oahu. On the lower slopes the lava beds, which compose
the foundation of the mountain when exposed, show their texture to be very solid
and apparently very resistant to the ordinary forms of erosion.

After passing the mountain house !¢ the first view of the crater is obtained.
On arriving at last at the very edge of the caldera the immense size of the
yvawning gulf does not readily take hold on the imagination. It is only by
comparison and after its dimensions have been reduced to miles and acres and
its altitude to feet that the sublime magnitude of the scene is appreciated.

One must think of this stretch of mountain scenery not as a mere view
to be admired but rather as a burned-out boiling pot twenty miles in circum-
ference, that has an area of twelve thousand one hundred and sixty acres—five
times that of Kilauea. Measure with the eve its extreme length from point to
point 1! and its extreme width !'2 and compare it with the largest city you have
ever seen! See if you can realize that the island of Manhattan with all the
teeming life of New York City could be comfortably placed in this mighty
chasm and buried more than a quarter of a mile deep! Grasp the fact that the
floor of the ecrater, at its lowest point,! is two thousand nine hundred and
fifty-two feet below the highest point on the rim and that the point, Pukaoaa,
or Pendulum Peak 1+ is 10,032 feet above the level of the sea.

The sixteen mounds on the floor of the crater towards the south end are
not mole hills, but craters, the highest of which 13 rises nine hundred feet from
its base, while none of them are less than four hundred feet in height. Com-
pare any one of these with Punehbowl] or Diamond Head on Oahu and remember
that they are but the last parting touch laid on as the titanic fires that gave birth
to all the grandeur and desolation that surrounds them, died out, retiring into
the bowels of the earth hundreds, possibly thousands, of years ago, perhaps never
to appear on Maui again.

One of the most impressive sights in the entire group is that frequently
to be witnessed on the edge of this yawning gulf as the sun sinks into the west-
ern ocean. Set as it were between heaven and hell, the change in the atmos-
pherie conditions on this great mountain summit are most rapid and pronounced.
As the sun drops in the skv and the chill of night comes on, the clouds that

10 9,287 feet elevation. 11 7.48 miles. 12 2,37 miles. 13 The cave. 14 White Hill or Pakaoao.
18 Kalua Ka Oo.
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all day drowsily float about the slopes of the mountain suddenly become rest-
less and crowd and jostle and mill about one another like frightened animals.
At the proper moment, as at a signal from some shepherd of the winds that
guides and protects them in the pasture of the heavens, they recognize and
peacefully follow their leader. One by one, in dozens and in droves they work
around the slopes of the mountain to where the great gap in the crater wall,
like the gate to a sheep fold, is opened wide, ready to receive them from the
pasture out on the mountain side into the shelter and protection of the crater
fold,—the very heart of the mountain that nourishes them.

As darkness gathers the last stragglers, those that have wandered farthest
from the fold, hurry in to join their fellows until the floor of the crater is hidden
from view by the fleecy multitude. In the shelter of the crater wall they settle
down for the night knowing, perhaps. that e're long the Southern Cross will
climb into the cold clear sky to share with the great Polar star the vigils of the
night. The first ray of light that gilds the mountain is the signal from the
shepherd, and at once the crater fold is active; round and round these cloud-
sheep go, impatient to be up and away. At the proper moment they again form
in line behind the one appointed to lead the way out through the gap. and before
long are away for a day’s frolic in their favorite haunts on the mountain side.

Should the traveler fail to witness the. gathering of the clouds by night or
their parting in the morning, the chances are that, as a substitute, he will wit-
ness the most gorgeous sunrise to be seen anywhere; or perhaps, if the weather
is fine, the gleaming snow-capped peaks of Mauna Kea and Mauna Loa on
Hawaii will loom up to the south more than a hundred miles away.

But to return to the scene near at hand. The crater is not regular in its
outline but appears as two or more associated craters fused into one. However,
one gets but an imperfect conception of the shape or extent of the crater from
a single viewpoint on the brink. The zigzag elbow-shaped pit has its highest
point formed by one of the three cinder cones at the southwest angle of the
crater. The wall at the north end is split down to its bottom to form the yawn-
ing Koolau gap with its towering walls. This gap extends to the sea under
the name of the Kanae valley. At the opposite or southern end of the crater
is a similar break, the famous Kaupo Gap. It descends abruptly as a gorge-like
valley to the sea. It is completely floored with a hard lava stream with occa-
sional clinker beds. About half way down the mountain this stream emerges
from its gorge and spreads over the surface. forming a fan-shaped delta, ex-
tending to the sea. These gaps are among the more striking features of Hale-
akala and are looked upon by some as offering all the evidence necessary to
prove that the great crater, as it now exists, was formed by a mighty fault
which split the mountain from north to south, freeing the extreme eastern 18
portion of the island from the opposite side. The gaps down which the lava
subsequently flowed are thus but extensions of the crack or fault. As such
they had their part in preventing the crater from filling up with lava as it might

16 Hena.



PLATE 38. THE SUMMIT OF HALEAKALA,

1. The old mountain house at the summit. 2. General view inside the great crater
showing a few of the many craters on its floor.
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otherwise have done—a course well illustrated by the summit erater on Mauna
Kea.

THE FLooR OF THE CRATER.

The floor of the crater is well covered with cinders, scoria and sand, its sur-
face being relieved -by the cones previously mentioned. From these craters the
loose material forming them, and that covering the floor of the great crater en-
closing them, was erupted. The light, loose material in the crater has a reddish
tinge often varied with black, grey, yellowish-brown and red and shows no
mark of its exact age. Toward the extreme eastern end there is an old pahoehoe
flow, and high up on the eastern wall two flows of aa have broken forth. Coursing
down the side wall, they have pushed their way some distance out over the floor
of the crater.

Although the walls of the crater are steep it is possible to descend them
almost anywhere. The descent is made easier on account of the sand and cinders
that have been heaped up at the foot of the cliffs on all sides. The floor and
inner walls of the crater are of great interest to geologists and will well repay
a visit. For the tourist, the ‘‘bottomless pit,”’ a remarkable blow-hole; Pele’s
Pig-pen, a small partly-filled erater; the Chimney; the Crystal Cave; and the
chain of four craters known as the Natural Bridge, lying along a crack in the
floor of the crater, are natural objects well worth inspection at first hand, and
interesting enough to tempt many to make the seramble down into the crater.

The summit of the mountain and its crater is a barren waste only relieved
here and there by a few plants, among them the remarkable plant known as the
silver sword, which is elsewhere described.

THE HisTorRY oF HALEAKALA.

Geologists agree that the history of Ilaleakala is a complicated one in which
the formation of the mountain by the usual processes of summit eruptions and
surface flows have played dominant parts through long ages. The fracture
of the mountain that opened the great-discharge ways at either end of the crater
must have occurred as the mountain was nearing completion. The simultaneous
discharge of lava by both of these great openings in the crater wall is proven
by the similarity of the lava found in the gaps themselves and in the floor of
the crater from end to end.

As the life of the mountain as a living voleano neared its close, it appears
that the convulsions which split the pile to its foundation brought about the
appreciable sinking of the extreme eastern portion of the dome. The final flows
from the gaps at either end of the crater reunited the fracture in the founda-
tion, filled the subterranean chambers formed by earlier flows, and left the
crater a solid mountain with its interior completely filled with the rock material
that makes up its huge bulk. The expiring fires, through minor fissures in the
last-formed crater floor, threw up the numerous cinder cones scattered over it.
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TraE Last ERUPTION ON MAUL

The date of the last summit eruption is unknown even tc Hawaiian
genealogical and traditional history. There is a fairly authentic statement,
however, that the last eruption on Maui occurred about two hundred years ago
as a lateral eruption. It emerged at an elevation of about four hundred feet
above the sea on the southwest slope of the mountain in the region marked by a
line of craters extending from the summit to the sea. In its course it flowed
over a Hawaiian stone fence, indicating the historic relation between the ex-
tinetion of the voleanic fires and the mountain’s occupation by human inhabitants.

When the fires finally died down they apparently were completely extin-
guished on the island. No steam jets or warm springs, no mineral springs nor
solfataras remain behind to bridge the closing pericd of activity with the
present, and there have been no signs in historie times to indicate that the island
of Maui will ever witness active eruptions again.

CHAPTER XII.
ISLAND OF HAWAII
S1ze AND PosITION OF ITAwall

The last island to the southeast of Oahu and the one which gives the name
to the group, is the island of Hawaii. It is not only the largest, but is also
the most important island of the chain. It is approximately triangular in form
with its greatest length! from north to south. It has an area of 4,015 square
miles, which is a trifle less than the area of the state of Connecticut. Enclosed
within its 297 miles of coast line, is five-eighths the area of the whole group.
Of such an area only a few of the many important facts touching its geography,
topography, geology and vuleanology ecan be referred to in the briefest manner
in a single chapter.

Its coast line is interesting and varied, but the more important points geo-
graphically are the capes at the chief angles and the shallow bays at intervals
along the coast which are voleanie in origin, being formed in each case by the
irregularities in the flow of lava into the sea. Its area is made up of the
summits of five mountains, one of which 2 attains the height of 13,825 feet
above sea level, and claims the distinction of being the highest peak in the
islands and the hichest point in the Pacific. In general Hawaii’s topography
is formed by the.simple joining of its five main peaks by their gentle slopes
in such a manner as to produce the simple outline of the island. There are few
rivers of consequence except on the northeast or windward side.

On all sides the slopes of its great mountains are scarred by the courses
of the broad lava streams that, at various times, have plowed their way from
near the summits of the central peaks. Often, even in recent times, these streams

1 93 miles. 2 Mauna Kea.
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have found their way down to the sed-shore, leaving blackened, desolate tracks
behind that nature and the lapse of time have done little to repair.

Tue KonarLa RANGE.

‘While the island, owing to its active voleanoes, is considered as the youngest
island of the group there is little doubt but that the Kohala Range, forming
the northwest point, is the remains of a very old, perhaps among the oldest of
the Hawaiian volcanoes.

The slopes are deeply cut and the work of degradation has left deep caiions
and enormous cliffs as the evidence of great antiquity. This portion of ITawaii
is somewhat separated from the younger group of craters, being isolated from its
neighbors, Hualalai and Mauna Kea, by the tableland of Waimea.? The summit
of the Kohala Mountains ¢ is made up of a series of cinder cones and, owing
to the great rainfall, is a heavily wooded bog like that on the top of Kaala on
Oahu, and Waialeale on Kauai. All of the windward slope of the range is
much eroded, and is densely wooded.

From the coast the range appears as a series of deep caiion-like valleys
that end three or four miles inland with vertical cliffs from 1,500 to 2,000
feet in height. Among the more noteworthy and scenic of these are the val-
leys of Waipio and Waimanu. The walls of these stream basins, especially after
a heavy rain, are a veritable display of waterfalls, some of them pouring down in
a sheer drop for 1,500 feet. So vast and profound are these gorges, and so
steep are their sea faces, that their formation seems due to some great fault
along the sea cliffs, which caused a portion of the mountain to drop out of sight
beneath the waves, leaving great lateral fractures to form into valleys through
the action of the elements; though it is quite probable they may prove, on further
study, to be the remains of valleys formed before the subsidence of the Kohala
mountains.

On the opposite side of the mountain, along the shore from Kawaihae
Bay around to the north point3 of Ilawaii, the surface of the island is
more regular, though at several places lava streams have issued in ancient times
from craters higher up and flowed down to the coast. The road from Waimea
to Kohala is at an elevation of fifteen hundred feet or more and leads past
several of the cones that dot this region. Some of these are perfect cones four
or five hundred feet in height ; others are much disintegrated and appear as little
more than rounded hills.

The soil of the district is a rich, red, ochreous earth and when well watered
is very fertile. It was at Kohala that one of the early and successful planta-
tions was established.

Mauna KEa.

The principal part of the northeast coast of Hawaii is formed by Mauna
Kea, which occupies more than half of the northern part of the island. Although

32670 feet. 4 5489 feet. & Upolu.
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it is an extinet voleano it is of especial interest and has the distinction of being
the highest island mountain in the world, though it is by no means so bulky
and imposing as its neighbor Mauna Loa. The Mauna Loa summit is only 150
feet below that of Mauna Kea, and were it not for the cinder cones that cap
the summit of the latter the former would be given its proper rank as first
among the island mountains of the world.

Mauna Kea has probably been extinct for centuries, but not long enough
for the abundant rains which fall on its northeast side to furrow out its slopes
more than half way to its summit. Its lower slopes, however, are cut up into
many gulches from which the water pours into the ocean from the hanging val-
leys that notch the vertical sea cliffs all along the ITamakua and Hilo coast.

As is usual with the higher mountains of the group, its southwestern slopes
show little signs of erosion, and owing to the comparatively small amount of rain
that reaches that side it is almost bare of vegetation. The effect of rainfall
may be very clearly seen here, since the windward side has the upper limit of
its important vegetation at about ten thousand feet, whereas the dry or southern
side has little if any vegetation on its slopes above seven thousand feet.

The top of this mountain, like its neighbor Mauna Loa, is often covered
with snow that sometimes forms a glistening white cap as far down as two
thousand feet or more from the summit. Unlike Mauna Loa its sky line does
not end in a single crater. Its elliptical summit is rather thickly sprinkled
with a number of cinder cones; about two dozen being above the 12,500-feet
contour line. One of these is occupied by a pond ¢ forty feet deep and several
acres in extent. The pond is filled with water from the melting snow and on
several occasions has been found frozen over solid enough to bear the weight of
adventurous mountaineers.

Lower down there are a large number of small cones, as many as seventy-
five having been enumerated above the 6,500-foot contour on the survey maps,
while the outline of the lower flanks of the mountain is also relieved by them.
At about twelve thousand feet elevation there still remains the evidence of an
old adze quarry 7 from which the old-time Hawaiians secured much of the solid
clinkstone used by them in the manufacture of their stone implements.

THE ASCENT OF MaUNA KEA.

Mauna Kea may be ascended from Waimea by way of the ITumuula sheep
station on the southwest, and on the east side from Hilo by way of Ship-
man’s ranch. Horses may be ridden to the summit platean. The rise of the
mountain is gradual, averaging about four hundred feet elevation to the mile.
From the plateau at the summit a splendid view of the adjacent mountain is
secured. To the southwest the outline of the summit crater of Mauna Loa can
be traced, the summits being about twenty-five miles apart. The northerly slope
of Mauna Loa is much disfigured by recent eruptions. the flows of 1845, 1832,

¢ Lake Waiau. 7 Keanakakoi.
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1855, 1880 and 1890 all being plainly visible from the summit of Mauna Kea—
the white mountain.

Dr. C. II. Hitchcock, who made the ascent in 1885, writing of the recent
flows visible on Mauan Loa says: ‘‘They are narrow and tortuous near their
sources, spreading out low down into black extensive areas, almost coalesecing.
Besides these, others of prehistoric age can be traced and nowhere can one be
more impressed by the fact that the mountain has been built up by intermittent
lava flows, and can appreciate the certainty that millions of years were required
to coustruect this eminence.’”” When not covered with snow the surface of the
plateau of Mauna Kea is described as a desolate gravelly plain on which oceur
five or six species of plants resembling those of the colder climates of high alti-
tudes. As reported by Professor MacCaughey, the lake at the summit, though
very cold throughout the vear, supports a very luxuriant growth of green alga.

HuAvLaLaL

Along the western coast of the island to the southwest of Mauna Kea, and
about equal in distance from Kohala to the north and Mauna Loa to the south,
is Hualalai. It is a much smaller mountain than Mauna Kea, but otherwise re-
sembles it in its general outlines and in having no characteristic summit crater.
It is 8,269 feet high and has its base entirely within the Kona district. Its
lower base slopes quite gradually, but the upper part of the mountain is much
steeper and is rough and difficult of ascent. The north side of the mountain
appears quite bare, but the opposite side is well wooded. Its slopes are dotted with
many cinder cones—hundreds perhaps, which increase in size and number
toward the top.

The few naturalists who have ascended this lawless mountain have found its
summit covered with erater howls,® cinder cones and pit craters. Some of the
craters have gravel bottoms, while others are formed with hard basalt floors.
One of the features of the summit is the ‘‘bottomless pit’’—a blow hole twenty
feet in diameter and 400 feet deep.

Tue EruptioN oF 1801.

The last eruption of Hualalai is placed at about 1801. It occurred from an
opening on the sea or western side of the mountain. From there the lava deseended
to the sea in a wedge-shaped stream. The flow was a very liquid one and is said
to have traveled a distance of fifteen miles in two or three hours. This flow is
believed to have marked the extinetion of the voleanie fires beneath the mountain.

An carly missionary, the Rev. William Ellis, gathered an account of the erup-
tion from eye witnesses, who were living in 1823, ahout twenty years after the
flow. His account states: ‘‘Stone walls, trees and houses all gave way before
it, even large masses of rock of hard ancient lava, when surrounded by the fiery
stream, split into small fragments and, falling into th> burning mass, appeared
to melt again as borne by it down the mountain side. Offerings were presented

® One of them 800 feet in diameter.
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and many hogs thrown alive into the stream to appease the anger of the gods,
by whom they supposed it was directed, to stop its devastating course. All
seemed unavailing, until one day the king Kamehameha went, attended by a
large retinue of chiefs and priests, and, as the most viluable offering he could
make, cut off a part of his own hair, which was always considered sacred, and
threw it into the torrent. A day or two after the lava ceased to flow; the gods,
it was thought, were satisfied.’’

THE MOUNTAIN oF Put Waiwaa.

On the north slope of Hualalai near its base and in plain view from Ka-
waihae Bay, is a curious fluted mountain called Puu Waawaa.? Numerous shal-
low ravines radiate from its summit in all directions, clearly the work of rain.
Its curious form is of interest to the traveler, but it has been seldom visited
by scientists. It remained for Dr. Whitman Cross of the U. S. Geological
Survey to discover that the terrace bench at this point contains lavas rich in
alkali feldspar, a discovery of importance since formally only basalt and allied
rocks have been credited to the islands. The position of these alkali lavas
indicate the possibility of an older and extensive eruption forming an island
beneath the later basaltic flows of the great mountains of Hawaii that rest upon
the older island base.

Mauna Loa.

An examination of the map of Hawaii will show Mauna Loa, the second largest
active island volcano in the world, as occupying the entire southern half of the
island, being seventy-four by fifty-three miles in its base dimensions at sea level.
It terminates in the great active crater, Mokuaweoweo, which is three and three-
quarters miles 19 long by one and three-quarters miles in width, with an area of
3.70 miles.l?  This splendid caldera, the most perfectly formed crater in the
islands. is enclosed in walls from five hundred to onc thousand feet in height.
Like its neighbor on the north, the top of Mauna Loa is a plateau, its high-
est point being 13,675 feet above the sea, or more than 30,000 feet above the
floor of the ocean about the group. From the central point the slopes of the
mountain radiate at a fairly uniform angle in all directions.

Rough lava flows of aa and pahoehoe which overlap each other extend from
near the summit of the sea-shore like the spokes in a wagon wheel. They show
clearly the way the vast mountain has been slowly built up through countless
ages. Owing to the altitude and the amount of rough lava on its slopes the
ascent of Mauna Loa is an exceedingly difficult, and, in many respects, a dan-
gerous task. The first recorded ascent was that made by the famous traveler,
John Ledyard, in 1779, who visited ITawaii as a member of Captain Cook’s
party on his last voyage. Ile made fairly accurate, though necessarily frag-
mentary, record of the general features of the mountain.

The second attempt to explore Mauna Loa was at the time of Vancouver’s

® 3824 feet elevation. *® Dimensions in feet: 19,500 by 9,200 feet. 11 2370 acres.
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visit. An aceount of the ascent made at that time was recorded in Archibald
Menzie’s journal, in 1794, and remained unpublished until brought to light
through the researches of Prof. Hitchcock and printed for the first time in
Thrum’s Annual for 1908. Mr. Menzie calculated the height of the mountain
by use of the barometer without corrections for the variations in temperature 2
and made it but forty-one feet less than the present accepted altitude. From the
time of Menzie’s ascent to the present the mountain has been under almost con-
stant observation, and many parties of competent observers have attained the
summit. Its extensive and interesting history has been fully recorded and com-
" piled in two elaborate monographs, one by Prof. Hitchcock and the other by
Dr. Brigham, both appearing in 1909. To these works the reader is referred
for detailed accounts of the long series of eruptions, the bare enumeration of
which are almost beyond the scope of this chapter.

H1sTorY OF THE ERUPTIONS OF MAUNA Loa.

However, it is of interest to know that eruptions were reported on Mauna
Loa in 1780 and again in 1803; the first fully recorded eruption ocecurred in
1832, and in June of that year Mauna Loa is reported, by the Rev. Joseph
Goodrich, to have ejected lava from several places in the side of the mountain,
presumably some little distance below the summit. From that time until the
last eruptive flow 13 the lava has always issued from the weak places in the side
of the mountain, though the caldera at the summit has on numerous occasions
become active, forming a lake of lava without flows-taking place.

Of the fifteen eruptions resulting in flows that have occurred on Ilawaii
within the last one hundred years, twelve have had Mauna Loa as their source.
The eruption of 1843 was presaged by activity in the crater of Mokuaweoweo
but after a few hours the fire died down in the crater and reappeared on January
10, 1843, in two places on the northeastern shoulder of the mountain, at about
11,000 feet elevation; from these, lava ran in a broad sheet down the side of
the mountain for about sixteen miles directly towards the peak of Mauna Kea,
flowing continuously for a period of four weeks. In the saddle between the two
mountains the stream widened out and spread over the plain, being four and a
half miles across in the widest part. One branch extended a considerable
distance down towards Waimea on the west, evidently uniting with a former
eruption known as the Keamuku flow.

The flow of 1851, beginning on August 8th, was announced by a remarkably
brilliant display accompanied by detonations in the summit erater. This flow is
said to have occurred from an opening on the west side of the mountain about
1,000 feet below the summit and to have extended for ten miles westerly in the
direction of Kealakekua. It lasted only about four days, and is not commonly
shown on maps.

In the following year, on February 17, 1852, light was again seen on the
summit, and within a short time lava broke out on the northern slope of the

12 Which would reduce the altitude, as given by him, by about seventy feet. 13 In 1907.
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mountain, in plain view from Hilo. Fountains leaped three or four hundred
feet in the air, presenting a brilliant spectacle, but within twenty-four hours
the activity had apparently ceased. Three days later, February 20th, lava again
broke through the side of the mountain, much lower down towards Hilo, and the
stream of fire flowed for fifteen or twenty miles directly toward the town. This
eruption was an especially violent one, the stream descending with astonishing
rapidity. Activity lasted about five months and came to an end when its stream
was about ten miles from Hilo Bay. It is a privilege, at this point, to quote
from the vivid description of this eruption and flow given by the great mission-
ary, Rev. Titus Coan, to whose labors, observations and faithful chronicles
of the activities of Pele not only Hawaii but science and the world owes so much.

On the morning of February 23rd, three days after the flow started on the
Hilo side, this experienced mountaineer started with & party to visit the source
of the flow. On the fifth day of battling with the tropical jungle he reached
the awful crater and stood at last in the light of the fire at its source.

‘It was a moment of unutterable interest. I seemed to be standing in the
presence and before the throne of the eternal God, and, while all other voices
were hushed, His alone spoke. I was 10,000 feet above the sea, in a vast soli-
tude untrodden by the foot of man or beast; amidst a silence unbroken by any
living voice, and surrounded by scenes of terrific desclation. Here I stood—
almost blinded by the unsufferable brightness ; almost deafened with the startling
clangor; almost petrified with the awful scene. The heat was so intense that
the crater could not be approached within forty or fifty yards on the windward
side, and probably not within two miles on the leeward. The eruption, as
before stated, commenced on the very summit of the mountain,'¢ but it would
seem that the lateral pressure of the emboweled lava was so great as to force
itself out at a weaker point on the side of the mountain, at the same time ecrack-
ing and rending the mountain all the way down from the summit to the place
of ejection.

‘‘The mountain seemed to be siphunculated; the fountain of fusion being
elevated some two or three thousand feet above the lateral crater, and being
pressed down an inclined subterranean tube escaped through this valve with a
force which threw its burning masses to the height of four or five hundred feét.
The eruption first issued from a depression in the mountain, but a rim of scoria
two hundred feet in elevation had already been formed around the orifice in
the form of a hollow truncated cone. This cone was about a mile in ecircum-
ference at its base, and the orifice at the top may have been three hundred feet
in diameter. I approached as near as I could bear the heat and stood amidst
the ashes, cinders, scoriw, slag and pumice, which were scattered wide and
wildly around. From the horrid throat of this cone vast and continuous jets
of red-hot, and sometimes white-hot, lava were being ejected with a noise that
was almost deafening and a force which threatened to rend the rocky ribs of
the mountain and to shiver its adamantine pillars. At times, the sound seemed

1¢ By fire showing in the summit crater.
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subterranean, deep and infernal. First a rumbling, a muttering, a hissing, a
deep premonitory surging; then followed an awful explosion, like the roar of a
broadside in a naval battle, or the quick discharge of pack after pack of artillery
on the field of carnage. Sometimes the sound resembled that of 10,000 furnaces
in full blast. Again it was like the rattling of a regiment of musketry; and
sometimes like the booming of distant thunder. The detonations were heard
along the shore at Hilo.

‘‘The eruption was not intermittent but continuous. Volumes of the fusion
were constantly ascending and descending, like a jet d’ear. The force which
expelled these igneous columns from the orifice shivered them into millions of
fragments of unequal size, some of which would be rising, some falling, some
shooting off laterally, others describing graceful curves; some moving in tangents,
and some falling back in vertical lines into the mouth of the crater. Every
particle shown with the brilliancy of Sirius and all kinds of geometrical figures
were being formed and broken up. No tongue, no pen, no penecil can portray
the beauty, the grandeur, the terrible sublimity of the scene.

““To be appreciated, it must be felt. * * * * During the night the scene
surpassed all powers of desceription. Vast columns of lava at a white heat shot
up continuously in the ever-varying forms of pillars, pyramids, cones, towers,
turrets, spires, minerets, etc., while the descending showers poured in one in-
cessant cataract of fire upon the rim of the crater down its burning throat and
over the surrounding areas; each falling avalanche containing matter enough to
sink the proudest ship. A large fissure opening through tke rim of the crater
gave vent to the molten flood which constantly poured out of the orifice and
rolled down the mountain in a deep, broad river, at the rate probably of ten
miles an hour. This fiery stream we could trace all the way down the mountain
until it was hidden from our eyes by its windings in the forest, a distance of
some thirty miles. The stream shown with a great brillianey by night, and a
horizontal drapery of light hung over its whole course. But the great furnace
on the mountain was the all-absorbing object.’’

Three years later, in August, 1855, and continuing for sixteen months, oec-
curred the greatest flow of the century. The point of emergence was at an
elevation of 12,000 feet on the northeast side of the mountain, and the molten
river took a course directly for Ililo. After fifteen or sixteen months of con-
tinuous flowing, during which the flood advanced at about 1 mile each week, the
eruption came gradually to an end, having sent a stream of lava for a distance
of many miles down the mountain side, that in places was cight miles in width
at the widest part. As its lower end came within five miles of ITilo the quiet
village was greatly alarmed, but fortunately no damage was done.

In 1859 activity shifted to the northwestern side of the mountain. A flow
started on January 23d at an elevation of 10,500 feet, that came down to the
sea on the northwest coast in two branches, at a point just north of Kiholo.
On January 31st the stream had reached the sea, more than thirty-three miles
in a direct line from its source—the first eruption in historic times from a high
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altitude to accomplish the extraordinary feat. The river of molten stone con-
tinued to flow, advancing a great part of its length through its self-made conduit,
until some time during July.

THE EARTHQUAKE OF 1868.

The date of 1868 is made memorable in the annals of Ilawaiian history by
reason of the severe earthquakes which preceded and attended the eruption of
that year. The eruption which took place low down on the Kau slope—the
opposite side of Mauna Loa from which previous eruptions had issued—was an-
nounced, as usual, by activity in the summit crater. On March 27th smoke
was seen issuing from the top of the mountain. Within half an hour a column
of illuminated cloud had risen to the height of ten or fifteen miles, but the flow
did not occur at once. During the few days immediately following that portion
of the island was in an almost continual state of earth shock. On April 2nd a
terrific earthquake took place which shook down every stone wall and almost
every house in the Kau district. The greatest shock occurred in the vicinity of
Waiohinu, where the stone church and other buildings were completely demol-
ished. The earth continued to tremble until April 7th, when lava broke out in
Kahuku five thousand six hundred feet above the sea, through a great rent in the’
mountain side that was ten miles from the ocean. The lava spouted several hun-
dred feet high and in two hours the torrent of fire reached the sea. Within the
five days that it continued to tlow, as much lava was poured out as would have
issued from a rupture at a higher elevation in months. While no lives were lost
in the flow three men were imprisoned several days on a hill that was completely
surrounded by the lava flood, and several houses and a large number of cattle
were destroyed, while more than four thousand acres of good land were turned
into a worthless heap of stone.

The earthquake detached a large mass of clayey soil on the mountain side
at Kapapala, causing a destructive land-slide or ‘“mud flow’’ to rush down the
valley for three miles in a stream, half a mile wide and thirty feet deep. Thirty
human beings and five hundred or more domestic animals were overwhelmed
by this earth avalanche.

Immediately following the earthquake an immense tidal wave, estimated
to be forty or fifty feet in height, rolled in on the Kau coast and swept away
several villages, drowning eighty people and leaving the survivors destitute.
While these events were transpiring on the mighty mountain of Mauna Loa,
the lava in Kilauea escaped through a great fissure which opened low down to
the southwest of the crater. As the lava escaped it left in Kilauea a pit three
thousand feet long and five hundred feet deep. During the same vear, while the
people were still in an anxious mood, on August 15th the sea about the islands
made a sudden rise and fall which although attributed by some to Mauna Loa at
the time, was later found to be caused by a terrible earthquake in Peru and
Ecquador.

The great flow of 1880, as usual was announced by a beacon from Mokua-
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weoweo. The light first seen on May 1st disappeared, however, and nothing of
note occurred until November 5th, when a flow started from the northeast slope
of Mauna Loa at a point in the vicinity of the source of the flow of 1855. It
proved to be one of the most important eruptions and flows on record in the
islands. Although the amount of lava poured out did not equal that of the
’55 flow, the distance covered was greater than that of any flow from any island
volcano.

From an opening in the side of the mountain at an altitude of about 11,000
fect the stream soon divided into three branches. The first branch, known as
the Kea stream, ran in the direction of that mountain and terminated in the
flat between the two mountains. The second, the Kan stream, ran in the direc-
tion of Kilauea and was plainly seen from the Volecano House. The main stream,
however, continued in the direction of Hilo, where on August 10, 1881, it finally
stopped at a point only three-quarters of a mile from the town, after flowing in
a tortuous course more than thirty-five miles in length. As the stream slowly
but surely worked its way nearer and nearer the town, excitement was intense,
not only in Hilo but throughout the group. But at last, after nine months of
activity, the flow finally stopped, leaving the city unharmed.

In December of the year 1886, earthquakes became frequent and violent on
the opposite side of the mountain; about Kahuku they increased in frequency
until from three to six hundred were noted by different observers in the two or
three days between January 17th and January 19th, 1837. Light was seen
at the summit several times during this period, but it was on the afternoon of
the 18th that the outbreak occurred at 6,500 feet elevation and at a point twenty
miles from the sea on the Kahuku side of Mauna Loa.

The following day by noon the lava stream had reached the sea at a point
four miles west of the flow of 1868. By noon of the 24th the flow ceased, but
not until more lava had been poured forth than during the earlier flow.

Activity was renewed in 1899 on the north slope of Mauna Loa at what
was called the Dewey Crater, out of compliment to the distinguished admiral
whose achievement at Manila Bay was coincident with that of the eruption. On
June 20th earth shocks were felt in Hawaii, and on July 1st light was to be
seen over the pit in the top of the mountain. On July 5th there came an out-
break of lava on the slopes six miles northeast of Mokuaweoweo. The point of
eruption was at an elevation of near 11,000 feet, a short distance above the
point of origin of the 1880 flow. Fountains of fire could be seen spouting high
in air, and parties started at once from Hilo and the Volcano House to visit
the source of the flow. It was found that two fountains were in operation
almost a mile apart, but later the upper one died down and a third became
active near the second. The streams from these fountains united and flowed
towards Mauna Kea. The lava continued to flow until July 26th, running
fifteen miles from its source in a stream which was a mile in width at the widest
part.

Eight years passed before Mauna Loa again gave forth an eruptive flow.
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As usual, the first intimation of activity was given by the lurid glare over the
summit crater. On January 9th slight earthquakes were felt on Hawaii, and
on the night of January 10th, 1907, Mauna Loa was ecrowned with a bright
light. A few hours later the molten flood broke through the walls of the great
mountain on the southerly or Kahuku side of the dome, at a place 8,500 feet
above the sea and at a point about one half the distance from the sea to the
summit of the mountain. The flow in its course down the mountain passed
near the path of the 1887 flow. About the middle of its course the stream
divided into two main divisions, with smaller branches to right and left. The
two main branches crossed the government road five miles apart on the night
of January 13th, i. e., within three days from the time of the outbreak. Neither
of the streams in their divided and weakened condition had force enough to
reach the sea. Both came finally to a halt on January 24th, about four miles
from the shore and within ten days from the time the flow broke out on the
mountain side. It has been estimated that in the upper part of the stream the
lava flood advanced at the rate of seven miles an hour, but lower down its ad-
vance was slow and majestic. Several hundred people from the vicinity and
from the other islands of the group rushed to the scene and were favored with
a splendid view of nature’s most awe-inspiring spectacle.

On November 25, 1914, white fumes were seen rising above the crater on the
summit of Mauna Loa. By evening the fume columns were seen to rise to a
height of 6,000 feet or more above the mountain, and, illuminated by the light
from below, presented a spectacle of splendid magnitude and beauty. It was
generally thought that this manifestation was the percursor of the usual type of
outbreak and flow, but this event did not transpire. After a short period of vary-
ing activity, confined entirely to the crater of Mokuaweoweo, the outbreak sub-
sided until no activity was visible from the observatory at Kilauea.

LaAva DISCHARGED IN THE 1907 FrLow.

Mr. E. D. Baldwin has estimated that the flow of 1907 covered nine hun-
dred acres of rough land and that a volume of two hundred million cubic
yards of basaltic material was poured out. The flow of 1855 covered 15,000
acres and represented a discharge of six hundred million cubic yards of basalt.
The flow of 1880-81 covered 20,000 acres and equalled at least five hundred and
forty million cubic yards of lava. These estimates are necessarily suggestive
rather than accurate. When we look at the mountain as a whole we see numer-
ous streams of similar proportions showing plainly on its surface. Looking
deeper we find it made up of countless thousands of similar streams and con-
clude that at the present rate of growth millions of years have elapsed since
the building of the mountain first began.

Work oF HawaIr’s VOLCANOES.

It should be observed that during the period of more than one hundred
years that Mauna Loa and the volcanoes of Hawaii have been under observation
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not a single person has perished in the molten floods that time and time again
have been poured out, though tens of thousands of acres of the island’s moun-
tain slopes have been made desolate and blackened, so that fertile land and peace-
ful valleys have been choked and left worthless when the torrent of liquified
stone had ceased to flow.13

One’s veneration for this great mountain increases when it is understood
that it is in this way and by the same process that the whole group of islands
has been built up. A large view of the amplitude of geologic time can be
gained by reference to a map showing the comparatively small proportion of
the four thousand square miles of the surface of Hawaii that after all has been
scourged by fire within one hundred years. But when it is known that all the
material which composes this island, like that of the other islands of the group,
must have been forced up from beneath the floor of the ocean to be poured out
on the sides of the mountains, one can better understand how great the combined
flows must have been. However, in arriving at an understanding of the amount
of voleanic work that has been done ip the group it is important to take into
account the broad bases of the islands as well as that portion which towers above
the ocean’s surface.

Geologists are fond of regarding Mauna Loa as an excellent example of a
volcanic mountain that has gone on slowly adding to its bulk until it has attained
to near the limit in altitude to which the subterranean forces can lift a column
of liquid lava.

The story of the titanic phenomenon attending the rise and fall of the
lava in the chimney which ends with the summit crater on Mauna Loa would
furnish material for an interesting chapter, but it seems wise to devote the
limited space available to a brief acecount of the active voleano Kilauea, on the
remaining mountain of the island.

CHAPTER XIIIL
KILAUEA, THE WORLD’S GREATEST ACTIVE VOLCANO.

Reference to a map will show Kilauea located apparently on the slope of
Mauna Loa and well to the southeastern part of the island of Iawaii. The
name is directly applied to the world’s largest active crater, which in reality
is the center of activity of a shattered mountain 4,040 feet high. As the crater
is easily reached by automobile and train from Hilo Bay, on the north, and as
the journey can be extended past the crater to Honuapo on the sea-shore on
the opposite or southern side of the mountain, where the steamer can be taken
for the return trip to Honolulu by way of the Kona coast, there is, perhaps, no
better way for completing our account of the geology and topography of Hawaii,
and at the same time presenting the grandeur of the crater and the pleasure of
the journey to it, than by following the route ordinarily taken by tourist travel-

15 The mud flow of 1868, however, cluimed a large number of human victims.
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ers. But before such a journey is undertaken it is well to be informed of some
of the more important facts connected with Kilauea’s long, varied and inter-
esting history, a history that in a way prepares the visitor to appreciate what
is to be seen at the great caldera as one stands on the very brink of the burning
lake where the island-building activity is actually going on.

KmAUEA AN INDEPENDENT CRATER.

Geologists supposed for a great many years that Mauna Loa and Kilauea
were very closely related or sympathetic volcanoes. Further study, however,
has demonstrated that they are distinet in all essential features and may act in
the main entirely independent of each other, though there may be some remote
connection, as the eruptions in 1832, 49, '55, 68, *77, ’87 and 1907 occurred in
both craters during the same years. The belief in reference to their intimate
relation seems to have grown from hasty conclusions based on the superficial
fact of their proximity, their relative size and the further fact that they both
were more or less continually active. To the casual observer Kilauea, situated
as it is on the southeastern slope of Mauna Loa, appears to be but a secondary
crater,—a mere wart—on the side of the great dome that rises almost ten thou-
sand feet above it.

Whether Kilauea was formed before or after, or at the same time with
Mauna Loa, its action in recorded time has generally heen of a character to prove
it more or less independent of the summit erater. While eruptions have taken
place on top, Kilauea, much lower down and only sixteen miles distant, has
often exhibited no signs of active sympathy. So through a long period of
activity it has proved itself to be a distinet crater, doing the work it has to do
in its own way and for that reason it is quite properly admitted to be the world’s
greatest active crater.

DIMENSIONS OF KILAUEA.

To give some idea of the magnitude of Kilauea it is necessary to give a few
of its main dimensions. The Volecano House, which is a comfortable hotel
located on the very edge of the crater, is 4,040 feet above the sea. The crater
from north to south measures 2.93 miles! and from east to west 1.95 miles.?
Its circumference is 7.85 miles3 and the floor of the crater has an area of
4.14 square miles.* From the Volecano House at the present time it is 484 feet
down to the floor of the crater, which is made up of an uneven mass of cold,
ink-black, shining lava. To reach the present scene of action the visitor must
descend into the crater and cross over this floor for two miles to the brink of
the pit Halemaumau, in the bottom of which perhaps one hundred and fifty feet
below the observer, the red hot lava will be seen boiling in a wild, mad fury.

If what has been said is sufficient to fix in mind a great, roughly oval-shaped
crater with approximately vertical walls, and to make it clear that the bottom
of this caldera is now formed of black lava of recent origin, and that it is five

115,500 feet. 210,800 feet. 841,500 feet. 42650 acres.
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hundred feet below the highest point?® on the rim of the crater, and that in
historic time the black lava floor has never been higher than it is at the present
time—there should be little difficulty in following a condensed history of Kilauea.

For our purpose its history can best be related by selecting extracts from a
few of the best descriptions of conditions at the crater taken from the many
accounts written by eve witnesses.

AN ExpLODED MOUNTAIN.

This is done with a view to bringing out two points: the first that just as
Mauna Loa is an excellent example of its type, Kilauea is an example of a dif-
ferent and rarer type, namely, a broken down or exploded volcano, that con-
tinues active. It is for this reason that it is spoken of as ‘‘safe’’ and, so far as
volcanoes can be, is regarded as perfectly tame, ‘‘docile,”” and well-hehaved.
The second point to be developed is that of the character and periodicity of its
normal eruptions.

The explosion or explosions which undoubtedly broke Kilauea down and
prevented it from building up as Mauna Loa has built up, has left an un-
mistakable geologie record.

Evidence of what transpired is to be found on every hand. These ex-
plosions, of which there apparently were several, must have been in the very
distant past. Their effect was to weaken and shatter the walls that surrounded
the crater, leaving the mountain scarred by a series of radial and concentric
cracks that could have been produced only by an explosion deep down within
the crater. As a consequence, when the molten lava rises to a certain level in
the crater, the pressure becomes so great on the lateral walls of the voleanic pipe
that the lava tlood breaks through some weak spot, usually far down under-
neath, and the liquid lava often flows quietly out to sea through some old
deep-hidden conduit.

THE RISE AND FALL OF THE LIQuip Lava.

Never since the coming of white man to Hawaii has there been suffi-
cient force to lift the liquid lava over the brink of the crater. As a result of
these subterranean ventings Kilauea is esteemed as the best example of a
“welling’’ erater to be found.

The history of this voleano has been that through a period of months or
years ¢ the pit of Halemaumau?7 fills up little by little until it reaches the
maximum of height and pressure that the walls will bear. Then, owing to the
enormous lateral pressure exerted by the molten column of lava, the weakened
walls give way and the crater vents itself. The lava lake recedes to a lower
level, often disappearing entirely, only to fill up again in due process of time.
Thus in the welling and venting of Kilauea we have a sort of barometer that
indicates the conditions prevailing far down beneath the island.

& Uwekahuna. ¢ Perhaps owing to some unknown influence of the goddess Pele—who knows?
7 The house of everlasting fire.
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This welling of the liquid lava is in marked contrast to what takes place
at volcanoes of the explosive sort. Their vents seal over after each explosive
eruption, and to all appearances they die out apparently to remain dead forever
TUsually, however, they awake and explode without warning, presenting a magnifi-
cent spectacle of volcanic power that results too often in all the horrors attend-
ing the loss of life and property.

At Kilauea, as has been stated, different conditions prevail. The action
there is confined, in the main, within the crater itself, and the interest centers
in what actually takes place in the lower pit of Halemaumau rather than, as
on near-by Mauna Loa, in the flow which may course down the mountain side.

Tue Exprosive ERupPTION OF 1789.

Without doubt one of the most remarkable exhibitions of volcanie force
which has occurred at Kilauea since the islands were first inhabited by the na-
tives pceurred in the year 1789—a little over ten years after the discovery 8 of
the group by Captain James Cook.

In November of that year, Keoua, a native chief of Hawaii, with a band of
followers set out from Hilo to return to Kau in pursuit of a rival chief whose
warriors in his absence were invading his home distriet. Ilastily returning from
Hilo with reinforcements, the shortest route took him by the overland trail
which passed the brink of the volecano Kilauea. They camped at the crater two
days, during which time it was very active. On the second night, being in a
state of terror and scarcely knowing which way to proceed, they divided into
three companies, presumably for safety, and set out upon their journey in fear
and trembling. The party in the lead had not proceeded far, according to the
historian Dibble, ‘‘before the ground began to shake and rock beneath their feet
and it became quite impossible to stand. Soon a dense cloud of darkness was
seen to rise out of the crater, and almost at the same instant the electric effect
upon the air was so great that the thunder began to roar in the heavens and
the lightning to flash. It continued to ascend and spread abroad until the
whole region was enveloped and the light of day entirely excluded. The dark-
ness was the more terrific being made visible by an awful glare from the
streams of red and blue light, variously combined, that issued from the crater
below, and lit up at intervals by the intense flashes of lightning from above.
Soon followed an immense volume of sand and cinders which were thrown in
high heaven and came down in a destructive shower for miles around. Some
few persons in the forward company were burned to death by the sand and
cinders and others were seriously injured. All experienced a suffocating sensa-
tion upon the lungs and hastened on with all speed.

‘“The rear body which was nearest the voleano at the time of the eruption
seemed to suffer the least injury, and after the earthquake and shower of sand
had passed over, hastened forward to escape the dangers which threatened them,

8 December 8, 1777.
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and rejoicing in mutual congratulation that they had been preserved in the
midst of such imminent peril. But what was their surprise and consternation,
when ¢oming up with their comrades of the center party, they discovered them
all to have become corpses. Some were lying down, and others sitting upright,
clasping with dying grasp their wives and children and joining noses? as in
the act of taking final leave. So much like life they looked that they at first
supposed them merely at rest, and it was not until they had come up to them
and handled them that they could detect their mistake. Of the whole party,
including the women and children, not one of them survived to relate the
catastrophe that had befallen their comrades.’’

This eruption, which occurred more than one hundred and twenty-five years
ago, far surpassed any subsequent one, and being explosive in character was of
a totally different nature from any that has since occurred. It does not seem
too much to conclude, therefore, that it was possibly at that time that the final
breaking down and shattering of the mountain occurred, though explosive erup-
tions that preceded it in the more remote past must have been much more
severe.

At any rate, during the fifteen or more times that Kilauea has welled up
since 1789, there has been nothing even remotely suggestive of an explosive erup-
tion, and it is the general belief that so long as the crater remains open as it
now is there is little or no danger to be expected from it.

Space will only admit detailed reference being made to three of the many
stages through which this crater passes in completing an eruptive cyele. The
material here presented is selected from the wealth of descriptive matter now
available from the records of its varying moods left ecovering almost one hundred
years, and from which I have condensed a brief history which is appended in the
following chapter for convenient reference.

CONDITIONS AT THE CRATER IN 1823.

In 1823 the crater was visited and described for the first time by a white
man. The distinguished missionary, the Rev. William Ellis, witnessed at that
time a wonderful display. From his description we conclude that the crater ap-
peared far different from what it does now. It was evidently venting itself at
the time of his visit and the lava was flowing out from deep down under the
lake of fire. The drawing off of the lake of lava left a comparatively narrow
black ledge about the inner wall of the crater on all sides as the lava sank lower
and lower. This observer found a place at the north end of the crater down
which he descended to the black ledge. His first impressions of the crater,
however, were those gained from the highest point° on the west side of the
crater, eight or nine hundred feet above the lava lake, and were as follows:

‘‘Immediately before us yawned an immense gulf, in the form of a erescent,
upward of two miles in length, about a mile across, and apparently eight hun-

® Their form of expressing affection. 10 Uwekahuna.

12
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dred feet deep. The bottom was filled with lava and the southwest and north-
ern parts of it were one vast flood of liquid fire in a state of terrific ebullition,
rolling to and fro its fiery surge of flaming billows. Fifty-one craters of varied
form and size rose like so many conical islands from the surface of the burning
lake. Twenty-two constantly emitted eolumns of gray smoke, or pyramids of
brilliant flame, and many of them at the same time vomited from their ignited
mouths streams of fluid lava which rolled in flaming torrents down their black
indented sides into the boiling mass below.”” That evening, ‘‘between nine
and ten, the dark clouds and heavy fog that since the setting of the sun had
hung over the volcano gradually cleared away. The agitated mass of liquid
lava, like a flood of molten metal, raged with tumultuous whirl. The lively
flame that danced over its undulating surface tinged with sulphurous blue or
glowing with mineral red, cast a broad glare of dazzling light on the indented
sides of the insulated craters whose bellowing mouths, amidst rising flames shot
up at frequent intervals with loudest detonations, spherical masses of fusing
lava or bright ignited stones.”” The following year Ellis revisited the crater
and remarked on its much abated activity.

KAPIOLANI BREAKS THE SPELL OF PELE.

Brief as this sketch must be, I am impelled to interpolate an event that
occurred in the history of the islands about a year after the events described
by Ellis. Kapiolani)! daughter of a great chief of Hilo, was one of the noblest
characters of her time. Though intemperate and dissolute in early life, she soon
became an example of virtue and refinement to her ecountrywomen and excelled
them all in the readiness with which she adopted civilized habits and Christian
customs. In December, 1824, four years after the arrival of the missionaries
in Hawaii, she determined to break the spell of Pele—the dread goddess of the
volecano—to whose mythical power frequent allusions have been made.

In spite of the opposition of her friends and husband she made a journey
of one hundred and fifty miles, mostly on foot, in order to defy the wrath of
Pele in her abode in the crater, and thereby prove to her people that no such
being existed.

It is related that as she neared the volcano she was met by an old priestess
of Pele who warned her not to go near the brink of the crater, and predicted
her death if she violated the tabus of the great goddess.

Undaunted by the warning of the priestess, Kapiolani went forward and

11 The captive of Heaven.

DESCKIPTION OF PLATE.

1. The sulphur banks near the Volcano House; note the effect of the sulphur fumes on
the trees and plants. 2. Kilauea-iki with the floor of smooth shining black lava. In the
foreground may be seen the flow that ran into the pit in 1832. 3. Flashlight view in Pele’s
reception room. The light streams in through an opening in the roof in the farther end of the
cave. 4. Waldron’s Ledge near the Volcano House showing the depth of the crater of
Kilauea.
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spent the night on the brink of the crater in a rude grass hut constructed for
her shelter. In the morning she and her little company of followers descended
into the crater to the black ledge just mentioned, and there in full view of the
grand and terrific action of the inner crater at her feet, she ate the sacred
ohelo berries consecrated to Pele, and hurled stones into the burning lake, saying
““Jehovah is my God. e kindled these fires, I fear not Pele. If I perish by
her anger then you may fear Pele, but if I trust in Jehovah and He preserves
me when breaking her tabus, then you must fear and serve Him alone.’’

As the courageous woman was unharmed the belief in the mighty spell of
Pele was broken, and thus was accomplished what has very justly been called,
‘“one of the greatest acts of moral courage ever performed.’’

Tue ErvprTioON AND FLOW oF 1840.

Returning to our account of the erater, we must pass over the remarkable
eruption of 1832, when in two years the lava welled and dropped a thousand
feet, and consider for a moment the great eruption and flow of 1840, which
illustrated so splendidly an important phase of activity at the volecano.

For eight years after the eruption of 1832 the process of refilling the caldera
of Kilauea had been going on until at last the black ledge surrounding its inner
walls, as seen and described by Ellis, had been covered with new lava about
one hundred feet deep. Kilauea after eight or nine years of cumulative work
was ready for an outbreak, and in the summer of 1840 an extensive eruption
took place. The event was minutely recorded by the Rev. Titus Coan.

After a period of intense ebullition in the pit the customary break-down
occurred, but on this occasion, in place of venting deep down in the bowels of the
earth, the lava worked its way to the eastward in the direction of Puna through
some old subterrancan conduit, perhaps a thousand feet beneath the surface of
the mountain, until it emerged in the bottom of an ancient wooded crater, eight
miles distant from Kilauea. Its course all the way to this place could be dis-
tinetly traced by the rending of the earth’s crust into innumerable fissures and
by the emission of steam and gasses.

From the old crater, which was four hundred feet deep, the lava stream
continued on its way seaward; part of the time deep down under the earth;
part of the time flowing over the surface as a river of fire. At last, flowing in
this way for several miles, it again broke out like an overwhelming flood, and
sweeping forest, hamlet, plantation, and everything before it, rolled down with
resistless energy into the sea. There, leaping a precipice of forty or more feet
in height, it poured itself in one vast cataract into the depths below with loud
detonations, fearful hissing, and a thousand unearthly and indescribable sounds.
Imagine this mighty Niagara of fire pouring its livid flood into the ocean night
and day for three wecks. The atmosphere in all directions was filled with ashes,
spray and gasses; the coast was extended into the sea a quarter of a mile, a
sand beach and a new cape were formed, while the light was so great that print
could be read at midnight forty miles at sea.
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The whole course of this stream from its source at Kilauea to the sea was

about forty miles. During the flow the lava in the crater fell about 300

feet and Pele’s fires became nearly extinet. The story of the eruption as

given by Rev. Titus Coan is one of the most thrilling accounts of volcanic activity
ever written.

ERuUPTION OF 1892-94.

So many and so varied are the scenes that have been witnessed at the crater
that it is necessary to select only such as may form types of its activity. For
that reason we pass to the eruption of 1892-94, since it represents the height of
activity within the crater during the last score of years, and it is especially
interesting as the conditions then were the culmination of a period of activity
similar to that now (1913) in progress at the crater.

Through a period of several months the lava in the pit of Halemaumau
continued to rise slowly until a new lake, differing from those that had preceded
it, was formed at a higher level than had before been known—260 feet be-
low the Volcano House. This lake was held in a superficial bowl, made of loose
fragments of solidified lava that were more or less firmly cemented together
by splashings from the lake within, or by occasional overflows which ran down
its side and out onto the floor of the crater. In due time the old law of pres-
sure went into effect and within a few hours the liquid lava lake had vanished,
leaving the pit an empty smoking chimney, 750 feet deep.

Activity IN 1902.

In August, 1902, the fires in the bottom of the pit were again rekindled
after a long period of comparative quiescence. The period of increased activity
at this time, as usual, was heralded by an increase in the volume of smoke-like
vapor which issued from the pit of Halemaumau. Night and day for months
this great titanic chimney rolled its cloud of heavy vapor skyward. At length
the never-failing sign of a change came: the vapor decreased in volume and be-
came thinner and bluer. Soon after an eye spot of fire became visible at the
very bottom of Ilalemaumau, 750 feet below the present rim of the pit; slowly,
day by day, the lava lake rose and increased in size, being fed by a burning
spring from below. In October of that year I visited the crater and at
that time made a careful survey and sketch model of the whole region, from
which data I afterwards constructed the large model that forms the central
feature of the exhibits in the ‘‘Hawaiian Hall’’ in the Bishop Museum. The
lava on that occasion was more than 500 feet down in the pit. Soon afterwards
the bhottom quietly dropped out and the lake of fire entirely disappeared, and
the smoke-like vapor began silently and steadily to gush forth. Madam Pele
of her own accord had retired once more deep down into the secret inner cham-
bers of her ancient abode.

THE AcTiviTy IN 1907.

With the exception of the slight activity of 1903 but little has transpired
in the pit until the present eruption which began early in the year 1907, and has
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continued to the present with much variability in the character of the lava and
with many spectacular displays that have been enjoyed by an increasing com-
pany of travelers. The lava in Halemaumau on September 4th, 1908, was but
ninety-five feet below the rim of the pit. By the following summer the lake
was 235 feet below the rim, but by the end of the year it was well up towards the
black mark left high on the walls of the pit in the preceding year.

A Visit To KiLauga 1IN 1909.

It was in this favorable condition for observation when I visited the crater
in December, 1909, and climbed down into the pit to the very edge of the burn-
ing lake. As that journey, out of the several that I have made to the volcanic
region was an especially pleasant one, I venture to relate briefly the main inci-
dents of the outing since, to the tourist, as well as those who are so fortunate °
as to live in Hawaii, the visit to Kilauea is one of the most interesting experi-
ences of a lifetime.

The trip from Honolulu to Kilauea is always pleasant and well worth mak-
ing, no matter whether the crater is active or not. The journey by boat, although
rough while crossing the channels between the islands is filled with varied and
delightful experiences for the traveler. The scenery from the steamer’s deck is
everywhere and at all times most fascinating. The landing at Lahaina, Maui,
the quaint old capital of the group, the sunrise over the mountains at Kawaihae
Bay, and last and best of all the grand panorama along the Hamakua coast, the
glory of which has already been referred to, form never-to-be-forgotten incidents.

The seventy miles that the steamer skirts the northeast or Hamakua side of
Hawaii affords a splendid opportunity to study the topography of the island
as a whole, but particularly in that section, and to note the great transformation
which the development of the island’s sugar industry has brought about all
along the uplands in the foreground. Along the coast dozens of waterfalls,
varying in size from a mere silvery strand of water to mountain torrents, pour
over the abrupt sea cliffs and dash into the ocean below. Many of these
falls plunge down hundreds of feet in a single leap. As the vessel proceeds one
has little difficulty in counting as many as a dozen or fifteen good-sized falls
in sight at one time. All too soon the voyage is over and the landing at Hilo is
made.

Hivo.

The people of Hilo claim their town to be the most beautiful one in the
group. Almost daily showers cool the air and refresh the vegetation, and the
sea and mountain breezes remove the dampness that otherwise would produce a
moist, heavy climate. The soil of the valley is rich and deep, and being well
watered it is highly produective.

The location of the town is most charming with its fine bay, its improved
harbor, and picturesque Cocoanut island in the foreground. On the other hand
its background is formed by a superb view of Mauna Loa and Mauna Kea in
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the distance. Every turn in the street invites one to linger or to turn aside
and explore. The subdued sound of a nearby waterfall, the gurgle of the shin-
ing river, the calling of the birds, the trees, the flowers, the twining vines, all
cast a spell of peace and contentment over the place and make one feel he
could stay, yes, live, and be happy forever in this enchanted little city by the sea.

The natural points of special interest near Hilo for a tourist and a natural-
ist are Cocoanut Island, Rainbow Falls, Onomea Gulch and Arch, the Akaka
Falls,'2 at Honomu, and the Kaumana caves in the flow of 1881,—caves that are
in reality great tunnels left by the escape of the lava from the conduits that
brought it down from the mountain in the distance. From Hilo it is possible
to visit the Puna district and the flow of 1840 as a side trip. The railroad to
Kapoho passes over this interesting surface outbreak described above and fur-
nishes an opportunity for its inspection. The district is also famous for the lava
tree casts caused by the lava flowing through the forests at Kapoho; the Green
lake in a small extinct crater and the famous heiau, Wahaula.!3 A warm
spring with a small pool in which the water is constantly at a temperature of
blood heat, and a number of small craters are all objects of interest.

THE AsCENT oF KILAUEA.

The journey from Hilo to the voleano may be made by the railway or by
the wagon road. By train one may go to Glenwood, twenty-two miles on the
journey. As the train rumbles along over a good road bed, through immense
plantations of sugar-cane, and splendid forests of hard-wood timber, by flourish-
ing mills and quiet retreats, one wonders if, after all, there has not been some
mistake, for nowhere can one see signs of the devastation by quaking earth and
blazing flood that are so intimately associated with the popular idea of a great
active voleano. :

The whole journey from Hilo to the crater can be made by automobile.
If the railway route be taken after the transfer at Glenwood, for an hour the
auto winds up over a gradually ascending macadam road, through a delightful
tropical forest. The splendid woods with wonderful clinging vines produce a
jungle of flowers and trees and shrubs and ferns. Great feathery fern trees
lean out over the road so that the auto is driven beneath them. (cecasionally
these giant ferns grow into a veritable forest with many trees thirty or forty
feet in height. Along the roadside bright flowers spring up that are often
familiar flowers run wild. Iere a clump of Cannas or a bunch of fragrant
ginger; there a tangle of beautiful roses that have escaped from some abandoned
garden; farther on are great masses of nasturtium and wild morning-glories.
Objects of especial interest are the wild berries and the bananas by the wayside.
Thimble berries abound and are recognized as great glorified raspberries—an
inch or more in diameter. The ohelo, an upland cranberry, grows in patches

12 500 feet.
12 A model of this heiau that the writer assisted in assembling, may be seen in the Bishop Museum.
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by the roadside. It was berries like these that were long ago made an offering to
Pele. Their presence reminds one that we must be nearing her domain.

Bundled up in winter wraps as a protection against the cool of the higher
elevation one finds it hdrd to realize that back yonder by the sea-shore, scarcely
4,000 feet below, groves of cocoanut trees are nodding in the languid warmth
of the tropical summer afternoon. But before long the auto rounds a curve
in the road and the Crater IHotel, a well-appointed though comparatively new
hostelry, is- in sight. About a mile further is the old-established Volecano
House, the very personification of hospitality and good cheer. To the left and
just beyond the Volcano House, and until this moment hidden from view, looms
up the great caldera. Even then one can hardly realize that the journey to the
world’s great inferno is really at an end.

FirsT VIEW OF THE CRATER.

Those who are as enthusiastic as they should be join a horseback or an auto-
mobile party that very afternoon and ride down into the erater to get a view of
the eternal fires, for fear, as sometimes happens, they may have vanished before
the morrow. If worn from the journey and suffering from the effects of a
choppy sea while crossing the channels, the traveler may sit in the great observa-
tion room on the hotel lanai and rest and drink in the reflected grandeur of the
fires that, as darkness gathers, paint their fury on the fleecy white clouds that
silently drift over nature’s great melting-pot, the dark outlines of which can be
traced by its own light reflected back from the sky.

In the morning the great crater looms out of the fog—black, silent and
sublime. The view in the early morning is most fascinating, but, as one’s time
is always limited and as there are other sights to be seen near at hand, it is
customary to pay a visit to the sulphur beds before breakfast.

STEAM CRACKS AND THE SULPHUR BED.

It is a weird sight to see the steam rising from the cracks and crevices on
every side and to know that for years, centuries perhaps, these same exhausts of
steam have played without increased or diminished volume. It is not uncommon
to find a hotel servant busily engaged heating water over one of the nearby
steam cracks, preparing to wash the hotel linen. A few rods farther on past
the hotel the sulphur beds themselves are to be seen steaming and sparkling in
the morning sun. They cover several acres in extent and are a never-ending
source of delight and wonder. There perhaps for the first time one breathes
real sulphur fumes and realizes not only that the earth under foot is hot, too
hot to stand on in places, but that it is slowly being added to, bit by bit, as
nature quietly deposits there minerals in forms so delicate in structure, and
beautiful in color, that they crumble and dissolve as the wonderful yellow and
pink and white masses of newly-formed crystals are held in hand. While the
amount of sulphur deposited is not great it is in some cases quite pure. As the
sulphur is usually mixed with the red clay formed by the decomposition of
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the lava owing to the chemically charged steam, it is of value only as a curiosity,
and specimens of sulphur, sulphate of soda, lime and alumina are usually car-
ried away.

KILAUEA-IKI

A short expedition is usually made on foot to Kilauea-iki1* before de-
scending into the main caldera. The small lateral crater, while connected with
the larger one is, in many ways, really a side issue. It is less than half a mile
to the east of the north end of the main crater and a little over a mile from
the hotel.

- It has not been active for more than half a century but in spite of that
it is full of interest to the geologist, as it is a splendid example of a pit crater.
It is 740 feet deep ' an dis more than half a mile1¢ across the top. In 1832
a severe earthquake shattered the wall which separated this crater from Kilauea
and large crevices opened in the sunken neck of land which unites the two
craters. From the earth rents along the south side of the isthmus a curious
flow of brown lava ran to right and left, entering both the craters, but the
amount of lava emitted was very slight. Nevertheless, the lava as it entered
Kilauea over the bank formed a fall 200 feet in height that is plainly scen from
the Volecano House. The black shining lava floor in Kilauea-iki was a result
of the activity in the main crater in 1868 ; since then the smaller crater has been
quiet and apparently dead.

KEANAKAKOL

To the south of Kilauea-iki and on the flat plain surrounding Kilauea at a
point almost due east of the pit of IHalemaumau is a still smaller lateral crater
with vertical walls known as Keanakakoi.!” The present floor of this pit, the
result of activity in 1877, is below the floor of Kilauea. It is of interest to note
that this crater derives its name from the fact that old-time Hawaiians found
there suitable material for the manufacture of their stone implements, but the
eruption just mentioned obliterated all trace of their workshop.

Both of these lateral craters are now skirted by the new automobile road
known as Echo Trail, a name due to the fact that five distinet echoes can be
heard from the west bank of Keanakakoi. The road leads down into Kilauea
at this point and crosses its floor to the pit, enabling one to run a motor car to
the very brink of Halemaumau with ease and safety.

THE DESCENT INTO THE MAIN CRATER.

As the descent into the main crater is the chief concern of the visitor and
is usually made on foot or on horseback, it is customary to make the start early
in the afternon, prepared to have a lunch beside the pit, in defiance of
Pele, just as Kapiolani did almost a century ago. Ilowever, no one should miss

14 Little Kilauea. 18 867 feet below the Volcano House. 18 3300x2800 feet.
17 The workshop of the adzemaker.
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the view of the eternal fires by night, since the night view is even more wonder-
ful than the display by day.

With horses, staffs, guides, lanterns and lunches in readiness the start is
made. To reach the floor of the crater by the usual route the visitor must
descend several hundred feet by a bridle path that angles back and forth down
the face of old fault blocks that lie like steps one lower than the other, at the
north end of the crater at a point just below the Volecano House. The descend-
ing path leads down through a scrubby wood where native birds are to be seen
fluttering about, singing their carols with little regard or concern for the
spectacle so near at hand.

Arriving at the floor of the crater 484 feet below the Volecano House, one
turns to look back at the imposing wall known as Waldron ledge,!® with its
vertical face marking the extreme depth of the crater. Stretching away in the
opposite direction is the rough, irregular, glistening black floor of the crater.

HEAT CRACKS AND SPATTER CONES.

One of the first points of interest, after passing observation hill, is the
great crack that opened on the crater floor, fifteen or twenty feet wide and
half a mile long. It opened without warning a number of years ago (Novem-
ber 4th, 1889) while a party of visitors were down at the pit. On their way
back to the Volcano House they found this yawning gulf where they had passed
without fear but a few hours before.

The journey across the lava field is full of interest, especially to one on foot.
There are great hollow domes of lava one or two hundred feet long by twenty
or more feet in height to be climbed; cracks and fissures to be inspected and
many curious forms and freaks that the lava takes in cooling to be studied
or puzzled over. Then there are the steam crevices, and heat crevices, and
gas crevices to be examined and tested. An innumerable number of caves of
different sizes have been formed by the change brought about by the cooling
lava. Among the more important perhaps are Pele’s reception room, as cool
and inviting as her kitchen is hot and oppressive. Here hundreds of visitors
have left their cards scrawled over with messages to the great goddess. Then
there are the curious stalactite caves where the walls and floors are covered with
tube-like stalactites and stalagmites formed from the mineral-charged water
which percolates through the porous lava.

The corral where equestrians dismount and tie their horses is a rough en-
closure beside the trail a quarter of a mile from the fiery lake. From it the
elevation to the edge of the pit is quite noticeable. Along the path the sulphur
cracks become more numerous. A little way to the right the heat issues from
the cracks over an area several acres in extent, that, owing to the deposits of
soda and sulphur, appears white against the dark lava that surrounds it. It is
here that tourists amuse themselves by scorching souvenir postal cards by tuck-

18 Named for the purser of the U. 8. Exploring Exepdition (1840).
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ing them into the crevices; or by boiling coffee and frying bacon and eggs over
the escaping heat.

1t is quite common to find scattered over the surface or collected in crevices
of the rock curious greenish and yellowish threads of spun-glass called Pele’s
hair. When the fire lake is in violent ebullition small masses of lava are thrown
into the air as the fountains play. The threads, which are drawn out after the
fiery drops harden, are carried high by the uprising current of air from the pit
and are dropped later over the floor of the crater.

Close to the corral is a low spatter cone, the ‘‘little beggar,”’ which ap-
peared in 1884 when the lava was occasionally overflowing the top of the dome
which now surrounds the pit. Near at hand is ‘‘the devil’s picture frame,”’ a
hole in a small lava fall that ran down into a shallow cave in the crater floor.
Beginning at the spatter cone the trail winds up to the pit which is hidden from
view. After passing other spatter cones the visitor stands at last on the edge
of the great pit Halemaumau.

HALEMAUMAU BY DAy AND NIGHT.

There, scarcely one hundred and fifty feet below the observer,!? is the burning
lake perhaps a thousand feet in diameter,—-dancing, boiling, and flaring like a
gigantic blast-furnace crucible. A dozen or more splendid fire fountains leap
from its face and toss the molten basalt into the air. A great gushing lava
spring wells up from beneath, pouring out lava steadily, while the fountains
round ahout leap and dance in wild unbridled fury. The heat is often so
intense that it is necessary to shield the face to prevent the skin from blistering.
The roar of the fiery furnaces is of a solemn, determined, indefinable character,
comparable in a way to that made by a heavy canvas flapping in a gale, or to
the resistless roai of a storm on a rock-bound coast. Now and then the wind
shifts and the fumes of sulphur drive one back from the edge, for breath. Occa-
sionally rocks loosen from their nitches in the shattered walls of the pit and go
bounding down the sides to melt away in the lake below.

The main body of the lake is usually covered over with large, irregular,
broken pieces of solidified lava that float on the liquid beneath like cakes of
ice in a river. As the fountains play, waves run out from them in all directions
and set the black cakes bobbing about in the lurid flood. Now and then the lava
shoots up a hundred feet in the air, and, as the falling discharge strikes the sur-
face again, waves roll across the lake and break, as surf, against the farther
wall. The observer is held in a spell of fascination for hours at a time.
As the daylight fades the fiery spectacle increases in brilliancy and beauty and
becomes more grandly majestic and imposing. The churning, seething mass
takes on more lurid, flaming hues, while the opalescent atmosphere over the pit is
resplendent with the most delicate ethereal tints that can he imagined. When
darkness finally falls the lake becomes as molten gold. Apparently one can
look not only into it but through it. The lines between the cooled dark masses

19 Conditions of December, 1909.
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are far more brilliant by night. Though not perceptible to one looking directly
into the pit there is a steady column of vapor rising straight over it to
high heaven, where, as it cools, a cloud is formed that becomes a pillar of fire by
night, visible thirty or forty miles at sea. ’

The wonderful and varied spectacle produces in some observers a sense of
profound reverence and awe, in others a spirit of wild, child-like glee. However,
one and all sooner or later grope as in the presence of the Great Unknown and
ask for an explanation of the wonders before them, so grand, so bewildering, so
terrible to contemplate.

In search of the answer to these questions men of science with delicate instru-
ments now camp day and night at the crater and record Pele’s slightest whim
in the hope that some day, in some way, the explanation to the ages-old
question as to ‘‘the cause of the phenomenon of voleanoes’’ may be gained from
Pele herself. For the present the visitor must be content with theories and
superficial answers to almost every question.

It is evident, however, even to the most casual visitor, that Pele is in a
sullen mood and is at work filling up her great caldera, preparing for an out-
break or an overflow. Every few hours the lake recedes a few feet, only to well
up again, swelling each time higher than before. Kilauea is active and nearing
the flood tide. Doubtless before the lava rises much higher, the expected and
oft-repeated breakdown in the walls of the great mountain will come, and the
fiery lake will vanish back into the bowels of the earth just as it has so often
done before.20

The trip back to the Volecano House is usually an uneventful and silent one
for all; even the most frivolous have food for deep and reverent thought.

SipE TrIPS FROM THE CRATER.

Those who are able to prolong their stay at the crater will ind a number of
side trips may be made that will be full of pleasure and interest. Near Kilauea
may be seen tree molds formed in the solid lava, which, in remote time, flowed
through an ancient koa forest. In time the charred remains of the trees disap-
peared leaving their casts as great holes in the lava stream. Iloles formed in
this way may be seen that are from six inches to six feet in diameter, which in
some cases are twenty feet deep.

Fossil tree moulds are quite plentiful in several places on Hawaii and ap-
pear to have been formed in different ways. In Puna hundreds of these
tree moulds stand ahove the flows, each marking the location of a tree. The
living tree was enveloped by the molten on-rushing lava, which quickly cooled
about the tree trunk forming a crust. As the wood burned away fresh lava
filled the inside of the mould. When the stream flowed on the lava flood re-
ceded, leaving the cast in some cases, in others the mould, standing above its
surface, forming a forest of tree trunks of stone. The living koa forest a couple
of miles beyond the Voleano House will give the visitor a glimpse of these giant

20 The lake of fire disappeared May, 1913, leaving the pit empty.
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trees that were so much used by the old-time Hawaiians in their arts, and that
Europeans have found valuable in many was as a substitute for mahogany.

THE Roap 10 THE PorT oF IloNuaPo.

Beyond the crater the road passes by the point Uwekahuna, which is 117
feet higher than the Volcano House and 601 feet above the lava floor of the
crater at the lowest point. It was from this spot that the volcano was first de-
seribed by Ellis. As the traveler proceeds southwestward towards the port of
Honuapo he passes close by the series of cracks that opened in the lateral slopes
of Kilauea in 1823 and again in 1869 to give forth copious flows of lava. Other
flows from Mauna Loa may be seen.

Near Punaluu a large underground stream of water runs into the sea, and
the coast line is dotted here and there by fresh water springs that in former
times were of value to the natives that lived in this district.

As the road continues from Honuapo into the Kau district it crosses several
recent lava flows from Mauna Loa, the eruptions of 1868, 1887 and 1907 having
already been mentioned. There the fields of aa, or rough lava, and pahoehoe,
or smooth lava, may be studied to advantage, and the wonders of a great lava
flow appreciated without leaving the automobile.

THE KoNA DISTRICT.

The Kona district is made up of decomposed lava flows. Its soil is rich
and where well watered is covered with verdure. There are no rivers of conse-
quence in the district, the water being absorbed by the loose earth before it has
time to run far over the surface.

Along the shore line are numerous stone heiaus that are worthy of notice
since they have many interesting traditions connected with them. At Honaunau
is a famous ancient city of refuge which occupies six or seven acres of the low
rocky point on the south side of the little bay. A portion of the structure was
destroyed some years ago by tidal waves, though the walls were twelve feet high
and eighteen feet in width.

At Kealakekua Bay may be seen the monument to Captain Cook at Kaawa-
loa, on the spot where he was killed.2! Napoopoo is on the opposite side of the
bay, and it was there the chiefs lived and where Cook’s vessels were anchored near
the shore. Beside a pond, overlooking the bay of Napoopoo, is the ruin of the
famous heiau where the great navigator was worshiped by the Hawaiians as the
god Lono. At the head of the bay is a vertical cliff eight hundred feet in height
on either side of which recent lava streams have descended. The road from the
landing winds around the bay and over the ecliff and continues northward to
Kailua past the great stone toboggan slide above Keauhou. This portion of the
island is rich and well watered and is given over to extensive coffee, sugar and
sisal plantations, while the mountains on the slopes of Hualalai are thickly
clothed with forests of koa and ohia.

21 February 14th, 1779.
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At Kailua the traveler may take the steamer returning to Honolulu, having
practically completed the circuit of the island.

CHAPTER XIV.
CONDENSED HISTORY OF KILAUEA’S ACTIVITY.

A BrIEF CHRONOLOGY AND HISTORY OF KILAUEA FROM THE EARLIEST RECORDS OF
Its EruPTIONS DOWN TO THE PRESENT, WITH DATES AND OBSERVATIONS ON
THE CONDITION OF THE LiAvA IN THE CRATER OF KILAUEA AND THE PIT OF
HALEMAUMAU.

The following condensed chronology and history of Kilauea and its active
pit, Ilalemaumau, has been drawn from the written testimony of a multitude of
observers, and is designed to give some important facts, dates and figures, as a
matter of reference, that were not suited to the more popular account of this
great volcano.

From the time of the first immigration, under the great Hawaiian Wakea,!
until the last and only historically recorded explosive eruption at the crater in
1789, when a portion of Keoua’s army was overwhelmed, there appears legendary
and traditional evidence to prove that Kilauea was many times in active eruption.

In 1823, when first visited by Europeans, the crater was active and was being
emptied by a flow to the south which reached the sea in the district of Kau.
The lava dropped from 900 feet 2 to a point 1,700 feet helow Uwekahuna, the
fixed datum point on the highest bluff on the west edge of the erater—the point
to which the rise and fall in the lava lake is herein referred.

In 1824 the crater was empty and the bottom left black and smoking. In
1825 it had still farther discharged, but by the end of the year was filling again.
By 1829 it had filled up 200 feet higher than when visited by the same observer
in 1825,

1832*%. After the last date given (1829) the lava rose above the main crater
floor of the earlier period, which was some 300 feet below the floor of the crater at
present (1913). During the year (1832) the lava sunk again so that fire was
confined in the pit 400 feet down.

In January (1832) an earthquake rent the walls between Kilauea and
Kilauea-iki. Lava issued from the cracks thus opened and ran into both craters.

In 1834 Kilauea had subsided, and was much the same as when visited by
Ellis, who was its first chronicler.

In 1838 the lava was up to near the present level, and all over an area four
square miles in extent. During 1839 the crater continued very active, and hy
the following year the lava lake was one hundred feet higher than in 1832.

In 1840 the crater was vented to the northeast by the Puna flow, which
reached the ocean. The lava dropped from 650 to 1,030 feet below the datum
point. By 1841 Halemaumau was filling again. Kilauea was visited during the

1140 A. D. 2 300 feet below the present floor of the crater.
* Years marked by eruptions on Mauna Loa.
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year by the U. S. Exploring Expedition party. In 1842 the crater was filling,
with a dike built up fifty feet above the surface. 1843.* Unusual activity in
Kilauea. The year 1844 saw the large lake 3 overflowing on every side. In 1846
continued overflows had built the floor of the crater up higher than it was prior
to the breakdown in 1840. During 1847 the main crater continued much as in
the previous year. In 1848 the lake erusted over, and the dome-shaped crust rose
two or three hundred feet high in the center; this is the first dome to be noted
in the history of Kilauea.

In May, 1849* the crater was completely emptied by a hidden discharge.
The lava dropped from 350 to 1,030 feet below Uwekahuna. During 1852 great
quiet followed the eruption, but in due time the crater began to fill again. In
1852* it showed no sign of sympathy with the Mauna Loa eruption. During
1854 it still remained quiet, but in 1855* activity returned, and by mid-summer
there were many fountains of leaping lava. In October it was less active, and
the dome over Halemaumau had fallen in; the lava was about 1,200 feet below
the datum point.

By 1856 there was little sign of activity, and during 1857 similar conditions
continued ; the lake was about 600 feet in diameter. The following year (1858)
there was sluggish action in the pit beneath what was the old dome. In 1862
the lava pool in the pit had increased again to 600 feet in diameter. )

The year 1863 saw continued and increased activity. During 1864 IIale-
maumau was 800 feet in diameter with the lava but fifty feet below the crater
floor. A cone was then active in the locality now marked by escaping steam
to the northwest of Halemaumau. In 1865 conditions were much as in the
previous year, but during 1866 a lava flow in the crater two miles in length
was reported.

In 1868* the crater slowly filled up by overflows from the ‘‘North Lake’’
and from Halemaumau, until the whole central portion was considerably ele-
vated. By April the crater was very active. Earthquakes were numerous.
Eight lakes were in ebullition in the crater, and were frequently overflowing.
The great earthquake of April 2nd threw down fragments of the outer wall of
the crater, cracks opened and the lava flowed out, leaving two-thirds of the
bottom caved in from one to three hundred feet below the remaining floor, so
that the lava dropped from 600 down to 1,200 feet below Uwekahuna, and Hale-
maumaun was emptied in three days. The discharge was at a point thirteen miles
southwest of the crater, and reached the ocean in Kau. Kilauea-iki was at this
time flooded over its floor with black, shining lava, the first to enter it since 1832.

3 Halemaumau. * Years marked by eruptions on Mauna Loa.

DESCRIPTION OF PLATE.

1. The ‘‘Little Begger’’; a spatter cone by the trail on the way to the pit. 2. A tall
spatter cone near the northwest edge of Halemaumau. 3. The entrance to Mme. Pcle’s
reception room. 4. Popping corn over heat cracks in the crater. 5. The ‘‘Great Crack’’
which opened in the floor of Kilauea in 1889. 6. The fire-place at the Voleano House—a
shrine famous for its hospitality, its history and its past associations. Before it have gathered
many of the world’s most distinguished men of science.

13
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In 1869 lava was seen far down in Halemaumau. Two years later (1871)
Halemaumau had filled up to overflowing, and the lava ran two miles to the
north over the crater floor. By August the crater was emptied again. In
1872* Halemaumau again filled and was overflowing, but the action was confined
within the black dome, on the summit of which was the molten lake, on a level
with the black ledge about the crater, marking the height of former eruptions.

In 1874 the crater, after subsidence, became active again, and four small
lakes were reported. During 1876* two craters developed on the partially-filled
floor, to which lava had been gradually added by flows in the crater since the
activity of 1868. During 1876 activity in the south * and the north lake® con-
tinued with frequent overflows on the floor of the main crater about them.

By May, 1877* Halemaumau was empty again. During this year the pit
crater Keanakakoi was found to be filled with boiling lava. By September, 1878,
both ‘‘lakes’’ in the crater were very active again; several extensive flows from
them ran over the crater floor. In the early part of the year 1879 both lakes
were active, but on April 21st the bottom dropped out, the lava disappearing
within the pit from whence came much vapor and gas. By June both lakes were
active again, throwing up jets of lava above the rim of the lake. Later exten-
sive flows occurred on the main floor. On July 15th the sulphur bank in the
crater at the south end was set on fire by a flow from Halemaumau. During
1880* both lakes continued active.

During the period between 1865 and 1880, the outer walls of the crater were
found to have completely changed. The floor was now raised in the form of a
broad flat dome, the apex of which was but 300 feet below the Volcano House,
or 417 feet below Uwekahune; while the lowest point on the floor was near the
north wall where the lava was 650 feet below the Volcano IIouse. Throughout
the vear 1881 both lakes continued active. During 1882 the same general con-
ditions continued with occasional flows on the crater floor. Similar conditions
to those of 1882 continued through the year 1883. The ¢‘Little Beggar’’
spatter cone along the trail to Ilalemaumau was formed on March 31st, 1884. At
this time the ‘‘new lake’’ located beyond and to the left of Halemaumau
was active. In 1885 it was noted that there had been but little change in condi-
tions in the crater since 1882. The submarine eruption off Puna on January
22, 1884, was attributed to Kilauea. On March 6th, 1886, both IIlalemaumau
and the ‘‘new lake’’ were overflowing. Thirty-six hours later the lava in both
had sunk out of sight, leaving a hole 590 feet below the rim of Halemaumau, or
1,017 feet below Uwekahuna, but by the middle of July the lava had returned
again.

By August 1887* lava was overflowing from the edge of Halemaumau. Con-
ditions continued during 1888 about the same as in the preceding years, with the
exception that ‘‘Dana Lake.”” a small crater on the west of the main pit, was
quite active with occasional overflows. On November 4th, 1889, the very large
fissure on the floor of the crater ¢ opened without warning. The activity of the

4 Halemaumau. & Called Kilauea. ¢ Now spanned by a bridge.
* Years marked by eruptions on Mauna Loa.
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previous years at the pit continued throughout 1890 and gradually increased
during the year. Early in the year 1891 ‘‘Dana Lake’’ on the west, and the
‘““new lake’’ on the east of the main pit were in constant ebullition, but on March
7th the lava dropped out of the pit, which ‘‘smoked from the bottom.”” A month
later the fire had returned and the lava in the pit continued to rise and fall dur-
ing the year. By July, 1892, overflows from the edge of the pit occurred and
activity continued to the end of the year. Similar conditions continued through-
out the year 1893. By March 6th, 1894, Halemaumau, still very active, had
built itself up in a retaining wall, formed by the solidification of molten lava
splashing over the edge of the pit, until its surface was but 282 feet below the
Volecano House—the highest lake recorded in the history of the crater. The
floor of the crater had been added to by overflows from the pit during the pre-
ceding year.

In July the lava subsided in the pit, dropping 250 feet in ten hours. The
fire finally disappeared in December, leaving the pit empty during the following
vear (1895). On January 3rd, 1896,* the fire returned, but on January 28th
disappeared. It reappeared on the bottom of the pit, 600 feet below the rim.
a few days later. After three weeks of very slight activity, it disappeared.
The fire returned for three days in June, 1897. In 1898 the pit was estimated to
be 800 feet deep.

A breakdown in the walls of Halemaumau occurred in 1900, filling the bot-
tom of the pit. By August 15th, 1901, a like had formed in the floor of the
pit. During 1902 the condition of the previous year continued with some varia-
tions for several months. At the time the writer made a survey for the model
in the Bishop Museum, the pit was 825 feet deep. During 1903* some slight
activity was noted far down in the pit. The crater was quiet during the year
1904, but in 1905 fire was again seen in the pit in March, and slight activity
continued throughout the year. The fire disappeared in 1906 leaving the pit
576 feet deep, but in December the pit became active.

By January, 1907,* the lake was more active, with the lava steadily rising.
Later it receded, but by May it had become active again. The amount of fire
to be seen varied from day to day, but the lava continued to fill up the pit until
during the month of May the pit was estimated to be only 200 feet deep, with the
molten lake 800 by 400 feet. In the carly part of 1908 the pool continued to
rise slowly and irregularly until it was within ninety feet of the level at the edge
of the pit. Later the lava receded, leaving a black ledge about the inner edge
of the pit. Since that time up to January, 1913, the lava was constantly boiling
with varying intensity, and at different levels.

During this long period of activity the erater has been visited by thousands
of tourists. Early in 1910 the new automobile road by way of Kilauea-iki was
completed into the crater, to a point within one hundred yards of Pele’s abode
in the inner pit. Many have made use of it in making their visits to her
sanctuary.

* Years marked by eruptions on Mauna Loa.




Natural History of Hawaii.

SECTION THREE

FLORA OF THE GROUP.
CHAPTER XV.
PLANT LIFE OF THE SEA-SHORE AND LOWLANDS.

The plant life of these highly .isolated islands has always been a subject
of absorbing interest, and much has been done by botanists since the time of
Cook’s memorable voyages towards putting a knowledge of the flora into an
orderly and systematic form. For those who contemplate a serious study of the
vegetation of the islands, the important volume of Dr. Hillebrand is, of course,
an essential, but for those who wish merely to know something of the more useful,
familiar or conspicuous plants, without going into the subject exhaustively, a
brief summary of the more salient features may here suffice.

THE IsLAND FLORA.

‘We have elsewhere had oceasion to refer to Hawaii-nei as being so far removed
from the mainland of America and the islands of Polynesia that it is indeed
difficult to acecount for the presence of so varied and extensive a fauna and flora.
Nevertheless there is no very tangible geologic evidence, aside from the evidence
of a deep subsidence, to furnish ground for a belief that the islands in past
geologic time have been more closely connected with other lands than they are at
present. We therefore have here, if anywhere in the world, a truly virgin
flora—one of great tropical beauty and surpassing interest to students as well
as to travelers and holiday seekers who ramble off into the mountains and fields
or by the sea-shore in search of change from the common place of the city.

Those who have studied the matter assure us that the nearest land in the Pa-
cific that can be seriously considered as providing stepping stones that may have
been instrumental in giving HHawaii her original stock of plants are the Marquesas.
But since those islands, like all other lands and islands, are more than two thou-
sand miles distant and are separated from the Hawaiian group by the abysmal
depths of the ocean on all sides, the striking physical isolation of the group from
adjacent land areas is apparent. Aside from the intercourse that the Hawaiians
have had with the groups of islands to the south, an intercourse that undoubtedly
resulted in the bringing to the group of all of their more important economic
plants as elsewhere stated, the flora of the islands once established, seems to have
developed naturally and continuously for a very long period of time. The
development seems to have been continued to the present time without the com-
plications that elsewhere result from geologic changes, or other disturbing fae-
tors either from within or without.
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PLATE 50. VEGETATION OF THE LOWER AND MIDDLE FOREST.

1. Ki (Cordyline terminalis) ; the leaves are still used by Hawaiians as a wrapping for
food, fish, etc. In former times a strong drink was brewed from the roots. 2. Typical view
(Description of I'late Continued on the Oppoxite Page.)
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SOURCES.

Of the movement of ocean currents and their effect as transporting agents,
we know but little. 'Without doubt some plants arc transported in this way.
As is well known the existing currents in the North Pacific move in a direction
that carries them toward the equator from along the shores of the colder Ameri-
can continent. Although Hawaii is in the direct path of this current, few
indeed have been the representatives of the North American flora that have
been brought to the islands. However, we are not sure that the currents have
always had thejr present motion or direction. It is possible that in by-gone
ages, long ago, the movement of the currents of the Pacific may have been re-
versed, so that various plants from the Australian, Polynesian and South Ameri-
can regions that are well known here, might have been carried to the islands by
them, in one way or another.

NUMBER OF GENERA AND SPECIES.

The ability of birds to make long and direct flights is elsewhere referred to
and without doubt they have been able to bring a small per cent of the total
plant population of the islands. But be that as it may we find the flora of
Hawaii remarkable in that, in proportion to the entire number of plants, it has
more species that are peculiar to the group than are to be found in any other
region of the same area in the world. If we take the total number of plants,
including those which have been introduced and have become generally natural-
ized since the coming of Captain Cook, and include those undoubtedly intro-
duced by the Hawaiians themselves, we have a grand total, for the native and
introduced flora, of approximately a thousand species of flowering plants and a
trifie over one hundred and fifty species of eryptogamic or spore-bearing
plants, making a list, including recent species, of perhaps twelve hundred in
all. These are divided by Dr. Hillebrand into three hundred and sixty-five
genera, of which three hundred and thirty-five are flowering plants and thirty
are cryptogams. It should be remembered of course that this number is being
added to and altered and rearranged from time to time, through continued re-
search. It is, however, sufficiently accurate to indicate the character of the
flora.

ENDEMIC AND INTRODUCED PLANTS.

If we exclude from the total list as above given those known to have been
introduced by the Ilawaiians and Europeans we find over eight hundred and

(Description of Plate Continued from Opposite Page.)

in a rain forest. In the Lauhala tree (Pandanus odoratissimus) is a bird’s nest fern [Ekaha]
(Asplenium nidus) in its natural habitat. The Ohia (Metrosideros polymorpha) trees in the
background are overrun with Ieie (Freycinetia Arnotti) while in the foreground several genera
of ferns can be recognized among them Sadleria, Cibotium, Asplenium, Aspidium, and the like.
3. A famous tree fern [Heii] (Cibotium Menziesii) surrounded by a jungle of Sadleria,
Aspidium and other genera of ferns which abound in the moist woods of Hawaii. 4. Wild
Bananas [Maia] (Musa sapientum) and cultivated Coffee (Coffea Arabica) growing in a
forest clearing.
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PLATE 51. COMMON PLANTS FROM ROCKY COASTS AND SANDY SHORES.

1. llima (Sida spinosa), a name applied to several related species. 2. Beach Ileliotrope
(Heliotropium Curassavicum). 3. Pickle-weed (Batis maritima). 4. Alena (Boerhaavia

(Description of Plate Continved on the Opposite Page.)
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sixty species distributed over two hundred and sixty-five genera that are to be
regarded as the original inhabitants of Hawaii. Of this number more than six
hundred and fifty species are found nowhere in a natural state outside of Hawaii
and are therefore endemie, precinctive or peculiar to the group.

The number of endemic plants found on the different islands of the
group varies in a way contrary to what might naturally be expected, as the
number is largest on Kauai and smallest on the large island of Hawaii. This
seems to be in accordance with geologic facts. Since, as has elsewhere been
said, Hawaii as a whole is regarded by geologists as the youngest of the islands
geologically, it is reasonable to conclude that the number of endemic plants oe-
curring on it, or on any of the islands, furnishes a fair index to the relative age
of that particular island. Thus Kauai, which stands fourth in area, stands
first in her list of species, and the species are as a rule much better defined
than are those on the younger islands of the group.

Much that is interesting has been learned by tracing the orgin and affinities
of the plants of the Hawaiian group. This is done by carefully following out
the relationship of the various genera, families and orders with a view to finding
if possible the place from which they have been distributed in times past. Since
there are no fossil plants in Hawaii it is necessary to rely entirely on the geo-
graphical method of determining the source and relationship of the native flora.

If the two-thirds of the list of the plants that are found nowhere else be
left out of account, we find that the remaining one-third has come from various
sources, in many instances far remote from the islands, by routes often diffi-
cult to trace. On the other hand there are species that are widely distributed
throughout Polynesia that are only allied to American forms. Many others are
of Asiatic origin with Polynesian affinities. A small number have been con-
tributed by Australia, while a limited number are of African origin. Still
other species are almost world-wide in their distribution.

VARIATION IN THE FLORA FROM ISLAND TO ISLAND.

The plant life of the several islands of the group not only varies as to the
character of the flora found on each, but each individual island varies in its
flora in different localities to a certain extent, showing adaptations that accord
with variations in altitude, soil, wind and the amount of rainfall. This is true
to such a degree that no two valleys will have exactly the same plants, and
each excursion into the mountains is liable to be rewarded by bringing to light
something not seen elsewhere and possibly not even known heretofore in the plant
world.

(Description of Plate Continued from Opposite Page.)

diffusa), see also No. 7. 5. Pauohiiaka (Jacquemontia Sandwicensis). 6. La Platte Tobacco
(Nicotiana glauca). 7. Alena (Boerhaavia diffusa). 8. Nohu (Tribulus cistoides). 9.
Akoko (Euphorbia cordata). 10. Maiapilo (Capparis Sandwichiana). 11. Pili (A4ndropo-
gon = (Heteropogon) contortus). 12. Beach Sandalwood [Iliahi] (Santalum Freycinetianum
var. littorale). 13. Beach Morning-glory [Pohuehue] (Ipomoea pes-capre). 14. Beach grass
(Sporobolus Virginicus). 15. Five-fingered Morning-glory [Koali ai] (Ipomoea tuberculata).
16. Carex sp. 17. Akulikuli (Sesuvium Portulacastrum). 18. Alaalapuloa (Waltheria
Americana).
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Hillebrand and others have found it convenient to group the flora of the
islands into different zones based mostly on the elevation they occupy. There
are six of these arbitrary zones that with a little experience can easily be recog-
nized since their floras are more or less well defined though, of course, intergrad-
ing from one zone to another to some extent.

FLoRAL ZoNES: THE LOWLAND ZONE.

For the purpose of this sketch of the flora of the Hawaiian Islands it will
suffice to speak of a few of the more important plants in each zone, beginning
at the sea-coast, where there is a peculiar strand vegetation, and from there make
an ideal ascent of the mountains, taking one zone after another until the summit
of the highest mountains have been explored.

Starting with the plants of the lower zone we have species that thrive at
the sea-shore, often at the very water’s edge. This is known as the littoral flora
and always grows along the sea-shore or the margin of brackish water, usually
within sound of the sea. It seems to be indifferent to the salt in the soil.
Almost all of the plants of this zone are ocean-borne and widely distributed
species. As a rule they have fleshy stems and leaves and possess great vitality.
They may be uprooted by the waves, borne out to sea by the tides, and carried
away for long distances by the currents, to be set out again by the action of
the waves on some foreign shore. The plants found growing on Midway, Laysan
and Lisiansky, and in fact all the low Pacific islands and shores, are of this
littoral type. On Laysan the writer collected twenty-six species that must all
owe their origin to the method of transplanting just described.

COMMON LITTORAL SPECIES.

There is very little variation in temperature and conditions at the sea-shore
throughout the group, and as a result we generally find the condition of plant
life fixed and uniform on all of the islands. The same littoral species may occur
wide-spread about the shore of the different tropical islands, while the genus
to which the species belongs may be represented inland where conditions are
more variable by several species, often one or more such species being peculiar
to each island where the genus occurs. An interesting example of this is found
in the case of the genus Scevola—the naupaka of the natives with a wide
spread shore species.! The species of the genus are all small shrubs bearing
white or pale blue and occasionally yellow flowers that are peculiar in that the
corolla is split along the upper side to its base. Owing to this peculiarity the

1 Sevola Lobelia.

DESCRIPTION OF PLATE.

1. Hawaiian Mahogany [Koa] (Acacia koa) from the koa forest near tlie volcano
Kilauea. 2. Tree Ferns (Cibotium sp.) in the fern jungle near the Voleano House. 3.
Lichens on trees; a charcteristic of the forests above 2000 feet. 4. Lauhala (Pandanus odor-
atissimus) by the sea-shore on Hawaii. 5. Staghorn Fern [Uluhe] (Gleichenia linearis).

6. A Staghorn Fern tangle near the voleano Kilanea. 7. Wiliwili (Erythrina monosperma).
8. Apeape (Gunnera petaloides), showing the comparative size of its splendid leaves.
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PLATE 53. TWENTY COMMON WEEDS.
1. Cocklebur (Xanthium strumarium). 2. False Mallow (Malvastrum tricuspidatum).

Common Sida (Sida spinosa). 5.

Wild Euphorbia (Euphorbia geniculata). 6. Yel-

(Description of Plate Continued on the Opposite Page.)
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natives have woven a pretty pathetic story about the blossom which tells of
how two lovers, who had long been fond of each other, one day quarreled and
parted. As a token of the unhappy event the maiden tore this flower down the
side. This was a sign by which her sweetheart might know that she loved
him no longer, nor would she care for him until he should find and carry to her a
perfect naupaka flower. The lover went in desperation from one bush to an-
other and from one island to another searching through the flowers, hoping to
find a blossom that was not torn apart. But alas, he was doomed to disappoint.
ment and it is said that he died of a broken heart. That was long, long ago; but the
naupaka still blooms always with a slit down the side of the flower, no doubt, as a
warning to petulent maidens that it is unsafe to interfere with the laws
of nature. Be that as it may, through the long ages since (and longer ages
before) this shrub has been blooming on the different islands, and creeping
higher and higher into the mountains, and has slowly adapted itself to the changes
of soil, elevation and climate until several distinet species and a number of
varieties have been formed. '

Another characteristic plant of this zone is the sea morning-glory,2 the
pohuehue of the natives. This species with its thick bright green leaves, lobed
at the tip, that grow on thrifty creeping stems which root down from the joints,
bears dusky pink flowers familiar to every one who has strolled along the sea
shore anywhere in the tropics.

A near relative of the above found on the sand beach on lowlands is the na-
tive island morning-glory 3 or koali. It is recognized by its heart-shaped leaves
and azure blue flowers that become reddish as they fade. The natives used its
root in their medicine as a cathartie, and also used it as a poultice for bruises
and broken bones.

Associated with these, often growing together with them, is a third species
of morning-glory* or Convolvulus, the ‘‘koali ai.”” It is found in dry
rocky soils near the shore and is recognized by its having the leaves cut into five
fingers and its blossoms beautiful purplish-red flowers. It is of more than pass-
ing interest since, as the name implies, the natives ate its tuberous roots in times
of scarcity. They also wilted and used its stems for coarse cordage. That the
natives should use this root as food is not so odd as it at first seems when we
remember that the sweet potato 5 or uala, a near relative with more than twenty

2 Ipomoea pes-capree. 8 Ipomoea insularis. ¢ Ipomoea tuberculata. 8 Ipomoea Batatas.
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low Wood-Sorrel (Ozalis corniculata). 7. False Geranium, ‘‘Cheeses’’ (Malva rotundifolia),
8. Sow Thistle [Pualele] (Sonchus oleraceus). 9. Rattlebox (Crotalaria sp.). 10. Spanish
Needles (Bidens pilosa). 11. Common Amaranth (Euzolus viridis). 12. Stick-Tight Grass
[Piipii] (Chrysopogon wverticillata). 13. Paupilipili (Desmodium uncinatum = Mciobemia
uncinalug). 14. Purslane [Ihi] (Portulaca olecracea). 15. Nut Grass [Kaluha] (Kyllingia
monocephala. 16. Thorny Amaranth (dmarantus spinosus). 17. Dog’s Tail or Wire
Grass (Eleusine Indica). 18. Garden Grass (Eragrostis major). 19. Eclipta alba, common
about taro ponds, ete. 20. Crow-foot (Chloris radiata). (No number) Garden Spurge
(Euphorbia pilulifera).
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PLATE 54. COMMON PLANTS OF THE FIELDS AND ROADSIDE (OAHU).

1. False Koa (Leucena glauca). 2. Kou (Cordia subcordata). 3. Hau (Hibiscus
tiliaceus). 4. Galingale (Cyperus pennatus). 5. Mexican Poppy [Puakala] (Argemone
(Description of Plate Continued on the Opposite Page.)
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varieties, was one of the principle sources of vegetable food used by the natives
at the time of the discovery of the islands.

Associated with the foregoing is an interesting plant, the kipu kai,® one of
two species of heliotrope which occurs on the low littoral zone. As the Hawaiian
name implies it is invariably found near the sea. Both species, however, usually
grow on the raised coral rock or the dry lava flows rather than the sand of the
shore. The pure white flowers are in small compact clusters on a low prostrate,
wiry stem. The close rosettes of thick silky leaves distinguishes the second
species 7 at once from the smooth-leafed larger form with the longer spikes of
white flowers.

Account of the pickle weed (akulikulikai)® should here be taken since it is a
common and conspicuous plant in brackish water marshes about Honolulu and
Pearl Harbor and one that is rapidly spreading to other localities.

Still another plant that is of interest, especially to the small boy, is the
nohu.? It is sometimes called Mahukona violet by reason of the fragrance of
its flowers. The plant is a trailing hairy vine-herb with usually eight pairs of
small leaflets to the leaf. The blossoms are yellow and an inch or more across.
But the feature of particular interest is the horny seed pods each segment of
which is armed with twin spines. The bare-footed boy who steps on one of these
pods as it lies buried in the sand is liable to remember the experience for a long
time.

A common and interesting species in the lowlands along the shore or at the
mouths of streams where the water is not too brackish is the akaakai or bul-
rush 1° with its long, gradually tapering naked stems, three to six feet or more
in height. But there are many plants, sedges and grasses in this zone, common
on or near the sea-shore of the group, that are all so widespread in their general
distribution that they form a list too extensive to receive mention here.

Such plants as the polinalina 1! with the underside of the leaves and flowers
nearly white; the nehe,!2 a low prostrate plant with small, thick, veinless, silky-
haired leaves; the beach sandalwood,!? a low shrub with thick, fleshy, pale green
leaves; the maiapilo,!4 a straggling shrub with smooth leaves and large showy
many-stamened white flowers; the maoor native cotton,!5 a low shrub with hoary
white, three-to-five-lobed leaves and sulphur-yellow hibiscus-like flowers; the
pololo or dodder,18 a leafless thread-like twining parasite, as well as such trees as

¢ Heliotropium Cur

T Heliotropium anomalum. 8 Batis maritima.

® Tribulus cistoides. 19 Scirpus lacustris, 31 Vitez trifolia. 1% Lipochata integrifolia.
:: gantalum“ h‘tgoral:. 14 Capparis Sandwichiana. 18 Gossypium tomentosum.
. ichi
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Mezicana). 6. Hinahina (Heliotorpium anomalum). 7. Job’s Tears (Coiz lacryma-
Jobi). 8. Sedge (sp. indet). 9. Mint (sp. indet). 10. Bullrush [Akaakai] (Scirpus
lacustris). 11. Lantana (Lantana Camara). 12. Kolu (Acacia Farnesiana). 13. Jimson
Weed [Kikania] (Datura Stramonium). 14. ‘‘Opium’’ tree [Opiuma] (Inga dulcis = Pithe-
colobium dulee). 15. Club Rush (Scirpus palustris).



PLATE 55. VEGETATION IN THE FORESTS, ALONG THE STREAMS AND THE
ROADSIDE.

1. Typical scene along the mountain streams. 2. On the road to Kilauea. 3. Typical
forest jungle in the middle forest zone showing the luxuriant growth of vines. A fern
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the milo,'" niu,'8 kou,'® kamani?® and the noni?! are all liable to occur at or
near the strand and to attract notice.

PLANTS FROM THE SEA-SHORE TO THE EDGE OF THE FOREST.

The second zone begins at the sea-shore and extends back to the lower edge
of the forest area and reaches up perhaps a thousand feet or more on the slopes
of the mountains. This is termed the lowland zone. It is open country, usually
covered with grass after a rain, with isolated trees scattered here and there, repre-
senting comparatively few genera. Being either arid, sandy or rocky the region
nowhere, except possibly in the valleys and along the windward side, produces
anyvthing like a luxuriant vegetation. It is in this zone that man has longest
had his dwelling and has cultivated, cleared and panted most; therefore since
the coming of foreigners and the extension of irrigation and the cultivation of
field crops on a large scale the native plants have all but disappeared from this
costal or lowland area. They must now be sought in the most unpromising
agricultural districts, as about the base-of tuff-cones like Diamond Head; or
along the lava ledges not accessible to animals; or better still, on old lava flows
too rough or too dry for tillage.

One of the most common, persistent and useful of the native trees of this
zone is the hau.22 The tree is very nearly related to the Hibiscus of the gar-
dens from which it can be separated by the fact that in the hau the bracts of
the flowers are united to form an eight-to-ten-lobed cup. It is common from
the sea-shore to 1500 feet elevation and is a freely-branching tree growing in a
snarl, forming almost impenetrable thickets that sometimes completely fill small
valleys. It is a favorite tree with the Hawaiians and is frequently utilized as
a shade over arbors and lanais. The light wood served as outriggers for the
native canoes, the tough bark made pliable rope, and the bark and flowers were
used as an important medicine. The flowers are yellow one day and the next day
mauve, and according to Hillebrand double blossoms are occasionally found
near the sea-shore.

Very closely related to the foregoing is the milo.?3 Like the hau the numerous
large, showy yellow blossoms make the milo an attractive tree which often at-
tains a height of forty feet or more. It is somewhat difficult for the novice to
recognize the tree as a distinct species. The flower bracts, however, are free and
only three-to-five in number, and the seed pods are an inch and a half in dia-
meter, almost as hard as horn, and hang on the tree long after the seeds have
ripened.

17 Thespesia populnea. 18 C'ocos nucifera. 19 Cordin subcordata. 20 Calophyllum Inophyllum.
21 Morinda citrifolia. 22 Paritium tiliaceum. 23 Thespesia populnea.
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stem corduroy road leads through the Ohia forest which is draped with Ieie vines. To the
extreme right and left are graceful tree ferns, while in the foreground are a number of ferns
and under-shrubs characteristic of the region. 4. View along the Volcano House road show-
ing & number of introduced plants that have escaped into the forest.

14



PLATE 56. KUKUI AND COMMON PLANTS OF THE LOWER FOREST (OAHU),

1. Olona (Touchardia latifolia). 2. Candle-nut tree [Kukui] (dAleurites Moluccana).
3. Hawaiian Moon Flower (Ipomoea bona-nor). 4. leie (Freycinctia Arnotti). 5. Hala-
(Description of Plate Continued on the Opposite Page.)
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Mile occurs generally over the Pacific islands and was formerly much used
by the natives in various ways, but especially in making wooden dishes, cala-
bashes and other household utensils. In many parts of the Pacific the tree is
held in religious veneration, being planted in or about the native temples, but
this does not seem to have been the case in Hawaii.

Two species of native cotton are found in this zone. The one with sulphur-
colored flowers is called mao 2¢; the one with brick-red flowers is the kokio 25
of the natives. Both species, unfortunately, are rarely met with and the cultiva-
tion of either as a garden shrub would be most commendable. In this
same region and belonging to the same order 2¢ as the foregoing are found the
four or five species of ilima.?” They are all low shrubs two to six feet high,
with single yellow flowers. The flowers are much prized and have been used for
centuries by stringing them together one on top of another on fibers of olona,
to make garlands or leis. They are often called the national flower of Hawaii,
having long been the favorite flower of Hawaiian royalty.

The ohe 28 is also a tree of this region, and though ir no way resembling
the bamboo, the latter has been given the same name by the natives. It is a
low scrubby, thick-trunked tree fifteen to twenty-five feet high growing on ex-
posed open hillsides and is one of the rarer trees of the region. The leaves are
a foot long and bear from seven to ten ovate leaflets. These are lost in the
winter, the flowers appearing before the leaves in the spring.

The wiliwili 2¢ is better known than the foregoing and resembles it in shape
and habit. The ‘‘coral tree,’’ as it is often called, is to be seen in the city,
though unfortunately it is becoming vearly more rare in its native habitat—the
open country—where it was formerly a common tree on the rocky hills and plains
in the lower open regions on all the islands. The tree rarely grows more than
twenty-five feet high and belongs to the bean family, or Leguminose. It has the
trunk and limbs armed with short, stiff thorns. The broad spreading crown of
stiff, gnarled, whitish branches bearing bean-like leaflets can hardly escape the at-
tention of the observer; but should it be in flower (its flowers open before the
leaves come out) the wealth of red, orange, or yellow blossoms will be a subject of
admiration and remark by the merest holiday rambler. The pods are from an inch
and a half to three inches in length with from one to several reddish bean-
shaped seeds a half inch or more in length. It is not to be mistaken for the
tree in parks and grounds bearing the small disk-shaped seed called wiliwili or
red sandalwood 3® of tropical Asia, that produces the red lense-shaped ‘‘Cir-

24 Gossypium tomentosum. 28 Fossypium drynarioides. 26 Malvacece. 27 §ida spp.
28 Reynoldsia Sandwicensis. 29 Erythrina monosperma. 30 4 denanthera pavonina.
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pepe (Dracena aurea). 6. Hauhele (Hibiscus Arnottianus). 7. Alaalawainui (Peperomia
sp.). 8. Kopiko (Straussia Mariniana). 9. Native Ginger [Awapuhi] (Zingiber Zerum-
bet). 10. Naupaka (Scevola Chamissoniana). 11. Koa (Acacia Koa). 12. Kalia (El@o-
carpus bifidius) with diseased inflorescence. 13. Uki (Dianella ensifolia). 14. Uhi (8milaz
Sandwicensis).
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cassian seeds’’ which are curiosities with travelers and used extensively in Hawaii
for leis or necklaces.

The wood of the wiliwili is very light, said to be lighter than cork, and was
much used by the ancient Hawaiians for making the float log of the outrigger
for their canoes and also as floats on their fish nets.

Another useful plant native to this region, though not well known, is the
Hawaiian soap plant or anapanapa 3! which grows to be a large shrub with small
greenish flowers.

The only really common flowering plant of the islands among the small
forms is the Mexican thistle or puakala. It occurs in dry rocky situations on
the leeward side of the islands and grows erect and stiff and from two or six
feet in height. It boldly displays the large, attractive white terminal flowers
that are three inches or more in diameter. Its flowers are amply guarded
with a mass of whitish prickly leaves. Though thoroughly naturalized and
found by the first collectors, this thistle-poppy was undoubtedly introduced from
the warmer parts of North America.

One of the most characteristic and abundant native trees of the region, how-
ever, is the picturesque Pandanus, better known as lauhala 32 or hala by the
natives. It is common on the dry plains and about settlements of the lower
regions everywhere, frequently growing down on the sand beach. The stout
branching trunks and numerous aérial roots growing out of the trunk, as well
as the base of some of the branches, are well known peculiarities of the plant.
It has long linear leaves crowded into a head at the end of the branches. The
leaves are of great value to the natives, since from them they plait the mats,
fans, and other articles, elsewhere described, that are so serviceable. The
fibrous wood of the old trees is very hard and capable of taking a high polish
and in recent times has been used in making the modern turned wooden bowls
or calabashes. Picturesque as the lauhala tree is, its principal charm to the
natives is in the bright orange-red fruit from which they will continue to string
leis so long as there are natives left to wear them. The base of the fruit con-
tains a small, rich, edible nut—about the only native nut in Hawaii worth eating.

The Pandanus occurs widespread over Polynesia. The seeds will stand
saturation in sea water for months without loosing their vitality. Hence they
can be readily transported by ocean currents and planted by sea waves. In
addition to the wide geographical range of the plant, geologists tell us that its
ancestors were alive and flourishing in the Triassic period in Europe. It is said
to be among the oldest and most persistant of plants, and one that in every way
is fitted to take part in the pioneer work of starting plant life on a new-born
oceanic island; it is therefore strange that it has not been established in some
way on the low coral islands of this group.

In this same lowland zone occurs the Hawaiian dodder or pololo,33 a species
that also extends its range down to the strand. This curious member of the

31 Colubrina Asiatica. 32 Pandanus odoratizsimis. 33 Cuscuta Sandwichiana.
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convolvulus family is a golden yellow leafless parasitic vine that begins
life as a herb with a twining stem. @ When it comes into contact with
a suitable tree, shrub or vine it twines itself about it, and at the place where
it twines about the host plant it develops suckers which sap from the tree all
the nourishment the dodder requires for its growth. Finally the roots of the
parasite die and the ignoble plant continues to live on its victim much as the
mistletoe does. In various places about the group as in Kau on Hawaii,
it covers the bushes and the plant growth over hundreds of acres of the low
lands.

INTRODUCED PLANTS.

As has been said, the region from the sea-shore up to and above one thou-
sand feet elevation has been most used by man, and as a result the character
of the flora has been changed by many plants, both of native and European in-
troduction, that have here found congenial surroundings.

A noteworthy example of undoubted Hawaiian introduction is the noni.34
It is a small tree with stout angular branches clothed with thick, smooth, green
leaves six or eight inches long by half as broad. The tree is most easily recog-
nized by its curious potato-like greenish fruits. They are fleshy and juicy, but
insipid to the taste, and are very fetid while decaying. The noni occurs all over
Polynesia from the strands up several hundred feet in the valleys, and in former
times was cultivated as a dye plant by the Hawaiians, who secured a yellow
dye from the roots and a pink dye¢ from the bark. With the addition of salt
they also secured a blue color that was very permanent.

Of the plants that have escaped from European introductions only a few
of the more conspicuous or interesting can be mentioned. Next to the lantana per-
haps the Verbena or 0i,3% an erect perennial three to six feet high with spikes
of small lilac-blue flowers, is one of the most troublesome introductions, especi-
ally where large tracts of land are used for pasture. The cassia flower 3¢ or
kolu bean was an early introduction into the islands and grows luxuriantly along
the road sides and elsewhere in unproductive regions. Its finely pinnate leaflets
and yellow, sweet-scented ball-like flowers are characteristic of this bush, but are
no better known to the cross-country rambler than are their sharp needle-like
spines. India furnishes tons of the dried blossoms of this plant to commerce,
and France, we are told, has plantations devoted to the culture of this or a
closely allied species, the aromatic blossoms of which are much used in the manu-
facture of perfume. Experiments have proven that the quality of the Hawaiian
grown flowers, if properly dried, excel in fragrance those grown and cured in
India.

Perhaps a dozen species of Acacia are grown in I{awaii, some of which have
established themselves in the open. With these should be mentioned several
species of the genus Cassia, belonging with their cousin the kolu to the great
order of pod-bearing plants 37 that are both wild and cultivated.

3¢ Morinda citrifolia. 88 Verbena Bonariensis. 3¢ Acacia Farnesiana. 87 Leguminose.
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The nearly related false koa 38 with white ball-like blossoms often an inch in
diamecter is one that has escaped and become common. Its seeds, known as
mimosa seeds, are about the size of those of an apple and are used by the natives
in making leis and other ornaments for sale to tourists.

The wild indigo or iniko 3? of the natives growing two to five feet high, with
small leaflets in from two to eight pairs to the leaf, is an introduced weed. It
was brought in 1836 from Java by Dr. Serriere who, it is said, was able to
manufacture a good grade of indigo from it. The species is of American origin,
but is now grown in many countries in preference to other indigo-yielding
species. This plant is frequently confused with the native plant ahuhu or
auholo 4 found growing in the same region and very closely resembling the
indigo in size and general appearance. The latter, however, has the flowers and
seed terminals on opposite leaves. The pods of the ahuhu are easily recognized,
being two inches long and straight, while those of the indigo are a half inch long,
much incurved and usually thieckly erowded together on the stems.

The ahuhu was much used by the natives for stupifying fish, as the plant
possesses a narcotic property similar to that of digitalis. It is said to have a
similar effect on the action of the heart. )

The common Vinea,*! a native of tropical America, has escaped in many
places and, as about Halawa on Molokai, flourishes on the rocky hillsides in the
open country below the forest line.

Black-eyed susans, or Indian licorice,#? known to some as prayer beads,
has also escaped. The plant has leaflets in seven to ten pairs each about half
an inch in length. The flowers are pink or pale purple and are followed by
pods an inch or so long filled with scarlet seeds, each with a black spot at the
base. The plant probably came originally from Asia, but it is now scattered
everywhere. Its seeds, like so many other introduced seeds, are worn in Iawaii
in the form of leis.

Job’s tears,3 like the foregoing, no doubt escaped from the gardens of the
early missionary settlers and found a congenial soil along the water courses,
ponds and waste places in the lowlands. The plant is corn-like in appear-
ance, and the large, white, shining fruits have some resemblance to heavy drops .
of tears, hence its fanciful name. The plant was originally a native of eastern
Asia but is now found everywhere in gardens.

With the foregoing should be mentioned the Canna or Indian shot.## The
common spedies that has escaped grows along the streams and has heen widely
scattered about the vallevs on the different islands. The flowers are generally
red but are frequently yellow and are often variegated as well. The round
black seeds are responsible for the English name though the plant is known
to Hawaiians as aliipoe. Other species of Canna have escaped, especially on
Hawaii, where this genus, which belongs in the same family as the banana, finds
conditions especially favorable for its growth.

38 Leucana glauca. 89 Indigofera Anil. 40 Tephrosia piscatoria. 41 Vinca rosea.
42 Abrus percatorius. 43 Coir lacryma = C, lacryma-Jobi. 44 Canna Indica.
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Watercress 45 is in reality a species of Nasturtium. It was an early arri
and has spread in the streams about Honolulu and the islands generally. I
the same species as that so much esteemed as a food in Europe. While it flo
ishes in Hawaii and is especially fine in flavor, it rarely flowers. The air-plan
is another escaped plant. It grows two to five feet tall with erect fleshy ste
and large, thick, ovate leaves, and has green bell-shaped nodding flowers tin:
with reddish yellow. The air-plant is a familiar species in suitable locali
of the lower levels. While it is a native of Africa, it flourishes here and i
well known curiosity owing to the fact that a leaf left lying on the table
begin to grow from the crenate notches along its edge, apparently deriving
sustenance from the air.

(IRASSES.

Grasses of various species, both native and introduced, form the prinei
field vegetation of the costal region. No fewer than three dozen genera
grasses have been recognized in Hawaii by botanists. Many genera found in
lowlands enjoy a considerable range, extending well up into the mountains,
have numerous species of more or less importance. Of the genus Panicum fift
species and several doubtful varieties have been recorded by Ilillebrand s
others. They are found in various places under varying conditions through:
the group. At least a half dozen and perhaps more introduced species belo
ing to this genus are common in the cultivated districts.

The original manienie 47 that formerly occupied the lowlands up to 2.
feet elevation, belongs to a different genus from the creeping grass introdu
in 1835 which is the familiar grass +% of the yards about the city. The for
is a coarser grass creeping with ascending branches six to eight inches lc
bearing four to eight pairs of leaves. The latter has slender rooting stems, w
four to eight pairs of alternate leaves with three to six spikes, an inch or me
long, at the end of the stem. Owing to its creeping habit it has been called
the natives manienie. It forms a dense mat in pasture lands and has erowd
out other grasses up to the upper limit of the lowland zone. It is of gn
use in dry, sandy pastures as it binds down the soil and thrives where ott
grasses fail, since its roots penetrate deep down in the loose soil.  Like |
algaroba tree, which is a similar fortuitous introduction occupying this zo
it is a most valuable acquisition to the island flora from every point of vie

Two species of Paspalum oceur in this zone; one, the well known a
generally despised Hilo grass,'® oceurs in moist, heavy soils in the lower zone a
grows well into the higher regions in suitable places. The Ililc grass. which
an introdueed species as has been said, has crowded out almost every oth
species of greass where it has gained a foothold. It is a large, rank grass, tall
than the native species, growing two to four feet hmgh, and has two spikes

[BY : . - .
“. ,"III(INNIHH officinale, S RBryophpllum calyeinum, 47 Stenotaphrum Americanum.
Cynodun dactylon, O Panpalum conjugatum.
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the top of the stem, a peculiarity separating it at once from the smaller species 3°
having three to six alternately arranged spikes.

The well known pili grass 3 is an important species in this zone, as is also
the kakonakona.52

Two plants formerly commonly grown in the lower zone by the Hawaiians
were their calabash and bottle gourd vines. The calabash gourd 33 is a prostrate
climber with lobed leaves and large yellow flowers bearing large depressed globe-
shaped red, green or yellow fruits, sometimes two feet or more in diameter.
While the original eountry from which this useful gourd came is unknown, it
was common in Hawaii at the time the islands were discovered by Cook, but
does not seem to have been known in the rest of Polyuesia until after the coming
of the white man. As has elsewhere been explained, the hard shell of the
ipu nui was made use of as containers for food, water and clothing.

The bottle gourd ¢ differs from the foregoing in having the leaves undi-
vided, the flowers white and the fruit elongate, often measuring four feet or
more in length. The ipu grows on a thrifty musk-scented vine that was largely
cultivated by the natives of most tropical countries and, unlike the ipu nui, it
was well known all over Polynesia. The hard, woody shell of the fruit served
as war masks, bula drums, containers (as water bottles) and in many other
ways in the household and general economy of the primitive inhabitants. One
of the ingenious arts of the ancient Hawaiians was the ornamentation of these
gourds. The gourd to be ornamented was first cleared of the seeds and pulp
and then coated on the outside with a thin layer of breadfruit gum, which
made it impervious to water. With a sharp instrument, usually the thumb
nail. the gum was carefully removed from the part where the pattern, which
varied greatly in design, was to show. This done the ipu was buried in taro
patch mud for a considerable period. When the color of the soil had become
thoroughly set in the shell of the gourd, it was taken from the water and the
remaining gum removed, leaving the desired design in two shades of rich brown
indelibly dyed in the shell.

The Lantana,’® which belongs in the lower zone, extends its range in many
localities up to the three thousand foot level. The common cactus® or panini,
is the prickly pear of Hawaii, and is common in this region, especially on
Oahu. Two species of ilima occeur in the lower zone throughout the group.
Their bright yellow flowers, so much used in leis, are well known to every one:
The smaller species 37 is a low shrub, usually with ovate, hairy leaves, and
differs from the second species 3 which usually has heart-shaped ovate leaves
that are hairy below and greenish above. Both of the foregoing have the leaves
rounded at the base, while a third species ™ has the leaves broadest about the
middle.

In the open edge of the forests, or occasionally descending: far down into
the lower zone, the ohia lehua % is first met with. The ohe %! seldom reaches

80 Pagpalum orbiculare. 81 Andropogon contortus. 82 Panicum torridum. 88 (C'ucurbita marxrima.
54 Lagenaria rvulgaris. 86 Lantana ('amara. €8 Opuntia Tuna. 87 Sida fallax. 88 Sida cordifolia.
8% Sida rhombifolia. 80 Metrosideros polymorpha. o1 Reynoldsia Sandwicenasis.
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the lower forest, while its companion on the fore hills, the wiliwili,? seldom
reaches the thousand-foot level; but the bastard sandalwood,®® while it reaches
the upper limit of vegetation on the highest mountains, may also occur well down
into this lower zone, thus exhibiting a great vertical range in habitat.

CHAPTER XVI.
PLANT LIFE OF THE HIGH MOUNTAINS.

Passing now from the lowland zone to the lower forest zone, we find it
tropical in appearance. Though not sharply defined it is by common agree-
ment said to begin at about one thousand feet elevation and to extend as a belt
about the high mountains up to about three thousand feet.

PLANTS OoF THE LOWER FOREST ZONE.

The range of the kukui! is almost confined to the limits of the lower forest
zone, and since it is the most abundant and conspicuous tree of the region,
it is regarded as the characteristic tree of the lower forests. The pale green
foliage of this useful tree sets it out in marked contrast with the darker greens,
and adds a touch of variety to the Hawaiian forest that delights the eye of the
beholder. The plants of this region are larger and more thrifty than those of the
costal plain, and being more numerous the open sylvan character of the zone is
well defined.

The ki 2 (now commonly written ti)is at home on the steep valley sides and
in the gulehes, at the lower edge of the forest zone all over the islands, and,
indeed, through all Polynesia, the Malayan Archipelago and China. Specimens
fifteen feet in height, with leaves from one to three feet in length and three to
six or more inches in width, are not uncommon. The ki belongs to the lily order
and the leaves are peculiar in having many parallel nerves diverging from a
short mid rib. The large saccharine root was made use of in ancient times by
the natives in making a curiously flavored beer. Later they learned a method
from the sailors of distilling a strong, intoxicating drink from the soaked roots.
The ki root was baked by the Hawaiians in their imus (underground ovens,
elsewhere described), and eaten by them as a confection; it was their substitute
for candy, now so generally eaten by all peoples. The ki root prepared in this
way is very sweet, much like molasses eandy : it is offered for sale in the market
in Honolulu every Saturday. Among other uses, a stalk with the leaves at-
tached served as a flag of truce in native warfare, and the juice of the plant
was used by the ITawaiian belles to stiffen their hair. The leaves, known as la-i
or lauki, served and still serve as wrapping. And, since the coming of domestic
animals, the plant has proved useful as fodder.

('losely related to the ki or ti, belonging to the same order in fact, is the
curious halapepe or cabbage tree3 sometimes called a palm lily. Its chief in-
terest lies in the fact that it helps to give the foliage that weird character
which is expected of tropical verdure. The plant is the largest of the order

82 Erythrina monosperma. 83 jfyoporum Sanduwicenae. 1 4leurites Moluccana.
2 Cordyline terminalis. 8 Dracena aurea.
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to which it belongs, often growing twenty-five feet or more in height. It
prefers the bold, rugged valley slopes and is a marked tree wherever it occurs.
Its thick trunk branches freely and roots are sent out above the ground, so that
the tree very much resembles the lauhala in this respect. The leaves, which
are two feet or more in length, are born in crowded tufts at the ends of the
branches, leaving the trunk and stem rough with leaf scars and marks of slow
growth.

The botanical name Dracena, meaning a ‘she dragon,” was given the genus
to which the Hawaiian species belongs because of the dragon’s-blood resin of
commerce which exudes from the bark of certain species, a character shown to
some extent by the sap bark of the native species. The old-time Hawaiians
carved some of their hideous idols out of its soft, white wood.

Another plant peculiar to the lower woods, that extends its range far
beyond the line arbitrarily assigned for the upper limit of the zone, is the
ieie,* a climbing shrub with many of the habits of its cousin, the lauhala. It
needs no introduction to the forest rambler. Climbing over the tallest trees
or trailing on the ground, it often forms impenetrable thickets. The rigid
stem is about an inch in diameter with numerous climbing and aérial roots.
The stiff rough leaves, from one to three feet long, are crowded into a tuft at the
ends of the stems. The male flowers are on two to four cob-like cylinders five
or six inches long by less than an inch in diameter and are surrounded by a
whirl of rose-colored leaf bracts. They are among the more showy blossoms of
the woodlands. From the pendant roots the natives formerly made ropes of
great strength and durability.

It is usually at about this elevation that the koa® is first met with, though
it does not attain its maximum size and importance as a forest tree until well up
in the middle forest zone. Ilillebrand recognized two closely related species
and several varieties; while the cabinet makers, basing their classification en-
tirelyv on the character of the wood, recognize a dozen or more as curly koa,
red koa, yellow koa, and so on, all of which are collectively called Hawaiian
mahogany, owing to the superficial resemblance which the wood bears to that
well-known cabinet material. Mahogany, by the way, is a native of Central
America and the West Indies, and belongs to an entirely different order of
plants, of which the introduced Pride of India is an example, but an order of
which there are, so far as known, no representatives in the native flora.

The koa is a tree of rare beauty with its laurel-green, moon-shaped, leaf-
like bracts. The tree often attains a height of sixty to eighty feet, with enor-
mous trunks frequently six to eight feet in diameter, and with wide-spreading
branches. Canoes seventy feet long were made of a single trunk; it was in such
canoes that Kamehameha the Great made his conquest of this group and contem-
plated using them in a war-like expedition to the Society Islands two thousand
seven hundred miles distant.

In addition to the many uses made of the wood by the natives in making
canoes, calabashes and the like, it has long been esteemed as one¢ of the choice

4 Freycinetia Arnotti. 8 Acacia Koa.



PLATE 58. PLANTS OF THE OPEN FIELDS AND LOWER FORESTS ON OAHU.

1. Hoawa (Pittosporum glabrum). 2. Mamake (Pipturus albidus). 3. Kamole (Jus-
sika villosa). 4. Lobelia [Ohia wia] (Clermontia macrocarpa). 5. Akoko (Euphorbia multi-
(Description of Plate Continued on the Opposite Page.)
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cabinet woods. Combining as it does a rich red wood, with a beautiful grain
that is susceptible of a high polish, it is much used in the manufacture of furni-
ture and as an inside finishing wood in public buildings. The bark is also of
use in tanning leather.

Botanically the koa belongs to the genus Acacia of which fully half of the
known species are Australian, while the rest are scattered widely over the world,
many having been introduced into Hawaii.

Examples of the native Hibiscus occur, but they are rather rare plants.
Four species are known ; the flowers are all single and are pink,® white,” yellows
and red® respectively. One with ovate leaves and white flowers, often growing
twenty-five feet tall, is found in the mountains back of Honolulu and occasion-
ally on the other islands. All of the native species have been held in cultivation
as garden shrubs and much has already been done along the line of producing
new varieties by cross polinization. A closely allied genus, Hibiscadelphus, has
been recently established to include three rare species found on Maui and
Hawaii.

The native Smilax 1° is by no means the tender hot-house plant one might
be led to expect. On the contrary, it is a robust climber with stems a third
to a half inch in diameter and fifty feet in length that trail across the forest
path. The leaves are three to five inches long and broadly ovate, having a
width in proportion. They are easily recognized as they are dark glossy green
and have five to seven parallel nerves running lengthwise of the leaf. The
natives know this striking vine by various names—uhi, ulehihi and pioi being
among them. It is said that they formally ate the tuberous roots in times of
scareity.

Another attractive vine of the lower forest zone is the hoi or yam.1! The
scattering large, broad, heart-shaped leaves are five to seven inches long and
have from seven to eleven nerves converging towards the tip. It is a plant of
wide distribution, extending its range as far as Africa. To the botanist it is of
peculiar interest because of the large potato-like bulbs, called alaala by the na-
tives, that grow here and there at the base of the leaves. The large, irregular,
fleshy roots of the yam were much used as food by the natives, and formerly
were cultivated to supply ships calling at Hlawaii before the common potato was
introduced.

The native ginger 12 is a conspicuous and to a certain extent characteristic
plant of this zone. Growing one or two feet high with leaves six or eight inches
long, and bearing a pretty pale yellow flower on a curious cone-like inflorescence,

¢ Hidbiscus Youngianus. T Hibiscus Arnottianus. 8 Hibiscus Brackenridgei. ® Hibiscus Kokio.
10 Smilaz Sandwicensis. 11 Dioscorea sativa. 12 Zingiber Zerumbet.
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formis). 6. Plantain (Plantago major). 7. Fleabane or Horse-weed [Iliohe] (Erigeron
Canadensis). 8. (Solanum triflorum). 9. Indigo [Inikoa] (Indigofera Anil). 10. Wild
Ipecac [Nuumele] (Asclepias Curassavica). 11. (Carex Oahuensis). 12. Painter’s Brush
(Composite Family). 13. Kaluha (Kyllingia obtusifolia). 14. Lobelia (Rollandia calycina)
young. 15. Popolo (Solanum aculeatissimum). (No number) = Lythrum maritimum.




PLATE 59. THE MAILE AND ITS PLANT ASSOCIATES ON OAHU.

1. Maile (Alyria oliveformis). 2. Akoko (FKuphorbia clusiefolia). 3. Kapana (Phyl
lostegia grandiflora). 4. Composite (Sp. indet)). 5. Phyllostegia sp. 6. Ground Pin
(Description of Plate Continuved on the Opposite Page.)
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the awapuhi often entirely covers the ground in the lower forests. The natives
made no use of the horizontal, fleshy root stocks, but the slimy juice from the
inflorescence, being ‘‘as slippery as water oftf an eel,”” was used by the beauty-
doctors of a former time as a dressing for the hair. This substance, as
also the juice of ki, and the sap of the hau tree mixed with poi for use in
cooling the skin, were three of the chief cosmetics to be found on the dressing
table of the Hawaiian belle. The Chinese ginger !3 of commerce is occasionally
grown in the islands in a limited way by the orientals. A number of other
species are also grown as ornamental plants.

Kauila,’* or the more widely ranging form 1% known by the same native
name, was one of the useful woods of old Hawaii. By reason of its remarkably
close, heavy grain it was especially useful in making spears, kapa beaters, and
other tools and implements. The second species mentioned was formerly fairly
common on the lower slopes of all of the islands, where it formed a tree fifty
to eighty feet high with alternate, parallel-veined hairy leaves, and small
terminal flowers. \

The uulai,'® a low, much-branching, stiff shrub with small leaflets and small
white inconspicuous flowers which were followed by whitish roseapple-like fruits,
was used for making arrows for the toy bows used in killing rats.

The ohia,l7 nr ohia lehua, though growing best in altitudes where rain is more
abundant, is common and one of the characteristic trees of the lower forest zone.
From about 1,500 feet elevation to at least 6,000 and even 8,000 feet, it is an
important and abundant tree, to be seen in every landscape. Often it forms
dense shaded forests where the trees are festooned with vines and the ground is
carpeted with moss and ferns. In such localities trees four feet in diameter
and nearly one hundred feet tall are occasionally seen. Unfortunately the root
system of this important forest tree is very shallow, often spreading over the sur-
face of the hard soil beneath. As a result they are especially liable to be blown
down in the high winds and heavy storms of the higher forest zones. Its wood
is very hard and durable, but warps badly. With the coming of the whites it
was used to some extent in the framework of their houses and as fence posts.
More recently its hard and durable wood has been found to make very excellent
railroad ties, street-paving blocks, and it is also much used as a hardwood floor-
ing in dwellings.

The ohia occurs on many of the important islands of Polynesia, and its many
and intergrading forms long puzzled the native botanists, and it is only fair to
say that their European friends have by no means satisfactorily disposed of the

18 Zingiber officinale, 14 C'olubrina oppositifolia. 18 Alphitonia excelsa.
16 Qsteomeles anthyllidifolia. 17 Metrosideros polymorpha.
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[Wawae iole] Lycopodium cernuum). 7. Limu Koha (Hepatica). 8. Hepatica. 9. Hawai-
ian Mistletoe [Kaumahana] (¥iscum articulatum). 10. Nertera depressa. 11. Wawae iole
(Lycopodium pachystachyon). 12. Cyrtandra sp. 13. Budleya asiatica. 14. Oha wai (Cler-
montia persicefolia). 15. Papala (Pisonia umbellifera). 16. Kaawau (Ilex = (Byronia)
Sandwicensis). 17. Lycopodium serratum.
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problems of classifying the many forms that under varying conditions occur on
every island in Hawaii. They may be either trees or shrubs with leaves op-
posite or alternate, smooth or rough, round or linear, with flowers axillary or
terminal, red or rarely yellow; in short any plant in the forest, about which
there may be any doubt, is liable to be an ohia or an ohia Iehua, though lehua
is generally and more correctly the name of the beautiful blossoms which are
composed mostly of clusters of the red pistils and stamens.

Of these flowers the natives are both fond and proud. Few indeed are the
mountain climbers that do not return at nightfall decked out with garlands of
the sweet-scented maile 18 and bearing a lei of the beautiful lehua to the never-
forgotten ones at home.

It is about the modest maile vine that the sweetest perfume and the
fondest memories linger. It is of the maile that the voyager first hears as ho
lands in the islands of sunshine and smiles. It is for the maile that he learns
to seek on his day-long rambles in the mountains, and it is a braided strand of
maile thrown about his neck at the fond parting by the shore that tells with
its fresh breath of the enchanted forest, in an enchanted land, and with its
lingering caress brings the dew of human tenderness to the eyves of the one de-
parting. And at last it is the faint perfume from a withered half-forgotten
keepsake,—a maile lei, that, though the oceans, and half a life time may inter-
vene, will set the heart throbbing and make the eyes grow dim at the memory of
the fond aloha that it breathes, calling the wanderer back again to the happiest
of lands.

The straggling, somewhat twining, inconspicuous maile shrub is common
in the woods of the lower and middle regions and is recognized by the elliptical,
smooth, oval leaves from one to two inches in length; by the flower which is small
and yellowish and by the elliptical, fleshy, black fruits that are more than half an
inch long. The maile lei is made from the finer stems which are broken off and
the bark removed from the wood by chewing the stems until it will peal off
readily. The perfume is not noticeable until the bark has been bruised in this
manner.

The ohia ai,'® the mountain apple, or edible ohia, belongs to a different
genus,2® but in the same family as the true ohia. Frequently clumps of the
mountain apple will occur surrounded by ohia or kukui, especially at the foot of
cliffs, and besides the mountain waterfalls. It is a tree from twenty to fifty
feet in height with large green leaves and red flowers followed by refreshing,
crimson fruits that grow from the trunk and main branches.

The awa 2! is best known owing to the intoxicating drink the Polynesians
manufactured from the large, thick, soft woody roots of a plant of the same
name which was cultivated by the natives of the various groups of islands
of the Pacifie. The plant often grows two to four or more feet high, bearing
large, alternate heart-shaped begonia-like leaves six inches long by more than
that in width. It thrives in Hawaii and was always planted by the natives in

-
18 Alyria olivaformis. 19 Fugenia Malaccensis. 29 More properly Jambosa. 21 Piper methysticum.
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the moist valleys of the lower zone. The plants were carefully cared for and the
roots when gathered were used either fresh or dried. To make the drink the
root, which is astringant to the taste, was first chewed and thoroughly mixed
with saliva. It was then put into a wooden bowl and a quantity of water added.
After it had stood a short time the liquid was strained off; it was then ready
for drinking. The effect was that of a narcotic and invariably produced stupi-
fication if taken in any quantity.

NATIVE FIBER PLANTS.

The natives formerly cultivated several other plants in the lower forest zone.
Olona 22 was one of the most important of these. The plant grows best in regions
of great rainfall, usually in the wet forests on the windward side.

The olona plant is a low woody perennial, with a viseid juice, seldom
growing more than a dozen feet in height. It has large ovate leaves, often a foot
in length and proportionately broad. The genus is a Hawaiian one with but a
single species, but botanists tell us that it belongs to the same order as the
ramie,?3 which is grown in many places as a fiber plant. The fiber, ‘‘olona,’’ is
contained in the bast of the stem and is remarkably fine and straight and is en-
tirely free from gum.

In former times every chief had an olona plantation somewhere in the moun-
tains, as the fiber from the wild plants was not used to any extent. In raising
the crop the ferns were carefully cleared away from about the patch to give the
plant all the strength of the soil. The old plants were broken or rolled down
to allow the young shoots to grow straight and rapidly. When of sufficient
size the crop was cut, stripped and hackled by the use of crude implements
and allowed to dry and bleach until such time as the fiber was white and ready
for use. Being resistant to the action of salt water it made fine rope, seines and
fish lines. Certain of the natives formerly paid their taxes in olona, and it was
always regarded as a valuable possession.

The paper mulberry or wauke 2¢ of the natives has a milky sap and is a
small tree with ovate leaves. The leaves are either entire or three-lobed and
usually from five to seven inches long, dentate along the edges and roughened
on the upper surface. The use and culture of the plant has been explained
elsewhere. It is now to be met with growing in clumps here and there through
the lower open portions of the forests. Wauke is to be distinguished from the
mamake,?® which is a low shrub seldom over ten feet high, with flowers in axillary
clusters, that was also used in the manufacture of tapa. Mamake has the ovate
leaves three to four inches long, and the sap always watery and the flowers uni-
sexual. The leaves vary greatly in several respects. but generally are whitish
beneath. The species seems to be unknown outside of this group.

SANDALWOOD.

That portion of Hawaiian history which tells of the discovery of sandal-

33 Touchardia latifolia. 23 Boehmeria nivea. 2¢ Broussonelia papyrifera. €5 Pipturus albidus.
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wood 2¢ in the islands, and the events which led to its being almost wiped out as
a forest tree as a consequence of its great value in commerce, may properly be
sketched here, since the iliahi furnished the first article of export which attracted
commerce to the islands. Sandalwood is still occasionally found at rare intervals
and in out-of-the-way places in the lower forest belt on all of the islands, though
the range of the several imperfectly-defined varieties and species extends the
distribution from near the sea shore up to as high as ten thousand feet on Maui,
where the species 27 becomes a low dense shrub, six to ten feet high.

The delicately scented wood is from a tree usually growing from fifteen to
twenty-five feet high with opposite ovate to obovate leaves two and a half to
three inches long by about an inch and a half in width, which are somewhat
thickened and perhaps ochraceous underneath. The flowers occur as small ter-
minal and axillary inconspicuous cymes.

The sandalwood trade began about 1792, the first authentic mention of it
being made by Vancouver. It is thought that the knowledge of there being
sandalwood in the islands was an accidental discovery by one Capt. Kendrick
and that the wood was probably brought to his vessel with other timber as fire
wood. From this time on the development of the business was rapid until in
1816 it had developed into an important industry among the natives, chiefs and
foreigners. Between 1810 and 1825 the trade was at its height. The wood was
at first sold in India, but later the market shifted to Canton, where the large
pieces were used in manufacturing fancy articles of furniture and in carvings,
and the smaller pieces made into incense.

For export the green wood was cut in the mountains into logs three or four
feet long. These varied from two to eight inches in diameter. The logs were
carried on the heads and shoulders of the natives to the shore where they were
sorted and tied into bundles weighing one hundred and thirty-three and a half
pounds each. While green and wet the wood has no aromatic smell, but when
dry the odor is powerful and impregnates the whole atmosphere.

The bundles of sandalwood were eagerly purchased by American traders
for export. The business flourished to such an extent that it is reported that
during the height of the industry three hundred thousand dollars worth of
sandalwood was exported in a single vear.

The king, as well as many chiefs, engaged in this profitable business on
their own account. At about this period each man was required to deliver to the

268 Santolum ellipticum. 27 Santalum Haleakalae.

DESCRIPTION OF PLATE.

1. The crest of the Mapulahu-Wailau trail, Molokai (3151 feet). showing the character
of the growth in the rain forest. 2. View from near the summit of the Palolo trail, Oahu;
a typical mountain scene. 3. An Teie (Freycinetia Arnotti) jungle on Oahu. 4. Typical
view of the vegetation on the mountain ridges of Oahu. 5. A mountain path, showing a
natural graft between two neighboring Ohia trees. 6. View showing the bog flora at the
head of Pelekuku valley, Molokai. 7. Sand beach, showing Pohuehue (Ipomoea pes-caprae)
trailing down to the water’s edge.



PLATE 61. OHIA AND SOME OF ITS PLANT ASSOCIATES ON OAHU.

1. Kadua sp., one of many Hawaiian species. 2. Ohia (Metrosideros rugosa). 3. Ohia
ha (Syzygium = (KEugenia) Sandwicensis). 4. Tall Ohelo (I accinium penduliformis var.).
(Description of Plate Continued on the Opposite Page.)
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governor of the district in which he lived one-half ‘‘piecul’’ of sandalwood or
else pay four Spanish dollars.

The drain on the supply was enormous. It was not uncommon for lumber-
ing parties of three hundred or four hundred people to go into the mountains.
On Hawaii, Ellis relates that he saw two or three thousand men returning from
the forest, carrying sandalwood for shipment tied on their backs with ki
leaves, each one carrying two or three pieces. Even the roots were dug up in
many places. As early as 1831 the business was on the decline, and by 1856
the wood had become very scarce. By 1835 the government recognized the dan-
ger of exterminating the valuable trees and steps were taken to prevent the cutting
of the young wood. But according to the historian Dibble credit must be given
to Kamehameha I for being the first to attempt to conserve the supply of this
valuable wood. It is related that the men cut the young as well as the old trees,
and that some of the small trees when brought to the shore attracted the great
warrior’s attention. ‘“Why do you bring this small wood hither?’’ he inquired.
They replied, ‘““You are an old man and will soon die, and we know not whose
will be the sandalwood hereafter.”” Kamehameha then said, ‘‘Is it indeed that
you do not know my sons? To them the young sandalwood belongs.’’

Nevertheless, the drain on the forests continued until only an occasional
tree was left here and there on the more rugged and inaccessible heights, and
even these have suffered from the attacks of wild goats, which find its bark especi-
ally toothsome.

It is said that the odor of the Hawaiian sandalwood is inferior to that from
Malabar, Ceylon, and certain parts of India. The fragrant wood, called laau
ala by the natives, is quite heavy even after the sap has dried out. It is then
a light yellow or pale brown color, and retains the scent indefinitely.

While the sandalwood was the most important among the Hawaiian plants
producing pleasant odors, it was by no means the only one. There were many
others whose flowers, fruits, leaves, sap, bark, wood or roots furnished perfume.
The most highly scented of all are the seed pods of the mokihana 2% used in
making leis. They are much esteemed as they retain their perfume when dry
and hard. The best specimens of this plant, as of almost all the scented varie-
ties of native plants, come from Kauai. For temporary adornment, the leaves
and blossoms of wild ginger or awapuhi,?® the drupe of the lauhala or screw
pine3° the leaves of the maile3! and the fronds and stems of several species of
ferns, especially the palapalai 32 (a highly scented species) were all used because

38 Pelea anisata. 29 Zingiber Zerumbet. 80 Pandanus odoratissimus. 31 Alyzia olivaefornis.
22 Microlepia strigosa.
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5. Naupaka (Scevola mollis). 6. Kokolau (Campylotheca sp.). 7. Akoko (Euphorbia clu-
siefolia). 8. Hoawa (Pittosporum spathulatum). 9. Kopiko (Straussia Kaduana). 10.
Naenae puamelemele (Dubautia laza). 11. Ohia lehua (Metrosideros polymorpha, var.).
12. Metrosideros polymorpha var. 13. Metrosideros polymorpha var. 14. Metrosideros tre-
maloides. 15. Naenae (Dubautia plantaginea). 16. Alani (Pelea clusi@folia) with tree
snail attached to the leaf. 17. Syzygium =: (Eugenia) Sandwicensis with deformed inflor-
escence.



222 NATURAL HISTORY OF HAWAIL

of their pleasing odors. The scent of the lipoa,33 a sea moss, was also used as a
perfume. Cocoanut oil, scented with sandalwood. was used to some extent on
the hair and body.

The bastard sandalwood or naieo3+ is a tree common on the summit of
Kaala, and the higher forest belt generally, that becomes fragrant on drying and
has an odor that resembles sandalwood. After the exhaustion of the sandalwood
it was exported to China for a time as a substitute for that valuable wood. The
naico is found dead in many localities at as low a level as 1,500 feet.

In the lower forest region, on Oahu especially, occurs the pretty white-
flowered napaka 35 in the form of low shrub. The heads of the valleys in this
region are usually marked by clumps of wild bananas,?® of which there are many
varieties, and various species of the interesting and curious Lobelia first appears,
and ferns of many species abound.

A marked difference exists in the nature of the flora of this zone on the
windward or wet and the lee or dry side of the islands, and the student of
plant life soon learns that there are many floral districts in this zone, each of
which usually has its characteristic species of plants.

THeE MiopLE FOREST ZONE.

The next important area is usually designated as the middle forest zone
and extends up the mountains from three to six thousand feet elevation. It is
well marked by the greatest luxuriance in tree and jungle. As it is within
the region of mist and clouds, it is well watered and furnishes conditions in every
way suited to plant growth. It is in this zone that the native Hawaiian
flora finds its fullest development. The tree ferns, the giant koa, the ohia and
kamani forests are the predominating species. Though none of these larger and
more important growths are wholly confined to this region, it is here that they
reach their maximum of size and development.

On visiting the region one is impressed at once by the number and variety
of ferns to be found in this zone. Probably the most important among them
are the giant tree ferns, the hapu 37 and hapu ili 38 and the smaller amaumau 3?
being the most striking. The hapu with trunks that are from a few inches to
three feet in diameter and often fifteen to thirty feet in height are especially
abundant about Kilauea and there reach their greatest development. Their
plume-like fronds are often fifteen feet or more in length, giving the top a
spread of more than twenty-five feet. The native name hapu has been applied
to two or three closely allied species. But with the commercial importance the
tree gained a few years ago through the use made of the soft. glossy, yellowish
wool at the base of the young leaves, these and other large ferns have come to be
known as pulu ferns, pulu being the name of the wool-like fiber from the fern.
The fiber was used to some extent in stuffing mattresses and pillows, and in a

33 Haliseris plagiogramma. 3¢ Myoporum Sandwicenae, 88 Seeerola Chamissoniana.

3¢ Musa sapientum. 37 Cibotium (‘hamiasof. 38 ("thotium Menziesii.

29 Sadleria Souleytiana on Oahu; N. pallida on Hawaii, and . cyatheoides on sll islands at lower
elevations.
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small way as a surgical dressing in cases of excessive bleeding. The old-time
natives made use of it in their crude attempts at embalming. Human bodies
buried in dry caves and elsewhere if wrapped in pulu were liable through ab-
sorption by the pulu to dry out or mummify.

GIANT FERNS.

Like several other species these giant ferns spring up again from the fallen
trunk, particularly in the damp and congenial atmosphere of the middle forest.
It is a common sight, along the voleano road, to see the fern stems used for walks
and fences continuing their growth, by means of lateral shoots. But space is not
sufficient to enumerate all or even the more interesting ferns. Botanists recognize
twenty-two genera and at least one hundred and forty good species, more than
half of which are confined to the islands. The great majority ot these are found
most abundantly in the middle forest zone of the different islands of the group.

A species of considerable interest is the pala fern.#® It grows with glossy
dark green leaves three to five feet long rising from a thick fleshy root stock.
This latter abounds in starch and a mucilagious substance so that when cooked
in the native fashion it made a very good food and was much used by the na-
tives in times of scarcity.

The bird’s-nest fern or ekaha *! belongs to a large genus that is a widespread
form of which there are forty species in Hawaii. The English name is there-
fore rather loosely applied to any species of the genus. They are common on
the trunks and in forks of trees in the forests where they are striking
and curious objects resembling birds’ nests in many ways. They are much culti-
vated in the city where specimens with leaves four feet long and eight inches
wide are to be seen.

The common brake, kilua or eagle fern,*2 is everywhere common on all the
islands from eight hundred to eight thousand feet elevation, especially on rocky
ridges. The species is broken up into many varieties and occurs in one form or
another all over the world. The roots of this fern were never used for food.
The wild pigs, however, are very fond of them and often turn up great
patches in the mountain in search of the roots, thus doing much damage to
the forest. The maiden-hair fern or iwaiwa 3 is found in the wet gulches,
particularly about waterfalls on all the islands. The black, glossy stems of this
fern and also of the larger closely allied species,** known under the same name
by the natives, was for a time used by them in making hats and baskets, several
specimens being preserved in the Bishop Museum.

A conspicuous and serious impediment to travel in this region are the
tangled, forked fronds of the common uluhi or staghorn ¢ or one of its two
other closely allied species. The polished brown stem, little larger than a slate
pencil, often grows six feet or more high, forming a tangle that may extend for
miles along the ridges in the whole of the forest zone up to three or four thou-

40 Marattia Douglassii. 41 4 gplenium nidus. 42 Pteris aquilina. 43 Adiantum capillus-Veneris.
4¢ Pteris decipiens. 48 Gleichenia dichotoma.



PLATE 62. PLANTS FROM NEAR THE SUMMIT OF KONAHUANUI, OAHU.

1. Species of Lobelia (Rollandia calycina) adult. 2. Lapalapa (Cheirodendron plat
phyllum). 3. ‘‘Kahili'’ Lobelia (Cyanea angustifolia). 4. Kawau (Ilex = (Byronia) San
(Description of Plate Continued on the Opposite Page.)
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sand feet elevation. The stems are so tough and have the fronds so locked to-
gether that they often form a barrier through which it is most fatiguing to
force one’s way.

The enormous rhubarb-shaped, thick, rough leaves of the apeape,*® three
to five feet across, are occasionally to be seen by the more hardy mountain
climbers who visit the Waianae Mountains and the higher mountains on the other
islands of the group. The leaves are the largest of any plant in Hawaii and
are said to be the largest of any of the dozen or more species belonging to the
genus Gunnera. Nearly the same name (ape or apii) was applied by the natives
to a plant 47 that grows on dry land in the lower zone. The latter plant belongs
to the taro family and is a native of India, but has long been naturalized and
cultivated in Polynesia as a substitute for taro and is generally known in Ha-
waii as dry-land taro. It is remarkable for the strong, sickening smell of the
flowers.

The ohelo,*® described in the chapter on fruits, is common in the high
mountains of this zone, and its shining, fleshy berries, famous in native song .
and story as an offering to Pele, are also delightful for their slightly astringent,
but cool and refreshing flavor. They are much enjoyed by those who visit the
region in which they grow.

A much-branching shrub of the region, growing from three to six feet
high with very small, stiff thick leaves, is known as the Christmas berry or
" puakeawe.® It is one of the most characteristic plants of the islands, particu-
larly of the higher mountain regions. The minute white flowers are followed by
small red, or red and white berries. The berries and leaves do not readily fall
and for this reason it is inereasing in favor for use in Christmas decorations.

The Hawaiian mistletoe 5° is a curious parasitic plant of the forest belt
that is found growing quite commonly on the koa and ohia branches, securing
its substance entirely from the host plant.

The Hawaiian representatives of the order Lobeliacee is one of the most
interesting and characteristic groups of plants in the whole island flora. They
are herbs, shrubs and small trees, all with woody stems and a milky juice.
More than sixty species are now known, belonging to six well-defined genera
which differ widely in appearance. The majority, however, are tall and shrub-
like with simple undivided trunks, and of somewhat palm-like growth owing to
the fact that they have rough scars on the trunks to mark the attachment of
of discarded leaves. They are without doubt survivors of an ancient flora which
has been superseded by other forms, and doubtless we have at present only a

48 Gunnera petaloidea. 47 4locnsia macrorrhiza. 48 Vaccinium reticulatum.
49 Cyathodes Tameiameice. 89 Viscum articulatum.
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wicensis). 5. Ahaniu (Cladium = (Baumea) Mcyenii). 6. Typical Lobelia (Lobelia hypo-
leuca). 7. Gahnia beecheyi. 8. Ohe (Tetraplasandra meiandra). 9. Kanawau (Broussaisia
pallucida). 10. Emoloa (Eragrostis variabilis). 11. Painui (d4stelia veratroides). 12. Rhyn-
chospora thyrsoidea.
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remnant of the species that once flourished in our mountains. The natives recog-
nized their striking form and beauty and gave names to most of the species.
One of the commonest names is oha wai, which is applied indiscriminately to
species of the more abundant genws Clermontia. They are known to modern
Hawaiians as plants from which the old-time bird-catchers made a sticky glue
for capturing birds. Qahu has perhaps twenty-five species, and as many more
sub-species and varieties of these interesting plants, that are about equally
divided among five of the six Hawaiian genera.

An important forest tree that extends its range from two to eight thousand
feet elevation, often becoming the dominant tree in extensive areas on Kauai,
Maui and Hawaii, is the native mamani.®! It grows from twenty to thirty feet
high, with six to ten pairs of obtuse, rich-green leaflets to each leaf. The pale
yellow flowers are followed later with long straight pods four to six inches
long. The hard wood has proved valuable as fence posts.

The foregoing, together with the bastard sandalwood or naio,’2 and several
species of shrub-like trees 53 with yellow flowers, are found growing up to and
giving character to the upper limit of the forest zone; in some places reaching an
altitude of ten thousand feet above the sea.

Enough has been said to indicate the tropical luxurance of this zone; but the
ferns, lobelias, creeping vines, lichens and mosses, all form an undergrowth that
is varied, striking and interesting. The middle zone, however, is primarily the
region of the native forest.

Of the native woods there are upwards of two hundred species, of which
over one hundred are well known forms. The list, as well as the total list of
Hawaiian plants, has been somewhat extended through the exploration of Mr.
Forbes and others who have been active in this field recently. The majority
of the trees are met with in the lower and middle zone. The whole forest region
is distinetly tropical in character, since none of the familiar trees of the tem-
perate zone are present. The new-comer from America looks in vain for the
oaks, the elms, the maples, the spruce and the pine. In their stead he finds the
forest trees dominated by the koa, ohia, mamani and kukui, and that these are
combined with koaia,"* kopiko,’® kolea, naio, puu,® and a long list of equally
conspicuous trees that occur in almost every landscape.

Perhaps one of the most accessible and in many ways interesting regions
in this zone is that found about the volcano Kilauea. The most casual observer
is there impressed with the size and beauty of the tree-ferns that occur in such
profusion in that locality ; but the botanist will find a rich field filled with many
interesting species. Up to a hundred years ago the forests were only limited
by the natural conditions of rainfall, elevation and lava flows. Since the coming
of the whites there have been many causes as elsewhere enumerated that have
been at work bringing about a change in the natural conditions. Chief among
the disturbing elements, however, have been the cattle. As early as 1815 they

81 Sophora chrysophylla. 83 Myoporum Sandwicense. 53 Raillardia. 8¢ Acacia koaia.
88 Straussia spp. 88 Olea Sandwicensis.
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were recognized as a serious menace to the native forests. Roaming at will
through the forests they and other animals, as goats and pigs, have done untold
damage, and brought about conditions that have been most serious in many
places. It is only in recent years that they have been fenced out of the forest
and their number reduced so as to more nearly correspond with the beef require-
ments of the islands.

THE UPPER FOREST ZONE.

The plant growth of the upper forest zone begins at about five or six thou-
sand feet above the sea and extends as high as eight or nine, and in some in-
stances, ten thousand feet. It is made up for the most part of more or less
stunted representatives of the trees, vines and shrubs met with in the middle and
lower zones. There are, however, a number of species found in the higher alti-
tudes which do not descend even into the middle zone.

The akia,57 a name applied to several species with small leaves and flowers
in terminal and axillary clusters that are followed by orange-colored fruits, is
well represented in this zone; although species of the genus are first met with
in the lower woods. It was used by the natives as a fish poison in much the same
way that the awa and ahuhu were used. Its strong flexible bast-fibers were also
used in many ways.

The pilo,58 a large diffuse shrub four to eight feet high with small, ovate,
thick leaves with nerves impressed on the upper surface, is also represented here,
and is one of the several species of the genus to be met with throughout the forest
area. The shrub naenae, a species of Dubautia with opposite lanceolate leaves
four to eight inches long and small orange-colored flowers borne in loose panicles,
also has much the same distribution as the preceding genus.

Conspicuous composites of which several species and varieties occur in
various altitudes are especially common in the upper forest zone under the name
kokolau,?® a name applied generally by the natives to all the species. The genus,
with a dozen species, is purely Hawaiian and is closely related to the Spanish
needles of the lower levels. The plants grow from two to five feet high and in
many places cover large patches of ground with the warm yellow color of its
blossoms. The flowering plants of the region are mostly peculiar to Hawaii,
but the ferns which become more and more scarce as the upper limit of the
forest is approached are those that belong to the wide-spread forms, such as the
owalii,®® kaupu ! and a few similar species belonging to the high mountain flora.

THE SILVERSWORD.

The native strawberry, and the ohelo mentioned in another connection, are
also found in the upper forest zone. The distinct flora of the higher moun-
tains, well above the cloud belt, is affected more or less by snow and frost. The
species of the region are comparatively few in number. The most interesting

87 Wikstroemia spp. 88 Coprosma spp. $® Campylotheca spp. 60 4 gpleni Trich s
81 4 spidium aculeatum.



PLATE 63. COMMON GENERA OF FERNS ON OAHU.

1. Amaumau (Sadleria cyatheoides). 2. Uluhe launui (Gleichenia longissima). 3.
Okupukupu (Nephrolepis eraltata). 4. (Microlepia tenuifolia). 5. Asplenium s8p. 6.
(Deacription of Plate Continued on the Opposite Page.)
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and unique species in its aspect, perhaps, is a composite belonging execlusively to
the higher elevations known as the silversword.2 1In its general appearance
it might be related to almost anything more nearly than the sunflower and the
chrysanthemums to which botanists make it next of kin. Its stout, woody flower
stem, two or three inches in diameter and several feet high, is surrounded at the
base by a dense head of slender, rigid, dagger-like leaves, eight to sixteen inches
long, that are covered with white glistening silvery hairs. The flower heads are
large and striking, objects much admired by mountainers. The securing of a
specimen of the ahinahina, or of a second closely related species known as the
green silver-sword,®3 from their home on the high mountains of Maui and Hawaii,
seven to twelve thousand feet above the sea, is a feat that even as yet but com-
paratively few have performed.

In Hawaii the gathering of a silversword corresponds with the gathering of
the edelweiss in the Alps, and furnishes the adventurous climber a prize well
worth keeping as a memento of a trip that invariably costs much in exertion if
not in actual peril.

Another plant peculiar to the region is one of the half dozen species
of the shrubby Geranium, or nohuanu of the natives. The leaves are
usually covered on both surfaces with silvery hairs like the species just men-
tioned, but unlike them they are small and the flowers are regular and red or
white in color.

THE MouNTAIN Bog FLORA.

Leaving these few plants and their less striking associates struggling for
existence at the limit of vegetation, we now return to consider for a moment the
most unique of all the Hawaiian flora, that which belongs to the mountain sum-
mits and table lands that are almost perpetually concealed in clouds at an elevation
of approximately 5,000 feet. Strange as it may seem, here and there about the
group are several curious mountain bogs that are nearly destitute of shrubby
plants of any size, but are clothed with a mat of grass, sphagnum moss and
sedges, together with a number of interesting plants of small size whose near
relatives are natives of the mountains of New Zealand, the Southern Andes and
the Antartic regions. It has been suggested that they represent the survivors
of an ancient flora that has been crowded out by the arrival of new plants.
‘Whether it is that, or some equally interesting and significant fact in distribution
will doubtless long remain open to discussion. The occurrence in such a locality
of several species of violets is remarkable to say the least, but a more curious

02 Argyroxiphium Sandwicense. 63 Arygroxiphium virescens.

(Description of Plate Continued from Opposite Page.)

Kaapeape (4splenium pseudofalcatum). 7. Asplenium sp. 8, 9, 10. Cibotium showing the
development of a fern frond. 11. Asplenium contiguum. 12. s8p. indet. 13. Peahi (Poly-
podium spectrum). 14. Aspidium sp. 15. Kilau (Trichommanes davallioides). 16. Staghorn
Fern [Uluhe] (Gleichenia lincaris) = (Gl. dichotoma). 17. Wahine noho mauna (Polypodium

tamariscinum). 18. Asplenium erectum. 19. Ekaha (Elaphoglossum = (Scrostichum) com-
forme).
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fact is that some of them grow on upright and other on procumbent, creeping
stems three to five feet in length. These familiar sweet-scented flowers, together
with the moss and lichens, the stunted, creeping kolokolo kuahiwi ¢4 and maieli
or pupukeawe %% combine to form one of the most striking and interesting pro-
vinces in the flora of the whole group.

But it is not to be expected that all the interesting and remarkable forms
in the plant life of the islands could be touched upon in a few short pages.
Only a few have been mentioned; but omissions cannot be wondered at, as the
largest books on the subject leave much that is interesting unnoticed and often
fail to give the information that one would wish about even the common trees

and plants.

84 Lysimachia daphnoides. 88 Cyathodes Tameiameice.



Natural History of Hawai.

SECTION FOUR

THE INTRODUCED PLANTS AND ANIMALS OF FOREST, FIELD AND
GARDEN.

CHAPTER XVII.
A RAMBLE IN A HONOLULU GARDEN: PART ONE.

To anyone coming to the islands from the more rigorous climate of the
mainland, the verdure to be seen in Honolulu is little short of a dream of para-
dise come true. In many ways the city of Honolulu appears as a great tropical
botanical park, conducted on a codperative plan, the advantage being that the
residents, as shareholders in the enterprise, have their homes dotted about here
and there over the spacious well-kept lawns. The houses, covered as they are
with vines and surrounded with luxuriant foliage, add to the picturesque beauty
of it all, so that more than one person has been heard to execlaim, ‘‘This Pacific
Paradise is indeed the land of heart’s desire.’’

FirsT IMPRESSIONS OF HONOLULU.

It is not too much to say that from the morning of the day of one’s landing
after a weary sea journey to the very hour of their departure, be it in a day, a
vear, or a life time, the rare tropical trees and plants to be seen on every hand,
but especially in Honolulu, furnish a source of never-ending pleasure and delight.

If one has an interest in plant life, it is a rare treat to be brought face to
face for the first time with living examples of such symbols of the tropics as the
breadfruit, the cocoanut palm, or the banana. One is made to feel that no
picture has ever done justice to such visions of beauty as they often present in
their natural setting, and the observant person is at once alive with interest,
anxious to know something of the multitude of interesting and curious trees
and plants with which these conspicuously tropical species are often grouped.
The visitor is always keen for a ramble through any of the attractive gardens
that abound on every hand and anxious to know more of the wonderful exotic
flora that embowers the thrifty island capital.

Perhaps the first general observation in this connection is one made from
the deck of the steamer as it rounds Diamond Head and reveals Honolulu as a
city, not built on a hill, but hidden beneath a canopy of waving green trees that
are so large and dense that only the tallest buildings and spires can be seen
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above the tree tops to serve as a guarantee that beneath the wealth of green
lies one of the most cosmopolitan and beautiful cities in the world.

As one walks or rides about the streets he observes that so far as the
flora is concerned Honolulu may be said to be simply a very good reproduction
of the Kew gardens of London, the difference being that in tropical Hono-
lulu the gardens are done on a very large and elaborate scale. In most
instances, in both places the plants that one sees are not native to the country
but are those that have been brought hither from the very ends of the earth and
set growing for the interest, the benefit or the pleasure of those who know how
to enjoy them.

The streets of Honolulu are often narrow and winding, but most of them,
even the very broadest, are shaded by various species of trees that reach out
from the yards on either hand. Often great trees will be left in the center of the
sidewalk and occasionally the street itself is divided by some fine specimen that
has been allowed to stand, by an appreciative and public-spirited road overseer.

PaLms.

Palms are to be seen in great variety and abundance. Of the more than
seventy species occurring everywhere about the city all but two or three are
foreign to the islands. The most conspicuous and stately among the introduced
species is the royal palm.! It was brought to the islands long ago from its home
in the West Indies. Planted singly, in straight avenues or in irregular groves,
it is an attractive tree that cannot fail to arrest the eye, since it everywhere
gladdens and enriches the landscape. Their lofty, clean, grey trunks are abso-
lutely vertical and as symmetrical as though turned in a lathe. No scar of
growth or blight of disease mars their marvelous straight Ionie shafts up to the
crowning tuft of long, beautiful balanced, pinnate leaves of deep shining
green that form fitting capitals for such splendid stately pillars. The slightest
stir of breeze sets every leaf waving and singing, and night and day one knows
‘“‘when the wind is in the palm trees’’ by the gentle rustle that they make.

The blossoms are small, sweet-scented, cream-colored flowers that hang in a
great pendant cluster from the base of the lowest leaves. Their faint odor is a
pleasant one in the soft balmy evening, and by day a source of great concern to
swarms of busy bees that reap a rich harvest of honey during the few days that
the blossoms last. At length the blossoms are followed by the fleshy fruits that
are eaten by the mynah birds, and by them the seeds are carried from place to
place.

A FaLpLiNg LEAF.

I well remember with what surprise and alarm 1 first heard a palm leaf
fall. It was in the still of the night soon after my arrival in the islands.
Scarcely a breath of air was stirring when suddenly I was aroused with a start at
hearing, somewhere in the garden, a mighty ripping noise that ended abruptly

1 Oreodoza regia.




INTRODUCED PLANTS AND ANIMALS. 233

in a loud cracking sound as though a whirlwind hda broken loose among the
‘tree tops. Then followed a swirl and a swish, a rustle, and a rush that seemed
to leave no doubt but that all the trees in the garden had been suddenly set
whirling through the air. But after a moment of breathless suspense the whole
affair ended in a terrific clatter and thump, after which all was again as silent
as before. In the morning when the leaf was shown to me there remained no
doubt but that it was the cause of the ‘‘cyclone’’ of the night before. The leaf
was a trifle over eighteen feet in length and weighed several pounds! Though
accustomed to regard a falling leaf as an exceedingly melancholy thing, I had
never before thought of the harm that might be received in the tropies a least,
from so simple and ordinary a thing as having a withered leaf strike one un-
awares as it circled gracefully to the ground.

TrE COCOANUT PALM.

The cocoanut palm 2 is perhaps native, or at least of very early introdue-
tion by the natives, and is among the most showy of the palms. It is the cocoanut
palm by the sea that first greets the stranger on his arrival in Hawaii. Basking
in the languid warm sunshine it has stood for generations at the post of honor by
the broad portal of this earthly paradise. Breathing the very spirit of the
tropics it has come to be the symbol of true hospitality and stands ever ready to
cast that magical spell that none can resist. At the parting it is this stately
sentinel by the water’s edge that is always the last living thing to reluctantly
wave a fond good-bye to those who must depart, knowing in their heart of hearts
they are to return again.

Its feathery plumes tower out above everything else, as they are often sixty
feet or more in height. All things considered there are indeed few trees among
the wild, semi-cultivated or exotic flora in Hawaii that equals in picturesque
beauty this ‘‘the prince of palms.”’

Few trees so frequently and effectively figure in the domestic setting for
the Honolulu home. They are of fairly rapid growth and come into bearing,
in favorable soil, in ten or fifteen years. The tree continues to grow in.
height until thirty or forty years of age, when they seem to have attained their
limit of growth, but they continue to live on indefinitely without gaining ma-
terially in size or height. On the beach at Waikiki are trees that are known
to be several hundred years old, while a splendid grove near by has very nearly
caught up with them in height in a single life time. This palm will never branch
and never sends up shoots from the ground, and like many other trees in the
tropies that belong to a great group known as Endogenous plants, they are easily
killed by destroying the plume-like top.

The cocoanut trees thrive best at or near the sea-shore. However, they do
reasonably well in some localities two.or three miles inland. Elevation appar-
ently has more influence in retarding growth than the absence of the effect of the
sea. Where water is to be had in abundance any soil seems to do so long as it is

2 Cocos nucifera.
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easily penetrated by the roots of the palm. For this reason the sandy soil near
the sea-shore furnishes its best environment. The structure of the tree fits it to
withstand \xind of almost any force and they seem to prefer plenty of rain, wind
and sun.

The yield of nuts fluctuates greatly from year to year and from tree to tree.
There are reports of as many as 400 nuts having been gathered in one season
from a single tree in some of the more favored islands of the south Pacific.
In Hawaii as many as 200 nuts, besides innumerable blossoms, have been counted
on a tree at one time, but it is doubtful if an average of eighty mature nuts
could be gathered during a year. It is a curious thing that nuts perfectly green
in appearance will be as ripe as those having yellow husks. For this reason, it is
desirable to pick the oldest nuts on the tree without waiting for them to ripen
and fall to the earth. 'While no one in Honolulu, to my knowledge, has ever
been injured by a falling cocoanut, the constant danger from that source is ap-
parent since a good-sized nut in the husk weighs several pounds. Those who are
familiar with the delicate flavor of the young nut prefer to gather them when
half mature and spoon the soft meat out of the shell before it has had time to
solidify and become oily.

Of late years the tree rat has become a great pest in the cocoanut trees and
does great damage to the young nuts by gnawing holes in them. They readily
pass from one tree to another along the leaves, and when a colony of rats becomes
established in a grove the tin sheaths so commonly placed about the trunk of the
tree does but little good, unless the tops of the trees are kept clear of the neigh-
horing foliage.

‘While it is considered a difficult thing to tell how the milk gets into a cocoa-
nut, the rate of growth and the remarkable changes that take place during the
period of germination and early growth when the milk is getting out of the nut
can be easily studied and well repays the trouble of making the observation.
The time occupied in germination varies greatly, owing to a number of condi-
tions, especially the amount of moisture and sunshine, but in general many weeks
must pass before the first leaf opens.

Just how the cocoanut came to IIawaii in the first place will never be known.
Its legendary history dates far back, and doubtless the tree has accompanied
the Polynesians on all of their wanderings about the Pacific. To this day the
native country of the cocoanut is not definitely known. DeCandolle finds twelve
reasons for thinking it of Asiatic origin, but singularly enough there is one
reason—an almost unsurmountable one, for believing it to be an American plant.
Botanists have proven that none of the other nineteen species of the genus exist
anywhere in a wild state except on the American continent, and therefore con-
clude that the familiar species must have had the same origin. Some say that
the Philippine Islands is its ancesteral home, and that it was from thence carried
in all directions by ocean currents or by artificial means. At any rate it ranges
over the whole of the tropies, and within that range there are many varieties
based mainly on the size and shape of the fruit. However, these variations are
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strongly marked and retain their characteristics when grown from seed. For
the reason just stated we may regard those grown in Hawaii—at the northern
limit of the range—where the climate is scarcely warm enough fgr their best
development, as forming a fairly distinct variety, namely the Hawaiian cocoanut.

The cocoanut, or niu, had many uses in Hawaii a century ago. The trunk
of the tree furnished fairly heavy timber, while the long pinnate leaves were
used in former days as thatch, and laced together they formed the walls of the
native lanai. From the husk of the nut a durable rope was made, and various
household utensils were manufactured from the shells. The natives drank the
juice and ate the meat of the nuts. They also healed their wounds with a balm
made from the juice, and with the oil extracted from the meat of the nut they
anointed their limbs and embalmed the bodies of their dead.

Tne DaTe PaLMm.

Less striking, perhaps, but even more beautiful in certain ways than the
foregoing, are the date palms 3 with their splendid fronds that are often larger
and always more numerous than are those of the cocoanut palm. To many these
sturdy, thrifty trees are the symbol of strength, beauty and repose.

The date palm was long ago introduced into Hawaii and it has been a con-
spicuous tree in the islands ever since. Though it bears large bunches of orange-
colored dates, the fruit is seldom eaten, as the pits are usually so large that the
little flesh that surrounds them is not worth the effort required to secure it.
Without doubt, however, a good quality of dates can be produced here, when
suckers are secured from selected parent plants.

The leaves of this and other species of palms are often used for decorations,
especially on Palm Sunday. It is thought that for this reason the parent plants
were of very early introduction into the new world by the Spanish missionaries.

(ORNAMENTAL PALMS.

The betel nut,* though with a very slender stem, is in superficial appear-
ance not unlike the royal palm. It bears a yellow fruit, the size of a hen’'s
egg which has one seed surrounded by a fibrous husk. The seeds are chewed by
the natives of certain south Pacific and East Indian islands to blacken the
teeth. The word betel is erroneously applied to this fruit, as it is the name
of the leaf of a totally different plant.

Of the native palms a few specimens of the loulu palm are to be seen here
and there about the city. They are a fan palm with smooth trunks and in their
wild state grow in secluded places in the forests often to an elevation of three
thousand feet above the sea. One species, the loulu lelo," has small ovid fruit,
while the loulu hiwa ® has large globulur fruits. Of the innumerable varieties
of fan palms to be seen only a word can be said, since their number and variety
defy a brief characterization. However, the class can be easily recognized by

3 Phoenir dactylifera. 4 Arcea cathecu. 8 Pritchardia Gaudichaudii. ¢ Pritchardia Martii.
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their fan-shaped leaves. The more common, though less attractive wine palm,?
can at once be recognized owing to its large coarse bipinnate leaves and wedge-
shaped leatlets that are strongly toothed at the extremities. The wine made
from this palm in India is drawn off by cutting the ends of the flowering stems
from which exudes the sweetish sap. This is then boiled down into a syrup or
by fermentation made into a toddy. The splendid examples of the Washington
palm# with their tall robust trunks clothed with the pendant remains of dead
leaves, are sure to attract attention from travelers, especially those from Cali-
fornia, where this ‘‘weeping palm’’ is a native.

Two or three species of the beautiful Rhapis palms occur in the islands,
where they are usually planted in pots and tubs. They are one of the few palms
that produce suckers at their base, thereby forming thick clumps. The large
species ? often grows eight or ten feet in height and has the stems armed with
prickles. The smaller species1® most commonly have the stems unarmed and
the leaves with about ten segments. It can easily be identified as a different
species from the plants having leaves with from five to seven segments.!?  All
of the species are native to Japan and China and are occasionally called Japanese
or Chinese palms.

Other plants of interest are the sugar palm,’? a spineless species growing
forty feet high; and the oil palm,'3 with a stout coarsely and deeply-ringed stem
twenty or thirty feet high. It has red fruits which yield the palm oil of com-
merce: The bottle palm,’* with a curious bottle-shaped stem or caudex, and the
blue palm,!> with splendid bluish fan-shaped leaves, are easily recognized.

Only two or three species of the tropical palm-like cycads are found here,
and these are the common kinds to be seen growing under glass in more rigorous
climates. The plants are propagated from seeds. They are very curious in
their method of flowering since the flowers appear in a mass in the heart of the
great crown of leaves. In time the flowers are followed by the fertile seed from
which they readily grow. The sago palm 1¢ is the commonest species in cultiva-
tion, though the much larger species 17 is not uncommon.

ARAUCARIA,

Passing to the evergreen-like trees, the giant Araucaria of Australia and
elsewhere grows to an enormous size and is frequently seen in gardens. Some
splendid species of the Norfolk Island pine 1® are to be seen in the older gardens
in Honolulu. The monkey-puzzle or Chili pine'? is also common about the city.
The Monterey cypress 20 seems to thrive in the islands and is much esteemed as
an ornamental tree.

A tree which is more common than any of the foregoing, and one which
might be easily mistaken for a pine, is the Australian ironwood,?! beefwood or
she-oak. The fruit is cone-like in appearance and together with the needle-

7 Caryota urens. 8 Washingtonia filifera. ® Rhapis Cochinchinensis. 10 Rhapis humilis.
11 Rhapis flabelliformis. 12 A renga saccharifera. 13 Blais guinennsia. 14 Hyophorbe amaricaulis
18 Lantania glaucophylla. 18 Cycas revoluta. 17 Cycar circinalis. 18 Araucaria excelsa.

1% Araucaria imbricata. 20 Cupressus macrocarpa. 21 (‘aguarina equisetifolia.
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like branchlets would seem to entitle it to claim relationship with the cedar,
cypress or pine. Though the tree is widely distributed it was not known to the
native Hawaiians before its introduction by the whites. The tree has its greatest
use as wind-breaks. However, it has been extensively planted about the city
and reminds the visitors from northern climes of the winter season as the wind
whistles and soughs through its branches.

TrE KukuL

Liook where one will in the city he will find but little that really belongs to
the native flora. The few species to be seen that pass as native trees are for the
most part those brought here from Polynesia by the natives themselves. How-
ever, there are a few of these that are of common occurrence and especially strik-
ing in appearance. The kukui or candle-nut tree 22 is always identified by its
conspicuous pale yellow-green, almost silvery foliage. It is one of the most
beautiful and abundant trees of the group from sea level up to two thousand
feet. In sheltered nooks and shady ravines the silvery-green foliage can be made
out from far out at sea, and is usually proudly pointed out to the stranger from
the deck of the steamer as one of the most beautiful and picturesque trees of
Hawaii-nei. It is a luxuriant shade tree and is well worthy of a larger place
in the parks, private grounds and streets of the city than it now occupies.

The wood is soft and white and is useless for building purposes; but the
nuts, which are similar in shape and size to a black walnut, were made by the
natives to serve in many useful ways. The shell of the nut is hard and black
and capable of taking a very high polish. They were strung into leis and
fashioned into other ornaments. The oily kernels were strung on splinters of
bamboo to form torches, whence the name candle-nut. The acrid juice con-
tained in the covering of the nut was the base for a black dye for tapa and also
served as an ink in tatooing the skin. The nuts, roasted and mixed with salt,
form a very pleasant side dish at native feasts. The oil was pressed from the
kernels and burned in stone lamps of native manufacture. It also made a water-
proof coating for tapa, and was occasionally used among the old-time Hawaiians
to oil the body for various purposes, especially to render it slippery in evading
their opponents in physical encounters. The gum which exudes from the bark
also had several uses.

It is of interest in this place to note that all branches of the Polynesian race
know the kukui by the same name. Though the kukui is generally dispersed
over the islands, and forms a large part of the forest up to the upper edge of its
range, it has but few enemies among the Hawaiian insects. This fact is taken
to indicate its being of comparatively recent Hawaiian introduction, and sug-
gests that there has not been sufficient time for it to attract serious insect pests.

THE BREADFRUIT.

Another native importation of much value is the breadfruit.2? or ulu, of the

33 Aleurites Molluccana. 23 A rtocarpus incisa.
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natives. It is planted singly about the gardens in the city and is quite com-
monly met with in groves of some size in the various valleys of the group.
Wherever grown it adds materially to the beauty of landscape and in addition
it has a great utility value. The young tree usually grows in the form of a per-
fect cone. The leaves are often two feet or more in length, dark, vigorous green
in color and deeply lobed. The tree always has a thrifty look which it retains
long after it has lost the charm of perfect form. The large green globular fruits
are three to five inches in diameter and are especially esteemed by natives and
Europeans as food. When very ripe the baked fruit has a flavor suggesting
sweet potato. When cooked green the flavor is less pronounced and less pleasing.
The tree attains a height of forty to sixty feet. The wood is a saffron ecolor,
very durable and not liable to split. Elsewhere it has been used to some extent
in the manufacture of wheel hubs, but in Hawaii it is not used commereially.
The Iawaiians used the leaves for polishing, the bark as a medicine. and the
gum for capturing birds. Like the kukui, the breadfruit has accompanied the
Polynesians on all their wanderings wherever the climate would allow it to live.

The tree is exceedingly difficult to propagate. As the Ilawaiian variety
rarely, if ever, produces fertile seed the plant has been distributed by root
sprouts and by layerings. It is not as important here, however, as in Tahiti,
where the fruit is made into a breadfruit poi.

MAaNGo.

The mango 24 is a strikingly beautiful tree and is as much prized for its
shade as for its delicious fruit. It forms one of the most stately trees to be seen
in the city or about the islands. Its compact growth and its dense foliage of
large, dark-green leaves serve to identify the tree, but the rich purple-red or
red-brown young leaves, usually grouped on opposite sides of the tree at dif-
ferent seasons, make it especially conspicuous and worthy of remark.

Most of the trees bloom in January and the fruit ripens along in July and
August. However, these dates vary greatly and are frequently reversed, so
that there is hardly a day in the year when ripe, fresh fruits may not be found
in the city. The bearing trees make but little growth owing to the heavy fruit-
age which bends low the sturdy branches. Often only one side of a tree will
be in fruit at a time.

The fruit of the mango is of the most exquisite shape and color. It is about
the size of a pear, ovoid, slightly flattened with the two sides developed unequally.

24 Mangifera Indica.

DESCRIPTION OF PLATE.

1. A fine Algaroba tree | Kiawe| (Prosopis julifiora). 2. Leaves of the Sacred Banian
(Ficus religiosa). 3. A Bougainvillea in full bloom. 4. A Rhapis Palm (Rhapis Cochin-
chinensis). 5. Bird’s Nest Fern [Ekaha] (Asplenium nidus) from the native forest. 6.
Flowers of Clerodendron Thommsone. 7. Fruit, flowers and leaves of the California Pepper
(Schinus Molle). 8. Air-plant (Bryophyllum calycium). 9. A (‘yeas (Cycas sp.). 10.

Phylodendron in an Algaroba tree; a Bottle Palm to the left, a Fan Palm to the right.
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giving it a thick comma shape. When ripe the fruit is a rich yellow with apple-
red cheek on the side turned toward the sun. But they vary in size, shape and
color as much as apples do, for, like the apple, they seldom come true from the
seed.

The tree is supposed to have originally come from India. It is the only one
of thirty or more species belonging to the genus Mangifera that has any value.
As many as five hundred varieties have been reported from India, and perhaps
forty or fifty of the best sorts to be found are established in Honolulu. While
usually grown from seed they may also be propagated by budding. This, un-
fortunately, is a somewhat difficult process involving much eare and skill. Within
the last few years the trees here have been affected with a blight not ecommon
elsewhere. It is due to a fungus disease that is thought to be aided in spreading
by the blue-bottle Hlies and other insects carrying the spores from flower to iower.
It will be noticed that the sooty mould, when severe, often gives the whole tree a
blackened appearance.

MONKEY-POD.

In almost every yard and square about the city, and indeed over the whole
group, will be found one or more monkey-pod trees.2’ The better name for the
tree is samang; although it is sometimes called the rain-tree, since it blossoms
at the beginning of the rainy season in its native home in tropical America.
It is an exotic, having long been introduced. It belongs to the great group of
acacia-like plants, and has compound or multi-compound leaves. Like most of its
relatives it has the habit of closing its leaves in sleep at night. After sun-
down it presents a wilted appearance and does much toward changing the aspect
of the whole city after nightfall. Trees of this species that are several feet
in diameter at the girth and spreading shade over a space 150 feet across,
are to be commonly seen about the islands. It is a permanent shade tree, and aside
from the litter of the discarded leaves and pods and a slightly ragged appear-
ance during the winter season it is highly desirable as an ornamental tree. As
a tree to be planted along the sidewalks it is hardly to be recommended, as it
grows at such a furious rate that it is liable to lift the walk and injure the
curbing. It is therefore a tree better suited to ample lawns, open spaces and
parks.

THE ALGAROBA.

Of all the introduced trees the algaroba 28 is the favorite. It is a mesquite,
perhaps of the southwestern United States and Mexico. and has been greatly im-
proved and modified by the change of environment. The original tree in Hawaii
grew from a seed planted in 1837 on Fort street, near Beretania. by Father
Batchelot, founder of the Roman Catholic mission. It is thought that the seed
was brought from Mexico, though this point is far from being settled by the his-
torians of the islands. The tree is still in a thrifty condition and is the pro-

28 Pithecolobium Samang. 26 Prosopis juliflora.
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genitor of more than 60,000 acres of forest distributed over the entire group.
At first it grew only at the lower levels, but, little by little, succeeding genera-
tions have crept higher and higher until now they thrive from the sandy sea
beach to 1,500 feet elevation. The lee coasts of Oahu, Molokai, and parts of Ha-
waii have been changed from deserts to forests by the algaroba alone. Curi-
ously enough, the land which it has taken possession of is usually arid or stony,
or so steep that it was considered generally worthless. If left alone they shade
the ground with a dense growth and attain a height of fifty to sixty feet. When
trimmed and thinned, as they are in the city, their delightful shade moderates
the heat of the tropic sun, allowing the growth of the lawn grass beneath, and
in dry seasons protecting it from the direct rays of the sun. Their slender,
brittle branches are often too much in evidence to be asthetic in themselves, but
nevertheless they have a weird picturesqueness of their own. The trunk at first
seems uncouth, but there is a grace and poise to the slender vine-like branches
and feathery leaflets as they toss to and fro in the trade wind, that over-balances
the ruggedness of the gnarled and twisted trunk.

In addition to its asthetic qualities the algaroba is one of the most useful of
trees. Besides yielding an enormous amount of wood of splendid quality, they
are valuable for the pods that are produced with great regularity after the tree
is three years old. The pods ripen gradually during the summer months, and,
next to the grasses, form the most important stock food. They are eaten by
horses, cattle and hogs with great relish. The hard, horny seeds which are em-
bedded in a sweet pulp are not digested by the stock, and hence are in prime
condition for growing and are scattered broadeast in this way.

The algaroba is also our most important honey-producing plant. Bees are
exceedingly fond of the nectar of the flowers and the sugar of the beans. Many
apiaries in algaroba groves produce honey of attractive appearance and superior
flavor.

The tree exudes two different kinds of gum. The most valuable collects in
clear, amber-colored, tear-like masses on the bark. It resembles the gum arabic of
commerce. As it contains no tannin and desolves readily in water the gum has
elsewhere heen used in laundries and to some extent in the manufacture of gum-
drops. In Mexico it is also valued for certain medical properties. In Hawaii
it has never been collected or used, though large quantities of the gum could be
secured.

CHAPTER XVIII.
A RAMBLE IN A HONOLULU GARDEN: PART TWO.

THE POINCIANA.

Turning to the purely ornamental trees, first place is usually given to the
scarlet-flowered royal Poinciana,! or to one of the closely allied species or varie-

1 Poinciana regia.
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ties. The common species grown here, known as the ‘‘flame tree’’ or ‘‘flam-
boyvant tree,”” has been so well named as to scareely require further description.
Though it is a fairly rapid grower it is not a large tree as a rule. The smooth
trunk is expanded at the base in a curious way, forming buttresses that corre-
spond with the principal roots. This peculiarity in connection with its rich-
green foliage arranged in horizontal spreading layers of fine pinnate leaves,
makes it a tree so dainty as to attract attention at all seasons. But when it
bursts into full flower it is one solid mass of erimson, the admiration of all, and
without doubt it is one of the most striking of tropical trees. Although it sheds
its leaves at certain seasons it is at such times almost as remarkable for its large
pods as for the blossoms which preceded them. The generic term, which is the
one commonly used as the name of this species, was given in honor of Governor-
QGeneral Poinei, who wrote on the natural history of the West Indies during the
middle of the seventeenth century. The species and varieties common in warm
countries are found here.

PRIDE OF THE BARBADOES AND THE (JOLDEN SHOWER.

The pride of the Barbadoes,2 with orange-colored blossoms and a second
variety with yellow tlowers, are quite common, the latter being known as the yellow
poinciana. But more conspicuous through the summer months is the golden
shower,® or after the pods have set on it, the ‘‘pudding-stick’’ tree. The
foliage is quite scant, consisting of large pinnate leaves. The flowers appear in
pendant panicles and for several months there is a succession of pure primrose-
vellow, fragrant blossoms that justify the popular common name of the tree.
Another species is the purging Cassia* or horse Cassia, with pink and white
flowers and leaves that somewhat resemble the locust. It is most conspicuous
when bearing the large club-like pods eighteen to twenty inches long and an inch
or more in diameter. Another species known locally as the ‘‘pink shower’’ re-
sembles the latter in many ways, but has the pods divided off with transverse
diaphragms separating the seeds which are embedded in pulp. In this species 3
each seed is enclosed in a tiny pillbox-shaped case, the seeds lying collectively
in the pod like so many coins rolled together in a case. The flowers grow in
clusters closely resembling those of large, rich-colored crabapple blossoms and
surround the bough of the previous year’s growth. The tree remains in full
blossom ten or twelve weeks and is a delight to all beholders. But of this large
genus there are numerous species represented in the introduced tlora of the
islands, many of them producing handsome trees and shrubs.

PripE oF INDIA.

The pride of India$ also a second and smaller species from Jamaica.” both
with delicate lilac-colored flowers, are often called the ‘‘umbrella tree.’’ The
flowers are followed by a crop of vellowish berries which are eaten and dis-

2 Cpsalpinia pulcherrima. 3 Cassia fistula. ¢ (‘assia nodosa. & Cassia grandis.
8 Melia Azedarach. 7 Melia sempervirens.
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tributed by the mynah birds. The larger species without doubt came originally
from India, but has been extensively planted in warm climates everywhere.

The tamarind,® a name which, by the way, is derived from the Arabic mean-
ing ‘‘Indian date,”’ is an exceptionally beautiful and useful tropical tree. It
attains a great height and its delicate acacia-like foliage crowded together so
as to produce a dense head makes it a shade tree that is considered by all
travelers to be one of the noblest in the tropics. It is probably a native of India
or Africa, but has been generally introduced in tropical countries. The pods,
numerous and from three to six inches long, contain an acid pulp that in the
islands is made the base of a cooling drink of much the same character as that
made from lemons or limes. Occasionally the pulp is also used in making a
delicious tamarind butter, but as a general rule they are allowed to fall to the
ground or to be carried off by roving children. The wood is greatly esteemed
in the manufacture of furniture. It is yellowish-white, sometimes with vari-
colored sap streaks, and is very hard and close-grained.

THE BANIAN.

The Banian (or Banyan) tree, a name derived from the fact that it furnished
shelter for the open markets of the banians, or Ilindu merchants, and therefore
literally a ‘‘market place,’’ is a common tree in Honolulu. The family to which
it belongs is well represented in the gardens and parks of the city, there being
at least a dozen or more of the large arboreal species that can be easily recog-
nized, usually, though not always, by the pendant aérial roots. The Banians
all belong to the great order® to which the common fig1?; the Indian rubber
plant,! the Bengal banian tree,’2 and the creeping fig 13 on our garden walls, as
well as some six hundred other similar species scattered throughout the tropies,
are referred. The most ornamental plant, perhaps, is the India rubber plant. But
the great spread of the typical banian tree, which sends down some of its
branches or aérial roots that in time take root in the soil, is one of the largest
and most thrifty-looking trees growing in Hawaii. Many of the related species
have the same or similar methods of reproduction.

PEPPER TREE.

Among other important shade trees in the islands must be mentioned the
pepper treelt that grows so extensively throughout California. It is easily
recognized by its graceful, swaying branches and red berry-like clusters of fruits
about the size of peppercorns, from which resemblance it derives its popular
though misleading California name.

The kamani,!® or tropical almond, often planted for the shade afforded by
its broad, horizontal branches and large, broad leaves, is an introduced species
coming originally from Asia. Before the leaves fall they take on the brilliant
autumn colors common in cold climates, and thus add much to their picturesque
beauty. The tree is also known as the Demerara almond., on account of the

8 Tamarindus Indica. ® Urticacec. 10 Picus Carica. 11 Ficus elastica. 12 Ficus Benghalensis.
12 Ficus pumila. 14 Schinus Molle. 18 Terminalia catappa.
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edible almond-like, filbert-flavored nut they produce. The nuts may be eaten
either raw or roasted.

This tree should not be confused with the native kamani 18 which has beauti-
ful glossy, oblong or ovate leaves and globe-shaped nuts an inch or more in dia-
meter. This species is a splendid ornamental tree that is believed to be an an-
cient Hawaiian introduction, as it occurs throughout Polynesia and southern
Asia.

THE WATTLE.

The black wattle1” and the silver wattle 18 have been cultivated in Hawaii
for nearly half a century, and these or their numerous relatives are common
in the city and constitute the chief trees planted in the Tantalus forest. Like-
wise the Australian oak or silk-oak,!® is common in parks and gardens and is
easily recognized by its fern-like leaves and sweet-scented golden-yellow trusses
of flowers.

Of the bananas and citrus fruits, and fruiting vines, that have some commercial
value and are grown both for their fruit and foliage, we will say nothing here,
deferring so engaging a subject for another chapter. Next to the trees in their
striking ornamental effect, however, are the numerous species of vines and vine-
like plants everywhere about the city. The property holder in Honolulu feels
that his fence, his house, and his out-buildings are doing full duty only when
loaded with a profusion of luxuriantly flowering vines, and there are perfect
tangles of vines and blossoms about many homes.

BOUGAINVILLEAS.

The most conspicuous of all in this class are the Bougainvilleas. Magenta,
scarlet-red and brick-red are among the common forms, and as to abundance they
occur in the order mentioned. Of the magenta colored species 20 there are two
common varieties, one of which is an ever-bloomer. Throughout the year this
species is one continuous mass of purple, and is one of the most striking of
the introduced plants. The salmon, brick-red, orange and scarlet varieties are
to most people more pleasing than the brilliant magenta species; but when a
blaze of eolor is required, the Bougainvillea of any shade will never be a disap-
pointment. The curious thing about them is that it is not the blossoms after
all that are so remarkable. An examination shows that it is only the bracts that
enclose the inconspicuous flowers that are so highly colored. All told there are

[ 4
16 Calophyllum Inaphyllum. 17 Acacia decurrens. 18 4 cacia dealbata. 19 Grevillea robusta.
20 Bougainrillea spectabilis,

DESCRIPTION OF PLATE.

1. Japanese flower peddler. 2. Night-blooming Cereus (Cercus triangularis) on Oahu
College wall. 3. Washington Palm (Washingtonia filifera) ; to the left a Royal Palm (Oreo-
doza regia) ; to the right, a Date Palm (Phoeniz dactylifera). 4. Zamia sp. 5. A Banian
tree (Ficus Indica), showing the curious aérial roots. 6. Wine Palm in fruit and flower.
7. The Monstera (Monstera deliciosa). 8. A Mangosteen (Garcinia Morella) or Gamboge
tree.

.
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perhaps a half-dozen or more of these South American shrubs from which several
varieties have been propagated. The name was given in honor of Bougain-
ville, an early French navigator.

ALLAMANDA.

The Allamanda, with two or three species, one of which 2! is a conspicuous
vine especially common about verandas, is easily recognized by its thick, green
leaves and large, fragrant yellow flowers that are always blooming. Another
favorite is the trumpet-creeper or fire-cracker vine.22 Its orange-red flowers
are the color of living flame of varying shades and tints. When in blossom
(and it blossoms for weeks at a time), the green of its foliage is often completely
hidden from view, and the porch, barn or out-building over which it runs is a
magnificent show of flowers.

OTHER VINES AND SHRUBS.

A favorite especially suited to stone walls and to some extent as a climber
in trees, is the Bignonia or bird-claw vine.23 The Bishop Museum is literallv
overrun with this rich, glossy-green climber, and at certain seasons the beautiful
vellow blossoms transform its otherwise uninteresting exterior into a palace of
gold. The masses of this flowering vine as they hang pendant from the tallest
trees about the city produce a vision of airy, golden loveliness that lingers long in
the mind’s eye. More prized perhaps than any of the foregoing, but unfortu-
nately less common, is the Stephanotis,2* known as ‘‘Kaiulani’s flower.”” Its
fragrant white blossoms at certain seasons transform the trellises of the city into
veritable banks of snow. With the Stephanotis will often be seen a fragrant
climber, known as the wax-plant,2® so named on aceount of the thick, waxy
leaves and wax-like star-shaped flowers.

Here and there in old gardens one sees various species of Convolvulus, giv-
ing a touch of the familiar morning-glory blue to the scene, or, with as much ease
a dash of yellow 26 from India and the Orient. The pretty climbing Mexican
creeper or mountain rose,2? ‘‘Rosa de la Montana de Mexico,’s with its delicate
spravs of pink blossoms, and the more obscure though wonderfully fragrant
Chinese violet 2% with greenish yellow blossoms, are both always in evidence.

Several species of jasmine are common. The beautiful climbing snow-
white 20 is a favorite, as is the perpetually blooming Arabian jasmine3° with
handsome white flowers that turn purple as they die. The beautiful purple
wreath 31 is one of the most striking of the rarer climbers; the five-pointed
deep-lilac flowers hang in graceful racemes and come into tull bloom in April
and May, lasting several weeks.

More conspicuous and tropical than any of the foregoing are the several
species of arboreal plants with large foliage leaves, the number of which
growing in Honolulu is too great to receive more than passing notice here. The

21 4llamanda cathartica. 22 Bignonia venusta. 23 Bignonia ungis-cati. 24 Qtephanotis floribunda.
25 Hoya carnosa. 28 Ipoemoea chryarides. 27 Antigonan leptopux. 28 Native name ‘Pakalani.’
29 Jagminum grandiflorum. 30 Jagminum Sambac. 31 Petrea volubilis.
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South American group of tree-loving Philodendrons is represented by perhaps a
dozen species that are among the more common climbing plants. They are
usually characterized by broad coriaceous, though often with divided, leaves and
are to be seen hugging palms, climbing trees and running over stone walls
everywhere about the city. The Monstera delicioca, like the foregoing, is a tree-
loving plant and is easily recognized by the enormous dark-green leaves that
are occasionally two feet in length and pierced by eurious, large elliptical holes.
The flowers are small and betray the plant’s relationship to the order Aracee, to
which great group the taro and the calla lily belong, by having the boat-shaped,
creamy-colored spathe. The succulent fruit of coherent berries requires many
months to ripen. But it eventually becomes a fruit a foot long by two inches
in diameter, resembling an ear of corn in shape and having a very delicate
tang suggesting both the pineapple and banana in flavor.

The city abounds in ornamental shrubs. What it lacks in annual and
perennial flowering plants is compensated for by the gorgeous, highly-colored
and varied leaves of this class of ornamental plants.

The Christmas flower, or poinsettia,32 is recognized by the stranger in the
islands from temperate climates as a familiar hot-house friend. But instead
of being a scraggy plant growing in a tub, it grows in Hawaii in the open and
attains a height of fifteen to twenty feet. At Christmas time it is most con-
spicuous, lighting up the city with the splendid scarlet-red of the flowers, though
the so-called flowers are in reality a cluster of large leaf-like bracts that sur-
round the small insignificant blossoms. A white variety is also occasionally
seen about the eity.

The poinsettia belongs to the great tribe of euphorbias and has a white milk-
like juice. The genus was named as long ago as 1828 for the Hon. J. R. Poinsett,
an American minister to Mexico, who discovered the common species now in
cultivation, growing wild in that country.

Of recent years the beautiful Ixora has found much favor as a Christmas
flower owing to its large, showy clusters of bright-red blossoms and large
glossy-green leaves. The plants, however, do not confine their flowers to the
holiday season but generally extend their Christmas cheer throughout the year.
The species most common in Honolulu is a member of the typical genus in the
tribe Ixorew which belongs to the larger order Rubiacee, to which the coffee plant
belongs. The generic name Irora is given as the name of a Malabar deity to
whom the flowers are offered in their native country. A number of the hundred
or more species belonging to the typical genus are occasionally met with in hot-
house collections in Europe and America, but in the congenial climate of Hawaii
they thrive with but little care, forming one of our most attractive and con-
spicuous garden shrubs.

The crotons of the floriculturist, so extensively grown as foliage plants in
Hawalii, are not crotons at all but Codiaenms, and like the foregoing, belong to the
great order Euphorbiacee. The word Codiaeum is of Malayan origin, and it is

82 Euphorbia pulcherrima.
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from there the single species with three well-marked varieties have been dis-
tributed all over the world to be developed into more than a hundred cultivated
forms and sub-varieties. While most of the forms have been given names, the
practice among botanists is to regard them all as belonging to one species.? = A
majority of the best known forms may be found growing in Honolulu gardens.

These beautiful plants, with their many forms of odd and handsome foliage
of the most brilliant coloring, are to be seen in profusion everywhere. The colors
range from almost pure white to light and deep yellow, orange-pink, red-crimson,
and all these joined in the most remarkable combinations. In some cases one
color predominates, in others every possible combination is represented. But a
close study of the form of the leaves will demonstrate that three principal types
exist, namely, those with ovate, short-stalked leaves, those with narrow and
spatulate leaves, and those with narrow and often cork-screw twisted leaves.
Planted in clumps and masses the effect produced by the combination of their
rich colors is charming. They are often used to advantage as hedges and are
made in one way or another to give color to almost every lawn.

The garden varieties of Coleus are also a legion, and many of them or their
near generic relatives thrive in the city and occasionally escape, as on Hawaii.
into the wooded stretches along the roads and lanes. A very deep-red, large-
leafed foliage plant of this family is in general favor. It is planted in rows to
form hedges about gardens and is wonderfully varigated in foliage.

HEepGE PLANTS.

The hedge plant that is most conspicuous and, happily, the most com-
mon in Hawaii is the Hibiscus. Of this splendid shrub about six forms and in-
numerable varieties are in general cultivation. Of the common varieties, miles
and miles of hedges have been made. These are among the first objects to attract
the attention of tourists and visitors, and one never tires of the display of blos-
soms of all sizes and colors that line the street. There are at least four native
species, two or more of which have been cultivated to some extent by Hibiscus
enthusiasts. Much has been done here and elsewhere along the line of producing
new varieties by cross-breeding, so that every color from white, yellow, salmon
to deep red, in double and single blossoms, are abundant. It is to be hoped that
this splendid shrub may become so popular as to be regularly adopted as the
‘“City Flower’’ of Honolulu. As the hedges of scarlet and pink Hibiscus are ever
a delight to the eye a keen rivalry may well develop among householders in the
production of rare forms, since new varieties are easily produced by cross
pollenization.

K1

A plant that is common in the mountains and is often plauted in hedges is
the ki 34 plant, the Dracana, or more properly the Cordyline of botanists. There
are several cultivated varieties, especially one with wine-red leaves that are com-

33 Codiemus variegatum. 34 Cordyline terminalis.
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mon in Honolulu gardens. The natives find many uses for it that must be men-
tioned elsewhere. Its leaves are articles of daily use, however, especially as a
wrapping for fresh fish in the markets.

Still another shrub that is a favorite for hedges in the city is the beautifully
variegated Phyllanthus rosco-pictus. The leaves are small, alternate, and entire
in two rows on small branchlets, so that they appear like pinnate leaves. They
vary in color, being variously mottled with pink and red as well as with white
and green..

Most of Hawaii’s visitors who come from northern climes for their first visit
to the tropics are greatly surprised to find the Oleander,33 variously called rose-
bay, rose-laurel or South Sea rose, growing in beautiful ever-blooming hedges
ten to twenty feet in height. This old-fashioned evergreen shrub, so common as a
hot-house pant, flourishes here with but little care and blossoms in various
shades of pink, white and cream color. It is not generally known that all paris
of the Oleander are poisonous, and that there are authentic records of people
who have died from eating the flowers; death has also occurred from using its
wood as skewers in cooking meat.

A beautiful tree frequenty seen in gardens about the islands is locally
known as the ‘‘bestill-tree,”’ owing to the fact that its large, slender, daintily
poised, shining green leaves are set in motion by the slightest breeze. It is also
called the yellow Oleander, on account of its golden, funnel-shaped flowers that
are further characterized by having the edge of the corolla made up of a series
of over-lapping lobes. The flowers and the foliage suggest the typical Oleander—
to which it is distantly related—and makes the name not inappropriate even
though it is not a true .Nerium. This common species (Theveta neriifolia) is else-
where known as the quashy-quasher, and is widely distributed in the tropies,
particularly in the West Indies and tropical America. The wood is hard and
even-grained, and its seeds yield the fixed oil called exile-oil. The genus belongs
to the great order Apocynacee, which includes in its numerous tribes such well-
known and widely-differing ornamental plants as the Vinca, Oleander, Alla-
manda, and the Plumieria.

PaNDANCUS.

Several species of Pandanus or screw-pine are found growing, in old gar-
dens, some forms attaining great size. They are remarkable for their stilt-like
aérial roots, and the perfeet spiral arrangement of their long sword-like leaves,
which are held aloft on a few scarred, naked hranches. The aérial roots gradu-
ally lift the trunk out of the ground, but at the same time anchor it firmly in all
directions. Two species are common, one of which is a variegated form. There
is not space here to go deeply into the question of varieties, for there are as many
as fifty species known and many of them are in cultivation in Honolulu gardens.

The splendid specimens of Hercules’ club, or angelica tree,3¢ commonly

38 Nerium Oleander. 36 Aralia spinosa.




INTRODUCED PLANTS AND ANIMALS. 253

called Aralia, are often among the more showy plants about houses and on lawns.
Another species 37 has white margins to all the leaves and is much esteemed and
used as a quick-growing hedge. The candied leaf-stalks of angelica are not an
uncommon confection. s

The Plumeria 38 is a favorite, especially with the natives, and few of their
gardens are without one or more of these curious plants. From the white-and-
vellow flowers they are accustomed to make leis (wreaths) that rival in sweetness
the jasmine or the tuberose. Though they may be unsightly in appearance
for a month or two, when the leaves drop from their thick, club-like stems, they
make ample atonement for this defect during the rest of the year when they are
bedecked with a profusion of rich-colored, star-shaped, sweet-scented blossoms.
The genus was named for a celebrated French botanist, Charles Plumier, and
includes about forty species, three or four of which are grown in Hawaii.

FERNS.

Although ferns abound in every garden, there are but few that belong to
the native flora. Perhaps the curious bird’s-nest fern3? or ekaha, is the most
conspicuous of this class. It stands out boldly against the background, formed
by the trunk of the tree in the fork of which it is established and is often five or
six feet in diameter aross the curious whirl of paddle-shaped leaves. It grows
naturally in the mountains, but stands transplanting in tubs and rockeries in
the city. The tree ferns which abound in the native forests are seldom seen
in the city. They do not thrive in the drier climate of the lower zone. This is
unfortunate as nothing in the native flora could he more ornamental. Owing to
the difficulties encountered in growing native mountain ferns the town gardener
has come to depend to a large extent on the hardy fish-tail or Boston fern 40
and everywhere, in the ground, in pots and hanging baskets this species
- thrives. The beautiful, graceful, dark-green, always fresh looking, maile-scented
Staghorn fern (Gleichenia longissima), a favorite for hanging baskets or rock-
eries, is a vigorous grower in the low altitudes, and prevents the fishtail from
having an apparent monopoly of this style of ornamentation. But in hot-houses,
where the amount of moisture and sunlight are more easily regulated, a profusion
of rare and beautifully delicate ferns are grown that are the source of just
pride among growers and furnish the basis for much rivalry among the inhabi-
tants of Honolulu. Some of the larger collections have scores of species repre-
sented, among them some of the most delicate, as well as the largest and most
showy forms known.

Coming to the garden flowers, the visitor is usually doomed to disappoint-
ment. Although almost any of the flowers in general cultivation elsewhere will
grow with little care and many of them thrive here, it is the exception to find a
vard in which any attempt is made to have a flower-bed of annuals, much less
an old-fashioned flower garden. In place of flowering plants bordering the drive-
ways, foliage plants and ferns are quite commonly substituted. Occasionally,

37 Aralia Guilfoylei. 28 Plumeria acytifolia. 30 4 gplenium nidus. 40 Nephrolepis exaltata.
¥
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however, flowers are planted, but usually such hardy bloomers as white and pink
Vinca 4! will have their place about the base of a palm tree or by the garden
wall, and likewise the beautiful blue phlox-like leadwort 2 will be seen, but as a
rule the flowers that one sees are such as require little care and are perennials.
As there is abundant color in the flowering trees and shrubs one does not miss
the old-fashioned flowers as much as otherwise would be the case.

The old-fashioned four o’elock #% is a familiar flower so long established in
Hawaii, that, in favorable situations, it has escaped and grows by the roadside.
They are handsome, branching herbs with opposite leaves, the lower petiolate.
the upper sessile. and with quite large, often fragrant, owers which are white.
searlet, or variegated. There are perhaps a dozen other species that are native
to the warmer parts of America, a few of which are oceasionally cultivated. but
the common four-o’clock, or marvel of Peru, is the one usually seen. It derives
its name from the fact that the flowers open daily in the late afternoon.

Occasionally the curious sprouting-leaf plant, or ‘‘air’’ plant.** will be seen
in some neglected corner, and will be identified as a begonia-like plant that may
be propagated by leaf cuttings. In fact, if one of the thick, fleshy leaves is
pinned to the wall, little plants will spring up from the notches on the edge of
the leaf.

NIGHT-BLOOMING ('EREUS.

It would not do to draw this long chapter to a close without mention of the
wonderful blooms of the night-blooming Cereus.*® Likely as not fragments have
been carelessly piled on the stone fence at the bottom of the garden where they
have grown unnoticed until they have transformed an unsightly fence into
the semblance of a sprawling evergreen hedge. At intervals of not more
than a few wecks, especially during the summer, it clothes its ungainly. fleshy, -
triangular stems with giant creamy-white, lily-like blossoms a foot or more
in diameter. Few there are who have visited Honolulu and not been delighted
by the famous cactus hedge at Punahou Academy. On the wall about the campus
is a continuous stretch of Cereus, five or six hundred yards in length, on which
thousands of these great flowers may be seen in blossom each year. They open
soon after the sun goes down and remain in full bloom during the night. But
by nine o’clock of the following day the glory of the night before will have de-
parted, although the following night belated blossoms will somewhat restore it.
Fortunate, indeed, is the visitor whose ‘ramble in a Ilonolulu garden’ has been
so timed that he may be present at the ‘‘Cereus season,’’ since the oceasion 18
without doubt one of the most remarkable and wonderful of the city’s many
fioral exhibitions. The night-blooming Cereus is a wonderful climber; it has
clambered high into many large algaroba trees in Honolulu, its magnificent
blossoms tantalizing beholders by being out of reach.

41 Vinea rosea. 42 Plumbago Capensis. 43 Mirabilis Jalapa. 4 Bryophyllum calycinum.

48 Cereua triangularis. R
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CHAPTER XIX.
TROPICAL FRUITS IN ITAWAIL

Until recently the brains and energy of the people in Ilawaii have been so
centered on developing the more profitable field crops, that but little systematie
effort has been put forth towards the introduction and cultivation of edible
fruits. Nevertheless many delicious fruits are found growing in the islands
in both a wild and cultivated state. In much the same way that we compare
Honolulu to a botanical garden, by reason of the number and variety of its
ornamental plants, we may compare Hawaii to a great unkempt experimental
orchard.

NATIVE AND INTRODUCED FRUITS.

Many rare, curious and toothsome fruits have been brought to Hawaii from
the ends of the earth in times past by fruit lovers. But, unfortunately, they
have too often been planted out among ornamental plants, in out-of-the-way
places or left in neglected corners to shift for themselves. With few excep-
tions such plantings have not materially advanced the cause of fruit-growing
more than to help demonstrate that a long list of worthy fruits will grow in
Hawaii almost without attention.

Many native-grown species of our most common fruits are seldom, if ever,
seen in the markets of Honolulu, while the great majority of the list of island
species are to be seen only in the private grounds of the older residents. Although
it is true that most of the varieties as yet have a greater ornamental than com-
mercial value, a few, as the pineapple and the banana, are extensively culti-
vated. Their production has come to be important industries. It is to a brief
review of some of the more interesting and important of the island fruits, both
native and introduced, that this chapter is devoted.

Botanists tell us that the islands at the time of their settlement by the
aborigines had few native indigenous fruits. The Chilian strawberry! has
long flourished on the high mountains of I{awaii and East Maui at an elevation
of from four to six thousand feet. The natives have always held this small
though delicious berry in high esteem under the name ohelo papa. It seldom
reaches the market, but from May to September it is abundant; on Hawaii it is
one of the prineipal articles of food for the Hawaiian goose. There are several
cultivated species of better quality that find their way to market. Strawberries
do not thrive well at sea-level, but prefer the higher and cooler regions. As a
result they are grown in beds in Nuuanu Valley, at Wahiawa and elsewhere,
where conditions are favorable. By changing the elevation, moisture and soil
conditions, an extended period of bearing is secured. As a matter of fact, if
they were more skilfully handled, fresh strawberries could be grown for the
market every day in the year. As it is there is not more than a month or so
when fresh fruit cannot be secured.

1 Fragaria Chilensis.
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NATIVE RASPBERRIES.

There are at least three, and probably more species of the native raspberry,
or akala. They prefer the high altitudes and have been found growing
on all of the high islands with the exception of Oahu. In the deep woods on
Molokai, at the head of Pelekunu Valley, I have found the spineless Hawaiian
raspberry 2 growing under ideal wild conditions, as a perennial, attaining a
height of twelve to fifteen feet, with stems three or more inches in diameter at
the ground. While the fruit is neither abundant nor of especially good quality,
the few berries that it produces are of large size and attractive appearance.
The species is worthy of propagation by horticulturists, on account of the im-
portant characteristics possessed by it that might be developed through cross-
fertilization.

In the mountains of Hawaii and Maui is found a low-spreading, prostrate
shrub with long, stiff, trailing branches that bear round, black fruit about a
half inch in diameter known to the natives as kukui neenee3 The. fruit is not
pleasant to the taste, but the wild Hawaiian goose feeds voraciously upon it.
They are common in the open country about the Volcano House.

THE OHELO.

Of more importance and general interest than the foregoing are the beauti-
ful and delicious ohelo berries ¢ found especially abundant about Kilauea. They
belong in the same genus with the familiar bog-cranberry of commerce. The
berry is like the cranberry in size, shape and color. It is slightly astringent,
but not enough to render it unpleasant to the taste, when eaten out of the hand.
It also makes excellent pies and preserves, and being a very prolific bearer is
worthy of attention by those interested in the production of new fruits. The
berries vary greatly in color from almost white, through various shades of yel-
low and red to almost purple, and are covered with a waxy bloom. They grow
crowded together along the branching stems of the low erect shrub, which at-
tains a height of from one to two feet. The bush grows more or less in patches,
often covering considerable areas. In former times it was used as a propitiatory
offering to the goddess Pele, and a century ago no IHawaiian would approach
her abode without first making a suitable offering of these berries to the far-
famed goddess of the volcano. The Hawaiian islands have two distinet species
and several recognized varieties, though the berries of the taller species, fairly
common in the highest mountains of the different islands of the group, are
seldom eaten.

MOUNTAIN APPLES.

An important native fruit tree, or at least one that must be considered as
of early native introduection, is the mountain apple, or ohia ai.® The tree attains
a height of from twenty-five to fifty feet, and usually forms a clump or grove

2 Rubus Macraei. 3 Coprosoma ernodeoides. ¢ Vaccinium reticulatum.
8 Jambosa = (Eugenia) Malaccensis.
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along the streams. In the forest they are easily recognized by their dark-green
leaves and waxy-red or deep-crimson fruits, which are as large as apples and
are horne twice a year in great profusion. In the market the fruit is of such
attractive appearance that the watery, insipid flavor comes at first as a disap-
pointment ; however, the curious cooling property of the fruit compensates for
what it lacks in flavor. It bruises easily in handling and is but little used,
except occasionally in making sweet pickles. The tree oceurs on all the larger
islands of the Pacific and is highly esteemed by the natives for its fruit. The
fragrant flowers were formally the favorite haunts of several of the native birds,
which were caught in the branches by the use of bird lime. While the tree
grows here and there in the city of Honolulu, it is by no means common, and
must be seen in its native habitat to be appreciated at its full worth as a forest
tree.

Poua.

The poha, cape gooseberry, or ground cherry,® is a spreading shrub belong-
ing to the great tomato family. 1t bears yellow berries in a bladder-like ecalyx,
and grows quite common on mountain slopes throughout the group, especially on
Hawaii and Maui. The fruit is edible, has a pleasant flavor and when cooked
makes an excellent jam. In this form it has established a place for itself in
Hawaii at the head of the list of preserves. It is only occasionally seen in the
market in the raw state, and as it is mostly gathered from the wild plants, it is
usually high in price. The plant is said to be a native of Brazil, but has long
been naturalized in Hawaii. As it is only one of some thirty or more known
species, it is quite possible that it would be worth while to introduce other species
for cultivation.

BANANAS.

The banana is a conspicuous and valuable plant everywhere in the tropies.
The striking bunches of fruit, and its broad, bright-green leaves occupy a promi-
nent place in the ornamental foliage about almost every home in Hawaii. The
banana is important among the commereial fruit-bearing plants of the islands.
If we accept the broadest use of the term, the word banana includes all of the
species and innumerable varieties of the genus Muse. This genus, which is
supposed to have been named for Antonius Musa, a physician to Augustus the
Great, belongs to the order Scitaminacee, to which also belong several genera,
including many well-known plants found growing in Honolulu gardens—such
conspicuous ornamental plants as the traveler’s palm or traveler’s tree, the
Canna and ginger 3 being among them. The original home of the banana is
thought to have been southern Asia. Doubtless it has been long ages under
cultivation, and in very early times found its way into Polynesia. For this
reason it is thought that the wild, or native banana, or maia, found growing
everywhere in the mountain valleys, even in the most remote districts of the

¢ Physalis Peruviana. 7 Ravenala Madagascariensis. 8 Zingiber.
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group, are all of very early Ilawaiian introduction from the islands to the
south of the Equator. The natives know as many as twenty-five and perhaps
fifty varieties of so-called wild bananas, having a name for each, but as the
same fruit is known by different names on different islands, many names dis-
appear as synonyms. It has been found that three main groups or types can be
recognized. But the native nomenclature will doubtless withstand the attacks
that may be made upon it by the systematic botanist and horticulturist, and as a
consequence, the more important and striking forms will long continue to be
recognized, in the markets at least, by their native names.

‘While the original plants were doubtless set out well up in the mountain
valleys, in sheltered, moist, well-drained places, by the native planters, they are
now distributed along the streams. In certain sections peculiar forms are
common, and it is not improbable that new varieties have been originated in the
islands by the natives through intelligent selection, or by isolation, or from
other causes. The koae, for example, is a striped variety, having the fruit and
leaves variegated with pale and dark green, that is said by some to have origi-
nated in Kona, ITawaii, and to have been brought from there to Honolulu for
ornamental purposes. The oa is striped, reddish and green, and like the variety
just mentioned is also said to have originated in Kona. Other interesting varie-
ties of possible local origin are the poni, or black-trunked banana, the rose, and
the sweet-scented varieties.

Among Europeans the nomenclature of the banana is in an uncertain state.
The same varieties have different names in each country where grown; even the
class terms, plantain and banana, are used with varying meanings. In some
localities the plantain is understood to mean almost all the edible species, while
in other localities banana has an equally wide and uncertain application. It is
urged that the better usage is to reserve the term plantain for the varieties that
can only be eaten after they have been cooked. Since it is the custom to recognize
two kinds of bananas, namely, cooking and eating, the two terms, used so far
as possible as above, would be generally useful.

In addition to the many excellent native varieties that are to be had in the
local market, there are a number of introduced species and varieties which,
though they stand high, are of but little commercial importance, as they will
not stand packing and shipping. This class includes some of our best table
bananas; the Brazilian, the apple, the largo, the kusaie, and a long list of
other less common ones should be mentioned as among the more important.
Of the native varieties the iholena and lele are considered as the choicest varie-
ties for both cooking and eating.

The most important commercial varieties are the Chinese or Cavendish.?
the Jamaica, Martinique or Bluefield, and the red Spanish or Jamaica red. The
latter is sold in the fruit stalls as a faney variety. The Bluefield, which takes
its name from the prinecipal port from which the variety is shipped into the
United States, was introduced into Hawaii in 1903 and has been fast winning

® Musa Cavendishii.
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favor among the more intelligent growers, as it sells in the market at about
one-third more per bunch than does the common Chinese variety. Its fruit has a
tough, slow-ripening, golden-yellow skin, and the hands, or clusters, grow in
large, very compactly-arranged bunches.

The Chinese variety was introduced into the islands from Tahiti about
1855, and has long been the leading commercial banana. It is characterized
by its low growth and large bunches of yellow fruit of fine flavor and good
keeping qualities. Only a single bunch is produced by a plant. The fruit
ripens at all seasons, requiring, in low levels, ten to twelve months for the
bunch to mature; in higher elevations, twelve to eighteen months.

It has been found that an acre of good ground under favorable conditions,
well watered and tilled, will produce in a year 1,200 bunches of bananas weigh-
ing sixty pounds each. While dried banana and ‘‘banana flour’’ is prepared
from the fruit elsewhere, the common varieties in Hawaii have never heen ex-
tensively used in this way.

Of the various cooking plantains very little is known outside of the tropies.
It is quite possible that when the value of the plantain becomes more generally
known as a winter substitute for vegetables, its export from Hawaii will ma-
terially increase.

As is generally known, the varieties of bananas most useful to man seldom
if ever reproduce from seed. They increase from suckers that spring up about
the base of the plant. If allowed to grow undisturbed a single plant will soon
develop a considerable clump, which may be divided and transplanted as desired.

The leaves are interesting, as the parallel veins stand at right angles to the
mid-rib and are joined together to form the broad leaf. Ileavy winds in many
places tear the large leaves into shreds, hence a sheltered location is usually
selected for the cultivation of the fruit.

The flower of the banana is somewhat unusual in appearance. Each plant
bears but a single bunch of flowers which grows out of the center of the top
of the stock on the end of the elongated spike. It appears first as a purple-red
spike that curves downward as it grows. This spike-like head is made up of a
large number of flowers grouped in clusters, each cluster later developing into a
““hand’’ of bananas. As the clusters emerge they are covered by the thick,
reddish bracts which curl up and expose the flowers. In time the tubular, cream-
colored blossoms fall off, leaving the long ovaries. These in turn develop into
fruits. Each bunch of bananas contains from one to a dozen or more of these
clusters and each cluster from twelve to twenty-four bananas.

So far, the banana in Hawaii is fairly free from disease and pests. Three
forms of fungus diseases are known to prey on the plant, but as yet they are
nowhere serious. Two species of nematode worms are somewhat troublesome,
and the cane borer, common throughout the group, has been occasionally found
boring in the stem. The red spider, which is well known to most gardeners, has
been instrumental in causing a brown smut to gain a foothold on the fruit.
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Though this fungus has long been found on the fruit grown here, its effects
are never serious.

The history of the development of the banana business is an interesting
one, but it must suffice here to note that the first exportation of the fruit was
made in 1864, when 121 bunches were shipped to the mainland.

PINEAPPLES. .

The pineapple 1° is a native of America, and is the most important member
of the family 11 in which it is placed. This family has nothing whatever to do
with either the pine or the apple families. The pineapple is a sorosis, or col-
lection of fruits formed by the cohesion into a mass of the ovaries and perianths
of the compact fruit. The flowers themselves are abortive. In the cultivated
pineapple, seeds are rarely found, but the wild variety, from which it originated,
has many seeds.

In Hawaii it is extensively cultivated, and was of early introduction. It
seems well adapted to the islands and several varieties are grown, which produce
fruit of the most excellent flavor. There are instances where the fruit has es-
caped or has been abandoned, where it is to be found growing in a. wild state.

As is well known, the plant usually produces but a single fruit crowded in a
rosette of stiff serrated leaves, on the top of the stem of the plant, which ma-
tures in from twelve to twenty months. The fruit is itself erowned with a
cluster of stiff leaves. The plant is propagated by means of slips, suckers,
crowns and rattoons. Over fifty well-defined varieties are recognized, some of
them quite distinet forms, which vary widely in color, size and flavor. The
most important species grown locally are limited to a few carefully selected
types that are especially suited to the requirements of the canneries.

Fruits of the largest species not infrequently attain a weight of twelve or
more pounds. The crop is harvested at certain seasons, but fresh fruit reach
the market the year around. The plants are not entirely free from pests and
diseases. The most serious disease, perhaps, is known as the ‘‘pineapple dis-
ease’’ of sugar-cane. This disease, which attacks the fruit causing it to prema-
turely decay and ferment, was first discovered on cane and received its name
from the faet that it produced an odor in the decaying cane similar to that of
the pineapple.

THE AVOCADO OR ALLIGATOR PEAR.

The avoeado, or alligator pear,'2 though technically a fruit, is from the
culinary standpoint a salad vegetable, in that it is used much the same as the
cucumber, sinece it is usually eaten with salt, pepper and vinegar. It is almost
the only fruit which is eaten only as a salad. Persons who are served with this
curious pear-shaped fruit for the first time are usually disappointed. But a just
valuation of the rich nutty or butter-like flavor of the fruit is soon acquired,
and once it is fully appreciated the taste becomes little short of a eraving.

10 A nanas sativa. 11 Bromeliacece. 12 Persea gratissima.
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The tree, which is a native of the American tropics, was of early introdue-
tion into llawaii and is rapidly gaining in favor as an island fruit with a pos-
sible commercial future, which, however, has Leen somewhat interfered with
through fruit quarantine measures that prevent its shipment to California for
fear it may carry with it the much-dreaded fruit-fly that has already established
itself in Hawaii.

The earliest known account of the avocadov is found in Oriedo’s report to
Charles V. of Spain in 1526. At that time it was found growing wild in the
West Indies. doubtless having been introduced there from the continent of
America. In various places and in diverse ways the fruit has come to be known
under no fewer than fifty names, no one of which is less suitable than the ecom-
mon English designation, since it is neither an alligator nor a pear, and more-
over the combination of names is in no way pleasing, appetizing or appropriate.
The fruit is justly entitled to a characteristic name, and avocado seems suited
to the requirements.

In 1860 it reached Tahiti, and must have been planted in Hawaii very soon
after that date. Trees about the city grow rapidly to a height of from twenty
to sixty feet, and are at once identified by their large dark-green leaves and
large pear-shaped, green and purple fruits, which contain a single large seed.
The avoeado belongs to the Lauracew and has such distinguishing relatives as
the cinnamon,!® camphor,!* and sassafras,'® all of which were introduced into
Hawaii many years ago, but the avocado is the only member of the family that
has been cultivated to any extent. As the fruit is usually grown from the seed,
the quality varies with the different trees. Now the ripe fruits have been sue-
cessfully shipped from Ilawaii to New York and Washington, and as recent ex-
periments have proved that choice trees can bhe propagated by budding, there
is every reason to think that the avocado has a future before it, as it seems to be
reasonably free from the attacks of the fruit-fly. Selected trees, sheltered from
the wind and with other conditions favorable, have yielded as many as 250
fruits to a tree, while the yield from exceptional trees has been more than a
thousand pears.

Paraya.

Like the foregoing, the papaya % is a native of tropical America, probably
Brazil, and is a fruit much esteemed in the islands. It is one of the commonest
fruits in many private yards, and considered as a fruit, vegetable, salad or
simply as an ornamental plant, it is a general favorite. Its large, golden, melon-
shaped fruits and handsome, thrifty, green, palmate leaves render it a species
that attracts attention at once from strangers.

By some the fruit is called papaw., a name which should perhaps be re-
served for the tree and fruit of Asimina trilola, which is a tree common through-
out the southern United States. It bears smooth, oblong fruits that in no way
resemble the papaya of the tropies. They are three or four inches long, banana-

13 Cinnamomum Zeylanicum. W Cinnamomum camphora. 18 Saasafraa oficinale.
18 Papaya vulgaris = Carica Papaya.
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shaped, and are filled with sweet pulp in which are embedded the bean-like seeds.

The papaya is an interesting example of a diecious plant, as it has the male
and the female flowers on separate plants. The edible fruit is produced by the
female tree, as a rule. It is therefore desirable, in order to insure the hest crop
of fruit, to plant a number of trees of both sexes in close proximity.

There are a number of varieties under cultivation, all of which are known
locally as papaya. While it is usually a small, short-lived tree with a single,
stout, unbranched trunk, crowned with a cluster of leaves, there are many old
specimens thirty feet or more in height that so differ in appearance that only
the characteristic leaves prevent them from being mistaken for some rare species
of curious tropical plant.

It is extensively grown in the tropics, and may now he found wherever climate
and conditions are favorable. The milky juice of the plant has a property
similar to, though different from that of pepsin. If tough meat is wrapped in
the fresh leaves for a short time it will become tender. The seeds also possess
valuable properties as a vermifuge.

Guava.

Several species of guava thrive here. They grow from seed so readily
and spread so rapidly that the lemon-guava,!? at least, is no longer cultivated.
In many sections this species forms dense thickets. As it fruits abundantly at
nearly all seasons at different elevations it furnishes a refreshing fruit that
may be enjoyed on mountain rambles.

Of the 130 species known several are well established in Hawaii, but aside
from the common lemon-guava and the smaller red strawberry-guava,!® the
other species are rarely met with. The fruit is supposed to be more agreeably
acid and hence more palatable if gathered in the early morning. The lemon-
guava, besides being a rich, aromatic fruit, makes fine jam, guava whip, and
jelly, the latter being one of the finest-flavored jellies known. In spite of this
fact comparatively little of it is manufactured, and thousands of tons of the
fruit waste every year. This acid vegetable material, however, when added to the
lava soils of Hawaii is a decided benefit to the land. Since the bushes grow on
all kinds of soil under widely varying conditions the wedge-work done by their
roots has proven a decided help in opening up the more resistant soils.

LEMONS, ORANGES AND LIMES.

The orange ° is one of the oldest of cultivated fruits; although its nativity
is not known, it probably originated in the Indo-Chinese region. It is now
widely distributed and just whether it was introduced into these islands by
the natives themselves or by the earliest explorers will probably not be definitely
known. Vancouver is generally accredited with its introduection, as in 1792
he came from Tahiti, where it had long grown, having received a large store of
supplies from the natives there. Arriving on Hawaii he left with the native

17 Psidium Guayava. 1% Psidium Cattleyanum. 1% C'itrus A urantium,
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chiefs of Kona a number of valuable seeds and ‘‘some vine and orange plants.’’
A few days later he left some ‘‘orange and lemon plants’’ on the island of
Niihau. It is supposed that these plants were the parents of the famous russet
Kona oranges that are such general favorites among islanders. On Molokai, far
back in the mountains, a few years ago I found an old orange grove in a fairly
thrifty state, in which some of the trees were two feet in diameter at the height
of my shoulder. Everything about them indicated their great age, and it is
highly probable that this grove antidates the introduction of the plants by
Vancouver.

Oranges, lemons,2° limes 2! and the grape fruit, pomelo or shaddock,22 have
all found an equally congenial home here, and there are many Hawaiian varie-
ties, and seedlings that lack names but that, nevertheless, are excellent and point
to the fact that our soil is well adopted to their growth and culture. As is to
be expected, the citrus fruits are here, as elsewhere, subject to a number of
pests. Many of them are in an unchecked state and can do much damage.
Among them are root-rot or gum disease affecting the trunk; ripe rot, due to a
fungus attacking the fruit, and sooty mould, causing the blackened or mouldy
appearance of the leaves, fruit and twigs. It is interesting to know that this
last disease does not feed on the tissues of the plant, but thrives on the sweet
dew-like substances deposited by aphids and scale insects. Lichens in moist
localities; ‘die back,’ 22 and lemon scab 2¢ are among the more common diseases.

Among the insect enemies, the purple scale is quite prevalent. It may be
readily identified, when adult, as a purplish object shaped somewhat like a
miniature oyster shell. A species of mealy bug, appearing as a cottony mass,
occurs in the terminal twigs causing them to grow twisted. The orange aphis
or black fly is a minute insect living in the fine twigs. And lastly, the orange
rust mite, which, though very tiny indeed, is the cause of the russet oranges.
It pierces the surface of the fruit and feeds on the oils therein. The same
species affecting lemons causes them to turn silvery. It is a curious fact that
fruits affected by this mite are usually better flavored than those that are not
troubled by it, though they are less attractive in appearance. The most serious
pest of all, however, is the recently-introduced Mediterranean fruit-fly, elsewhere
described at length.

The lime is extensively grown, there being several local varieties. The
supply at present is almost sufficient for the local demand. The citron 25 is
generally grown in yards and gardens. Both the oblong and round lemon-like
kumquat 2¢ thrive, as does the shaddock, which is recognized by its size (six or
seven inches in diameter) and coarse texture. All of the foregoing have long
been cultivated and are found in deep valleys in such a wild state that they might
almost be considered as part of the native flora. The pomelo deserves more
care than has so far been bestowed upon its culture. Several of the Japanese

20 Citrus Limon. 21 ('itrus acida. 22 ("itrus Decumana.
28 A disease traceable to unfavorable condition in the soil.
24 Cone-like elevation on leaves, fruit and twigs.

26 Citrus Medica. 28 Citrua Japonica.

18
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and Chinese types of oranges bear astonishingly well, and should the trees be
more intelligently and extensively cultivated they would yield even more abund-
antly. :
The wi or Tahiti apple 27 has a golden fruit that grows in clusters, on a tree
resembling the walnut in appearance. The fruit, which is the size of a peach,
and has a curious seed, somewhat suggests the pineapple in flavor. It is a
native of the South Pacifie islands and is now widely distributed in the tropies.

THE CUSTARD APPLE AND ITS ALLIES.

The custard apple genus,2® of which more than fifty species are known, is
represented in the islands by at least three common species that occur here and
there, usually as ornamental trees or curiosities in door-yards about the islands.
Included in this genus is the sour sop.2® It comes from the West Indies, where
it is a favorite fruit. This thrifty green tree bearing a large conical heart-
shaped, green, spiney fruit, six to eight inches long and weighing as much as five
pounds, will be recognized at once by the novice. The white, soft, juicy, sub-acid
pulp of the fruit is used to some extent as a flavoring for sherbet and fruit punch.

The sweet sop 30 bears a fruit resembling a short pine cone in shape that is
three or four inches in diameter, yellowish-green and tuberculate. The pulp is
creamy-yellow, custard-like and very sweet.

The custard apple,3! a smooth fruit, is also a favorite in the West Indies.
which is probably its home. Both the custard apple and the sweet sop are worthy
of more attention in Ilawaiian gardens.

Cherimoya 32 is a thrifty tree coming originally from Peru, but now widely
naturalized. It is of comparatively recent introduction into Hawaii, the fruit
coming mostly from Kona. The fruits are slightly flattened spheres, two or
more inches in diameter, brownish yellow in color with the flesh soft, sweet and
rich in flavor. It is a well known fruit in the tropies. All three of the Anonas
just mentioned are easily propagated from seed and thrive in ordinary heavy soils.

The sapodilla,3* a tree of (‘entral Ameriea, is much esteemed under the more
common name of Sapota pear. The fruit is the size and color of a small russet
apple. It is a firm fruit with ten or twelve compartments and as many large
black seeds. The flesh is sweet and pear-like in flavor. From the sap of the
tree chewing-gum is made.

The loquat 3¢ or Japanese plum, a native of China and Japan, is a small
tree with thick, evergreen, oval-oblong leaves that are covered with rusty hair
beneath. It bears well in IIawaii, usually producing two crops each year, and
is an excellent decorative fruit. The pear-shaped fruit is yellow with large seeds
and has a pleasant flavor. It is extensively planted in southern California and
elsewhere in the southern states.

Fi165, GRAPES AND MULBERRIES.

Several varieties of figs 35 are grown here, and but for the attacks of birds

37 Spondiaa dulcia. 2% {nonn, 2* Anona muricata. 30 Anona Squamoaa, 31 Anona reticulata.
22 Anona Cherimolia. 33 Achras Sapota. 24 Eriobotrya Japonica. 38 Ficus Carica.
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and insects would flourish. The fig, as is well-known, is a native of Asia . It is
a true Ficus, belonging to the same genus of plants with the ordinary rubber
tree or banian common in the islands. Several varieties of the choice Smyrna
fig have been introduced recently, together with the interesting wasp which is
necessary to fertilize the flowers. The story of the development of the Smyrna
fig industry in the United States is one dealing with a remarkable triumph of
economic entomology and is a tale of absorbing interest.

Grape culture is carried on to some extent in a commercial way, especially
by the Portuguese. Although the grape 3% has been cultivated by man since the
beginning of history, it was unknown in Hawaii before its introduction by the
whites, which took place at an early date. The Isabella is the type of blue
grape most cultivated and is to be had in the markets throughout the year. Al
species grown are subject to the attacks of insects, the most important pest
being the Japanese beetle. This insect is especially troublesome, often com-
pletely defoliating the vines.

Certain varieties of apples3” have been grown in the islands at high alti-
tudes, though they seem to require a different climate. Peaches 38 thrive fairly
well in the islands. While not producing fruit of marketable appearance or
flavor, it seems to be bound to no set season, blossoms and fruit being found at
different elevations, and under varying circumstances, the year around.

The black mulberry 3 was early introduced into the islands for the purpose
of supplying food for silk worms. It was hoped by the missionaries that the
silk industry might be established among the natives. Interest was allowed to
lapse, however, though the mulberry does well here, having escaped into a wild
state in many sections. The white mulberry 40 has also been introduced. Should
fruit-eating birds be extensively introduced it would doubtless be spread by
them into the mountains generally.

EUGENIA.

Of the large genus of Eugenia 4! many species have heen introduced into
the Hawaiian islands. Of the fruiting shrub-like bushes seen in yards, the
Cayenne or Surinam Cherry *2 is most common. It is a native of Brazil, is
bush-like in growth, seldom if ever growing more than twenty feet high. It is
easily identified by its dark red edible -cherry-like fruits which are an inch in
diameter and ribbed from the stem to blossom end. The delightful, spicy, acid
flavor of the fruit is characteristic. Elsewhere it is much used for jellies and
Jams, and is sometimes improperly called the French cherry.

The rose apple,*3 another Eugenia, is also frequently seen in gardens in the
group. It is a tree usually attaining the height of twenty or thirty feet with
long, thick, shiney green leaves much resembling the oleander. The fruit, which
has little to recommend it as a fruit, is white or yellowish in eolor, tinged with a

36 Vitis spp. 37 Pyrus Malus. 38 Prunus Persica. 39 Morua nigra. 40 Yorus aldba.
41 Named in honor of Prince Eugene of Savoy. 42 Eugenia Michelii = E. uniflora.
43 Eugenia Jambos.
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bluish blush and is an inch and a half or more in diameter. It is pecul
in being rose-scented and apricot flavored. Another species of Eugenia tt
is an especially prolific bearer is known locally as Java plum.#* The tree gro
thirty or more feet in height and bears a wealth of black fruit the size of a sm
plum; they are quite common in gardens in the islands. The mynah birds :
fond of the fruit and may be seen carrying it about when it is in seas
Flying to the nearest house-top or fence post, they eat the flesh off allowing t
hard seed to fall and take root as it will.

THE PassioN FLOWERS.

Of the great order Passifloracee or passion flowers, a number of species
in cultivation, some of them producing fruit of a remarkable quality. The p:
sion flower 45 proper, is a slender vine coming originally from Brazil. It
perhaps the most common garden species. The leaves are deeply divided iu
five segments, the lower two being sometimes again divided. The flowers a
three to four inches across and slightly fragrant. It is interesting to know th
the Spanish, when they found this flower growing in the South American fores
took it as a token that the Indians should be converted to Christianity. Th
saw in its several parts the emblems of the passion of our Lord, hence the f
passionis was described as early as 1610 as a marvel of prophetic beauty, a:
properly enough the description then made has been the foundation for t
name of the whole group of plants.

The devout, or those gifted with a fertile imagination, find in the vario
parts of the blossom, the crown of thorns; a blood colored fringe suggesting t
scourge with which the Master was tormented ; the nails; five blood stains, stan
ing for the wounds received on the cross; the fine filaments, seventy-two in nus
ber, agreeing with the traditional number of thorns with which the erown w
set, and lastly the lance-like leaves of the plant referring to the instrument whit
pierced the Savour’s side. The leaves are also marked beneath with certain Spo
suggesting the thirty pieces of silver.

But to return to the fruits belonging to this order, the species most ecor
monly seen in the market is the egg-shaped water-lemon.#® This is an edib
fruit yellow in color, spotted with white, the seeds having a sweetish, cool pul
about them with a delicate and, to many, pleasant flavor. The flowers are abo
two or three inches in diameter; the leaves entire with a short, sharp point.

The purple-fruited water-lemon or lili koi,*7 is also common, having e
caped to many places about the islands. The ganadilla,*® the largest of th
passion fruits, is a most remarkably strong-growing climber introduced fro
tropical America. The large leaves three to five inches across, and the lon
vellow-green melon-shaped fruit, often nine or ten inches in length, make it
striking plant. The fruit is edible. being used to advanatge as a flavoring fo
sherbets.

44 Eugenia Jambolana = Syzygivm Jambolana. 4t Passiflora ceerulea. 48 Passiflora laurifolia.
47 Passiflora edulis. % Pagsiflora quadrangularis.
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POMEGRANATES.

Pomegranates +* are grown throughout the islands in gardens, more as orna-
ments than for the fruit. Their bushy growth and awl-like spines and narrow,
glossy-green leaves, with red petioles, make it conspicuous. The fruit is globular
with a bright, smooth, yellow, red-blushed rind and a prominent crown-like calyx.
The interior consists of a number of seeds enveloped in a bright erimson-colored
pulp, the seeds being crowded into several segments. The cooling, astringent
juice of the pulp is enjoyed by many. The pomegranate, a native of Asia, is
supposed to have been introduced into southern Europe by the Carthagenians at
a very early date, and has from there been widely distributed. There are sev-
eral varieties grown in Hawaii, among them a double flowering variety that is
quite popular as an ornamental plant.

We could extend the list of fruits and fruit-like products indefinitely.
The lichi 5¢ of China; the mangosteens 5! of China; the water-melon 52 of Africa;
the musk-melon 53 of southern Asia; the fruit of the prickly-pear ¢ from Mexico,
are all to be seen among the fruits in the Honolulu markets. In faect, a list
enumerating considerably over one hundred well-defined species of fruits oe-
curring in Hawaii has been prepared, and it is safe to assume it could easily be
extended ; a number of the rarer fruits receive brief notice in the index.

CHAPTER XX.

AGRICULTURE IN HAWAIL: ITS EFFECT ON PLANT AND ANIMAL
LIFE. '

The remarkable agricultural transformation of the Hawaiian Islands, from
the time when taro-growing was the chief occupation of the primitive inhabi-
tants, to the present, when the growing of sugar-cane is the dominant in-
dustry of the land, furnishes a story filled with facts of the greatest interest.
The account of this transition, however, would come more properly within the
scope of a political and industrial history of Hawaii. Nevertheless, agriculture,
in the broad sense, is a natural employment, having to do with plants and ani-
mals. It has been, and doubtless will always continue to be, the chief vocation
of the people of the islands, and as agriculture and the occupations growing out
of its practice will long continue to be the main source of prosperity and wealth,
a hrief account of the natural, as distinguished from the commerecial history of
some of the industries