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FOREWORD

Need has long existed for an up-to-date and compfehensive work on the insects
of the Hawaiian Islands—a work which would be of immeasurable benefit as a
handbook for scientists, as a textbook for students, and as a reference for horti-
culturists, quarantine officers, and specialists in our sugar and pineapple industries
and other branches of Hawaiian agriculture. Indeed, as agriculture of a highly
specialized and scientific order is our basic economy, it is hard to visualize anyone
in Hawaii. who would not benefit, directly or indirectly, by the existence of a
detailed monograph on the insects which each year cause damage amounting to

hundreds of thousands of dollars.

Many insects of Hawaii are common to other Pacific islands and to many con-
tinental areas as well. A basic book on the insects of the Hawaiian Islands will
serve as a solid foundation for studies of the insects of islands elsewhere in the
Pacific Basin, and should in itself prove interesting and useful to investigators

the world over.

Since 1934, when he returned from an expedition to the south Paéiﬁc, Elwood
C. Zimmerman has been working on just such a study. He embarked upon his
ambitious project as a young man who (perhaps fortunately for those of us who
will benefit by it) was not fully aware of the enormity of the task nor of the
obstacles and diverse activities which were to impede its progress during the
succeeding years. Even without the inevitable interruptions, the project could
never have been completed on a forty-hour-a-week basis; and it was only by
dint of determination and a devotion involving very considerable personal sacrifice
that the basic work on an anticipated twelve- to fifteen-volume set was done and

the first five volumes completed for publication.

Mr. Zimmerman is eminently well qualified for this courageous undertaking,
the comprehensiveness of which is staggering in this day of specialization. These
first five volumes justify the confidence placed in him over the span of fourteen
years which he devoted to this work—work which was interrupted by exploratory
trips to many Polynesian islands and by the publication of more than one hun-

dred papers.
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It had been originally intended that Insects of Hawaii would be published by
the Bishop Museum. The text expanded to such proportions, however, as . to
impose an excessive financial burden on that institution, and prospects for publi-
cation became indefinite. The Experiment. Station of the Hawaiian Sugar Planters’
"Association, whose staff Mr. Zimmerman had joined in 1946, recognizing the
great practical need for this work, encouraged the author to continue his labors.
Early in 1948, the manuscript, accompanied by a grant-in-aid from the Experiment -
Station to the amount of one-half the cost of publication of the first five volumes,
was offered to the University of Hawaii Press. This sum was matched by the
University of Hawaii and the manuscript was accepted by the University of Hawaii
Press. Through’ this cooperative arrangement, the early publication of the first

five volumes of Insects of Hawaii was assured.

The University of Hawaii is proud to join with the other institutions in the
publication of Insects of Howaii, and wishes Mr. Zimmerman all success in the
completion of his valuable contribution to the store of scientific knowledge.

GREGG M. SINCLAIR

President, University of Hawaii



PREFACE TO THE FIRST FIVE VOLUMES

This work was started soon after the completion of the Bishop Museum’s
Mangarevan Expedition to southeastern Polynesia in 1934. I arrived in Hawaii
following that unique field experience filled with the enthusiasm and spirit of
scientific research, fresh from exploration in some of the very islands which
thrilled Charles Darwin, and instilled with the marvels of evolution and biogeog-
raphy so vividly displayed by island life. I found Hawaii to be the most remarkable
of any group of islands I knew, and I soon felt a great need for a revisional work
which would contain essential facts about the Hawaiian insect fauna, would serve
as a guide to all students, and would give workers here and abroad a better appre-
ciation and appraisal of our accomplishments and our problems. The monumental
Fauna Hawaiiensis is available, but is far out of date in many respects and is
inadequate in many ways for our present purposes; it is largely the repository’
of original descriptions. Consequently, I determined to assemble a working out-
line of the Hawaiian insects. These five volumes represent a part of my results.

Plan of the Work—These first five volumes include the “Introduction” and,
in phylogenetic order, cover the groups of insects from the Thysanura through
the Homoptera. I had hoped to include all this material in a single book, but
the text increased until it was decided to divide it into five volumes. Thus, the
volumes may be purchased or used separately, and many specialists no doubt
- will want to obtain only the volumes covering their special fields of interest.

There remain to be treated in subsequent volumes the following orders:
Ephemeroptera, Neuroptera, Trichoptera, Lepidoptera, Coleoptera, Strepsiptera,
Hymenoptera, Diptera and Siphonaptera. I want to.prepare also a volume on
the history of Hawaiian entomology and to issue a general checklist of the recorded
species of all the orders. Most of the fact-gathering and bibliographic work for
these future volumes is complete. Final preparation and publication rest largely
upon time and facilities being made available for the work.

This work has been written to be used in conjunction with the Fauna Hawatiensis
and the Proceedings of the Hawaiian Entomological Society. It is assumed, there-
fore, that serious users will have these fundamental sources of Hawaiian ento-
mology available and will use them as adjuncts to these pages. One or more of
the leading textbooks of general entomology and a glossary should also be at hand.

The total number of insects listed in these first five volumes is about 1,100.
The Fauna Howaiiensis included about 500 in the same groups. Hence, these
volumes show an increase of about 120 percent in the number of species known
to occur in Hawaii. The proportion of native to immigrant species as listed herein
is about 672 native species to 420 adventive species. There is a large number of
endemic species yet to be described, and several recently immigrant species are

ix
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not recorded here. The total number of known Hawaiian insects is approaching
the 6,000 mark.

An attempt has been made to present in these volumes an enormous assemblage
of information in compact form. Much time has been devoted to the preparation
of keys (about 275 of them in the four systematic volumes) in the belief that
they will, when used with the illustrations, take the place of individual descrip-
tions. References are given to all original descriptions and to other pertinent
literature, and these will have to be referred to when necessary.

There has been assembled a surprisingly large literature about Hawaiian insects.
However, the more important bibliographies of particular groups of species usually
are not very extensive. Thus, one learns quickly that R. L. Usinger’s major
work on the Hawaiian Nysius bugs was published by the Bishop Museum in 1942,
and when the contracted reference “Usinger, 1942:60” is given, one will soon
know what to look for without referring to the detailed bibliography for the com-
plete title. I realize that this system has certain disadvantages, but I believe that
its merits overshadow its faults.

Most abbreviations, including authors’ names, belong in warking notes. They
have been kept to a minimum in this text, because I consider them confusing,
particularly to foreign scholars and students, and not infrequently to the most
skilled specialists. X

No attempt has been made to compile complete data on the extra-Hawaiian
distribution of all of the non-endemic insects, but the information which has come
to hand has been incorporated. Many of the adventive species are found on
more of the Hawaiian Islands than are recorded for them, but unless records -
have been seen in literature or specimens examined, I have been unable to com-
plete the distribution lists. Specialized collecting will supply information to close
many gaps, and it is expected that some readers will take pleasure in trying to
supply new distributional data and annotating their copies of the text. The pub-
lishing of incomplete records should be a stimulant to such activity. Complete
listings of synonymies have not been included under the adventive species, but
those which have appeared in Hawaiian literature have been listed. Also, I have
not included all of the misidentifications, the immigrant and introduced species
which apparently have failed to become established here, or those which have been
recorded by genus only, or those which belong to the quarantine records.

Inevitably, parts of this text are already out of date; the new discoveries and
reports of the active group of Hawaiian entomologists will make it further behind
the times as it goes through the time-consuming intricacies of publication. I plan,
tentatively, to publish each year a supplemental paper in the Proceedings of the
Hawaiian. Entomological Society in which notes, corrections and certain additions
will be incorporated—or perhaps someone else will undertake the task or carry
on after me. Thus, one can keep his volumes annotated and corrected by referring
to the Proceedings. This manuscript was closed with the year 1946, and only a
few of the species which have come to attention since that year have been added.
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Reference should be made to the Proceedings of the Hawaiian Entomological
Society for pertinent information after the 1946 issue of that journal.

Before I began writing this text, I had not worked on any of the groups con-
tained in these first volumes. They and their literature were generally unfamiliar
to me. Obviously, this has been a serious handicap, for one of the greatest
difficulties encountered when writing about unfamiliar groups is the proper evalua-
tion to assign to various features. This deficiency will be, I fear, only too evident
to my critics. ,

I have read the manuscript and proofs for this work many times, but there has
not been a reading when I did not have some new material to add, or that I
wanted to add, which had come to hand since the last reading. A few hours spent
in the garden,or on a field trip usually reveals some or many new things which I
should write more about. There is no end!

This work has its share of errors—errors of omission and commission. What
appear to be facts today may prove to be errors tomorrow; it is inevitably thus
in science. Of course, there are also those many slips of the pen and the typo-
graphical errors that will escape notice until the printed page is done. My readers
are encouraged to find, reveal and correct the errors, and the keenness of their
criticism will be a measure of their interest in this work. This text can be made
better only by use, revision and correction. Some sections of it are presented
here more as working outlines than as completed projects; it will take years of
study to perfect them. I urge my readers to send corrections and criticisms to me
or to the Secretary of the Hawaiian Entomological Society so that they may be
made available to all interested persons. ‘

It is obvious that one of the major contributions of this work is its several
thousand illustrations. These are of paramount importance in conveying clear
opinions without excess verbiage. They speak for themselves. There are not
enough illustrations here, and many of them are not as good as they should be.
I hardly need to say that it is difficult and expensive to illustrate such a manual.
One often has only imperfect specimens to work with (and, surprisingly enough,
this applies to the common species as well as to the rare ones); or they do not
lend themselves to good rendering in this technique or that; or there may be no
specimens available to illustrate. I have been fortunate, however, in having the
aid of some highly skilled artists who are responsible for the splendid reproduc-
tions offered here. (They are not to be blamed for the unsigned sketches made
by the author, however.) I have encouraged them to render their skills in various
ways, so that we could present a variety of types of entomological art work. It
is regrettable that only a modest fund was available for the furnishings of draw-
ings; hence, some of the sections are not illustrated as adequately as they should
be. Here, again, we have compromised, but the artists have given us a set of
illustrations of great and lasting value which would enhance the value of any text.

Acknowledgments—To acknowledge the generous cooperation I have received
is a pleasure. This work has been accomplished through the cooperation of many
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men and women in several institutions at home and abroad. Without their aid,
Insects of Howaii could not have been written.

First of all, I wish to thank the Director of the Bishop Museum, Peter H. Buck,
and the Trustees of the Museum. Under their direction I have been given ample
. quarters and allowed to carry on this task as a principal project of the department
of entomology. I particularly want to thank them for having trust in me as a
scientist, for assigning me a quiet office, with appurtenances, where I could work,
plan and think with a minimum amount of disturbance and outside interference
while doing the job. Few men have had such an opportunity ; perhaps this is one
reason why such monographs are not common. To write such a long and com-
plicated report, one must have a quiet retreat and be left undisturbed as much
as is necessary to accomplish the task. Even under the best of conditions, such
a work is extremely difficult and trying on one’s physical resources. Interference,
interruptions and lack of quiet make for errors and inefficiency. I wish to thank
them also for grants-in-aid which enabled me to have many of the beautiful draw-
ings made by leading entomological draftsmen, for many kind favors and for
their interest in and patience with a long-term project.

The Experiment Station, Hawaiian Sugar Planters’ Association, where I have
been employed since the beginning of 1946, under the very able direction of Harold
L. Lyon until March, 1948, and now in the capable hands of L. D. Baver, has
assigned me the task of completing Insects of Hawair as my major project. Al-
though Dr. Baver has assumed the directorship since these first five volumes were
completed, he has shown keen interest in the project and has been kind and generous
in his support of my work. Dr. Livon has shown a singular interest in the mono-
graph and has made me feel that I was doing something worth while. He has
been cheerful and generous with his aid, and I have been buoyed up by his con-
tinued encouragement. He has always given freely of sound advice and has
championed the cause over the roughest of ways.

The Trustees of the Hawailan Sugar Planters’ Association have given the
project excellent support. They are to be thanked especially for their broad-
minded approach to the problems of basic research in an industrial institution.
They are keenly aware that some projects which appear to be far within the realm
of “pure” research frequently are ones which pay large dividends of lasting value.
I hope that these fruits of my labors will repay the Hawaiian sugar industry for
its large investment in these pages. There are few industries which can boast
of such support to basic science, but this is a tradition of long standing with the
H.S.P.A.

The Board of Regents of the University of Hawaii have contributed gen-
erously to the publication fund and have made it possible for the work to be
issued by the University of Hawaii Press. The University’s President, Gregg
M. Sinclair, has given the enterprise his full support and has lent an encouraging
and helpful hand.

There are two men to whom I owe more than I can express adequately on
these pages. In the light of the knowledge of the natural history of Hawaii held
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by these learned, but all too modest, naturalists, my own learning appears meager
and immature. I have written down much of what I know, but they have more
information about the Hawaiian flora and fauna stored in their minds than I
shall ever know. I refer to C. Montague Cooke, Jr., and Otto H. Swezey. They
have been my close friends and advisors and my valued companions on expeditions
to the south Pacific. They have been storehouses of knowledge from which I
have drawn heavily. Such men are made rarely.

Dr. Cooke has been as a leading and guiding light to me for many years, and
whatever success I may have achieved or shall achieve in my studies of the Pacific
is in large measure because of him. 1 consider myself his very willing and for-
tunate protégé. He has been more than a' friend and colleague—he has been as
a father to me. I can never honor him enough.

Dr. Swezey has been a close companion ever since 1 came to Hawaii. He has
guided me and introduced me to the intricacies of the Hawaiian insect fauna.
He has aided me in ways too numerous to mention. His knowledge of the insects
of our islands has been rivaled only by that of Dr. Perkins. For nearly half a
century he has been responsible for more of the basic records in our entomological
literature than any other person. I may try to follow in his footsteps, but I can
hardly hope to catch up to him. I shall always be awed by the scope ‘of his knowl-
edge of Hawaiifan natural history.

The entomological staff of the Experiment Station, H.S.P.A., took an active
interest in this text many years before I was asked to join that institution, and
the successful completion of this work is due in large measure to the interest and
active participation of the Experiment Station. A large number of the photo-
graphs were made gratis by the Experiment Station before I was employed there,
and the library, collections and other 'facilities were generously placed at my
disposal. To C. E. Pemberton, Entomologist, in charge of the Department of
Entomology, I am especially indebted. His interest, guidance, aid and encourage-
ment have helped me carry on in the face of many difficulties. To him belongs
much of the credit for seeing that these volumes finally have been published.
F. X. Williams has been an ever-flowing spring of freely given knowledge. R. H.
Van Zwaluwenburg read the systematic text in manuscript before I joined the
Experiment Station, and his aid has been continuous and invaluable since I began
the work. Unfortunately, I have had no personal contact with R. C. L. Perkins,
distinguished retired member of our staff, but we have carried on through corre-
spondence, and he has given me much help. Further acknowledgments to our staff
appear in appropriate places in the text.

The artists whose illustrations appear in this work have made an outstanding
contribution in supplementing the text. Nearly all the photographs were made
at the Experiment Station by W. Twigg-Smith and J. T. Yamamoto, mostly hy
Mr. Yamamoto. Frieda Abernathy, now of the Division of Entomology and
Parasitology, University of California, has produced a large set of beautiful
ink and wash drawings which are a splendid contribution in themselves.” R. L.
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Usinger supervised her drawings of the Heteroptera, E. O. Essig those of the
aphids and S. F. Bailey those of the Thysanoptera. We were fortunate in having
Arthur Smith make a fine set of drawings, mostly of type specimens, at the British
Museum (Natural History), where his work was supervised by N. D. Riley and
W. E. China. G. F. Ferris took such an interest in the text that he supplied an
unequaled array of plates of coccids. Professor Ferris's contribution calls for
special comment in volume 5. F. X. Williams made a number of drawings
especially for this work and supplied a large number of his original drawings
used in previous publications and rearranged here. I am deeply indebted to all
these artists who have given much to aid workers both in Hawaii and abroad.

It is a pleasure to acknowledge the aid given by several librarians who have
done much to help with the difficult tasks involved in bibliographic work. Mathilde
M. Carpenter, U. S. National Museum, and Mrs. M. A. Frazier, Museum of
Comparative Zoology, Harvard, gave freely of their time during my research
visits in 1941. The library facilities at the University of California and the Cali-
fornia Academy of Sciences were used extensively during my visits to those
centers. I am indebted to the Bishop Museum for making it possible for me to
visit these institutions in 1941 to consult literature not available in Honolulu.
In Hawaii, Mabel Fraser, Experiment Station, H.S.P.A., and Margaret Titcomb,
Bishop Museum, have contributed much to this work. For more than a dozen
years Miss Fraser has borne cheerfully the brunt of many of the most difficult
of the bibliographic problems encountered. During the past few years her assis-
tant, Jean Dabagh, has helped in many ways.

Harold St. John, University of Hawaii, and Marie Neal, Bishop Museum, have
helped with the identification of hostplants for many years, and I am grateful
for their aid.

To C. F. W. Muesebeck and his competent staff of the Division of Insect
Identification, U. S. Bureau of Entomology and Plant Quarantine at Washington,
I am deeply indebted for favors too numerous to mention in detail here. Although
he and his staff are continuously overwhelmed by work, not one of my many
requests for aid has been ignored. They were particularly helpful during my
visit to Washington in 1941, and they were joined by E. A. Chapin and R. E.
Blackwelder of the National Museum, who also did much to make my research
successful. Additional acknowledgments will be found in succeeding volumes.

Likewise, N. D. Riley and his associates at the British Museum (Natural
History) have.contributed much to the molding of this series of volumes.

My close friend and colleague since school days, R. L. Usinger, has taken an
active interest in Insects of Hawait and has given whole-hearted aid and en-
couragement.

There remains to be thanked a group of people who all too frequently remain
as anonymous contributors to published works. I am deeply grateful to Juliette
Wentworth, editor, University of Hawaii, who has shown unusual understanding
in the preparation of this technical manuscript for the printer. It has been a rare
pleasure to work with her, and her broad-minded approach to editorial complexities
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and her understanding of the author’s problems has been most gratifying. She
has done much to make these volumes better for the users. She has had the able
association of Margaret Blegen, and Jean Kangeter, Helen Matthews and Richard
S. Cowan have given aid in the reading of proof. Typing of most of the manuscript
was done by Mrs. S. Austin, Patience Wiggen Bacon and Violet Sumi at the Bishop
Museum. Thomas Nickerson, head of the Office of Publications, University of
Hawaii, has taken a keen interest in the work and is largely responsible for the
facility with which it has been issued from the University Press, and I am deeply
indebted to him for many kind favors. Leonard Tuthill, Editor of Pacific Science
and Associate Professor of Entomology at the University, has been an active
participant in the editorial and publication details. *The printing and engraving
departments of the Honolulu Star-Bulletin have given excellent cooperation,
and these printed pages and the illustrations they bear speak for them and the
care they have taken in setting the type and making the engravings. ‘

E.C.Z.

Honolulu, Hawaii
June, 1948
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The text of this volume of Insects of Hawaii was read, in abstract form, as the
address of the retiring president of the Hawaiian Entomological Society, December
14, 1942. Tt is premature, for it would have been better to have written the dis-
course after this proposed series of volumes had been completed and after many
intricate problems had been investigated more thoroughly. But the completion
of such a task as this involves many years of study, and who knows whether -
conditions will enable the author to finish his work? However, this presentation
is justified as stimulation to further study, as a foundation upon which to build

and as a review of pertinent problems.

The foundations for this essay were laid during the Bishop Museum’s Mangarevan
Expedition to southeastern Polynesia in 1934, and from then until the outbreak
of the recent war most of the remaining data were assembled. It was not thought
that so many years would pass between the presentation of the manuscript in 1942
and its publication. Much has been accomplished in the Pacific since this paper
was read. Thousands of new soundings have been made, the “guyots” of Hess
(“sea mounts” of some observers) have been described, deep holes have been
drilled on Bikini, thousands of specimens and a large amount of new information
have been assembled and some notable papers have been published. The pressure
of other work made it impossible for me to revise the entire manuscript to include
many of the new facts, but I have not seen any reports which would change the
conclusions put forth here. This thesis remains, then, essentially as it was pre-

sented to the. Hawaiian Entomological Society in 1942,

I fear that my “insular isolation” in some ways has had a-delimiting effect upon
my work, and perhaps many of the errors and weak points in this volume could
have been avoided had I been exposed to the “‘rigorous competition” of a “continental
environment” during the preparation of the final draft. One’s work is bettered
by association with students keenly interested and actively engaged in the same
and bordering fields of endeavor, but many authorities have not been available
for personal consultation, nor has it been possible for them to have seen the
manuscript. However, I have been fortunate especially in having close and stim-
ulating association with several leading students of Polynesia who are resident
in Hawaii. C. M. Cooke, Jr., has been particularly interested in the text for this

xvi
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introductory volume and has been a source of constant aid, enlightenment and
encouragement. Dr. Cooke read much of the manuscript, and his constructive
criticism has been most helpful. He and his assistant, Yoshio Kondo, have given
me much help with problems concerning Polynesian land molluscs. O. H. Swezey
has aided in many ways with several sections. C. K. Wentworth and W. O. Clark
read the section on geology, H. E. Gregory gave aid on various problems, and
F. X. Williams read the chapters on dispersal and development. Harold St. John
and F. R. Fosberg have given valued aid on Polynesian botany. Ernst Mayr and
Dean Amadon of the American Museum of Natural History have given much
help during our discussions of problems of Polynesian birds. Dr. Mayr has been
a constz'gnt source of encouragement, and his well-known publications have been
a source of inspiration. R. H. Van Zwaluwenburg has read all the proof sheets,
and I am much indebted to him for his aid and interest in the work. I owe these

men many thanks.
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- CHAPTER 1
GEOLOGICAL HISTORY OF HAWAII

Time is a sort of river of passing events, and strong is its current;
no sooner is a thing brought to sight than it is swept by and another
takes its place, and this too will be swept away.

—Marcus Aurelius

Although the gross features of the geology of the Hawaiian Archipelago are
comparatively simple, I might wisely hesitate to enter into a discussion of a field
so far outside my own. However, there are those who still persist in looking for
the mystical in the islands of Oceania and who insist upon vast and ancient Pacific
continents or great land bridges that are supposed to have vanished beneath the
waves to account for the development and distribution of the particular groups of
organisms composing their special fields of research. At the risk of repetition for
those few workers who have studied the geology of some Polynesian islands, a
discussion review of the geological foundations of Hawaii is essential for the
proper understanding of the subjects that follow. Moreover, even the rudiments
of the established geological facts regarding these islands are not wholly familiar
to the majority of biologists. /

As a result of geological study, it is known that the Pacific Basin is underlain
by heavy basaltic rock; that in the continents generally lighter or metamorphosed
rocks rest on heavier under-layers; and that continental shelves extend for various
distances under shallow coastal waters and then terminate rather abruptly at the
edge of the deep water which is of remarkably uniform depth of about 12,000 to
15,000 feet and more in the true Pacific Basin; that the volcanoes now above sea
level have risen from great depths and have been built of basic rock, and that in
no islands in the central Pacific Basin have true continental rocks been found. So
far as it is known to geologists, the only pre-existing extensive land masses in the
tropical Pacific, since the rise of modern floras and faunas, are those west and
north of Australia and on the New Guinea-New Caledonia—New Zealand axis,
possibly extending eastward to near the Tongan Trough in the neighborhood of
Fiji. There is no geological evidence to indicate the existence of any large land
masses east of Tonga and Fiji.

However, in spite of the carefully recorded geological data, some biologists
continue to raise great masses of millions of square miles of sea bottom 12,000-
18,000 or more feet, and then sink them into oblivion without a trace of the
requisite diastrophic action, to account for the distribution of a few organisms '
whose presence on certain islands constitutes a puzzling problem to the worker
in question. Thus, Jeannel (1937), to account for the presence of two tiny ground
beetles in Hawaii, believes that the islands once formed a part of a great land
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mass connected to “Gondwana” and that the beetles migrated to Hawaii in
Jurassic times. The fact of the matter is that these two beetles were recently
accidentally introduced with plants imported into Hawaii and are now established
in the soil at the Sugar Planters’ Experiment Station in Honolulu! Crampton
(1932, and recent discussions) would “create” a great land mass extending from
the Marianas and Palau Islands over 5,000 miles to southeastern Polynesia to
account for the distribution of a single genus of land snails and gives no heed
to many other land snails of the same area whose distributions are quite the
opposite of his proposed land mass, to say nothing of other genera of plants and
animals. It is difficult to conceive that such a great continental area would founder
and leave only the few organisms now used for support by the “continentalists”
as evidence of its existence. All our continents have developed great and dis-
tinctive floras and faunas, and the partial submergence of any of them would
leave on isolated areas abundant evidence of the characteristic biota, not just
a few snails. ‘
As said elsewhere (Zimmerman, 1942:282):

So many continents and land bridges have been built in and across the Pacific by biologists
that, were they all plotted on a map, there would be little space left for water. Whenever a
particularly puzzling problem arises, the simplest thing seems to be to build a continent or a
bridge, rather than to admit defeat at the hands of nature, or to consider the data at hand
inadequate for solving the problem. Most of the land bridges suggested to account for the
distribution of certain plants and animals in the Pacific create more problems than they solve.
If the central and eastern Pacific ever included large land areas and bridges, there would
be some indication of the consequent pecudliar development of the fauna and flora, but there
is no such evidence. :

WHAT IS HAWAII?

(Hawau is a great chain of 18  islands, several satellite islands and various islets,
reefs and shoals extending on a northwest-southeast line from about 178° 29/
to about 154° 51’ west longitude between about 18° 5 and 28° 25 north latitude,
an extreme length of over 1,500 nautical miles (1,660 nautical miles has been
given as the extent from Hawaii to an unnamed shoal 280 miles from Kure) and
a maximum spread of a little more than 600 miles in latitude. The northwestern
island is a coral atoll; the southeastern island’s volcanic summit rises to the maxi-
mum Hawaiian elevation of 13,784 feet. The islands are “north sea” islands,
for the southernmost island is about 1,100 miles north of the equator. ThlS line
of islands may be divided into two groups. Those islands extending southeast
from Niihau and Kauai to Hawaii are spoken of as the main or windward group;
the remainder to the northwest, called the leeward group, consists of small reefs,
1slﬁts&&cks which support only a small number of 1nd1genesl In this paper,
then, the entire chain of islands will be considered, and the two groups will be
referred to as the main, or high, islands and the leeward islands. The main
group consists of elght islands and several satellite islets. However, two of these
islands, Niihau and Kahoolawe, were so completely denuded by grazing -animals
and their native products brought so close to extermination so many years before
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natural history surveys were begun in Hawaii that they are mostly omitted from
the discussion because we have almost no knowledge of their native floras and
faunas. Therefore, the biota of the six main islands of Kauai, Oahu, Molokai, Lanai,
Maui and Hawaii forms the foundation of our work.’

The northernmost island of the leeward group is about as far north as the
mouth of the Mississippi River, or about 200 miles south of Shanghai; the southern-
most island is as far south as Mexico City, or approximately at the same latitude
as the most northern tip of the Philippine island of Luzon. The north and south
spread of the main islands in latitude is about equivalent to that of Cuba, and
the length of the group of main islands is somewhat more than one-half the length
of the island of Cuba. The length of the entire chain is about equal to the distance
between Montreal, Canada,.and Havana, Cuba, or between Iondon and Moscow.
The length of the main group of islands approximates the distance between Boston
and Washington, D. C., or from Dover to Belfast.

The islands lie in the mid-Pacific. The nearest continental land is the coast of
California to the east, or the Aleutian Islands to the north; both of these areas
are about the same distance from the main islands. San Francisco i5 2,091 nau-
tical miles from Honolulu. Dutch Harbor, Unalaska, is somewhat closer. The
nearest high islands (volcanic, that is) to the main islands are the Marquesas,
the nearest of which is approximately 2,000 miles from the southern tip of the
island of Hawaii. If we use Honolulu as a reference point, the following dis-
tances are significant:

Yokohama, Japan . . . . . . . . . . . . . . . 3,394 miles
Hongkong, China . . . . .. . . . . . . . . . . 4857 miles
Manila, Philippines . . . . . . . . . . . . . . 4767 miles
Sydney, Australia . . . . . . . . . . . . . . . 4420 miles
Auckland, New Zealand . . . . . .. . o . . 3840 miles
Suva, Viti Levy, Fiji .~ . . . . . . . . . . . . 2783 miles
Pago Pago, Tutuila, Samoa . . . C . . . . . . 2276 miles
Papeete, Tabhiti, Socxety Islands . .. . . . . . . 2381 miles
Panama Canal . . . . . .« v« . .« . . 4685 miles

The nearest island to any of the Hawaiian islands is the coral atoll of Johnston
Island, which is about 600 miles from the nearest main island, Niihau, and-about
450 miles from the nearest leeward island, French Frigate Shoal. Directly to
the south of the main islands, a string of atolls, known as the Line Islands, con-
nects with the Society Islands and the Tuamotu Archipelago. This line of
coralline islands begins at Kingman Reef, which is about 850 miles south of the
island of Hawaii, and continues southward through Palmyra, Washington, Fan-
ning, Christmas, etc. The nearest islands to the southwest, beyond Johnston, are
the coralline Gilbert and Marshall Archipelagos, which average about 2,000 miles
from Honolulu (some of the Marshalls are 1,200-1,500 miles from the most
leeward Hawaiian islands), and the Phoenix Islands, the nearest of which are
1,600-1,700 miles from the nearest main island; Howland and Baker are about
'1,500 miles from French Frigate Shoal, the nearest Hawaiian island. T'o the west
lies the isolated coral atoll of Wake, about 2,000 miles from Honoluly, or about
1,100 miles from the nearest leeward island (Kure). Then come the Marianas,
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which are all over 3,000 miles from the nearest main Hawaiian island and over
2,000 miles from the most westward of the leeward islands. There is no land to
the north of Hawaii until the Alaskan Peninsula and the Aleutian Islands are
reached. The nearest of the Aleutian Islands are about 1,400 miles from the most
northern Hawaiian island, Kure, and nearly 2,000 miles from the nearest main
island; and there is no deep-sea island between Hawaii and the North American

contmental shelf.
AREA, ELEV_ATION, ETC.

The present areas of the small leeward reefs, rocks and islets are negligible,
for they total only a few square miles, and for comparative purposes may be
omitted from this discussion. The accompanying table has been compiled from data
assembled by Wentworth (1939).

Only two of the United States, California and Washington, have greater ranges
in elevation. Only California, Washington and Colorado have mountain peaks
.more than one foot higher than Hawaii’s 13,784-foot Mauna Kea.

The total area of 6,435 square miles may be compared with some other areas
with advantage to the discussion farther along in this paper. This area is equiva-
lent to about 1/1,243 part of North America, 1,470 of continental United States,
1/457 of Australia, 1/24 of the state of California, 1/16 of the combined North
and South Islands of New Zealand, 1/5 of Ireland, or 4/5 of the state of Massa-
chusetts. The following areas of other islands, in approximate areas in square
miles, may be compared:

New Guinea . . . . . . . . . 312329 Solomon Islands . . . . . . . 16975
Borneo . . . . . . . . . . . 285000 Formosa . . . . . . . . . . 13892
Sumatra . Lo .. ... 164480 New Caledonia . . . . . . . . 8,500
Philippine Islands . . . 114,400 Fiji Islands . e 7,070

Luzon 40,814 ; Mmdanao 36 906 New Hebrides Islands e 5,700
Celebes Islands . . . . . 69,255 Samoan Islands ,. . . . . . . 1,200
Java . . .. . 50,000 Society Islands . . . . . . . . 600
South” Island New 7ea1and . . . 58525 Marquesas Islands . . . . . . 400

North Island New Zealand . . . 44,468 Tonga Islands . . . . . . . . 385

HAWAIIL: OCEANIC OR CONTINENTAL?

. This problem involves the evaluation of both geological and biological criteria.
In the following commentary, some of the salient facts regarding the building of
the islands from the ocean floor, and the life supported by them, will be discussed.
" The Hawaiian Islands are oceanic; there is no evidence whatsoever to sup-
port the contention that they are of continental origin or character, or that they
were ever joined-together in an elongate subcontinental land mass or even in a
continuous subaerial mountain range. The great body of evidence amassed from
the study of both geology and the biota supports the oceanic opinion; “. . . the eastern
oceanic insect faunas could not have become what they are with any great land
areas or bridges in the central Pacific; their very character precludes those pos-
sibilities. The known groups are the results of overseas sifting; there are too
many groups lacking for any other means of dispersal to have been involved.”
(Zimmerman, 1942:282.)
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THE PACIFIC BASIN AND THE DEPTHS OF THE SEA
IN' THE HAWAIIAN AREA

The Pacific is the oldest, largest, broadest and deepest of the oceans; it has
many characteristic features of its own; but it is the least known of the oceans.
In spite of the lack of detailed surveys of many of the ramifying fields of ocean-
ography, there are known some pertinent and dominant data regarding the gross
features of the Pacific Basin which are fundamental to ‘any research on the distri-
bution_and._ development ‘of the biota.” These criteria are all too frequently over-
Tooked or are neglected by biologists. But they are basic—they cannot be ignored.
Any theory concerning the distribution of plants and animals which fails to take
these data into its primary scope has its foundations built upon unsound blocks—
its very beginnings spring from error. Certain workers in the past have been
prone to substitute daydreaming and wishful thinking for the less exciting, more
laborious tedium of routine research when attempting to solve their individual
problems of biogeography. Also, more often than not, some workers develop a
theory to account for their particular problem and fail to take into consideration
the all-important implications of such a theory on the study of the entire biota
and on the sum total of the geology of the region included.

In describing the Pacific Ocean, I can do no better than to quote the summary
of topographic relations written by H. E. Gregory (1928) after a number of
years of intimate association with all phases of the study of the Pacific as Director
of the Bishop Museum. Gregory says:

The Pacific Ocean is a huge affair: it is Jong and wide and deep. From Bering Sea to Wilkes
Land on the Antarctic Circle the distance is 9,300 miles, and along the equator the distance is
10,000 miles—two-fifths of the circumference of the earth—and more than three times the
width of the Atlantic. These great stretches of water form the axis of an area comprising
more than 55,000,000 square miles—the area of the United States is about 3,000,000 square miles. .
The Pacific is nearly twice the size of the Atlantic and greater in area than all the continents
and islands combined. The volume of Pacific water is incomprehensibly -great. If all the lands
above sea-level—plains, plateaus, and mountain systems—were piled into the Pacific they
would sink to the bottom and be submerged at a depth of about 12,000 feet. If the water were
drained from the Pacific the descent from the present shore line to the floor of the deepest
valley would be greater than the present ascent to the loftiest Himalayan peak.

In a geological sense this vast water-filled basin comprises two'parts: (1) The Pacific con-
tinental border and associated continental islands; (2) oceanic islands which have no genetic
relation to continental masses. The line separating these two parts extends from New Zealand
past the Kermadecs, Tonga, and Samoa, and continues northward in an undetermined position.
West of this line the islands, shoals, and intervening spaces have been structurally parts of

Figure 3—Map and profile of the Hawaiian Archipelago showing the submarine contours
in feet. 1, unnamed shoal; 2, Bensaleux Reef; 3, Kure or Ocean; 4, Green; 5, Nero Bank;
6, deway, 7, Gambia Shoal 8, Pearl and Hermes Reef; 9, Llslanskl 10 "Fisher Reef;
11, Minor Reef; 12, Neva Shoal 13, Springbank Reef; 14, Laysan 15, Maro (Dowsett) Reef;
16, Raita Bank; 17, Gardner Pmnacles 18, Two Brothers Reef; 19, St. Rogatien Bank;
20, Brooks Banks 21 La Pérouse Pmnacle 22, French Frigate Shoal 23, Necker; 24, Nlhoa,
25, unnamed shoal 26 Kaula; 27, Nuhau 28, Kauai; 29, Oahu; 30 Moloka1 31, Lanai;
32, Maui; 33, Kahoolawe; 34, Hawaii. (After Stearns, 1946, Cut loaned by U. S. Geological
Survey, Honolulu.)



160° 159° 158° 1B7° 156° 155°

22° 22°

"KAULA
MOLOKALI
21 21°
KAHooLAWE
20" 20°
20 40Miles HAWAll

19" 19°

160° 159° 158° 157° 156° 155°

Figure 4.—The main islands of Hawaii. (After Stearns, 1946.)



GEOLOGICAL HISTORY OF HAWAII ‘ 11

large land masses. They have been submerged and emerged, connected and disconnected, in
various combinations at several periods during geologic time. They occupy a region of general
crustal unrest, : .

East of this changing border of an Australian-Asiatic continent and extending nearly to the
American shores is the true Pacific depression, a submerged region of plateaus and intervening
broad valleys from which rise mountain masses with relatively small areal bases. The general
arrangement is a floor at profound depth from which rise volcanic masses as individual mounds
or combined to form ridges or long, narrow submarine highlands. Most of these peaks and
ridges terminate below sea-level and are revealed only by soundings; some of them terminate
above sea-level and stand as islands. But they are true oceanic islands; they have never been
parts of the continents of Asia, Australia, and America. They are all volcanic masses with
outer slopes descending steeply to great depths. Some of them retain their original form;
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Figure 5—The main Hawaiian Islands separated into four groups and arranged in
perspective. The horizontal scale is indicated by quadrangles 5 miles square. The vertical
scale is somewhat exaggerated. (Rearranged from Wentworth, 1939.)
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others are much eroded, and still others have worn down to submarine platforms on which
grow coral reefs.

Unlike the western Pacific, the eastern Pacific has experienced relatively few changes. Its
present depth and position of islands are essentially those of past geologic times. The evidence
shows that most Polynesian oceanic islands have experienced uplift and subsidence at different
times, at different rates, in different amounts, at different places. So far as known, the extreme
range in oscillation is something like 1,200 feet, so that islands now separated by less than 500
feet of water may have been nearly or quite joined, but islands now separated by as much as
1,000 feet probably were not joined, and parts of the sea floor at greater depth doubtless have
never felt the air. There is no geographic evidence for greatly enlarged islands, vanished
archipelagoes, or “lost Pacific continents.” :

For the Pacific as a whole perhaps the most significant feature of land distribution is the
extension of Asia southeastward through the Malay Peninsula and on through Sumatra, Java,
Celebes, Ceram, Papua—five big islands associated with many small islands in such manner
as to form nearly continuous land. And beyond Papua as far as Fiji the Ocean is packed with
islands. In essence this great region of Indonesia and Melanesia is a suburb of Asia. In age
and composition its rocks are those of the continent; its animals and plants predominantly are
those which now live or once lived on the larger land mass.

Gulick (1932:421) ably emphasized the disproportionate amount of open sea
‘in the Pacific when he wrote “. . . any part of the ocean where the proportionate
area of fairly deep sea falls as low as 98 per cent, and the area above water becomes
as great as 0.2 per cent is treated by geographers as dense archipelago. It is,
geologically unlikely, therefore, that this vast area could ever have been actually
continuous land, as that would involve a considerable alternation in the isostatic
balance of a whole major region of the earth, although faunistic arguments favor-
ing such a supposition have been brought forward....”

Figure 6.—Submarine contours around the main Hawaiian Islands. Depths in feet.
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E. H. Bryan, Jr., has tabulated (in manuscript) the islands of Micronesia, and
he has informed me that in the Marshalls, Carolines and Marianas there are 77
coral islands and 20 islands with exposed basalt. These units contain 2,148
individual islands whose combined land area is only 903 square miles, about a
quarter of which is made up by the island of Guam alone.

The area of the Pacific is variously given with great discrepancies, but accord-
ing to one source (National Encyclopedia) the area is about 71 million square
miles, or more than the combined areas of the Atlantic (40 million) and the
Indian (29 million) Oceans. The average depth of the Pacific is said to be about
15,000 feet. The greatest depths recorded are along the northern and western
sides. South of the Aleutian Islands the Albatross Deep is recorded as 24,012
feet. Ramapo Deep, southeast of Yokohama, is 34,626 feet deep. Mindanao
Deep, close to the northeast coast of Mindanao, Philippines, is 35,400 feet deep.
Aldrich Deep in the Kermadec Island region is 30,930 feet deep. Other “deeps”
occur along the South American coast.

According to information given by the U. S. Coast and Geodetic Survey chart
4009, the Hawaiian Island chain from Hawaii to Kure, within about 75 miles
on either side of the islands, is surrounded by depths between 15,000 and 17,000
feet. In some localized areas irregularities are indicated. For example, within
30 miles of the east coast of the island of Hawaii a depth of 18,876 feet has been
recorded (thus, the continuous slope between the top of Mauna Kea and this
deep is 32,660 feet within 60 miles!). Farther out to the south there are depths
that exceed 18,000 feet between Hawaii and Kingman Reef. There is no sugges-
tion whatsoever of extensive submarine ridges or banks which might indicate
shallow-water connections with any other archipelago extending outward in any
direction from any part of the Hawaiian Archipelago. There is positive evidence
to indicate that here and there within 500 miles, for example, there are areas
shallower than 15,000 feet which are indicative of local volcanic activity that
stopped before building any great underwater masses which approached the sur-
face. On the other hand there is said to be a submarine volcanic mass that rises
as much as 13,000 feet from the ocean floor about 140 miles SSW of Honolulu.
Also, there is said to be a submarine range of “high mountains” about 200 miles
southwest of Necker Island. More detailed soundings will reveal additional
irregularities. The floor of the central Pacific Basin is studded with hundreds
of submarine volcanic masses of varied sizes and elevations which have never
felt the air; some of them rise for several thousands of feet above the ocean
bottom. This is as we should expect it to be in accordance with the basic theory
which governs our present conclusions. It is probable that more adequate mapping
of the ocean bottom will reveal that there are many more submarine volcanic cones in
the basin than the number whose tops appear above the surface today.

If there were ever continental masses in the true Pacific Basin, various methods
of physical measurement would reveal them. The study of seismological data
alone brings to light some fundamental facts concerning the Pacific Basin. One
need not send equipment to the bottom of the Pacific in order to sample the rock
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to know its basic nature. Earthquake waves travel at different rates through
rocks of different densities and the differences in speed are indicative of the
nature of the rocks. Thus Gutenberg (in Vaughan, 1937:41-44) notes that the
speed of a wave in Recent, unconsolidated sedimentary rock is about 1 km./sec.,
but in basalt it is 5.00-5.75 km./sec. Using this method of analysis, he found
a ‘“!difference in structure between the Pacific basin and all other regions of the
earth.” It was found that

In the Atlantic and Indian Oceans, the total thickness of the crust is only a fraction of that
on the continents; ...but in both oceans there still is a well-marked discontinuity between the
crustal rocks and the mantle.... In the region of the Pacific basin no marked discontinuity

Figure 7—A new Pacific island building up from the depths of the sea (31 degrees 58.5
minutes north latitude, 139 degrees 57.75 minutes east longitude). Our present Hawaiian
Islands may have appeared similar to this when each first appeared above the surface of the
sea. (Official U. S. Navy photograph, Pacific Fleet, 1946.)

¢
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between crust and mantle exists; except for local accumulations of erupted basaltic material,
it does not appear that the elastic constants near the rock surface differ significantly from
those of the mantle....It seems to be very probable that the continental layers consist of
granite at the top, and rocks with increasing basicity at greater depths, that the bottom of the
Atlantic Ocean is formed by the same type of rocks, the layers being noticeably thinner, and
that the entire bottom of the Pacific Ocean and all regions of the earth at depths of more than
50 kilometers consist of very much more basic material than is characteristic of the uppermost
part of the continents.

The following is Gutenberg’s summary:

...we find that the region comprised within the limits of the Pacific Ocean...has one kind
of structure and all other regions of the earth, perhaps excluding a part of the arctic basin,
another. In these latter parts of the earth (non-Pacific area) there is a continental layer
which consists of several shells. Its thickness is about 40-50 kilometers under the continents
but decreases towards the Atlantic and probably the Indian Ocean, where its thickness is of
the order of 20 kilometers. There is no indication that the continents have broken during any
geological time and drifted apart; however, our findings would be in agreement with the
assumption that in early geological times the thickness of the continental crust was different
in many localities from what it is today and that plastic flow in the continental crust may
have changed the distribution of land and sea in the area including all continents and the
Atlantic and Indian Ocean.

The basin of the Pacific Ocean proper is a unique element of the earth’s crust and its boun-
daries affect the layers down to many hundreds of kilometers. As it is not evident how the
continental crust could have been removed in a gradual way from the Pacific Ocean the con-
clusion seems to be probable that the Pacific Ocean either never had such a crust or that it
was removed by a cosmic event.

Gutenberg and Richter in their paper “Seismicity of the Earth” (1941:82) say,
“The Pacific basin is the largest of all the stable masses. Except for the single
interval zone of the Hawaiian Islands, and for possible volcanic shocks in some
other island groups, it is an area of complete seismic calm. This is particularly
well established for the north Pacific.”

Fleming (in Vaughan, 1937:52), in discussing magnetic ocean surveys, says
that “under the Pacific Ocean the basic surface of the Earth’s mantle is practically
exposed. There then we may expect different geological and geographical proper-
ties from those found elsewhere,” and he notes that there is a difference in mag-
netic variation over the Pacific “as witness the moderate rates of annual change
over the Pacific as compared with those over the Atlantic- and adjoining - con-
tinental.areas.” '

Unfortunately, detailed gravity research has not been conducted in the mid-
Pacific, but such needed investigation should supply many pertinent facts. The
incomplete gravity data available for Oahu indicate that the volcanic mass rises
from an unbroken crust. Betz and Hess (1942) quote the following material
from the work of Meinesz, who, in discussing gravity anomalies for Qahu, says,
“As far as this scanty material allows a conclusion, we have seen that it points
to the island being a volcanic load on an unbroken crust. There seems to be no
root at the lower boundary of the crust or, if there is one, it cannot have great
dimensions, for else the regional anomalies ought to show stronger deviations than
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they actually do. So we may conclude that the present material points to a crust
which has undergone no shortening at all. This would determine the islands as
huge volcanoes piled on the ocean-floor and pressing down this floor by their
weight.”

Even du Toit, that indefatigable student and advocate of continental drift, evi-
dently finds the foregoing conclusions consistent with his basic ideas of the Pacific
Basin. He says (1940:182), “The current idea of a subbasic to basic ocean floor

finds support from earthquake waves, gravity anomalies, and volcanicity. ... The
ocean appears to have developed from a larger Mesozoic basin through the pressing-
in of its framework in the manner pictured under the hypothesis of drift.... The

‘intra-Pacific region remained neutral, though put in’slight tension latterly, and is
characterized by youthful basalts and nepheline-basalts emitted largely from vents.
The circum-Pacific compression girdle is, from the Mesozoic onward, marked by
recurrences of andesites and granodiorites.”

Betz and Hess (1942) in preparing their recent paper on “The Floor of the
North Pacific Ocean” have had available numerous new data including recent
gravity studies and results of more than 35,000 sonic soundings made by the

Figure 8. —An example of a principal feature in the upbuilding of the Hawaiian Islands:
the outpouring of molten lava at Kilauea. (After Stearns and Macdonald, 1946. Photograph
by T. A. Jaggar. Cut loaned by U. S. Geological Survey, Honolulu.)
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United States Navy. Their careful weighing of the evidence leads them to con-
clude that the data now assembled do not support Chubb’s conclusions (1934)
that the mid-Pacific island chains arise from submarine ridges of fold origin. They
agree with Williams (1933) that, if the volcanoes were removed, no submarine
ridges would exist. They say (p. 108), “If the volcanic peaks are disregarded,
the region of the islands would seem to be a hardly perceptible swell, not a ridge.
... Considering the probable strength and thickness of the crust, a fold of 600
miles wide (width of the Hawaitan Swell) seems improbable. In cross section,
the configuration of the swell does not suggest folding.” In place of the fold and
ridge theory, 'Betz and Hess (1942:109) conclude that “A hypothesis that would
entail the opening of fissures—perhaps tension cracks—on the floor of the ocean
and the extrusion of large amounts of volcanic material to build up the gentle rise
of the swell would seem to agree with present observations.” Also, in reviewing
the conclusions of Chubb, Williams and Powers, Betz and Hess say (p. 110) that
“the opening of fissures to permit the extrusion of volcanic material is generally
postulated, but the manner in which they developed is not agreed upon.” They
conclude that “Fissuring and volecanic eruption suffice to account for the Hawaiian
Islands and similar island chains in the Pacific Basin....” Chubb (1934:295)

Figure 9.—Islands in the molten lava lake in Halemaumau, Kilauea. (After Stearns and
Macdonald, 1946. Photograph by T. A. Jaggar. Cut loaned by U. S. Geological Survey,
Honolulu.) .
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calls for strike faults and dip faults resulting from folding, and moving anticlines
to account for the formation of the island chains. Williams (1933:7) suggests
that the island chains “are located along lines of fracture, that they represent the
summits of great volcanic cones developed on a more or less flat ocean floor by
the outpouring of lava from crescentic fissures determined by the outcrop of
thrust-planes with the curved surface of the globe.” The findings of Betz and
Hess do not support those of Chubb, and these authors do not recognize the
crescentic thrust faults of Williams in the data at hand. They believe that “Any
fault to be considered in the formation of the Hawaiian Swell was probably of
such a nature that great vertical displacements did not occur generally along its
course. This suggests to us the possibility that the swell may lie in a zone of trans-

Figure 10.—The 1935 flank eruption of Mauna Loa. Photograph by U. S. Navy showing
the fiery streams of lava flowing down the slopes. (After Stearns, 1946. Cut loaned by
U. S. Geological Survey, Honolulu.)
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current, or strike-slip, faults, such as the San Andreas fault [in California], with
its dominant movement horizontal. The relative straightness of the Hawaiian
trend, as well as of similar island trends in the Pacific Basin, implies that the
probable ‘fissures along which the volcanic material ascended were vertical or
nearly so.” The map prepared by Betz and Hess is significantly instructive.

DERIVATION AND CHARACTER OF THE ROCKS

The rocks of the Hawaiian Islands are derived from two basic sources: (1)
basalts or related rocks from the molten magma of the earth’s interior; (2) from
the deposition of calcareous and organic materials by marine plants and animals.
There are also minor deposits of calcareous and siliceous materials from solution.
There are no earthy materials naturally present other than these or their deriva-
tives. There are no commercial mineral resources available other than water,
building stone, road metal, recent reef limestone, sand and similar products. There
are no deposits of gold, silver, copper,*precious gems or other such minerals or
elements. There are no ceramic clays with the exceptional occurrence of some
small, aberrant pockets of almost negligible commercial value found in a few
restricted mountain areas. There are no glass-making sands. There is no coal.
There are no metamorphic rocks. "The rocks are characteristic of average, normal,
1solated, oceanic islands. '

THE BUILDING OF THE ISLANDS

Because of stresses set up in the earth’s crust, a linear zone or zones of weak-
ness developed along the north—west south—east line beneath what is now the
Hawaiian Islands. Along this line, great submarine volcanoes burst through the
weakened crust and poured forth uncounted cubic miles of lava. Broadly speak-
ing, it appears that it was along the northern part of the line that the magma first
broke through. How long ago this process of relieving tension began, no one
knows ; but it is known that the Tertiary——especially during and since the Miocene
—was a period of extensive volcanism, and the beginnings of the Hawaiian Islands -
probably were during that period of the Cenozoic era. There appears to be no
evidence of pre-Tertiary volcanism in the Hawaiian part of the Pacific Basin.
‘At this early part of our discussion, therefore, we have dated the birth of the
Hawaiian Archipelago as post-Cretaceous.

By a gradual process, the first islands were built up beneath the sea. Their
beginnings were at great depths—between 14,000 and 18,000 feet below sea level.
Unless the speed of upbuilding was greatly accelerated during the submarine
period, the length of time required for the volcanic mass to reach the surface was
far greater than its subaerial activity. This conclusion is obvious, because each
of these islands has many times the bulk beneath sea level that it has exposed
above the sea. There appears to be no good reason for supposing that the rate
of outflow was extraordinarily accelerated at the beginning, although it is probable
that it was somewhat more rapid than near the maturity of the volcanoes. The
almost universal thinness of the lava flows supports this view. -
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Figure 11.—Maps of comparatively young and old island areas to show amounts of the
original surfaces which have been eroded away. The areas from which the original volcanic
surface has been removed are shown in black. Lanai, one of the younger of the main
Hawaiian Islands, is at the left. The greatly dissected southwest part of old Kauai is shown

at the right. (After Wentworth, 1928.)

To some workers, it appears that the volcanic activity, or speed of upbuilding,
is greatly retarded at the present time. However, such a conclusion may be mis-
leading. The' constructive processes of Mauna Loa during the past century of
recorded eruptions indicate that enough material has been poured out of that
mountain to raise its dome between three and six feet in one hundred years! It
has poured out an estimated five to ten billion cubic meters of lava in the last
century. The flow of 1859 added 600 million cubic yards alone. Mauna Loa is
so huge that if Mount Rainier, Mount Hood and Mount Shasta in North America
were placed within it, there would be space left over for ten more of any one of
" them, it is said. The smaller, visible part of the mountain contains more than
1,000 cubic miles of lava. If the construction rate of between three feet and six
feet per century be taken not as fact but only for the purpose of illustration, a
mountain 13,000 feet high could be built in about 225,000 to 450,000 years. The
great volcanic mass that is the island of Hawaii appears to be the product of about
a half a dozen separate major conduits whose combined action may have resulted
in the construction of the mountains of that island in less eruptive time. On the
basis of estimates of upbuilding of island areas in Hawaii, it is suggested that the
constructive period for a 13,000-foot mountain might conceivably be as rapid
as 45,000 or even 22,500 years! (But I am not intimating that such a spectacular
speed has been attained, although it is theoretically possible.)

The history of Falcon Island in Tonga has been fairly well recorded, and a
few notes taken from the United States Hydrographic Office “Pilot” no. 166,
vol. 2, 1933, regarding it as an example of rate of growth may be of interest and
not altogether out of place here. The island was discovered in 1865 as a reef;
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it was seen as an island above water in 1885; in 1889 it was 1.3 miles long, 1 mile
wide and 153 feet high, and was estimated to have been two-thirds washed away
since 1885 : in 1894 it was almost entirely washed away ; in late 1894 it was found to
be 3 miles long, 1.5 miles wide and 50 feet high; in 1898 it had washed away
again to a shoal about 100 yards long; in 1900 it was 9 feet high; in 1913 it was
under water; in 1921 there were about 3 feet of water over it in its shallowest part;
in 1927 it was steaming and found to be 1,739 by 1,430 yards in extent; in 1928 it
was in eruption and reported to be about 2 miles long, 1 mile wide and 600 feet
high; in 1930 it was reported to be about 1.2 miles long and 475 feet high. The
average rate of growth between 1921 and 1928 was about 86 feet in elevation
per year. However, this island is composed of cinders and ash, and its growth
rate must be interpreted in the light of that fact. .

There have been recorded enough soundings, around our main islands at least,
to enable us to understand the gross underwater contours and extent of the
islands. Each is a typical volcanic dome arising either from the floor of the ocean
or breaking through the underwater slopes of a neighboring island. Their base
is’ the floor of the sea—not an underwater platform which in any way can be
called a “continental” type. However, the main islands are so close to one another
that their bases have merged and all are united at depths from a few hundred feet,
as between Maui, Kahoolawe, Lanai and Molokai, to more than 11,000 {feet
between Kauai and Oahu. They are true oceanic islands.

DEGRADATION OF THE ISLANDS

As soon as the islands were built, submarine and later subaerial activities—
chemical and mechanical—began to tear them down. At the beginning, the rate of
construction exceeded that of degradation and the islands rose out of the sea.
However, as volcanism abated, the less spectacular but nevertheless gigantic forces
of erosion took the forefront, and, with the exception of only parts of the island
of Hawaii building up with its contemporary volcanoes, these islands are in the
process of being torn down and flung back into the sea. In fact, most of the lee-
ward islands have been completely worn away and have suffered subaerial removal
as well as being cut off as far below sea level as the action of the waves and cur-
rents could abrade their tops, or they have been submerged to lower levels by
subsidence of the land or rise in sea level. But some of those islands have entered
into another constructive phase—a biological one—for today they are capped with
coralline products. Again they have risen out of the sea as the waves have torn
at the reefs and hurled the plant and animal skeletal and shelter material as high
as the limit of storm action or tsunami (“tidal” waves), and winds have swept
it farther upward. However, unless and until volcanism should break out in them
again, or until they should rise in relation to sea level by diastrophism or climatic
change, they are doomed to eons of time in the monotonous existence that is the
fate of atolls.

These processes are not ended ; théy are in continued full force all around us.
The land upon which we now stand is by natural law willed to the sea. Eventually,
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all these majestic islands will meet a similar end—a burial at sea and a headstone
of biological lime.

RATE OF DEGRADATION

The speed of erosion is the direct result of the action and combination of the
destructive forces and the nature of the substratum involved in the given region.
Weathering in the Hawaiian Islands needs to be interpreted in the hght of the
special conditions characteristic of the islands.

The topographic features of the islands above marine action are principally
the results of chemical and fluvial erosion acting upon particularly susceptible
strata. The bedding of lava flows of different porosity and resistivity, the enclosed
lava tubes, cracks and weak zones, together with the other characteristics of the
mountains, make for unusual permeability and are of major importance in the
denudation processes and results.

In the words of Wentworth (1928:385,387) the erosional features of the islands

..are mainly the product of the normal erosional processes of the region, of which the con-
ditions differ somewhat markedly from those of most temperate, humid, parts of the earth.
The principal factors are the high porosity of the rock and its susceptibility to chemical weather-
ing, the high mean annual temperature and the rarity of great ranges of temperature, the
absence of frost and the high annual rainfall of certain parts of the group. As a result, chemical
weathering at elevations near the low water table dominates the development of the deeper
valleys and is a controlling factor in determining their configuration.

The major structure of the rocks of the Hawaiian Islands is simple and uniform. The entire
land mass above sea-level is made up of thin basaltic flows lying one on another to form cones
some of whose bases are as much as 40 or 50 miles in diameter and whose summits rise to
maximum elevations of nearly 14,000 feet above sea-level. The submarine dimensions of the
cones are enormously greater. The individual lava flows are in the main from 5 to 20 feet
thick, very few so far as known exceeding the latter figure over any considerable area. Most
of the individual flows are limited to one side of the cone of which they form a part, and, in
general, probably have a width of considerably less than the radius of the cone. The lengths
of the flows vary from a few yards up to a few miles, and the areas of historic flows on the
island of Hawaii range up to 20 or 25 square miles. It is apparent that unless the old flows
which have formed the various islands were of far greater extent than the historic ones, there
are great numbers of slight unconformities between over-lapping flows, but the exposures are
so limited and the identification of key flows so difficult that the structure gives the impression
of great uniformity and parallelism.

EROSION

Because of the tropical climate, frost action is a negligible factor in the degrada-
tion processes qver the islands as a whole and is significant only on certain of
the highest peaks (see section on glaciation). Eolian erosion probably had little

Figure 12—An extensively eroded landscape—the precipitous Nuuanu Pali, Koolau Moun-
tains, Oahu. According to some investigators, Kokokahi Peak (A, in the foreground) is
a root of the ancient firepit of the Koolau volcano. The highest peak in this range is
Konahuanui, 3,105 feet, at B; Lanihuli is at D, and the Pali gap at C. (After Stearns, 1946,
U.S.AAF. photograph Cut loaned by U. S. Geologxcal Survey, Honolulu.)
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to do with the principal erosional features of the islands before the advent of
man and, more particularly, his grazing animals. -However, the overgrazing of
the dry island of Kahoolawe has resulted in an island that has been blowing out
to sea for many years. Therefore, chemical, marine and fluvial erosion, together
with the action of plant growth, are to be regarded as the prime factors of
erosion in prehistoric Hawaii.

The sea and land have shifted and reshifted.in reference to one another, and
the attack of the sea at any given temporarily stable level has not been geologi-
cally great. There are peneplains on the windward sides of the older islands.
Evidence is widespread around the seaward parts of the islands to show conclu-
sively that much marine erosion has taken place. It appears reasonable to believe,
therefore, that the soundest approach to the subject of erosional time would be
based upon subaerial erosion and the comparative amounts of material removed.

There are a number of special conditions in these islands which account for
their characteristic topography. Of these, the nature of the rocks, their composi-
tion, porosity, reaction to mechanical and chemical weathering, structure and
formation are contributing parts, but there are other factors. One of the most
important is the climate. Owing to the heights attained by the main islands, the
mean rainfall is great (about 100 inches for the entire group). Also, in certain
areas exceptionally wet conditions are the rule. On Mount Waialeale on Kauai
(elevation 5,080 feet) the average rainfall is the greatest recorded over a period
of years of any place on earth. The mean annual rainfall for a 30-year period to
1942 was 462.7 inches, but the more complete and accurate records for the 12
years between 1930 and 1942 show an average of 537.5 inches per year. In the
year ending July 24, 1942, 618.75 inches (51.56 feet!) of rain were recorded.
However, only 15 miles away from that rainfall station is a lowland one whose
annual mean is between 15 and 20 inches. On the island of Maui a station at
5,000 feet recorded 562 inches of rain one year, and a lowland station only 8.5
miles away recorded as little as 2.5 inches for one year. These large amounts of
water falling in the highlands have left a spectacular topography in their wake.
Moreover, much of the weathering and erosion here may be compared to that of
limestone areas; this is a significant feature,

Unlike the water table of much of the continental United States, for example,
the water table in Hawaii does not cling close to the topographic outline of the
land, but is deep down and is controlled by the character of the rocks, the depths
of the valleys and the saturation of the lower rocks with sea water. Wentworth’s
figures (1928:395) graphically present this and are reproduced here (fig. 15).
Stearns (1935:236) found the water table to slope from 1.6 feet to 3 feet to the
mile in certain sections of Oahu, and said, “Such flat gradients are also charac-

Figure 13—Waimea Canyon on Kauai. This great canyon is cut through 3,500 feet of old
lava flows and runs from an area of extremely heavy rainfall to the dry coast of the island.
The area in the foreground is dry and has been extensively grazed over, especially by goats.
Note the bedding of the lava flows, particularly in the background. (After Stearns, 1946.
U. S. Navy photograph. Cut loaned by U. S. Geological Survey, Honolulu.)






GEOLOGICAL HISTORY OF HAWAII 27

teristic of the basal water table in the other islands and indicate that the rocks
are exceedingly permeable.” ‘

Figure 15.—Diagrams of water tables to show the relation of ground water to the topo-
graphic surface in Hawaii (A), and the same relation in a humid part of the United States
mainland (B). (After Wentworth, 1928.)

The chemical weathering that accompanies heavy rainfall and the subsequent
dense vegetation cover is, according to Wentworth, the paramount weathering
activity. The low water table results in the most active weathering not upon the
heights, but low down near the water table. This conclusion is the reverse of
what many casual observers are likely to believe, but is ably elucidated by Went-
worth. Thus the rugged topography of the islands is produced by these special
and, to many observers, cryptic processes. Wentworth (1928:396) says:

The greater activity of weathering near the water table and hence at low altitudes, and the
capacity of the rock partially weathered chemically to stand at high angles when physical
weathering is inoperative, combine to produce slopes of great uniformity and steepness. The
declivity of the slopes is the angle of stability for the unweathered or moderately weathered
material of the cliffs. The uniformity of steepness to the very top of the slope is a result of
nearly uniform wastage from the base of the cliff, either by weathering or by stream transport.
In most. regions [continental] the upper parts of slopes are affected by weathering processes
of a type which are progressively more active at higher altitudes, and the higher slopes have
also been longer subject to such action. Both of these factors tend to produce gentler slopes
at the top of any given profile and hence convexity of the upper part of the profile. On the
contrary, agencies which are more active at lower levels are responsible for the forms of the
deeper parts of valleys which are of necessity concave. In most parts of Hawaii the processes
which promote more rapid wastage at lower levels are dominant, and the wastage at the lower
levels is shown in the nearly uniform slopes of cliff faces.

Many readers will immediately recall that these conclusions are the reverse of the
classroom principles of geology which they received in their continental university
or college training. Valleys which might be classed as glacial valleys in North

Figure 14—Looking northeast along the Napali Coast of Kauai (the large valley is
Kalalau), showing the erosion patterns typical of some of the wet, seaward faces of old
areas. Note the gentle slopes of the ancient lava flows, best seen toward the top of the ridge
in the foreground. The ridge in the background rises to more than 4,000 feet at the right.
The sea cliff is about 2,700 feet high. I need not emphasize the difficulties one encounters in
attempts to explore this type of terrain. (After Stearns, 1946. U.S.A.AF. photograph. Cut
loaned by U. S. Geological Survey, Honolulu.)
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America are normal products of chemical and fluvial erosion in Hawaii. Condi-
tions on Pacific islands are not the same as those existing in North America or
Furope and they must be studied geologically and biologically with this funda-
mental point constantly in mind.

Stearns’s theory (1935:24) is based upon “(1) the original slope of the sur-
face, (2) the presence of alternating resistant and nonresistant beds 'dipping
downstream, (3) high rainfall at high altitudes and low rainfall at low altitudes
on a conical surface, thereby inducing active piracy in the upper parts of the
drainage basin and (4) plunge-pool action and landslides removing the divides
between tributaries.” : ‘

A combination of both these points of view is justified; there are many factors
which must be taken into account. Some of these are the rapid disintegration
of the basaltic lavas as a result of the acids released from large accumulations of
decaying vegetation of the dense rain forests; the weight of masses of vegetation
on steep slopes, the common resultant landslides and the great spalling effect they
have; the rapidity of stream erosion on the steep slopes; the large numbers of
waterfalls; the spectacular cutting through of mountain ranges and stream piracy.
The spalling effect of landslides appears-to play a deminant role in the configura-
tion of higher slopes. Landslides may tend to form new water courses which
may, in part, influence the spectacular fluting of cliff areas and steep slopes. Forbes
(1885:115) was struck by the action of landslides in Java and wrote,

During the rainy season the thunder of slopes laden with forest trees and shrubs crashing
down, often for hundreds of feet into the valleys, was a daily sound, which impressed me with
the supreme potency of rain as an agent in planing down the mountains and widening the
valleys. 1 have often been astonished at the rapidity with which even a small stream will
carry away the débris of a great landslip. When a heavy gale accompanies continued rains, the
fall of giant trees on the narrowed ridges of mountains is very often the cause of extensive
landslips into both the adjacent valleys, which lowers down by very perceptible degrees their
barrier ridges.

More emphasis needs to be placed on the action of plants in mechanically break-
ing up the rock by their root growth. The mass action of a dense rain forest in
breaking up rock, thus enabling the resultant soil and finely broken rock to" be
carried away more rapidly by fluvial means, is enormous.

Since this was written, Wentworth’s paper on soil avalanches (1943) has
appeared. He concludes that the knife-edged ridges so characteristic of our
topography are formed,largely by slides. He concludes (pp. 62-63) that.

If 1 foot be removed from one slide area and if the next slide be assumed to consist of 1 foot
of nearly loosened decomposed rock from beneath it, a slide every 1000 years in each spot
would be rapid erosion. In checking over possible rates, it is thought that in the past 8 years,

Figure 16.—Head of Honokohau Canyon, West Maui, 2,300 feet deep, nearly captured by
Waihee Canyon (1); Puu Kukui (2) is the highest and wettest peak on West Maui; the
pale-colored flats (3) are peat bogs. (After Stearns, 1942, U.S. A A.F. photograph. Cut
loaned by U. S. Geological Survey, Honolulu.)
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in an area of about 15 square miles, in the part of the Honolulu watershed best known to the
writer, there have been the equivalent of 200 slides involving an acre each. If it can be assumed
that the material removed is eventually carried downslope and to the ocean by streams, the
removal of 1 foot of average thickness from these areas is equivalent to a rate of about 1 foot
in 400 years for the whole area. Even if these assumptions favor too high a rate, the process
can be very significant in land reduction.

GLACIATION

A unique feature of Hawailan geology is the glaciation of the great mountain,
Mauna Kea. On this mountain is displayed the only evidence of glaciation on
any island of the Pacific Basin. Interested readers are referred to the detailed
accounts of the study of the ice action on the summit of Mauna Kea by Gregory
and Wentworth (1937), Wentworth and Powers (1941), and Stearns (19453).

The final story of the glaciation of Mauna Kea has not yet been told, and
geologists are not in agreement as to the age and extent of glaciation. The most
recent study has been made by Stearns (1945), and he concludes that the top of
the mountain is all of late. Pleistocene or Recent structure, and that there was
a small ice cap present which extended down to about the 10,500-foot level in
the most recent glacial epoch—the Wisconsin-—about 25,000 to 30,000 years
ago. 'The ice cap which might have extended over about 20 square miles of the
summit and reached a possible thickness of 150-350 feet was smaller in extent
than the present-day ice cap of Mount Rainier (45 square mlles) in the state
of Washington.

It would not take much lowering in the mean annual temperature to bring
about permanent snow fields on Mauna Kea today. Freezing temperatures are
thought to occur there every night in the year, and during some years snow lies
on the ground in patches throughout the year. It was estimated by Stearns that
if the mountain were extended upward an additional 1,000 feet or more, the
permanent snow line would be at about 14,000 to 15,000 feet today. Known
shifts in sea level that are now recorded in the seaward parts of the islands prob-
ably played a part in the formation of the snow and ice fields.

INFLUENCE OF GLACIATION ON THE BIOTA

The ice age apparently played a more important part in influencing the marine
than the terrestrial life of the islands. Reef-building corals grow in Hawaii in
a narrow and critical temperature range. It is thought that if the mean minimum
water temperature should drop 3° C. or more, the reef-building corals could not
flourish. The drop in temperature during the Pleistocene is considered to have
been 3° to 10°. Therefore, Gregory and Wentworth conclude that while “Mauna
Kea was capped with ice the waters about its base held no reef building organisms.”
Anyone who has seen the flourishing coral reefs that grow on many  islands

Figure 17—Halawa Valley, Molokai. (After Stearns, 1946. U.S.A.AF. photograph. Cut
loaned by U. S. Geological Survey, Honolulu.)
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nearer the equator, realizes that the Hawaiian reefs are not growing in optimum
conditions even at the present time. However, the decadent condition of at least
some of the Hawaiian reefs is evidently correlated with food supply, water polution
and recent changes largely brought about by the influences of man.
o As Vaughan (1910) points out in his study of Hawaiian corals, “reef corals
can endure a range in temperature from 68° F. to 85° F., but the annual mean
must not be below 70°; the summer temperatures would be higher. The lowest
summer surface temperature recorded by the* Albatross’ was 73°.... The greatest
abundance of forms is between temperatures 73° and 78°, depth 040 fathoms;

. All the strictly reef building genera live at a temperature of 73°-78° F.”
Vaughan found that 77 of. 121 species of Hawaijan corals studied lived in the
78° to 73° F., 0 to 40 fathom, zone. The number of species dropped-to 19 in the
73° to 60° F. zone. Vaughan also notes that the Hawaiian reef fauna exhibits
a peculiarity worthy of further notice, in the absence of some of the common
reef-building genera of other areas. “There are no species of Oculinidae, Eusmi-
lidae, or the Astrangiidae; there are very few Orbicellidae, none of the large,
massive, meandrinoid Faviidae, nor of the Mussidae.”

“The known rate of coral growth shows that post-glacial time is ample for
the building of Hawaiian reefs, and also the much greater barriers and fringing
reefs about tropical Pacific islands.” (Gregory and Wentworth, 1937:1740).

Ostergaard (1928:32) speaking of marine Mollusca said,

In view of the fact that many species now found thriving best in the warmer Indo-Pacific
are represented in Hawaii by fossils only and others by species on the border of extinction,
it is’ reasonable to assume that at the time when the limestone of Oahu was formed Hawaii
had a higher ocean temperature. A more prolific representation of fossil than of living Madre-
porarian coral on the reefs of Oahu supports this conclusicn. Worthy of note.also is the
presence of well developed coralline algae, which form compact encrusting layers over dead
coral boulders and substantially aid in reef building by preventing a breaking up or dissolution
of these coral boulders. The efficiency of these corallines in reef building is well exemplified
in the reef at Apia, Samoa, where these algae are seen to encrust.and cement together coral
masses into a firm compact reef, forming a barrier ahout a mile from shore.

He also states that “On the basis of percentage of extinct forms a geological
“age greater than the Pleistocene should not be assigned to the emergent lime-
stones of Oahu.”

It is probable that the glacial stages in Hawaiian geological history did not
have the same drastic influences on the terrestrial flora and fauna that they are
thought to have had on marine forms of life. Plants and animals have the ability
to move upward or downward or sideways along mountain slopes and can more

Figure 18—Mount Eke, 4,500 feet high in the wet mountains of West Maui. Its top, about
one-half mile across, is a cold, windswept boggy region, with an average rainfall of about
250 inches a year. The mountains in the background rise to 5788 feet, and rainfall up to |
523 inches has been recorded there in one year. Under the clouds in the background the
rainfall is only about 20 inches per year. (After Stearns and Macdonald, 1942, U.S.AAF.
photograph. Cut loaned by U. S. Geological Survey, Honolulu.)
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or less choose more favorable environments, within limitations, during times of
climatic changes such as those which have taken place on Hawaii. The zone of
local migration of reef organisms is, however, a greatly restricted one, and the
effect of climatic change is amplified. It is difficult to ascertain how the colder
climate affected the Hawaiian terrestrial biota as a whole. There appear to be
no markedly significant. features about it that can be attributed conclusively to
climatic change within the islands. During glaciation, however, precipitation over
the islands may have been greater than at present, and the rate.of erosion may
have been increased with its consequent influence on species formation as dis-
cussed below under Geographical Metamorphosis and Evolution. Today insects
follow the plants to tree line and above with no apparent ill effects, and we find
“tropical” forms living in regions of frost and snow and apparently getting along
as well as those found at middle elevations. However, it is common knowledge
that dead insects can be seen by thousands on the barren, wind-swept, arid, moun-
tain-top deserts of the highest peaks where they have been driven from lower
elevations by winds and have perished on snow fields or by freezing in those
unprotected places. There is nothing in the character of the fauna to indicate
large-scale. climatic extermination or long-maintained cold climate.

SUBMERGENCE AND EMERGENCE

‘There is abundant and indisputable evidence of considerable shifting of sea
level in relation to land surface in the Hawaiian Islands. The data of such
movements have been assembled from the logs of wells sunk to as much as 1,500
feet below sea level, from exposed fossil reefs, from dunes, sandstone, marine-
worn boulders, ancient shore lines, well shafts above sea level, drainage canals,
road cuts, quarries and similar sources. ’

The evidence at hand shows that Oahu, at least, now has a sea level in the
neighborhood of 1,000 feet higher than it was during earlier periods of its life.
Data from wells and the extent to which subaerially cut valleys have been filled
or drowned amply support this conclusion, and geologists are in agreement on
this point. It is of interest that Recent fossil forest trees have been uncovered
in tunnels extending below sea level on Oahu. Also, there is evidence to show
that a number of Recent fluctuations of small magnitude have moved the shore
line above and below its present level several times over. Because of isostatic
balance, major shifts of sea level on one island safely may be assumed to have
occurred also on the other islands of the main group, because, except for possible
local minor fluctuations of relatively small magnitude, the main group of islands
apparently acts as a unit in large-scale movements, and it cannot be considered
that any one island has ever acted in major shifts independent of the entire

Figure 19a.—Summit of Mauna Loa after a flurry of snow showing Mokuaweoweo Caldera
and pit craters on the southwest rift and Mauna Kea in the background. The highest eleva-
tion in the foreground is 13,679 feet. Note the dark lava flows in the foreground. (After
Stearns and Macdonald, 1946. U.S.A.A.F. photograph. Cut courtesy U. S. Geological
Survey, Honolulu.) )
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anastomosed mass. Similarly, the drawing away or adding of water during glacial
-or interglacial epochs would result in sea-level marks at similar elevations on all
“of the islands (provided, of course, that they were all above water at any given
time). It is significant that the known or postulated shifts in sea level in Hawaii
are dated as Pleistocene. , -

The maximum suggested emergence of any island in the Hawailan group is
indicated by a shore line described by Stearns (1938:618) at about 1,200 feet
above the sea on Lanai. According to Stearns, an outcrop of fossiliferous marine
limestone is “in. place” at an altitude of 1,069 feet, and he says that in his opinion
there is no reason to believe that the material has been man-carried to the locality.
These marine fossils are recorded from a site at an elevation greater than recorded
for any other such Hawaiian fossils. Stearns says, '

Evidently considerably more limestone formerly cropped out at this “place, but weathering
and livestock have nearly destroyed the exposure, leaving only the vein-like deposits. These
outcrops are only a quarter to half an inch wide and 2 to 3 feet long. They contain, however,

* distinctly recognizable coralline algae and gastropods. Some fragments of coral are discernible.
Paul Bartsch and H. A. Rehder, of the Uhited States National Museum, found one pelecypod—
Pinctada sp.— and three gastropods— Modulus tectum Gmelin, Triforis sp. and Strombus hellii
Rousseau—in fragments of fossiliferous limestone from this locality. All these forms are now
living in Hawalian waters, which fact indicates that the deposit is probably not older than
Pleistocene.

According to Stearns, unstudied indications on Oahu, Molokai and West Maui
suggest to him that these islands may also have remnants of an ancient shore line
at about the 1,200-foot level which may correspond to-that found on Lanai. Other
geologists haves ev1dment1y not seen such indications.

Wentworth's: survey of Lanai was made about ten years prior to Stearns’s
researches, but Wentworth did not find the highly elevated indications of prior
stands of the sea that were recorded by Stearns. He says (1925:33),

Coral fragments and shells are found widely spread over the central plateau in association
with Hawaiian stone artifacts, but these are clearly of human distribution. In a talus mass
at a place northeast of Manele and about 150 feet above sea level shells and coral fragments
were found to be so abundant that a natural origin seemed reasonable. Subsequent search in
other gulches failed to reveal similar evidences and I have concluded that the deposit must
be in part of artificial origin. It is impossible to believe that the sea has stood more than 10
to 15 feet above its present level at any time since Lanai was formed. Had it done so, it seems
certain that there would be clear indications at more than one place and of more than one sort.

Such opposite points of view are surprising and somewhat discouraging to the
biologist seeking knowledge of the land. Of course, small outcrops of fossiliferous
materials might easily be overlooked by the pioneer observer of the gross geology

Figure 19b.—Lava flowing from fissure along the southwest rift at the top of Mauna Loa,
April 8, 1940. Note the lava river cascading into the pit crater and the irregular courses
of the other flows. Snow lies in depressions in the older lavas. (After Stearns and Mac-
donald, 1946. U.S.A.AF. photograph. Cut loaned by U. S. Geological Survey, Honolulu.)
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of such a region, but later on may be pointed out to a specialist who can develop -
an entirely new interpretation after getting a cryptic key to his special field of
interest. However, the interpretations given by Stearns evidently have yet to be
verified by other geologists. It is regrettable that our knowledge is in such an
incomplete stage. For the present, we must give due consideration to the findings
of more than one geologist regarding such great shifts of sea level. Moreover,
we must -not overlook the activities of the old Hawaiians who carried coral and
other beach material high into the hills to build their shrines. Materials from
the beaches have been carried up the sides of Haleakala, Maui, to about 9,000
feet and used as building material for shrines. Also, ethnologists and others
report an abundance of shells and coralline materials scattered over wide areas
in the uplands of Lanai—the results of the activities of the Hawailan people.
The Lanai record should be checked carefully. The Hawaiians might- have
carried coral to the area several hundred years ago, and its subsequent change
and burial may make it appear to be “in place.”

Assuming, for purposes of argument, that the more recent estimate of Stearns
might be approximately correct, and that there might have been a stand of the
sea at about 1,200 feet above present sea level, what influence upon the extent
and relative positions of the islands would result? And, on the other hand, what
were the results of the downward shift of sea level to about 1,000 feet lower
than it stands today?

EFFECT OF SUBMERGENCE

If the sea stood 1,200 feet higher than its present level (so that the lower 1,200
feet of the main islands’ present subaerial topography were drowned),.roughly
about 40 percent of the combined areas of the main islands would be drowned.
It would result in all of the main islands being separated by wider channels of
ocean than now separate them, but, surprisingly enough, the distances between
any two islands would be increased by only a few miles. The greatest increase
between any two islands would be between Oahu and Molokai, and that increase
would amount to about five or six miles. The flooding of the lower 1,200 feet
would result in the dividing of the islands of Oahu, Molokai and Maui each into
two islands. Thus, on Oahu the Koolau Mountains would be an island separated
from the Waianae Mountains island by a channel about three miles across at its
narrowest point at the north, to about eight miles across at its broadest point
at the south, and the shallowest part would be about 250 feet deep (the Koolau
island would be nearly twice as long as the Waianae island). Molokai would
be split into east and west islands separated by a channel about 775 feet deep at
its shallowest part and about nine milés broad at its narrowest point, but the
west island would be only about two or three square miles in area and only about
150 feet high at its highest point. Maui would be split into east and west islands

Figure 20.—A view of the snow-covered summits of Mauna Kea (foreground), 13,784 feet,
and Mauna Loa (background), 13,679 feet. (After Stearns and Macdonald, 1946, U.S.A.A.F.
photograph. Cut loaned by U. S. Geological Survey, Honolulu.) )
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Figure 21.—The middle figure shows the main Hawaiian Islands at the present stage of
level of the sea. The top figure illustrates the islands at 1,000 feet above present sea level.
The lower figure indicates their appearance at 1,000 feet below present sea level. View figure
from side.
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separated by a channel about 1,075 feet deep at its shallowest part and about 10
miles wide at its narrowest point. Kahoolawe and Niihau would be reduced
to small rocks. :

A present-day submergence of between 125 and 200 feet would divide Maui
into two islands; submergence of 425 to 500 feet would separate Molokai into
two islands; and submergence of 950 to 1,000 feet would divide Oahu into two
islands.

EFFECT OF EMERGENCE

An emergence of 1,000 feet would have a greater effect on the area and dis-
position of land than has been indicated by an analysis of the results of sub-
mergence to 1,200 feet above present sea level. The total dry land would approach
twice what it is today (about 11,100 compared to 6,435 square miles as determined
by rough planimeter measurements). All the islands would be larger and closer
together, and Molokai, Lanai, Maui and Kahoolawe would all be anastomosed
to form one large island about eight-tenths as great in area as the present island
of Hawaii. Niihau would be separated about 10 miles from Kauai with more
than 1,000 feet of water in the channel; Kauai would be about 55 miles from
Oahu with more than 10,000 feet of water in the channel; Oahu would be five
or six miles from Molokai with more than 1,000 feet of water in the channel;
Hawaii would be about 18 miles from Maui with more than 3,000 feet of water
in the channel. '

THE AGE OF THE HAWAIJIAN ISLANDS

The dating of these islands in numbers of years is difficult, if not impossible.
The rocks are so young that they appear to fall within the range of error of the
radioactivity method of age determination, and fossil evidence is meager. How-
ever, it appears that it is possible to assign the ages of at least the main islands
to geological epochs, and that is about all that is needed for our purposes. Early
in this essay, we noted that the islands are of Tertiary origin. The Tertiary
covers an enormous period of time—some 70 million years. A special committee
of the National Research Council has recently calculated that the durations of
the subdivisions of the Tertiary were about as follows:

Pleistocene . . . . . . . . . . . . 1 million years
Pliocene . . . . . . . . . . . . . 11 million years
Miocene . . . . . . . . . . . . . 17 million years
Oligocene . . . . . . . . . . . . . 11 million years
Focene . . . . . . . . . . . . . . 20 million years
Paleocene . . . . . . . . . . . . . 10 million years

Total . . . . . . . . . . . . . 70 million years

It is obvious that we do not know exactly when these Hawaiian volcanoes first
broke out beneath the sea, but we can see, in a broad way, what happened to
them after their exposure to the air. It is possible to estimate roughly how much
of the islands has been worn off and arrive at an approximate rate of erosion.
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It is also possible to ascertain roughly the rates of upbuilding. "However, the
attempts to date various islands or parts of islands in numbers of years have
not been very successful. ]

Wentworth (1925) studied the island of Lanai in detail and estimated the
age as between 131,000 and 200,000 years. His method was as follows: The
amounts of outflow of historic lava flows in Hawaii were ascertained and their
character fairly well understood; the average volume of Lanai basaltic flows
was estimated at 200 million cubic meters; the subaerial volume of the island
is equivalent to 580 such flows; on the basis of the frequency of lava flows on
Hawaii and elsewhere, and the presence of evidence to indicate that outflow
was so regular that no decided erosional intervals were interspaced in the upbuild-
ing period of Lanali, it was estimated that the lava flows “probably succeeded one
another at an average interval of not less than ten or more than 100 years.”
Thus the subaerial upbuilding of Lanai was estimated to have taken from about
6,000 to 60,000 years. (It is worth-while to note here that the historic flows of
Mauna Loa during the past century have been estimated at between five and ten
billion cubic meters—or enough lava has poured out of that mountain to raise
its gigantic dome three to six feet higher in the past one hundred years.) The
rate of erosion based upon subaerial removal was estimated at one foot in 2,900
years for Lanai, and the erosional age was thus estimated at 125,000 years. Went-
worth concludes that “the first appearance of Lanai above sea level dates from
a time well back of the Wisconsin stage of the Pleistocene but not so far back
as early Pleistocene if recent estimates of the duration of that subdivision of
geologic time are correct. Moreover, if the terrace building epoch indicated by
certain features of Oahu be correlated with one of the more pronounced advances
of glacial ice in North America, Lanai, which . . . postdates these features, will
be at least somewhat younger than early Pleistocene.” (1925:55-56.)

It may appear that such a method of age estimation might be applied to all
the islands. However, there are many complicating factors that enter into the
problem, and such estimates can only be applied to certain restricted areas where
a great body of information has been assembled and where the underlying frame-
work is completely understood. It is thought that in some areas of high rainfall
the rate of degradation may be as great as a foot in 400 years. Thus most areas
in Hawaii are now excluded from such age estimation, for too few data have
been collected.

Geologists may be asked what they know about what is hidden beneath the
islands, and the good and logical question is advanced, “How do you know that
there are not ancient islands buried within the interiors of the present islands
which you maintain are young islands?” As a matter of fact, it is known that at
least on the islands of Hawaii, Maui and Kauai, and probably on all the islands,

Figure 22.—Kaau Crater, a youthful volcanic outburst on the rugged, deeply eroded slopes
of the Koolau Mountains behind Honolulu. (After Stearns, 1946. Photograph by U.S.A.A.F.
Cut loaned by U. S. Geological Survey, Honolulu.)
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there are considerably older dissected areas buried beneath the more recent lavas
making up the bulk of the islands, and this evidence extends the ages of the
islands far back beyond the ages suggested by the much younger surface lavas.
The evidence at hand, however, appears to be good enough to enable us to con-
clude that there are no significant, ancient, unknown islands buried or hidden
within or below our mountains, Great canyons like Waimea on Kauai have
exposed several thousands of feet of strata which show conclusively what has
goile on in past ages of lava flow and erosion. (Newer flows, in which the
river is now cutting, have filled part of the bottom of Waimea Canyon to about
800 feet. Nuuanu Valley on Oahu has similar recent flows, as do other valleys.)
Also, we have numerous, carefully logged well shafts that have been sunk to as
much as 1,500 feet below sea level, and water tunnels have been driven far
into, or entirely through, mountains and mountain ranges. Such data are indis-
putable. These old dissected areas buried by later lavas have been taken into
account and are thoroughly considered here.

Wentworth considers that there is no reason to believe that any existing land
.surfaces in the islands are over 5,000,000 years old, and he said *. . . physical
evidence does not appear to indicate the emergence of any part of the Hawaiian
group above sea level before the later part of the Tertiary period.” (1927:133.)
Both Wentworth and Stearns believe that the main islands are Pliocene or more
recent and that the bulk of the land of the main islands is largely of Pleistocene age.

Too much assumption and too little actual knowledge are behind much of the
reasoning that prompt some authors to voice opinions regarding Pacific island
geology. It seems that the only logical course to pursue is that based upon con-
crete evidence uncovered by the more careful and conservative of geologists who
have actually done extensive and critical field work in the islands, rather than to
rely upon the imaginative flights of those who conjure up, from fertile imagina-
tions, continents, continental islands, land bridges and ancient islands of great
extent for the purpose of solving what appear to be particularly difficult prob-
lems of biogeography.

Hereinafter, therefore, this discussion will be based upon the ages of the
main islands as is genérally agreed upon by geologists. That is, that they are
of late Pliocene and Pleistocene age, and the bulk of the erosional and topo-
graphical features are largely Pleistocene.

THE COMPARATIVE AGES OF THE ISLANDS OF HAWAII

It has been generally agreed by geologists and biologists that, roughly speaking,
there is a progression in age of the islands from west to east—that the older
islands are to the west, the younger ones to the east. In the leeward islands are
found shoals, reefs, atolls, rocks and volcanic stacks, but the main islands ter-
minate to the east with the young lavas and active volcanoes of the island of
Hawaii. Also, in the main islands of Oahu, Molokai and Maui, each of which
is formed from the fusion of two major volcanic masses, the western segment



GEOLOGICAL HISTORY OF HAWAIL 45

of each appears to be older than the eastern part. However, the picture is not
so orderly and simple as it may at first appear. Nothing is known regarding
the order of events in the leeward group, but the windward islands present
features which lend themselves to at least partial interpretation. Much of what
has been said regarding the leeward islands is conjecture—we actually know very
little about them. Powers (1917:514) said, “Along the Hawaiian rift-the vol-
canoes have arisen not in exact order from west to east, but in a somewhat irregu-
Jar manner, with a general migration of the lava in an easterly direction. Further-
more, the order of extinction of volcanic activity has not always been the same
as the order of initiation.” ,

Of the various leeward islands, Kaula, Nihoa, Necker, Gardner and French
Frigate Shoal have exposures of volcanic rock—the other islands, reefs and
shoals are coralline. According to Edmondson (1929), there are no coral reefs
on Kaula, Nihoa, Necker or Gardner. The leeward islands ‘appear to be the
remnants of high islands, some of which may have been about the size of Molokai,
Kauai or Oahu, others larger, while still others were apparently smaller. They
appear to be the relics of a decadent mid-Pacific island chain, and there is no
reason for otherwise considering them. A knowledge of the island chains of the
south Pacific indicates that the usual trend of events in the metamorphosis of
such chains has been carried on in Hawaii as elsewhere in the mid-Pacific. More-
over, all evidence shows that this metamorphosis from high islands to rocks, reefs
and shoals is vigorously active today, and that it will continue until the main
islands assume the general form of the most completely altered of the leeward
islands. . '

Figure 23.—Nihoa Island, a remnant of an extensively eroded, old Hawaiian island. This
craggy mass (895 feet high) of only about 156 acres is all that remains of a former majestic
high island many square miles in extent. Note the gentle dip of the lava beds. An extensive
shallow bank surrounds the island. (Photograph by E. H. Bryan, Jr.; courtesy of Bishop
Museum.) *
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Palmer has made the most complete survey of the geology of the leeward
islands, and he concludes (1927:5) that “Tt seems logical to believe that the islands
and shoals of the northwestern segment were formerly high, volcanic islands
much like the present islands of the southeastern segment, but that wave action
has completed the truncation begun by wind and running water. The truncated
volcanic cones now form submarine platforms, some of which are simple shoals
and others are reefs built by marine organisms and enclosing sheltered lagoons
above which rise sand islets ten to twenty feet high.”

It appears reasonable to conclude that the ancient leeward islands were, at
the peaks of their subaerial developments, capable of supporting diversified floras
and faunas as typically oceanic in composition as those of the main islands are
today. There appears to be no evidence available to use in dating the ancient
leeward islands. By way of a guess, and perhaps no one is in a position to do
more now, it might. be suggested that some of the leeward islands may have
- been at their zenith in Pliocene or possibly earlier Tertiary time. Obviously, we
do not know! Also, I do not now see how it is possible, with our present informa-
tion, to ascertain the order of emergence, development and degradation of the
leeward islands. For the main islands, the problem perhaps is less difficult be
cause we can see the islands in their present subaerial condition. But the task
of interpreting their history is not easy. There are a number of complicating
factors—geological and biological. As said before (Zimmerman, 1940:273),
speaking - very broadly and in generalized terms, “The islands are successively

Figure 24—La Pérouse Rock, vestiges of a decadent leeward Hawaiian island at French
Frigate Shoal. Note the flat bedding of the lava flows. The large rock is 122 feet high, the
small one 10 feet high. This area is surrounded by a shallow platform 15 miles or more
in diameter. (Photograph by E. H. Bryan, Jr.; courtesy of Bishop Museum.)
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younger from Kauai on the north to Hawaii with its active volcanoes on the south.”
However, I do not believe that it has as yet been conclusively shown that Kauai
is older than the Waianae Mountains of Oahu, or that part of Molokai is not
as old as part of Oahu, or that the Kohala Mountains of Hawaii are not as old
or older than West Maui or East Molokai. It appears possible that future evi-
dence may be gathered that would indicate Oahu to be older than Kauai, and
Hinds (1931:203) concluded that “The long series of events involved in the
development of the Oahu domes and their present landscapes, together with the
extent of fluvial and marine removal, lead me to consider both of these domes
. older than Kauai.” Hinds (p. 204) says, “The relative ages of the landscapes
of the high old domes appear to be: (1) West Oahu, (2) East Oahu, (3) Kauai,
(4) East Molokai; West Maui and Kohala are younger, but their sequence is
vet to be determined.” ILanai appears to be nearly the same age as West Maui;
Kahoolawe may be older than East Maui. Hinds considers the Penguin Bank
at the northwest end of Molokai as “...the oldest landscape in windward
Hawaii...” and that it “... may be approximately the same age as [that] of the
leeward islands.” This bank is about 16 by 30 miles in extent and lies under
about 25 to 70 fathoms of water. It is doubtful that the data on this bank are
complete enough for conclusions to be drawn from them. However, we should
keep them in mind in our studies. What appears to be a rather simple problem
thus turns out to be a complex one. However, if we keep these facts in mind,
I believe that our interpretations of the developments of the biota will be based
upon sounder footing than if they are ignored.

PALEONTOLOGICAL EVIDENCE

Fossil insects would probably tell us interesting tales—if there were any fossils!
From all the Pacific Basin, I have.but one record of an entomological type— -
that is the finding of a psyllid gall on a fossil leaf of a Metrosideros tree in a
Recent deposit at Red Hill (near Pearl Harbor, Oahu). To my knowledge, there
never has been a fossil insect found on any Hawaiian or other mid-Pacific island.
But there is the possibility that someday some may be found. There are certain
deposits such as lignite in which Some insects might be preserved, but, to my
knowledge, no search for insect fossils has yet been made in such materials.
Mid-Pacific islands do not provide favorable conditions for the fossilization of
insects, and we may expect them to be very rare or absent. On the other hand,
fossil land snails and marine fossils are abundant and plant fossils are common
in some places. It is significant that no fossils older than Pleistocene have been
found in Hawaii; most are Recent. '

Marine fossils are found in emerged reefs in many places, and these are most
abundant on Oahu. The fossil reefs on Lanai have already been discussed. These
marine fossils are of Pleistocene or Recent age. In his paper on fossil marine
Mollusca of Oahu, Ostergaard (1928) reports that only three species, two
oysters and a Strombus, of the 82 fossils studied, appear to be extinct species,
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but that the Strombis might yet be found living. It is thought by some workers
that, if carefully searched for, the oysters may also be found living. Eight species
found as fossils in Hawaii are not now known to be living in Hawaii but are
found living elsewhere in the Indo-Pacific. Three species are. listed as fossils
which are also found living in Hawaiian waters but are apparently on the verge
of local extinction. About 70 species of marine fossils collected by Stearns at
16 sites on Oahu (Stearns and Vaksvik, 1935:166) and identified by W. C.
Mansfield were considered no older than late Pleistocene.

Insofar as is known, all of the fossil plants found thus far appear to be Recent
and identical with species now living in Hawaiian forests. A significant point,
however, is that present-day upland forest types of plants are found as fossils
at low elevations in dry areas where native forest plants have disappeared and
where cultivated and immigrant plants now grow.

Fossil land shells all appear to have been found in geologically recent forma-
tions. Some of these fossils are identical with living species. Some species have
been fourd' first as fossils and later discovered in the living state. Others which
are now known only as fossils may yet be found living. However, there is a
wealth of Recent fossil species which are evidently truly extinct. In many regions
now under cultivation or covered with adventitious vegetation and in dry areas
far from the native forests—even on some small, offshore islets—are found rich
fossil beds that show without question that these areas were at one time clothed
with native plants, as are some of the undisturbed' native forests today. Fossil
land shells are good indicators of the character of the pre-existing forest cover
in a given region, for it can be ascertained from study of them whether the forest
was of the wet or dry type. Many of these species appear to have become fossil
since man has so drastically upset the balance of native life in the lowlands. Dr.
- C. M. Cooke, Jr., tells me that there are fossil land shells by the thousands in
eolian sand deposits on the island of Molokai. These fossils are so arranged in
the sand that it can be ascertained where each tree stood on which the snails
lived before they were buried by the drifting sand. Some of the fossil Hawaiian
land snails appear to belong to extinct groups of species, but no fossil species
has yet been found which belongs to other than a living genus.

Probably the most interesting fossil discovery in Hawaii is that of the bones
of a goose taken from an ash a hundred feet below the surface during the excava-
tion of a water tunnel near Kaumaikeohu; Kau, Hawaii, in 1926. Stearns (1930 ﬁ60)
records the following information. ‘“They [the bones] were identified by Dr.
A. Wetmore, of the United States National Museum, as those of a peculiar
form of goose, representing an undescribed species, distinctly larger than that
~of the “nene” (Branta sandwicensis), the modern Hawaiian goose. The bones
lay on top of an ash bed interstratified with basalt and according to W. O. Clark,
who forwarded the bones to Dr. Wetmore and who examined the place where
the bones were found, the skeleton of the goose was lying on the ash when the
lava buried it.” This goose has been described by Wetmore, from a few frag-
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mentary bones, as Geochen rhuax, a new genus and species and considered most
like an Australian form.

P,RE-EXISTING HIGH ISLANDS IN THE MID-PACIFIC

Some authors are persistent in their arguments for mid-Pacific continental
land masses or bridges to account for the distribution of Pacific plants and ani-
mals. Carl Skottsherg, a distinguished botanist, recently wrote (1940:707) that
the composition of the Hawaiian flora “...can be understood only under the
suppositiqn that considerable changes have occurred in the distribution of land
and sea, making it possible for plants and animals to travel over land between
regions now separated by deep water.” (The italics are mine.) My own research
leads me to take issue with Skottsberg, and I have stated elsewhere (1942:283)
that “At least for eastern Oceania the distribution of insects could have been
accomplished with little change in the present proportion of land and sea.” Such
opposite conclusions are characteristic of the literature regarding the distribution
of Pacific island life. They are the results of our incomplete knowledge of the
history of the Pacific and its products.

Ernst Mayr (1940:200) has the following to say about land bridges in Pélynesia:

There was a period early in this century when most zoogeographers were busy manufac-
turing land bridges whenever they found it convenient to explain certain difficulties of faunal
distribution. It is, of course, fascinating to be able to tell the uninitiated: “here are two islands
with similarities in their faunas; consequently they must once have been connected! (Isn’t
science wonderful?).” These efforts culminated, so far as the Polynesian islands are concerned,
in the work of F. Sarasin (Nova Caledonia, A. Zoologie, 4:160,1925), who constructed a
whole network of land bridges and raised and lowered the sea level by two and three thousand
fathoms in quick succession. But even much more conservative authors have always main-
tained the continental nature of the faunas of New Caledonia, the New Hebrides, Fiji, and
other neighboring groups. I, myself, grew up in this belief and was rather surprised when
my faunistic studies dxd not support the contention. They showed, rather, that even the just-
mentioned islands are “oceanic.’

I believe that those biologists who “create” continental land in the mid-Pacific
to enable them to give an interpretation of the distribution of the groups of
organisms which they are studying. are overlooking the fundamental geologic
nature of the mid-Pacific islands. They call for continental land where none is
indicated by the geological record. They demand age beyond that indicated by
the rocks. They create in their minds the physically and geologically impossible.
Our imperfect knowledge of the diverse ways and means of dispersal of plants
and animals is not fully recognized even by some of our best students.

An explanation, will be offered here to account for the distribution of the mid-
Pacific biota based upon what is believed to be foundations in keeping with the
geological history of the Pacific Basin, and which at the same time will at least
partially reconcile the differences between such opposite points of view as those
of Skottsberg and myself. I have said that “T'hough the evidence for former
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extensive land masses is lacking, it is probable that high islands other than those
represented on maps existed in past ages....Such islands, when above water,
may have been used by plants and animals as stepping stones.” (1942:283.)
Herein lies the crux of the situation, I believe. .

From a synthesis and analysis of data gleaned from first-hand experience in
the Hawaiian, Fijian, Samoan, Society, Tuamotuan, Mangarevan and Austral
archipelagos as well as from such scattered islands as the Line Islands, Pitcairn,
Rapa and Marotiri, Henderson and others, together with a review of the findings
of other workers, the conclusion that many of the islands of the mid-Pacific
appear to have passed through or are now passing through a definite cycle of
geological metamorphosis that has been essentially similar for most of them is
inescapable. This cycle has been outlined in the preceding pages, but it will not
be out of place to restate it briefly and simply here. The islands have emerged
from the sea, built up by volcanic outflow to various maximum sizes, shapes and
elevations ; volcanism has ceased; erosional activities have torn at the mountains
until the older islands have been washed back into the sea where many of them
have been capped with coralline materials and have become atolls, reefs or
shoals. There are all stages and intergrades of this metamorphosis plainly visible
today. The Tuamotu Archipelago and the Marshall and Gilbert and Ellice and
Phoenix islands may be as much a part of this historical process as are the
Hawaiian islands. The Samoan, Society, and Austral island chains are extraor-
dinarily similar in basic formation to that of Hawaii as they exist today. Accord-
ing to this view, it is only a matter of time until all of these islands will assume
the form of the leeward Hawaiian islands, the “dead” Tuamotus and similar
coralline archipelagos.

It is not implied that all of the atolls, reefs and shoals in the mid-Pacific neces-
sarily have the same history. There is no reason why some volcanoes could not

Figure 25.—A small atoll in the Phoenix Islands (Gardner Island).
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build up to within the zone of reef-building plant and animal growth and then
become inactive. Thus, some of the atolls might conceivably be built upon. founda-
tions which have never felt the air. Also, some of the atolls might be built upon
volcanic masses that emerged to only a slight elevation above sea level, became
extinct and are now capped with coralline growth because of their submergence
by the rise of the sea following the retreat of glacial ice. We must also take into
account the rise in sea level which has taken place because of the hundreds of
cubic miles of water which have been displaced as the result of extensive vol-
canismi, to say nothing of sedimentation and organic deposition. Moreover, there
is the possibility of a volcano emerging from the sea, building up for a few hundred
feet by erupting ash and cinders, then becoming dormant without capping itself
with more resistant flow lava, thus enabling the sea quickly to plane it off below
sea level by wave action against the unconsolidated material. Perhaps many
atolls have been formed by such a process. We are told by geologists that there
has been a submergence in Hawaii of. about 1,000 feet; such submergence alone
would provide a means of atoll formation from islands up to about 1,000 feet
in elevation. In some areas, atoll bases may have been formed largely from the
local subsidence of some high islands. But we do not yet know very much
regarding atolls and coralline islands in spite of what some workers would like
to have us believe! We need some careful work done on typical atolls with
adequate borings made in the light of the experience gained at Funafuti and’
elsewhere (on grid patterns, not random holes). One of the most pressing needs
wn contemporary studies of Oceania is deep, core borings on atolls!

If this line of reasoning be followed, then it may be that during past ages
Hawaii was decidedly less isolated than it is now. In other words, I believe that
Hawaii is more isolated from other high islands today than ever before. The
sea to the south and southwest of Hawaii is now studded with atolls, many of
which may mark the graves of large, high-islands which at one time were much
the same as those of the main Hawaiian Islands or the Society Islands or the
Marquesas, or Samoa and others. Perhaps parts of the Marshall, Gilbert, Ellice,
Phoenix, Kingman-Christmas chain and Tuamotu islands were at one time or
another majestic mountainous islands upon which flourished characteristic floras
and faunas. Whereas the nearest high islands today are about 2,000 miles away,
in past ages the isolation was possibly only about 500 miles (Johnston Island)
——perhaps even less. '

Such pre-existing high islands would provide stepping stones for the immigra-
tion of floristic and faunistic elements from the Asian, Malaysian, Papuan, Fijian
and southeastern Polynesian sectors. It does not call for the jumping over of
“thousands of miles” of open sea (as many workers believe is required), but
rather for a series of smaller over-water steps.

It appears that not.all of these routes were available at the same time. If
they existed at different times, the influx of diverse groups of organisms was
at different times, at different places, by different routes from different places.
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This would account for the apparent differences in age of various sections of
the biota. It now appears to me that the route through the Marshall and Gilbert
sectors was cut off before that leading from southeastern Polynesia. I would
guess that most of the extra-Hawaiian stepping-stone routes were cut off in
Pliocene or by early Pleistocene times, that it now appears probable that some
sources were blocked off even before the Pliocene, and that the amount of immi-
gration since mid-Pleistocene has been greatly limited. However, there are
elements in both the flora and the fauna that indicate that some colonizations
have been made since all the high-island stepping-stone routes were obliterated
—as they are today. Moreover, there is no reason to believe that natural immigra-
tion has ceased or that it was any less rapid 200 years ago than 10,000 years ago.
Since the advent of white man, however, conditions have been greatly altered.
Various distribution patterns 'in the Pacific may be the resultants of different
stepping-stone access routes being open at different times. Thus, the influx to
a given point may have been from different directions at different times.

Normal mid-Pacific atolls cannot serve as favorable stepping stones for high-
island floras and faunas, and with few exceptions they support few or no endemic
plants or terrestrial animals. The explanation for this is a simple one. The low
coral atoll is subject to severe periodic fluctuations of inadequate precipitation;
it is exposed to the full fury of storms, those in the hurricane belts are time
and again swept bare of soil .and vegetation by hurricane-driven waves, and
tsunami (“tidal” waves) may play a definite role. I have seen the results of
hurricanes in the. Tuamotu Archipelago, and the devastation wrought is a
sight to behold. -Plants and animals are not normally left undisturbed on an
atoll for a long enough time for variation, raciation or speciation to take place.
Thus the flora and fauna of the atolls of a great archipelago like the Tuamotu
are made up almost entirely of populations of widespread species. Most of the
coral islands that do have endemic species are either slightly or distinctly elevated
or are outside the hurricane belt. Henderson Island, at the southern end of the
Tuamotu Archipelago, is an emerged atoll between 75 and 100 feet high, and
it has endemic plants, land snails, insects and even an endemic genus (subgenus?)
of birds (a rail)! When an atoll is emerged to an. elevation above the point
where periodically it can be swept bare of its terrestrial life, it enters into the
phase where the development of endemic products is possible. Thus, most of the
atolls which have been formed by the degradation of high islands have lost all
or nearly all of their original flora and fauna by éxtermination. They develop
the typical atoll association of plants and animals which varies according to
the locality and climatic zone, either wet-or dry or intermediate. Atolls mostly
are ecological deserts unsuitable to most high-island plants and animals, and
they cannot act as efficient stepping stones. A sufficient increase in elevation
and the subsequent change in environment place atolls in the realm of high islands
once again,



CHAPTER 2

DISPERSAL

As the ploughshare breaks up the green sward of arable land,
and disturbs the closely interwoven roots of the existing assemblages
of plants, so do tornados, whirlwinds, and storms furrow the surface
of our globe in all directions, unsettling and scattering prosperous
communities of living creatures, and rendering many of them for a
time the helplessly drifting waifs of an ocean ...

— Miiller (1871:186)

GENERAL CONSIDERATIONS

A survey of the literature for the past 300 years or so will reveal a multitude
of records concerning the many ways and means of occasional transport by which
plants and animals are spread about the world. In spite of this great body of
information, there are those who still fail to accept the evidence and who refuse
to recognize that overseas dispersal to islands is fact and not theory.

Even the most ardent advocate of Pacific continents and land bridges would
- hardly be so bold as to suggest that each of the hundreds of mid-Pacific islands

was at one time connected to some other area by dry land. Some islands have
been strictly isolated from the time of.their origin and have never known a sub-
aerial connection with any other land.. But all of the islands that can support a
terrestrial biota have been populated by plants and animals. The elementary
fact that these islands insulated by ocean barriers have been populated is proof
enough that certain plants and animals can cross such barriers of open sea.
Therefore, if some mid-Pacific islands have been so populated, then all the mid-
Pacific islands including the Hawaiian Archipelago could have been populated
by oversea transportation. To argue for land connections is to evade the ques-
tion. “...if the micro-pulmonates can only travel on land, then well-nigh every
island on the face of every ocean is an unsubmerged fragment of sore previous
continental land-bridge.” (Addison Gulick, 1932:416.)

Spitsbergen was entirely covered with ice during the last glacial epoch, and
its contemporary terrestrial biota has arrived from overseas since the retreat
of the glacial ice has exposed soil. There has been no land connection between
Spitsbergen and Europe since glaciation. Elton (1925) found that aphids and
flies blow 800 miles from Europe to the islands, and he says that the present
insect fauna has arrived principally through the air and on birds.

The uninhabited, isolated, elevated coral atoll, Henderson Island, is again
brought to mind. This raised atoll, which is northeast of Pitcairn Island, is about

[53]



54 . INSECTS OF HAWAIL VOL. 1

2.5 by 5 miles in extent and is elevated so that its top is between 75 and 100 feet
above the sea. It is, as it exists today, certainly a young island whose subaerial
age is to be counted in thousands of years rather than hundreds of thousands
of years. The ‘old lagoon depression and its included coral masses and irregulari-
ties can still be seen. It appears to have risen sterile from the sea, insofar as its

terrestrial biota is concerned, yet it is now densely clothed with a tangled tropical .

jungle. More than 250 species of plants, mostly native, were found there in 1934
by Bishop Museum’s Mangarevan Expedition. There are also endemic birds,
including an endemic genus (subgenus?) of rail, endemic insects and endemic
land snails. Thus, all of the major elements of the Polynesian terrestrial biota
have succeeded in being transported across the sea, colonizing this tiny bit of
isolated land, and have not only established themselves there but have evolved
into new forms quite distinct from their forebears.

To my knowledge no one has stood on an island and watched hurricane winds
blow insects or land snails from another island across the sea, or watched while
seeds, insects or land snails were dislodged from birds or from materials drift-
ing in on waves. However, there are those who saw very large sheets of iron
roofing torn loose from a church on Tau, Samoa, by a hurricane and others who
saw some of that iron crash onto the island of Olosenga six miles away across
the sea! The iron could be seen, but not the seeds, small insects and land snails
that might have been carried across the channel at the same time. I picked a
living bark beetle out of the feathers of an owl knocked down in flight in the
highlands of Fiji. Owls have been seen at sea 1,000 miles from the nearest land.

Wheeler (1916:180) described a new species of ant from a colony taken from:

a log which had floated from Brazil to San Sebastian Island.” A mallard duck
shot in the Sahara had snail eggs on its feet.

These are just a few facts from the body of convincing evidence that shows
without a doubt that overseas dispersal is an active reality.

My friend R. H. Van Zwaluwenburg spent about four months on the coral
island of Canton (171.5°W 2.5°S) during two successive years and has, for-
tunately, recorded sotne of his observations made there. Because of the variation
in annual rainfall, the island’s vegetation cover ranges from desert-like to lush.
During and following a period of dry years when the island was in “desert con-
dition,” only an occasional straggling, travel-worn Hypolimnas boline butterfly
was seen. After a period of rains which brought up a lush growth of plants
from dormant seeds and roots, the butterfly became established from overseas
immigrants. Single specimens of the monarch butterfly arrived, but this species
had not succeeded in establishing itself up to 1941 (because of lack of a suitable
host?). Also, after a period of rainfall which left some persistent ponds, two
species of dragonflies became established from immigrant parents. No dragon-
flies were seen on the island during the previous year. A return to arid conditions
would. result in the local extermination of the butterfly and the dragonflies.

Van Zwaluwenburg (1942) says, “It seems probable that some or all of the
above insects, as well as others similarly capable of traveling long distances,

[y
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have been established on Canton at one time or another in the past. The fact
that the present establishment of the three discussed is recent suggests that con-
ditions of food and water favorable for their maintenance are only temporary;
that establishment and local extinction succeed each other as favorable and
unfavorable conditions alternate, and that the present colonies of these particu-
lar species will in turn die out when severe drought recurs.”

The prevailing winds at Canton are easterly or southeasterly, and the normal
current drift is westward. In 1940 few or no seeds were seen among the debris
cast up on the beaches. Following a period of strong winds from the west (up
to 55 knots), drift-borne seeds were common and conspicuous, and the seeds
of about 20 species of plants were picked up. Some of the seeds found were of.
species which are not known to live on any island closer than several hundreds
of miles from Canton.

The insects and seeds recorded here are all large, conspicuous, easily seen
objects. How many minute seeds and insects might escape the notice of the
observer?

Seeds of many of the species listed had sprouted after stranding. Between 35 and 50 coconut
sprouts were estimated to be still present in September along the entire 27-mile perimeter of
the island, but these were only a small fraction of the total number of coconuts cast up. Some -
of the hazards attending the survival of the seedling plants from drift seeds are obvious: hermit
crabs (Coenobita olivieri Owen) shred the husks of coconuts and eat out the contents of the
sprouted nuts; flood tides drench many seedlings with sea water; in at least one case high
water buried a sprouted palm deep in sand. So the complete failure of any of the above named
plant species to become established on Canton in the past (all of the coconuts growing on the
island are known to have been planted by man) is not surprising when, to the hazards already
mentioned, are added the inevitable recurrent shortages of rain. (Van Zwaluwenburg, 1942:52.)

The great difficulty in the dispersal of animals from one locality to another
on floating vegetation appears to be not so much dependent upon their being
cast adrift and being transported, but rather in their landing in another locality
and becoming established in a foreign and perhaps hostile environment. Sea
beaches upon which flotsam is cast are not usually favorable environments for
the establishment of most terrestrial organisms. Many kinds of insects which
were purposely introduced and carefully cared for have failed to become estab-
lished in Hawaii. The number of. natural immigrants which have {failed to-
establish themselves after surviving overseas journeys must be very great.

The crux of the problem is that insects, plants and terrestrial Mollusca do
inhabit all habitable Pacific islands no 'matter how great the isolation, and, there-
fore, they possess advantages that fit them for selection by agents of overseas
distribution and for survival. Many of the insect genera inhabiting mid-Pacific
islands are flightless descendants of flightless ancestors, and because they inhabit
islands separated by hundreds of miles of open sea, their distribution is obviously
independent of their ability to walk. Such insects have crossed, and undoubtedly
still are crossing, large bodies of open sea, not because they have wanderlust, but
because of forces beyond their control—forces undoubtedly adverse to their
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general well-being. A bewildering fact is- not that these islands have been col-
onized by overseas dispersal, but that so few animals have crossed the sea and
have become established  here. '

As an example of comparatively recent interisland dispersal, the minute weevil
Microcryptorhynchus vagus Zimmerman may be mentioned. There are more than
80 species of the genus described from southeastern Polynesia, but all except M.
vagus are confined to single islands or parts of individual islands. However, M.
vagus breaks the rule of absolute uni-insular endemicity, for I found it on four
of the Society islands.

One may be asked, “If such distribution has accounted for the origins of these
floras and faunas, why has it stopped? Why do we not find species blowing or
drifting in. now ?”" The answer to such questions is simple. What would be the
chance of finding a few small seeds, molluscs or insects which might arrive in
any one area from overseas? Almost nil, of course. If they became established,
one might find a colony before long, but it is too much to expect actually to
witness the arrival of such minute immigrants. In another section of this paper
I have analyzed the Hawaiian insect fauna and -found that.over a period of
several millions of years, only about 250 overseas stragglers succeeded in becom-
ing established in the several thousand square miles of the Hawaiian Islands—
perhaps only one successful colonization per 20,000 years! The very develop-
ments of the diverse parts of the biota reflect sporadic and interrupted immigra-
tion over long periods of time. Overseas dispersal has not stopped, but we are
fortunate when we can record a few concrete facts. Our period of scientific
research on such problems is but a passing moment, and we cannot expect to
witness everything in a wink of time’s eye.

MEANS OF DISPERSAL

There are three principal ways by which the terrestrial endemic biota of the
Hawaiian Islands may have reached the archipelago. These are marine drift,
wind and aid from other organisms.

The normal, contemporary ocean currents that sweep past the main Hawaiian
islands are from the east, but the westernmost islands come within a zone that
experiences at least a certain amount of drift from the west. During Pleistocene
glaciation, the western current may have shifted farther to the south. Thus the
archipelago may have been much more affected by currents from the west in the
past than it is now. The problem of past climatic changes is worthy of careful
study, and it has not received adequate attention in the Pacific. At the present
time, logs from northwest America and fish net floats and other items from Jap-
anese waters are commonly cast upon Hawaiian shores. There appears to be little
information available concerning the routes of drift of these objects. It would be
most worth while if a study of the material coming ashore at Midway Island, for
example, could be made to determine how long the material had been in the water
and by what route it had traveled. A study of the marine organisms adhering to
floating objects would reveal much pertinent information.
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However, the strong, eastward, counter currents set up by cyclonic disturb-
ances should not be overlooked. Probably they are largely to be credited with the
spread of the common strand plants that are as a group so similar from Micronesia
and Melanesia eastward. Irregular currents may be more successful agents
of dispersal than normal currents.

The literature is replete with examples of plants and animals being trans-
ported across wide stretches of sea. It is usually only the records of the larger
animals that find their way into print, however, and crocodiles, monkeys and
large and small reptiles are known to have made their ways, some on identified
floating material, across ocean barriers. Wood-Jones (1910:290) records a tree
which carried ashore at Cocos-Keeling a wheelbarrow load of soil in its buttressed
base, and he considered that a small burrowing snake was carried to the island
in such a manner. Large rafts or masses of debris making up “floating islands”
are commonly washed out to sea from islands from Fiji westward. It has been
shown that such masses may carry with them a varied assortment of plants and
animals. Mr. C. E. Pemberton told me that while out of sight of land on a
voyage between Macassar, Celebes and Sandakan, Borneo, many “floating islands”
were seen. These mats of vegetation were lush and green, and palm trees 20 to
30 feet high stood erect on the floating masses. A survey of thése rafts probably
would reveal that numerous plants and animals were riding them. Although
such rafts are probably broken up by rough water, it is possible that some of
them, on rare occasions, could travel more or less intact for many hundreds of
miles and deposit at least part of their living cargos on foreign shores. I have
seen large trees washed from stream sides during a storm in Tahiti and have
seen them floating out to sea with their large branches riding high out of the
water. The large, heavy trunks, great root masses in which are entangled stones
and soil, and the submerged limbs may act as keel, ballast and stabilizers and
hold a part of such floating trees permanently out of the water. Some of the
branches may be held 20 or more feet above the waves. At rare intervals, colonies
of animals and seeds may be able to survive lengthy journeys in such perches.
It is conceivable that over a period of several millions of years a few such
floating trees have been beached in Hawaii and that from them there escaped
ancestors of some of our insects, terrestrial molluscs and plants.

Visher (1925:122) said:

The floods caused by the excessive rainfall associated with hurricanes influence the dispersal
of land forms. There are numerous records of the fall of more than twenty inches in two days,
and some records of more than sixty inches in three days. Under such conditions streams nor-
mally small may become great rivers and carry to sea vast quantities of driftwood. The river
banks are eroded badly, and many trees are undercut and are carried out to sea. During the
excessive rains, large masses of dirt and loose rock upon steep hillsides may slip, sometimes
damming valleys. If the dam breaks, the sudden rush of water does its part to contribute
natural rafts of driftwood with their load of land animals and seeds. Hence, the absence of long
rivers flowing to the Pacific, with the exception of the Chinese rivers, should not lead to the
assumption that natural rafts of considerable size and biological dispersing possibilities are
lacking in the Pacific. Pilsbry has made this erroneous assumption. He states: “The argument
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of the distribution of animals by natural rafts has never been more convincingly stated than by
W. D. Matthew in his paper ‘Climate and Evolution’” Much of his argument is not applicable
to the Pacific islands. Here we have no large rivers to give forth natural rafts. If a single

tree washed to sea it must be very exceptional” ’

Perkins (1913:1xvi), speaking of the dispersal of Hawaiian land snails, said,
“We once found at the foot of the Waianae slopes a number of one of the terres-
trial species of Amastra, quite outside of the forest, hiding in the hollows of a
large log on the bank of a stream. This log had clearly been carried down in
a flood, and probably for many miles before stranding, the stream arising in the
Koolau range of mountains, the forest of which was miles distant.”

However, because of the concomitant difficulties in transportation and estab-
lishment, it appears that marine drift is probably the least successful of the
three methods of transport. o

The bulk of the insect faunas of the mid-Pacific appear to me to be wind-
borne. Adequate experiments have now been carried out to show that both
winged and wingless insects are carried by air currents to great heights. The
work of Glick (1939) has been previously reviewed and the interested reader is
referred to his extensive discussion of the records obtained during a five-year
period of trapping insects in, the air by the use of airplanes. “Not only .were
thousands of insects taken at various altitudes up to 14,000 feet, but spiders and
mites, wingless creatures, were not uncommonly captured. One spider was taken
at 15,000 feet. Some opponents of dispersal by wind say that certain insects are
weak fliers and are therefore not capable of traveling great distances on the wind.
These weak fliers are just the insects which Glick found to be the most abundant
in the air and which were carried to the greatest heights. Heavy-bodied, strong-
flying insects were not taken high in the air. Not only were winged adult insects
collected, but larvae, nymphs and wingless adult insects were captured as high as
14,000 feet. Glick says that these wingless forms are all at the complete mercy
of the upper air currents.” (Zimmerman, 1942:287.) An analysis of the endemic
Hawaiian spider fauna shows that it is made up only of those groups that can be
wind-borne; 21l other groups are absent. ' .

It is not considered that normal trade winds are strong enough to blow even
small insects for significant distances across open bodies of sea. The trade winds
of the Hawaiian area blow from the east. In another section it is shown that
relatively few insects have been derived from America. Therefore, the normal
trade winds cannot be considered as primary agents for the dispersal of the
predecessors of the Hawaiian insects. Also, the unbroken distance between
America and Hawaii is great. However, it is largely abnormal rather than normal
conditions that have accounted for the dispersal of the mid-Pacific biota. In
reviewing the distribution of south Pacific insects' (Zimmerman, 1942), it was
noted that hurricanes have often swept from the west, crashed through insular
forests stripping trees of their leaves and twigs, churned across the sea and
passed over islands eastwardly of their origins. It is such abnormal, cyclonic
winds which I believe have accounted for the dispersal of a large part of the
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insects of the mid-Pacific. Convection currents may carry insects high into the
air to the anti-trade wind zone which blows strongly from the west, and upon
attaining these high strata, insects might be transported for considerable distances.

The force of hurricanes is probably underestimated by those who have not
actually experienced them or seen what they can do. “Men instinctively under-
estimate the lifting power of air. Many zoologists today find it as difficult to
believe that winds and rising air currents can lift and carry moderately heavy
organisms as persons once found it to believe that heavier-than-air machines could
fly.”  (Darlington, 1938:280.) A wind of 75 miles per hour is said to have a
force of more than 16 pounds per square foot. Cyclonic winds with speeds in
excess of 150 miles per hour have been recorded on Pacific islands. The pressure
of the wind increases as the square of its velocity. The force of such winds and
the devastation wrought are astounding. Great blocks of coral reef as much as
30 feet high may be ripped up by the wind-driven waves and brought to rest
on shore. Stone buildings are blown down, and the amount of plant material
thrown into the air is great. ILeaves and twigs hurled high into the air may
well act as conveyances for flightless creatures which cling tightly to such material
or which are living within it. It hardly seems necessary to point out the great
increase in buoyant capacity with decrease in size of organisms. Thus, air cur-
rents which cause little concern to a man have a drastic effect upon small organisms
whose surface is so greatly increased in proportion to their weight. Visher (1925:
120) said:

Is it not highly probable that tropical cyclones have played a part in the dispersal of life
from island to island in the Pacific? Along the Equator are many violent westerly winds, com-
pletely overcoming the prevailing easterlies; within the Tropics or just beyond the Tropics
many storms move eastward. In moving eastward, the strong westerly wind on its equatorward
side carries much with it, and sets up a strong drift as well.... The power of the wind to trans-
port light objects through the air, as for example when birds and insects are carried out to
sea in large numbers, is illustrated by hurricanes. Indeed the presence of butterflies and birds
far out at sea has often been noted in connection with hurricanes.

On page 124 he says:

It is conceded that the effects of a singlé hurricane are small, and the reason why hurricanes
have been largely ignored by the students of plant and animal distribution is because hurricanes
were believed to occur only at long intervals. But now that the records show more than two
score annually, on the average, in the Pacific, hurricanes take on a different aspect and their
significance is increased by the fuller appreciation of the diverse ways in which they affect the
lands, streams and currents,

On occasion, sand from the Sahara Desert is blown as much as 400 miles to
sea where ships have experienced sandstorms and have been littered with sand.

Notations are made of the birds, butterflies and large insects which can be
readily seen, but the minute insects which cannot be seen except when close to
the observer usually escape the records. Butterflies, dragonflies, Orthoptera,
beetles, bugs, flies and other insects have been recorded at great distances from
shore. Some insects have been taken at sea as much as 1,000 miles from their



60 INSECTS OF HAWAIIL VOL. 1

homes. Land snails from Cuba have been carried to Florida by hurricanes, and
numerous colonies are now established on the mainland. A Pan-American Airways
employee told me that after a westerly storm of several days’ duration, a Chinese
cuckoo came ashore at Wake Island. A pair of North American kingfishers flew
ashore on the island of Hawaii a few vears ago. Proterhinus (flightless) weevils
were found by Perkins to have been blown far from their food plants, and he
found (1913:1xvi) land snails which had been carried by the wind on leaves
or small branches to a barren, treeless area on Molokai during a severe gale.
Hardy and Milne (1937) flew kites carrying traps and attached nets to the masts
of ships and found that the amount of “aerial plankton” drifting across the
North Sea was considerable. They caught spiders, Hemiptera, Neuroptera, T'ri-
choptera, Lepidoptera, Hymenoptera and Diptera at sea. “After reading about
the recent developments of our knowledge of the upper air-strata, I am inclined
more and more to regard the trans-oceanic distribution of insects as carried out
mainly in the upper air.” (Guppy, 1925:543.)

Overseas dispersal aided by birds is probably next in importance to occasional
transport by wind, and in certain instances it may be more important. It appears
that the role played by birds in the dispersal of the terrestrial floras and faunas
of Pacific islands is underestimated. Numbers of sea birds such as shearwaters,
terns and tropic birds nest in insular forests from sea level to over 6,000 feet.
Some of these birds burrow in the soil or nest upon the ground in the midst of
dense plant growth, while others build their nests in shrubs and trees. I have
observed white-tailed tropic birds nesting in the high interior rain forests of
Samoa. These birds build their nests in Asplenium nidus (“bird nest”) ferns and
on epiphyte-covered branches of trees. When they alight, they claw at and
beat the surrounding foliage with their wings. By these clumsy actions they
dislodge insects, land snails and parts of plants. The habits of such wide-ranging
birds fit them admirably for having insects, land molluscs and seeds lodge on
their bodies and thus be carried for long distances to other localities. Cyclonic
winds will drive such birds out of their mountain haunts and they may not alight
until another, island many miles distant is reached. There are those who may
belittle the importance of this possible means of dispersal, but we need only
recall the record given previously of the finding of a living bark beetle on an
owl (an owl was captured after it alighted on the “Duchess of Richmond,” a
thousand miles at sea in the Atlantic in 1938), that Perkins found a living acha-
tinellid land snail on a Hawaiian bird, that a mallard duck shot in the Sahara
had snail eggs on its feet and that experiments have shown that seeds are carried
for long distances by many kinds of birds, to have the possibilities of dispersal
aided by birds forcefully illustrated. No survey has been made of the foreign
material adhering to birds in the Pacific. We do not know how much plant and
animal life is carried by birds across the sea. It is highly probable that the several
kinds of Boreal plants found on Hawaiian mountains, as well as certain land
snails which are identical with, or closely similar to, certain northwestern Amer-
ican species, have been accidentally brought to Hawaii by birds. Ducks, geese,
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plover, sandpipers and about 40 other kinds of birds stray or regularly migrate
to or through Hawaii from northwestern America. Some of these birds continue
on to islands in the south seas, and pass back through Hawaii on their return
to northern latitudes. In 1943 a flock of ducks landed at Palmyra Island, about
a thousand miles south of Honolulu. Some of the ducks bore tags which had
been placed on them in Utah. It'is much more unlikely, however, that organisms
coming from the north would become established here in Hawaii than would those
from the south or west, because of the dissimilarity of the environments between
high latitudes and tropical Hawaii. The comparative paucity of Boreal elements
in the Hawalian biota is easily understood, and the few exceptions only emphasize
the general conclusion as to the tropical derivation of the biota. It may not be
out of place to note here that a cuckoo migrates regularly over an east and west
route .in the south Pacific. I have seen the species as far east as Mangareva.
Some malacologists are reluctant to admit that land snails can be transported
across ocean barriers. It has been said that the large snails such as the Hawaiian
achatinellids and amastrids are particularly unsuited for such distribution. How-
ever, if we approach the problem differently, different conclusions may be reached.
If, as I believe, the large Hawaiian snails have evolved from small or minute
ancestors, then the argument based upon their large size loses its weight. How-
ever, if small snails can be distributed overseas, then what is to prevent eggs or
tiny, immature specimens of large species from being similarly transported?

I agree with Mayr when he says (1940:201):

The means of dispersal of most plants and animals are much more extensive than was
formerly realized, and even .rather irregular distributions can be explained without the help
of land bridges. Dispersal across the sea is, of course, most obvious for birds, and ornitholo-
gists were among the first who accepted the ideas of the permanency of continents and oceans.
Most entomologists are also beginning to realize that they can solve most of their distributional
difficulties without land bridges. The conchologist, however, postulates even today continental
connections between all or nearly all the islands where land shells exist. It seems to me that
the wide acceptance of land bridges by conchologists is chiefly due to three reasons: (1) our -
almost complete ignorance of the means of dispersal of snails, (2) our lack of knowledge
of the speed of speciation in snails, and (3) faulty classification, particularly generic classifi-
cation. A. Gulick has already directed attention to the presence of snails on most oceanic islands.
. They were unquestionably carried there by some unknown means of transportation. Occasionally
we must accept this even for larger snails. If one (or several) species of the large snail
Placostylus are found in northern New Zealand, I would not, as Hedley did, create a continent
embracing all the areas where the genus Placostylus is found (New Zealand, New Caledonia,
New Hebrides, Solomon Islands, and eastern New Guinea), because the acceptance of such
a land mass is contrary to all the other evidence. To me it seems incomparably simpler to
assume a still unknown method of transportation than a land bridge that is unsupported by
any other fact,

H. B. Baker, who has published the most modern monograph on Polynesian
snails, states (1941:350) that “The most probable method, by which the accidenta!
introduction of these land snails might be accomplished, would appear to be

" their rare transport by birds. As is known, certain of the latter, such as the golden
plover, do annually migrate through Hawaii to islands in the south central Pacific
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and might occasionally transfer eggs, juveniles, or even adults.” Baker (1941:355)
also states that the long axis of the distribution of the Philonesiae snails from
Hawaii to Rapa, which corresponds with the distribution of the recent Nearctic
groups which have colonized Hawaii and Tahiti, “suggests that bird transport
may also have been a factor in the dissemination of these Microcystinae.”

The transportation of snails by birds has not been well understood. There is a genus called
Succinee, found not only on our islands, but also on many remote islands out in the ocean.
Succinea has been found on the plumage of birds, and it can hardly be doubted that it thus
reached various oceanic islands, but at very rare intervals. There is a remarkable genus of
slugs called Binneya, discovered on the small Santa Barbara Island long years ago. Last year
I found a couple of Binneya shells in a superficial deposit on San Nicolas Island. Far to the
south, Binneya is also found on Guadalupe Island, but, as Pilsbry has shown, the species is
distinct. It is difficult to understand how such an animal could cross the sea, but it is known
that in the dry season it is covered with a mass of dried mucus which protects it from
desiccation. It can be sypposed that this sticky mucus, when fresh, might cause the slug
to adhere to some bird, and thus obtain transportation. It is not surprising that actual ptroof
of such transportation is rarely to be had; the event must be a very rare one, as otherwise the
insular races, evolving under conditions of isolation, would be swamped by newcomers. (Cock-

erell, 1939:103.)

- It should be emphasized here that conditions in the Hawaiian Islands have
been changed drastically since the introduction of man, dogs, cats, swine, rats and the
mongoose. The sea birds at one time nested on the main islands in myriads, as
they do on certain other islands today. The sea birds no longer can use the main
islands as they once did. Furthermore, these birds have had their numbers reduced
to a small fraction of what they once were. We are apt to overlook these great
changes which occurred before we began our studies.” The change which has
taken place in the development of the sea birds in Hawaii has been a profound one.

One of the most conspicuous features of the insect faunas of the eastern
oceanic islands is the entire absence of some large groups, families and orders
common to all continents. They have been eliminated by the selective agents of
overseas dispersal. Scarab beetles are one of the most dominant groups of all
the continents, yet there is not a single native species on the central Pacific
islands ‘east of Fiji. Most of them are subterranean in their larval stages, and
most are strong fliers. The family is greatly developed in western Oceania.
To my knowledge, the only native beetles with true subterranean larvae that
-occur on the islands of Oceania east of Samoa belong to the flightless genus
Rhyncogonus—but the eggs of these weevils are deposited on leaves. The absence
of endemic Chrysomelidae, or leaf beetles, from Oceania cast of Samoa is difficult
to explain; they are extensively developed in the western Pacific. With few
exceptions, the entire endemic beetle fauna of southeastern Polynesia is composed
of small, predominantly flightless species which breed in dead twigs, dead leaves
“or in or under dead bark, and these forms are more extensively developed than
any of the other groups of terrestrial animals in that region.

We will do well to keep in mind Darwin’s remark, “How ignorant we are .
g
with respect to the many curious means of occasional transport.”



CHAPTER 3

ANALYSES AND SUMMARIES OF THE
HAWAIIAN BIOTA

A classification which shall represent the process of ancestral evo-
lution is, i fact, the end which the labors of the philosophical taxon-
omist must keep in mind.

—Huxley

’

The total number of insects recorded from the Hawaiian Islands exceeds 5,000
species, but many other species are known that await determination or descrip-
tion, and untold numbers of new species have yet to be collected from their
mountain haunts. This assemblage is composed of two distinct elements—one
native, the other foreign. Only the native insects will be included in this analysis,
because it is limited to a discussion of the fauna of Hawaii before the advent of
man so greatly disturbed the environment.

ENDEMIC AND INDIGENOUS, IMMIGRANT AND INTRODUCED

It is worth while, hefore proceeding,.to define certain terms as they are used
in this text to obviate the possibility of misunderstanding. In using the word
native, reference is made to those insects which are either indigenous or endemic.
Indigenous species are those which live naturally in Hawaii as well as in some
other place or places, and whose distribution came about without the intervention
of man. As an illustration we may use the ectoparasitic louse fly, Olfersia spinifera
(Leach) (Hippoboscidae). This fly is a parasite on such sea birds as the frigate
bird, which ranges far and wide among Pacific islands. These birds are found
naturally in Hawaii, but also on many other islands. The fly has followed its
hosts for untold thousands of years, and it is thus indigenous to Hawaii, but not
endemic to Hawaii alone. Species endemic to Hawaii are those which are entirely
restricted to Hawaii and are not naturally found elsewhere. As an example of
an endeimic insect we can list the ground beetle Blackburnia insignis Sharp (Cara-
bidae) which has been found only in a restricted area in the Kaala section of
the Waianae Mountains of Oahu and nowhere else in the world. Moreover,
the genus to which it belongs is endemic, for it is found only on Oahu.

The foreign insects may also be placed in two categories. The first of these
are the smmigrant species, or those which have been unintentionally brought
in by the intervention of man. Such insects are the granary weevils, which have
come in cargos of rice, flour or other such materials, or the dozens of species
of scale insects which rode into Hawaii on plants brought here for planting or

[63]



64 INSECTS OF HAWAIIL VOL. 1

on imported fruits and vegetables. The majority of our more than 1,300 foreign
insects are immigrants. The second group of foreign insects are the purposely
introduced species. The many species of parasitic or predaceous insects pur-
posely introduced to aid in the biological control of insects and plants come under
this heading. We are likely to use the term iniroduced loosely and to apply it to
any foreign insect—I have unintentionally done so myself. But, according to
some entomologists, it appears that, strictly speaking, the word introduced should
be reserved for those species which have been purposely imported and not applied
to- accidental immigrants. However, I can see now no good reason why the
qualified phrases natural tmmigrant, purposely introduced and accidentally intro-
duced are not equally acceptable. ‘

It is not always easy to tell to which of these four categories a particular
species belongs. Fortunately, records of importation have been kept for most
of the purposely introduced species. The common immigrant household pests
such as cockroaches are also easily placed. Some species which we know are
- immigrants have been described from specimens collected in Hawaii and, because
of our incomplete knowledge of other regions, these species have not yet been
found in their native lands, and we do not know whence they came. Some species
are considered as probably indigenous, but are not yet known from any other
locality. However, some indigenous species known only from Hawaii when first
described have since been found living natively elsewhere. The majority of the
endemic species have definite characteristics which stamp them as endemic, and
some of these features will be outlined in the following section.

3

THE INDICES OF ENDEMICITY

The natural evolutionary products of Hawaii for the most part have dominant
characteristics of endemicity. A number of rules can be formulated to distin-
guish them, but, as with so many other natural phenomena, there are numerous
exceptions to most of these rules. Some of the significant characters of endemic
insects are as follows:

1. Most endemic species belong to Hawaiian species complexes. In other
words, an endemic species usually is one that belongs to an association of Hawaiian
species which are closely allied to one another or show obvious genetic community
of origin. ‘As examples of species complexes we may take extremes such as the
genus of small moths, Hyposmocoma, with more than 200 described Hawaiian
species, or the genus of small, flightless beetles, Proterhinus, with its 181 described
Hawaiian forms. On the other hand, the singular, flightless stag beetle, Aptero-
cyclus - honoluluensis Waterhouse, is an endemic species belonging to a mono-
typic endemic genus. It is a polymorphic species, but evidently none but the
single species restricted to the high mountains of the island of Kauai exists. This
stag beetle, it is true, does not belong to a species complex, but it is distinctly
isolated from any species known from the rest of the world. It appears to be a
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relict form. The cosmopolitan butterfly genus Fanesse is represented in Hawaii
by a single endemic species. This butterfly, as an adult, is not greatly different
but yet is unlike any other member of the genus, but, according to Perkins, its
larva is so distinct from other Vanessa larvae as to make it appear almost to
belong to a different genus. It may be that compared to the Hyposmocoma and
other lepidopterous complexes this single species of Vanessa is a newcomer to
Hawaii. But its habits and make-up may be such that it would remain as a rela-
tively stable species for a long period of time within the islands, yet develop
certain unique characteristics as a Hawaiian species. It appears most probable
that it has been derived from a comparatively recent (geologically speaking)
natural immigrant, but it cannot now conclusively be shown that this.is true.
Perkins had similar views in mind wheh he wrote (1913:cxlv),

Many of the endemic genera, that contain a single, or a few species, are clearly offshoots
from other of the larger endemic genera, or as one might say, they are species of these genera,
which have diverged more widely in structure than the average.... While therefore the apo-
demic genera are usually very distinct or remote from one another, the endemic -are often
closely allied to one another, in such a way as to form aggregates of several allied genera,
these aggregates being generally remote from one another and more nearly correspondmg to
the apodemic genera than do the individual genera composing them.

2. Most endemic insects are confined to native forest plants. Many of them
are highly specialized in their host’specificity. Some species are confined to a
group of allied plant genera, others to a group of allied plant species, others to
a single plant species, and others appear to be so specialized as to breed only on
a particular variety of a plant species. Many species which are not herbivorous
are also confined to certain species of plants. Some groups of Hawaiian insects
are so host-specific that it is at times possible to determine a species by being
given only its genus, the locality at which it was found and its hostplant. How-
ever, there are some exceptions to this rule. In Nysius, a genus of true bugs,
certain endemic species may be found in great numbers on introduced or immi-
grant plants such as foreign Portulaca and amaranth. In fact, at least one of
these species has the appearance of an immigrant, although it is a true endemic
insect. If it were a plant it could well be called a “native weed.” It is one of
the few endemic insects that has been able to break out of its native realm and
take to foreign plants outside the primitive forests.

3. Most endemic insects are confined to the mountain forests and are now
reduced in numbers or are exterminated in the lowlands because of deforestation
and pressure of immigrant enemies. Most of the endemic insects have been
exterminated throughout the range of the voracious immigrant ant Pheidole
amegacephala, which is widespread from sea level to about 1,500 to 2,000 feet,
more or less, according to locality and rainfall. However, some endemic insects,
especially certain Heteroptera and Homoptera, have not been killed off by the
ants and are even now widespread and thriving in the lowlands. Also, some
species have quickly taken to immigrant or introduced lowland plants, especially
when the foreign plants belong to the same or allied genera as their native hosts.
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4. The.majority of endemic species have a restricted geographical range. Most
of the endemic species are found on single islands; many of them are restricted
to certain mountain ranges, individual mountains or valleys or restricted ecological
zones within single islands. However, some endemic species are found on most
or all of the six main high islands, and some are found on two or three adjacent
islands. The family Carabidae, or ground beetles, presents a good example of
restricted specific distribution. Of the 222 certainly endemic species, only five
are found on more than one island. Thus, almost 98 percent of the Hawaiian
Carabidae are confined to single islands. Additional analysis would show that
the species are further restricted to definite ranges within particular islands.

As an uncomplicated example to illustrate the foregoing discussion of endemicity,
let us examine the beetle family Anobiidae. There are two groups of species—
one foreign, the other native. There are three foreign species, each of these
species is in a different genus, and each genus is in a different tribe. All three
species are widespread immigrant pests of considerable economic importance
to stored produce and other materials both in Hawaii and elsewhere. The native
group includes 140 species and 19 “varieties” (some of these so-called varieties
may be subspecies or species), and these 159 forms belong to three genera—
an average of 53 forms per genus, all of which are endemic. The three genera
belong to two tribes; two of the genera are endemic, and these belong to the
same tribe. Almost all of the endemic species are now confined to the native
mountain forests, and with the rare occasional overlap of hostplants on the part
of a very few species, all are attached to native plants. About 80 percent of the -
species are confined to single islands, and some of these are further restricted
to particular areas within single islands.

THE PERCENTAGE OF ENDEMICITY *

The usual figures of endemicity are misleading. Authors tend to take the total
number of species present in an area as a base and derive a percentage from that
number. However, the proper procedure appears to be one based upon the native
insects alone and excludes those brought in by the interference of man. Imported
parasites and accidental immigrants brought in on plants, agricultural produce
and other materials from diverse parts of the world should not be considered
in the same light as those derived by natural means over millions of years. Should |
an island on which there are found species of endemic bats be considered to have
less than 100 percent native mammalian endemicity because man has recently
invaded the area and brought in horses, cows, sheep, goats, pigs, rats, mice, dogs
and cats? Of course not. By the usual method of citing percentages of endemicity,
each year would find a decrease in the percentage of native species because of the
continual immigration and importation of foreign species. On this basis, then,
the number of native Hawaiian insects is taken as 100 percent. The number
of indigenous species has been found to be surprisingly small. The percentage
of endemism .among the native Hawaiian insects approximates 99 percent!
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THE ORDERS OF INSECTS IN THE ENDEMIC FAUNA

" The number of orders of insects in the world has not yet been definitely agreed
upon by entomologists. In the 1933 edition of Comstock’s An Introduction to
Entomology there are 25 orders listed; Imms, in his 1934 edition of A General
Textbook of Entomology, lists 23 orders, but Essig, in his recent College Ento-
mology (1942), lists 33 orders. Essig’s high number is reached by dividing the
Thysanura into Thysanura and Aptera, by separating Grylloblattodea, Blattaria,
Phasmida and Mantodea from the Orthoptera, splitting off the Diploglossata from
the Dermaptera, the Zoraptera from the Corrodentia, separating Anoplura and Mal-
lophaga and removing the Megaloptera and Rhaphidiodea from the Neuroptera.
There appears good reason to divide some of the orders, but it does not seem that
undue splitting of other orders is necessary. For example, should the obviously allied
grasshoppers, cockroaches, mantids and phasmids each be given a high rank
equivalent to that of such distinct groups as the beetles, wasps ‘and flies at the
other end of the series? It appears that a more logical system would place the
five main divisions of the Orthoptera as suborders. However, this is not the
place to enter into a critical discussion of such problems. For comparative pur-
poses, I believe that the most recent list, but the least conservative one, of 33
orders will place the greatest emphasis on certain features which I wish to bring
out in this book. Therefore, I shall adopt Essig’s list of orders for this analysis
of the Hawaiian Insecta.

The listing of the orders in which there are native representatives in the
Hawaiian fauna is not so easy as it might appear. For example, there have been
32 species of Collembola recorded from Hawaii, but it cannot yet be shown that
any of the species are native insects. Our knowledge of the order from the world
as a whole is too poor to enable a conclusion to be reached. On the other hand,
there are some species which might be native. As a whole, however, the Col-
lembola appear to be immigrant insects, and for the purpose of this study, I
shall place these dubious groups on the non-endemic list.

The orders of insects which appear to have native species in Hawaii are as
follows:

1. Thysanura . 7. Hemiptera

2. Orthoptera - 8. Neuroptera
3. Corrodentia 9. Lepidoptera
4. Mallophaga - 10. Coleoptera

5. Odonata v 11. Hymenoptera
6. Thysanoptera 12. Diptera

THE ORDERS OF INSECTS UNREPRESENTED IN
THE ENDEMIC FAUNA ‘

There are 21 (63 percent) of the orders of insects unrepresented in the native
fauna. Fifteen of these 21 orders are now represented in the islands by immigrant
species, and the only orders not yet established are Grylloblattodea, Diploglossata,
Plecoptera, Megaloptera, Rhaphidiodea and Mecoptera. It will be worth while
‘to review the 21 orders of insects not found natively in Hawaii.
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1. Protura. These peculiar, minute, soil- and humus-inhabiting organisms have
been known only since 1907. Since that time species have been described
from widely separated places about the world. Specimens have been found
in the soil of sugarcane and other fields on Oahu, but these specimens were
never identified. There appears good reason for believing the material to
represent an immigrant species, however. '

2 Diplura. There are four species belonging ‘to four genera, two in the Campo-
deidae and two in the Japygidae recorded from Hawaii. One (Japyx) has
evidently not been.found elsewhere, and, although I am listing it as adventive,
it may some day be found to be native. The Diplura are blind inhabitants
of soil, humus and rotting logs and are comparatively poorly known, although
they are world-wide in distribution.

3. Collembola. Collembolans make up a considerable part of the insect faunas of
most continental regions, but they are a poorly known groups of organisms.
There have been 32 species belonging to 24 genera included in the families
Hypogastruridae, Onychiuridae, Isotomidae, Entomobryidae and Sminthu-
ridae recorded from Hawaii. Of these, all but five species appear to be, with-
out question, immigrants. The remaining five may also be immigrant species,
and I am not including any of them as probable natives for this reason. None
of them has all the characteristics of the endemic insects.

4. Grylloblattodea. Only a few of these wingless cricket-like insects are known,
and these are restricted to certain snowy mountain areas in western North
America and in Japan.

5. Blattaria. There are 18 immigrant cockroaches included in 15 genera in Hawaii.
Although some other Pacific islands have native species, all the Hawaiian
species are adventitious. Australia has a particularly rich and diversified
cockroach fauna. ' _

6. Phasmida. There are many native species of leaf and stick insects in the south-
western Pacific, but none has reached Hawaii.

7. Mantodea. Mantids are common in Australia, New Guinea and adjacent islands,
but the only species we have in Hawaii are three immigrants. One is a
native of Australia, one is recorded from Java, China and Japan, and the
other is recorded from Java and the Philippines.

8. Dermaptera. There have been 12 earwigs belonging to. 8 genera recorded from
Hawaii. Most of these species are widespread insects, but a few have been
described from Hawaii. However, there appears to be more reason for
believing all the species to be adventive than to consider that any of them
is a native insect. ]

9. Diploglossata. Only two species have been discovered in this order. Both of
these insects are ectoparasitic on rats in Africa.

10. Plecoptera. Stoneflies (which are thought to be among the most primitive of
living winged insects) are not represented on any Pac1ﬁc oceanic islands.
Their larvae are aquatic.
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11. Isoptera. Although the south Pacific islands from Samoa and Fiji westward
are richly endowed with native termites, no endemic species exists in Hawaii.
Four immigrant species belonging to four genera have thus far become estab-
lished in Hawaii. _

12. Embioptera. A single immigrant species that is found widespread throughout
many Pacific islands now also lives in Hawaii.

13. Zoraptera. One probably immigrant species represents this small but wide-
spread order in Hawaii.

14. Anoplura. No native sucking lice are known in Hawaii. The lack of native
land mammals (excluding bats) accounts for their absence. A few common
immigrant species are now found on immigrant and introduced mammals.

15. Ephemeroptera. The may flies, whose larvae are aquatic, did not reach Hawaii
naturally. The nearest islands in which members of this order have been
found are the Samoan group where there is a single native species known. A
foreign species has recently become established here, however.

16. Megaloptera. The sialids or dobson flies also have aquatic larvae. There are
a number of species found in Australia and New Zealand (and also on the
continents), but to my knowledge none has been found on oceanic islands.

17. Rhaphidiodea. This group is represented only in America and Eurasia with
about 95 percent of the species confined to the Holarctic region. None is
known from the Pacific. )

18. Mecoptera. The scorpion flies are thought to be the oldest insects yet found
in the fossil state (lower Permian) that belong to groups having complex
metamorphosis. Most of them have terrestrial larvae. The order is world-
wide in distribution with the greatest concentration of species in Asia and
the Indo-Australian regions. None has been found on any mid-Pacific island.

19. Trichoptera. No caddice flies are native to Hawaii, but I recently found an
immigrant species about some lily ponds in a Honolulu garden. Caddice flies
are found natively in Samoa and are abundant from Fiji westward. Their
larvae are aquatic. '

20. Strepsiptera. Although a species and a variety of Elenchus have been described
from Hawaii, in addition to a known immigrant species, I am inclined to
consider all of the forms adventive. Little is known regarding these insect
parasites in the Pacific, and only a few species have been discovered on islands.

21. Siphonaptera. There are seven kinds of fleas known in Hawaii, and all of them
are adventive. One species was described as Xenopsylla hawaiiensis Jordan
from an immigrant rat (the “native” Hawaiian rat presumably entered
Hawaii by the canoe transport of the early Hawatian immigrants, and I do
not class it as endemic). Xenopsylla hawaiiensis now is considered to be a
synonym of a southwestern Pacific species.

Thus, the 21 insect orders which are not represented in the endemic Hawaiian
fauna may be placed in the following categories:
1. Four orders having exclusively aquatic larvae: Plecoptera, Ephemeroptera,

Megaloptera, . Trichoptera.



70 INSECTS OF HAWAIIL. VOL. 1

2. Three orders containing apterous, mostly delicate, minute, many blind, mois-
ture-loving dwellers of damp soil or damp humus: Protura, Collembola, Diplura.

3. Three orders of external parasites principally restricted to mammals: Diplo-
glossata, Anoplura, Siphonaptera.

4. One order of rather obscure insect parasites: Strepsiptera.

5. One order of aberrant orthopteroid insects containing a few species restricted
to certain high mountain snow-field country in western North America and Japan:
Grylloblattodea.

6. One order of terrestrial insects almost entirely confined to the Holarctic
region and with no representatives in the Australia-Pacific area: Rhaphidiodea.

7. One widespread order of specialized forms, whose females are wingless;
found under bark, under stones, in trash and humus: Embioptera; and one spe-
cialized, small order containing only about 20 known, delicate species which live
in rotting wood: Zoraptera. '

8. One small, ancient order of mostly terrestrial predaceous insects: Mecoptera.

9. One widespread order of specialized wood eaters: Isoptera.

10. Four orders of mostly ancient, widespread, apparently easily adapted, mostly
orthopteroid insects: Blattaria, Phasmida, Mantodea, Dermaptera.

It will be noted that most of the ancient orders of insects are not represented by
endemic species in Hawaii, and those that are present are poorly developed. The
orders most extensively developed in the islands are geologically the youngest. None
of the aquatic orders is present with the exception of the hardy, strong-flying
Odonata, in spite of the favorable, abundantly watered environment. The soil
dwellers are absent. For most of the missing orders there can be noted charac-
teristics of their habits, life histories or distributions that are or appear to be the
limiting factors which account for their being ahsent from Hawaii. However,
it is more difficult to explain why such groups as the cockroaches, for example,
are not represented by native species. (It is noteworthy that endemic cockroaches
exist on islands as far east as the Marquesas in southeastern Polynesia.)

Because of the lack of adequate, monographic, revisional studies, and because
of my unfamiliarity with all of the pertinent details of the many genera of Hawai-
ian insects, the following summaries have been difficult to prepare. Some of the
statistics given and conclusions reached will be subject to modification as more
detailed and specialized work is done on both the Hawaiian and extra-Hawaiian
faunas. Some of the genera which are listed as endemic may someday be found
to have representatives elsewhere. Some of the species which are listed as endemic
may be found to be immigrant or indigenous. For some of the genera which have
been described as endemic to Hawaii, authors have neglected to say anything
regarding théir systematic positions, relationships, affinities or probable faunistic
derivations. Such inconsiderate negligence is to be deplored. Some authors have
“allied” Hawaiian genera to genera known to them from other localities, but in
so doing, they have made errors that may persist for years in literature. Some of
these errors will be carried along here, because it is obviously impossible to detect
all of them. However, these opportunities for error are in the minority, and the
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general conclusions should not be significantly influenced by them. This section
is necessarily presented in an incomplete and tentative form; I am fully cognizant
of its weak parts. I can only hope that the materials presented here will be food
for thought and entice comment from scholarly specialists who may be able to
aid us in our search for knowledge of Pacific insular life.

SUMMARIES OF THE ENDEMIC INSECTS

I. Summary of the Thysanura—The only members of this primitive order which
I consider possibly to be endemic are two species of Machiloides (Machilidae),
but I am uncertain of their status. One of these species is known only from Kauali,
but the other is widespread among the main islands. The group has received no
attention since the original descriptive work by Silvestri in 1904. Both of the
species have much in common with some of the Australian Machlhdae and it would
not be surprising if these forms prove to be adventive.

II. Summary of the Orthoptera.—The 45 endemic forms are included in two
families. The Tettigoniidae has two endemic genera: the monotypic Conocepha-
loides and Banza with 11 forms. The Gryllidae has 33 species included in four
genera, three of which are endemic. Paratrigonidium (Indo-Pacific) has 16 species;
Prognathogryllus (endemic) has 5 species; Leptogrylius (endemic) has 11 species;
Thauwmatogryllus (endemic) has 1 species. All of the endemic gryllid genera
belong to a single assemblage and appear obviously to have sprung from a common
ancestor. The affinities of the endemic Orthoptera are Indo-Pacific.

I, Summary of the Corrodentia—It is difficult to summarize this order
because of the chaos that exists regarding the status and relationships of genera
and species. Enderlein has synonymized or reduced to varieties most of Perkins’
species, but a careful, thorough revision is essential. For the purpose of this
paper, I shall adopt the status of the species mainly as accepted by Perkins and
Banks. (For references and details, see Volume 2 of this work.) The 24 species
that appear to be native belong to the Psocidae and Elipsocidae. Psocus has 15
species (I have included the 14 species described in Psocus plus the single species
described from a mutilated unique which Perkins placed in Stenopsocus but stated
that it did not belong to that genus); Kilauello (endemic) has 8 species; Pali-
streptus (endemic) has 2 species. The other 16 species belonging to 13 genera
all appear to be immigrants, although some of them are known only from Hawaii. .
Too little is known of the Corrodentia of the surrounding regions to enable a
definite conclusion to be reached regarding the derivation of the Hawaiian fauna,
but it appears to be southwestern Pacific in character.

IV. Summary of the Mallophaga—Although there have been more than 50
species of Mallophaga recorded from Hawaii, few of them are endemic. Most
of the species have been collected from domestic or introduced animals and sea
birds. There never has been a careful search made for lice on the native birds,
but a few species from some of them have been described. The Hawaiian lice
are in great need of detailed study, for no definite conclusions can be reached
with our present meager data. One would expect a wealth of interesting forms to
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be found on the highly modified endemic Drepaniidae which might lend them-
selves to aiding in solving the problem of the relationship and derivation of those
birds. I consider it a great scientific loss that such a survey was not made years
ago when so much bird collecting was being done. Dr. Perkins made a collection

of lice from endemic birds, but it appears to have been lost without ever having -

been studied. An-ardent student might yet be able to find lice on museum skins
of some of the extinct or very rare species, and a permit to collect a few specimens
of the more common of the protected living species could probably be obtained
for such a worthy study.

Although 19 species and varieties have been described from Hawaii, the only
species which I now consider as having a claim to being endemic are five species
found on drepaniid birds. These five species are: Philopterus macgregori (Kel-
logg and Chapman), on Chlorodrepanis virens; Degeeriella (?) diaprepes (Kellogg
and Chapman), on Vestiaria coccinea; Myrsidea cyrtostigma (Kellogg and Chap-
man), on Chlorodrepanis virens, Himatione sanguinca and Vestiaria coccinea;
Colpocephalum hilensis (Kellogg and Chapman), on Vestiaria coccinea; and
Machaerilaemus hawaiiensis (Kellogg and Chapman), on Chlorodrepanis virens.

There have been only three species out of the 62 kinds of endemic passerine
birds from which lice have been described, and these three all belong to the
Drepaniidae, which includes about 45 kinds of birds. No lice have been recorded
from the endemic Sylviidae (warblers, 2 species), Turdidae (thrushes, 6 species),
Corvidae (crows; 1 species), Muscicapidae (flycatchers, 3 species) or Meliphagidae
(honey suckers, 5 species). No lice entirely confined to the endemic non-passerine
birds (about 15 forms) have yet been found. '

No conclusions can be drawn as to the relationships of the endemic Mallophaga
at this time. :

V. Summary of the Odonate.—There are 29 forms of endemic Hawaiian Odo-
nata. These have come from three stocks. The first of these is the single species
of Libellulidae, which has been separated as a “weak” Hawaiian genus from the
Holarctic genus Sympetrum and is now called Nesogonia blackburni (Mclachlan).
The second stock is that represented by the giant endemic Anax stremus Hagen,
an apparent offshoot of the cosmopolitan species Anay junius (Drury) of the
Aeshnidae. The remaining 27 forms constitute the endemic damselfly complex
Megalagrion of the Coenagriidae. It is apparently only a matter of taxonomical
convenience that the Hawaiian species are separated as a distinct genus from the
Oriental-Pacific genus Pseudagrion. Thus, only three ancestral individuals have
given rise to all of the Hawaiian Odonata. The extensively developed Megalagrion
complex is of great interest, because some of the species have forsaken streams
and ponds and habitually breed in little pockets of water at the bases of the leaves
of certain kinds of forest plants; one is even more aberrant, for it is terrestrial
and lives in damp trash under ferns far from water.

VI. Summary of the Thysanoptera—There have been about 90 thrips recorded
from Hawaii, but most of these are immigrants. Unfortunately, the Hawaiian
Thysanoptera have not been carefully revised, and it is difficult for one unfamiliar



ANALYSES OF THE BIOTA 73

with the group to draw many concrete conclusions. From present knowledge,
it appears to me that there may be only about six or fewer genera which contain
endemic species. There are 15 species of Hoplothrips (Tubulifera; Phlaeothripidae)
which appear to be endemic. Nesothrips (Tubulifera: Phlaeothripidae), known
from the Indo-Pacific, contains one possibly native form. Dermothrips (Phlaeo-
thripidae) and Conocephalothrips (Urothripidae), both monotypic, may be native.
Haplothrips (Phlaeothripidae) contains four species which may be endemic. There
are seven species of Isoneurothrips (‘I'erebrantia : Thripidae) which may be endemic.
Although there are several species not yet recorded from outside Hawaii, and
even some genera which have been described as new from Hawaii, there is no
good evidence to indicate that some of these are not immigrants. As is true for
the endemic thrips faunas of Fiji, Samoa and other Polynesian islands, there is a
preponderance of Tubulifera, which are frequently met with beneath dead bark
of shrubs and trees, and a dearth of flower-frequenting species. The endemic
forms are evidently normal derivatives of Pacific faunas. '

VII, Sumnary of the Hemiptera—Heteroptera—There have been 223 kinds of
Heteroptera listed from Hawaii, including 178 endemics. The greatest develop-
ment and diversity of some genera occur in Hawaii, and a number of distinct
genera and groups of allied genera are remarkable endemic products. Many new
species are known and await description. Because there are so many endemic
forms, I shall discuss each family separately.

1. Pentatomidae. The largest, most conspicuous and brightly colored of all
endemic Heteroptera is a single species of Coleotichus which is widely
distributed in the islands. The genus is Indo-Pacific in distribution. The
genus Oechalia has 15 described species. Of these, only one species has
been found outside of Hawaii, and it is widespread in many islands from
Australia to eastern Polynesia but has not reached Hawaii. The 14 Hawai-
ian species are placed in the endemic subgenus Hawaiicola. '

" 2. Coreidae. Two endemic species belonging to the endemic genus I[thamar
compose the native Coreidae. [thamar is an ally of Daclera and is of Indo-
Pacific origin.
3. Lygaeidae.
(2). The tribe Orsillini of the Lygaeinae with its 67 endemic species, 14
endemic subspecies and 3 endemic varieties is evidently the largest tribal
unit of the Hawaiian Heteroptera. These forms are included in five genera
and five subgenera: Océanides (23 species), Glyptonysius (2 species),
Neseis [with subgenera Physonysius (2 species), Leionysius (2 species),
Neseis (1 species), Trachynysius (13 species, 12 subspecies, 2 varieties),
Icteronysius (2 species) ], Nysius (21 species, 2 subspecies, 1 variety) and
Nesomartis (1 species). All of these genera and subgenera are endemic
except the almost cosmopolitan genus Nysius. The species of Nysius are,
however, all endemic-and include the most divergent of all Nysius species.
The tribe, as a whole, has its greatest known diversity in Hawaii. The
entire Hawaiian group may have been derived from about seven, or fewer,
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immigrant ancestors from the south and western Pacific.

(b). The Metrargini of the Lygaeinae constitute an endemic tribe includ-
ing the three endemic genera Metrarga (1 species, 2 varieties), Nesocli-
macias (1 species, 2 varieties) and Nesocryptias (1 species). It appears
that all of these forms could have been derived from a single immigrant
ancestor from the same region as the Hawaiian Orsillini. It may be an
aberrant local offshoot of some ancient Hawaiian orsilline type.

(c). The Cyminae include two allied, endemic monotypic genera, Sephora
and Nesocymus. These are apparently derivatives from a common Indo-
Pacific immigrant, and new species await description.

4. Enicocephalidae. One supposedly endemic species of Nesenicocephalus
known only from a single specimen from Maui represents this family. The
recently described genus is known only from the Philippines and Hawaii.

5. Reduviidae. One species of the endemic Nesidiolestes (Ploiariinae), allied
to other genera which are widespread in the Indo-Pacific, is probably the
only described endemic species of this family in Hawaii.

6. Nabidae. There are 25 endemic species described from Hawaii. These
belong to the widespread genus Nabis. All of the endemic forms are so
closely allied that perhaps a single immigrant from the south Pacific has
accounted for the present endemic complex. '

7. Anthocoridae. The six described endemic species are included in Lasio-
chilus (5 species) and Lilia (endemic, monotypic), and their relationships
are Indo-Pacific. ,

8. Miridae. This family now comes next to the Lygaeidae in its development
and diversification in the islands. It contains 27 endemic species, 1 variety
and 9 endemic genera described, but a large number of undescribed forms
are in our collections, and when they are described this family is expected
to outnumber the I.ygaeidae. Our representatives are all considered Pacific
derivatives.

(a). The endemic Phylinae are included in the nearly cosmopolitan genus
Psallus. There are four species and a variety described from Hawaii, but
more native species await description.

(b). The Dicyphinae includes only two described endemic species of the
widespread genus Engytatus, but many species remain to be described.

(c). The Bryocorinae is represented by four described species of the
endemic genus Swulamita and by the monotypic, endemic Kalania. These
genera are here placed in endemic tribes.

(d). The Heterotominae includes the endemic, monotypic Nesidiorchestes
and Sarona, Pseudoclerade (endemic, 2 species, here considered a native
tribe), Orthotylus (widespread, 7 Hawaiian species described, but many
new ones at hand), Kamehameha (endemic, monotypic derivative (?) of
Orthotylus), Koanoa (endemic, 2 species).

(e). The endemic, monotypic genera Oronomiris and Nesiomiris represent
the Mirinae, but many new species are in collections and await description.
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. 9. Saldidae. This family is represented in the islands by six described endemic
species of Saldula, but new species await description. Evidently these
species represent derivatives of a common Polynesian ancestral stock.

10. Gerridae. The pelagic water striders are represented by two species of
Halobates, one of which appears to be endemic, the other indigenous.

These 10 families represent only about 20 percent of the families of Heteroptera
(in deriving this and similar percentages, I have used the total number of families
as given by Brues and Melander in 1932). Moreover, only the four families
Pentatomidae, Lygaeidae, Anthocoridae and Miridae have more than a single
genus containing native species represented in Hawaii. Four of the families are
each represented by only a single native species. It will be noted that the aquatic
forms are hardly represented, and that none of the families of fresh-water diving
bugs is present. The entire bug fauna is strikingly insular.

VIII. Summary of the Hemiptera—Homoptera—There have been over 500
species of Homoptera recorded from the Territory. However, more than 160 of
these species are immigrants. The only families of the Homoptera that have
proven endemic species in the Hawaiian Islands are the Pseudococcidae, Cicadelli-
dae, Delphacidae, Cixiidae and Psyllidae, and I have listed 341 of these as native.
These five families make up only about 8 percent of the families of Homoptera.

1. Cicadellidae. There are two species included in the endemic genus Neso-
phryne, which appears to resemble the Eurasian genus Goniagnathus and
which is allied to our Kirkaldiella and Nesophrosyne. Kirkaldiella (endemic
derivative of Nesophrosyne) has two species; Nesophrosyne (endemic;
probably a derivative of the Thamnoiettix complex) has 62 forms; Bal-
clutha (Nesosteles) (well developed in the Pacific) has five-native species
and Nesolina, which may be a local endemic development, is monotypic.
This group is Indo-Pacific in affinities. '

2. Delphacidae. There are 139 endemic forms placed in the following genera:
Leialoha (endemic, 12 species); Nesothoé (endemic, 22 species); Neso-
dryas (endemic, 2 species) ; Aloha (endemic, 9 species) ; Nesorestias (en-
demic, 2 species) ; Nothorestias (endemic, 2 species) ; Dictyophorodelphax
(endemic, 4 species) ; Nesosydne (endemic, 82 species) ; Kelisia (5 endemic
species). With the exception of the species of Kelisia, all of these genera
belong to a group called Alohini by Kirkaldy. Two or three ancestral immi-
grants from the southwest Pacific could have given rise to the entire
family in Hawaii. Some of the most remarkable endemic products are
included in this family.

3. Cixiidae. There are 84 endemic forms in this family. Seventy-nine of
these belong to Oliarus and five to Iolania. Iolania was described as an
endemic genus, but it is now known from Fiji also. Ioleniea may be an
offshoot of the widespread genus Cizius. Two Pacific ancestral stocks
appear to be represented by this group.

4. Psyllidae. There have been 30 species and one variety of jumping plant
lice described as endemic. These species are distributed as follows: Swezey-
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ana (endemic, 2 species); Paurotriozana (endemic, 1 species); Trioza
(9 species) ; Kuwayama (5 species, 1 variety) ; Hevaheva (endemic, 9
species) ; Megatrioza (1 species, but several other undescribed species are
at hand) ; Cerotrioza (endemic, 2 species) ; Crawforda (endemic, 1 species).
Most of these species are related to Trioza and might have sprung from
a single immigrant ancestor. Perhaps two original southwestern Pacific
immigrants representing the genera Trioza and Cerotrioza gave rise to
the Hawaiian complex.

5. Pseudococcidae. We have now shown beyond a doubt that Hawaii has a

peculiarly developed mealybug -fauna of its own. The endemism as we
interpret it is as follows: Phyllococcus (endemic, monotypic), relation-
ships undetermined, an unusual form; Clavicoccus (endemic, 2 species),
-another striking group, evidently an old local development; Pseudococcus
(9 species) ; Trionymus (1 species); Nesococcus (endemic, monotypic),
another local offshoot, possibly of an old Pseudococcus form. Although
we are unable to say at this time exactly where the closest affinities of the
Hawaiian group lie, it is suggested that perhaps three or four immigrant
Indo-Pacific stocks might have given rise to this faunal element.

IX. Swmmmary of the Neuroptera—There have been 60 species of Neuroptera

recorded in Hawaii. Of these, 54 are endemic species; the remainder are either
purposely or accidentally imported species. The endemic species are included in
three families which represent only 15 percent of the known families of Neuroptera.

1. Myrmeleontidae. One species of Eidoleon is considered endemic. It is -
closely allied to a south Pacific species.

2. Chrysopidae. ‘Twenty-six species belonging to the endemic genus Ano-

malochrysa have been described. The genus appears to have allies in
Samoa, and seems to have developed in Hawaii from a single ancestral
immigrant, _

3. Hemerobiidae. The 28 endemic species are included in four genera as
follows: Nesobiella (endemic (?), monotypic) ; Nesomicromus (endemic,
22 species) ; Pseudopsectra (endemic, 4 species) ; Nesothauma (endemic,
‘monotypic). The five species last mentioned are flightless and have greatly
reduced and modified fore wings, and the hind wings are atrophied and
minute or absent. These are among the most aberrant of all Neuroptera,
but are obvious local offshoots of Nesomicromus. Probably two immigrant
Polynesian ancestors could have given rise to the endemic Hemerobiidae,
or one if the Nesobiella proves to be non-endemic.

X. Sumnary of the Lepidoptera—There have been approximately 1,000 species
‘of Lepidoptera recorded from the islands, Hereinafter I have listed 850 species
and 10 varieties of these as endemic forms. These are included in 21 families which

amount to only 15 to 20 percent of the families of Lepidoptera. None of the

primitive families is represented. _
This review has revealed to me that chaos exists in the classification of the

Lepidoptera. The Hawaiian group is in great confusion and is most difficult to
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work with in its present state. There are many erroneous generic and family
assignments. Often none of the several authors who have wodrked upon a par-
ticular group agrees upon the position or relationships .of the included insects.
There appear to be numbers of misidentifications. Some of the published material
is useless for the purpose of this paper because of errors and omissions. Unfor-
tunately, I am unfamiliar with the order and cannot weigh evidence and correct
errors which an. authority on the order might do if he were particularly interested
in this problem. Before any satisfactory analysis of the Hawaiian Lepidoptera
can be attempted, careful revisions must be made of all of the groups of the order
represented in Hawaii in the broad light of geographical distribution, derivation
and evolution. Moreover, a more accurate and complete knowledge of the faunas
of the south Pacific must be attained. I must admit that this section of the paper
has many weak spots. :

1. Gelechiidae. Aristotelia has 16 endemic species. This cosmopolitan genus
is evidently poorly represented elsewhere in Polynesia, for there is only
a single species recorded, and that is from Samoa. The affinities of the
Hawaiian species have not been determined beyond their being con-
sidered Pacific. Merimnetria appears to be endemic and monotypic, and,
although considered a Pacific derivative, it is of uncertain status. '

2. Cryptophasidae. Thyrocopa (endemic, affinities unknown) has 34 endemic
species. From this genus there appear to be five endemic generic segre-
gates: Hodegia (monotypic), Ptychothriz (monotypic), Diplosara (mono-
typic; an aberrant form), Psychra (2 species) and Catamempsis (mono-
typic). These six groups evidently arose from a single immigrant. Hodegia
is peculiar, because the female is flightless (the male is unknown), has
greatly reduced wings and is a jumping insect found in bunch grass high
up in the open country of Haleakala, Maui. These are considered south
Pacific derivatives.

3. Cosmopterygidae. Agonismus (endemic; an ally of Hyposmocoma) has 3
species; Aphthonetus (endemic; allied to Hyposmocoma) has 33 species;
Rhinomactrum (endemic; allied to Aphthonetus) has 2 species; Neelysia
(endemic derivative of Hyposmocoma) has 25 species ; Dysphoria (endemic
ally of Hyposmocoma) is monotypic; Bubaloceras (endemic; allied to
Hyposmocoma) has 2 species; Hyposmocoma (endemic; an ally (?) of
the nearly cosmopolitan Mompha) contains more described species than
any other Hawaiian genus, for it has 210 species and 6 varieties ; Euhypos-
mocoma (endemic offshoot of Hyposmocoma) has 2 species; Hyperdasy-
selle (= Hyperdasys) (endemic ally of Hyposmocoma ?) has 5 species;
Pthoraula (endemic derivative of Hyposmocoma) is monotypic; Euperissus
(endemic; supposedly allied to Orthotaelia) has 2 species; Semmnoprepia
(endemic; closely allied to Euperissus) has 7 species ; Petrochroa (endemic;
supposedly allied to Coelopoeta) has 6 species. .

There appear to be only three ancestral stocks necessary for the origin
of the endemic Cosmopterygidae. One has apparently given rise to
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Hyposmocoma and 9 allied genera including 290 forms; one evidently
produced Euperissus and Semnoprepia with 9 species; and the third gave
rise to Petrochroa with 6 species. In addition to these, there are 2
endemic species incorrectly assigned to Elachista which are now of un-
certain status, but which may also belong to the Hyposmocoma complex.
These are all considered Pacific derivatives.

4. Tineidae. Comodica (Samoa, Australia, etc.) has 1 apparently (?) endemic

6.
7.
8.
9.

10.
11.

12.

13.

14.

species; Ereunetis (well developed in Samoa and elsewhere) has 5 appar-
ently endemic species and several immigrants. Paraphasis (endemic; of
uncertain status) is monotypic.

. Yponomeutidae. Mapsidius (endemic; of undetermined affinities) has 4

species; Acrolepia (almost cosmopolitan) has 3 species of undetermined
derivation.

Nepticulidae. Opostega (almost cosmopolitan) has 6 species of undeter-
mined derivation.

Batrachedridae. Batrachedra has 9 species evidently of south Pacific
derivation. R

Caloptiliidae. Parectopa has 15 species evidently of western Pacific deri-
vation.

Bedelliidae. There are 3 species of Bedellic which may be endemic and
are probably of south Pacific derivation.

Orneodidae. Orneodes has 2 species possibly of western Pacific derivation.
Tortricidae. Eccoptocera (endemic; supposedly allied to Holocola of
Australia, but status uncertain) is monotypic (immigrant ?); Gypsonoma
has 1 species evidently with western Pacific affinities; Adenoneura (en-
demic; ally of Eucosma |Thiodia]) has 8 species of undetermined affini-
ties; Spheterista (perhaps a derivative of Capua) has 4 species; Bactra
(western Pacific affinities ©) has 3 species; Pararrhaptica (endemic; affin-
ities uncertain) is monotypic; Enarmonia (widespread) has 4 species;
Eulic (widespread) has 17 species; Panaphelix (endemic; ally of Dip-
terina) has 2 species; Dipterina has 1 species with south Pacific affinities;
Tortrix (widespread) has 7 species; Capua has 13 species probably of south
Pacific derivation; Epagoge has 5 species evidently of western Pacific
affinities. Following Walsingham (1907), I list the Tortricidae as all
belonging to the Indo-Pacific fauna.

Carposinidae. Carposina has 38 species and 2 varieties probably of south
Pacific derivation. :

Crambidae. Prionopteryx has 1 species possibly of south Pacific deriva-
tion; Talis has 6 species which appear to be allied to the Australian sec-
tion of the genus.

Phycitidae. Rhynchephestia (endemic, of undetermined affinities) has
1 species; Genophantis (endemic; allied to Crocydopora) has 2 species
with southwestern Pacific affinities; Homoeosoma has 3 species appar-
ently allied to Australian species.
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Pyraustidae. Margaronia (abundant on many Polynesian islands) has 2
species; Omitodes has 23 species with southwestern Pacific affinities;
Philyctaenia has 27 species with southwestern Pacific derivation; Pyrausta
has 11 species with western Pacific affinities; Tholeric (Mecyna) has 2
species possibly (?) with North American affinities; Loxostege has 3
species with North American (?) affinities; Promylaca (endemic; closely
allied to Mestolobes) has 2 species; Mestolobes (endemic, with south
Pacific affinities, others known from the Marquesas) has 32 species;
Orthomecyna (endemic; allied to Mestolobes) has 14 species; Protau-
lacistis ‘(endemic; allied to Mestolobes and Orthomecyna) is monotypic;
Scoparia has 64 species of south Pacific derivation; a number occur in
the Marquesas. '

Pterophoridae. Platyptilin (widespread) has 5 species which may be
endemic and are Pacific in affinities,

Sphingidae. Celerio has 2 species and a variety which appear to have
arisen from one ancestral stock—perhaps Celerio galli from North Amer-
ica. Protoparce has a variety (subspecies ?) of a common widespread
species. The affinities of these large, strong-flying moths appear to be
with North America. I have excluded the monotypic Tinostoma, which
is said to be allied to the American Pholus. The only known example
was collected about a half century ago in a dwelling on Kauai, and in
spite of specialized searching no additional specimens have been found.
I feel that it is possible that this species is an immigrant which might’
have been carried to the place of capture as a pupa in imported merchandise.
Geometridae. Sisyrophyta (endemic offshoot of Scotorythra) has 2 species;
Nesoclide (endemic derivative of Scotorythra) is monotypic; Scotorythra
(endemic; of south Pacific ‘origin) has 36 species; Tritocleis (endemic
offshoot of Scotorythira) is monotypic; Eucymatoge has 10 species of
western Pacific or Asiatic derivation; Hydriomena has 4 species of west-
ern Pacific or Asiatic derivation; Xanthorhoe has 3 species of south
Pacific derivation; Prognostola has 1 species with south Pacific affinities;
Dasyuris has 1 species of south Pacific derivation.

Phalaenidae (Noctuidae, Agrotidae). Eriopygodes has 1 variable species
with western (?) Pacific affinities; Hyssia has 3 species of south (?)
Pacific derivation; Acrapex has 1 species with Oriental afﬁhitic;s; Agrotis
has 29 species which appear to be of Asiatic derivation; Autographe (wide-
spread) has 7 species with undetermined affinities; Hypocala has 1 species
allied to south Pacific and Australian species; Hypenodes (endemic; with
western Pacific affinities) has 7 species; Prodenic has 1 species of south
Pacific origin; Nesamiptis (endemic; with North American affinities) has
6 species; Cosmophila has 3 species of western Pacific affinities; Cirphis
has 3 species with North American (?) affinities which may be endemic;
Peridroma has 6 species which appear to be Asiatic derivatives.
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20. Nymphalidae. Fanessa has a single species which apparently is a North
American derivative.

21. Liycaenidae. Lycaena has a single species which is apparently a western
Pacific or Asiatic derivative. Its larva is unusual in that it lacks dorsal
glands. ' .

XI. Summary of the Coleoptera—There have been more than 1,600 species
of beetles listed from Hawaii. Of these, I have included 1,220 species and 70
varieties as endemic to the Territory. These species are included in 19 families
which total only about 11 percent of the families of Coleoptera.

1. Carabidae. This family is one of the most extensively developed of any
in the native fauna, for it contains 222 species. A revision of the group
is in progress; many of the genera are being combined and others are
being reduced to subgeneric rank.

In the Bembidiini, Bembidion has 5 species, some of which may prove
to be immigrants. From an early Bembidion ancestor have arisen Nesoci-
diwm (endemic) with 10 species, Nesomicrops (endemic) with 1 species,
Macranillus (endemic) with 1 species, Atelidium (endemic) with 1 species
and Metrocidiim (endemic) with 1 species. The seemingly aberrant, en-
demic, monotypic genus Gnatholymnaeum appears to be closely allied to the
North American Amerizus, according to E. B. Britton (personal com-
munication). The endemic Bembidiini appear to have arisen from two
or three Holarctic stocks, but it is not now known whether they came
from America or Asia or two from Asia and the other from America.

All the Nomiini at one time were considered to belong to the endemic
genera Mecyclothorax, Atelothorax, Thriscothorax and Metrothorax, but
we do not recognize these as distinct units now, and the entire group is
merged with the Indo-Australian Cyclothorax under the name Mecyclo-
thorax. All of the Hawaiian species are flightless, but some Australian
Cyclothorax have well-developed wings. This genus is now known from
Tahiti (4 species), New Caledonia (1 species), New Zealand (1 species),
Australia (15 species), Java (3 species), St. Paul and Amsterdam (south
Indian Ocean) (1 species) and Hawaii with 85 described species.

The Anchomenini are the most extensively developed group. They are
derivatives of Colpodes, a genus widespread and well developed in the
Pacific. In an unpublished manuscript, many of the following genera
are being synonymized, but Sharp’s classification (1903) is used here.
Atrachycnemis (endemic ally of Blackburnia) has 3 species; Blackburnia
(endemic) has 2 species; Deropristus (endemic ally of Blackburnia) has:
3 species ; Anchotefflus (endemic ally of Blackburnia) has 2 species; Pseu-
dobroscus (endemic ally of Disenochus) is monotypic; Derobroscus (en-
demic ally of Pseudobroscus) has 3 species; Disenochus (endemic) has
13 species; Mauna (endemic offshoot of Disenochus) is monotypic;
Brosconymus (endemic derivative of Disenochus) is monotypic; Aptero-
mesus (endemic ally of Disenochus) is monotypic; Mysticomenus - (en-
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demic offshoot of Apteromesus) has 2 species; Colpodiscus (endemic ally
of Disenochus) has 2 species; Anchonymus (endemic ally of Disenochus)
is monotypic; Prodisenochus (endemic ally of Disenochus) is monotypic;
Barypristus (endemic ally of Disenochus) has 2 species ; Baryneus (endemic
offshoot of Barypristus) is monotypic; Chalcomenus (endemic ally of
Barypristus) has 3 species; Colpodes (incorrectly assigned to Plalynus in
Fauna Howaiiensis) has 2 species; Metromenus (endemic ally of the
endemic Colpodes species) has 28 species; Mecomenus (endemic -ally of
Metromenus) has 2 species; Colpocaccus (endemic ally of Metromenus)
has 6 species; Atelothrus (endemic ally of Metromenus) has 19 species
and 1 variety; Mecostomus (monotypic, endemic ally of Metromenus);
Mesothriscus (endemic ally of Metromenus) has 14 species and 2 varieties.
One or two ancestral immigrants from the southwest Pacific are con-
sidered to have given rise to this entire closely knit complex.

It now appears to me that the entire endemic carabid fauna could have
developed from only about four to six ancestral immigrant species.

. Dytiscidae. 'One species of Rhantus and one of Copelatus appear to be
endemic representatives of this family of water beetles. Both species are
south Pacific derivatives. : )

. Staphylinidae. Thoracophorus (endemic) has 2 species; Lispinodes (en-
demic) has 10 species; Myllaena (nearly cosmopolitan) has 11 species.
The 28 species and 1 variety of Hawaiian Oligota (cosmopolitan) have
been separated into 5 subgenera as follows: Deroligota (endemic) mono-
typic, Holobus has 1 species, Gnatholigota (endemic) has 5 species, Neso-
ligota (endemic) has 7 species, Oligota has 14 species and 1 variety;
Liophaena (endemic; closely allied to Oligota) has 3 species. ‘It is probable
that all of these forms have sprung from a single immigrant. I am not
convinced that the species placed in subgenera found elsewhere are typical
of them, nor do I believe that they necessarily have anything more in
common than generic relationship. The derivation of the Hawaiian
complex is undetermined, but I consider an Indo-Pacific origin indicated.
Eudiestota (endemic ally of Diestota) is monotypic; Diestota (widespread)
has 29 species; Eusipalic (endemic ally’ of Diestota) is monotypic. It
appears probable that the 31 species included in these last three genera
have arisen from a common ancestral immigrant; the source is not known,
but it is presumed to be Pacific. Nesomedon (endemic derivative (?) of
Medon, cosmopolitan) has 3 species. Xanthocorynus (monotypic), Holo-
corynus (2 species) and Leurocorynus (imonotypic) are three allied en-
demic genera all said to be allied to Leptacinus and Pachycorynus and are
probably of south Pacific derivation.

. Histeridae. The only endemic species in this family appear to be 32
species and 3 varieties of Acritus. The genus is nearly world-wide, but
it is too poorly known to enable us to ascertain the affinities of the
Hawaiian species at this time. From what I know of the histerid faunas
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of south Pacific islands, I would suggest that it is probable that the Hawai-
ian forms are of south Pacific derivation.

. Nitidulidae. The 133 endemic species and 10 endemic varieties of this

family form a remarkable assemblage. There are two main stocks present.
The first of these is a great complex of 11 endemic genera containing 129
species and 10 varieties. The other stock is represented by two genera in-
cluding four species I do not feel that this group as it now stands should
be split up into so many loosely defined genera.

“The first of these groups is composed of Gomothomx (9 species),
Gonioryctus (22 species, 1 variety), Nesapertus (2 species), Eunitidula
(monotypic), Orthostolus (10 species), Cyrtostolus (monotypic), Apeta-
stmus (monotypic), Apetinus (5 species), Eupetinus (24 species, 7 vari-
eties), Nesopeplus (31 species) and Nesopetinus (23 species, 2 varieties).
This entire complex of closely allied forms has evidently been derived
from a common ancestral immigrant of Brachypeplus, a genus well devel-
oped in the southwest Pacific.

The other section has two genera: Nofopeplus (monotypic) and Cil-
laeopeplus (3 species). These genera were described as endemic. How-
ever, I have undescribed species of Notopeplus before me from the Mar-
quesas. These genera also appear to be derivatives of Brachypeplus.

. Cucujidae. The two genera containing endemic species are Brountolaemus

(endemic) with 4 closely allied species and 3 varieties, and Laemophloeus
(Parandrita) with 6 closely allied “species.” The Laemophloeus forms
may have to be placed in a new genus. This assemblage is here considered
Indo-Pacific in origin.

7. Dermestidae. The endemic species are included in three allied genera:

8.

9.

10.

Labrocerus (endemic; 17 species), Agrocerus (endemic; 2 species) and
Eocerus (endemic; monotypic). These genera and species appear to be
derivatives of an ancestral immigrant Trogoderma which possibly came
from the south Pacific.

Hy(irophilidae. Two species of Limnoxenus with south Pacific affinities
appear to be endemic.

Anobiidae. The 137 endemic species and 19 endemic varieties are in-
cluded in three genera. Mirosternus has 70 species and 1 variety (orig-
inally described as endemic, but it is now also known from the Seychelles
and Ceylon); some Central American species were formerly incorrectly

assigned to it (see Scott, 1924:368) ; the genus Dorcatomiella of southern

Polynesia appears to be a close ally. Xvletobius (endemic) has 53 species
and 16 varieties. Holcobius (endemic ally of Xyletobius) has 14 species
and 2 varieties. The Hawaiian Anobiidae are considered to be Indo-
Pacific derivatives.

Ciidae. The cosmopolitan genus Cis is represented by 35 endemic species
and 1 endemic variety. These forms perhaps are polyphyletic and may
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have arisen from three independent immigrants. The derived genus
Apterocis is an endemic, flightless complex of 13 species and. 1 variety.
A south Pacific origin for the entire group is probable.

Elateridae. Eopenthes is an endemic genus of 33 species and 1 named
variety. It appears to be related to the Pacific Melanoxanthus complex
which has Pacificola so well developed in the Marquesas. Itodacnus, an
endemic ally of Eopenthes, has 9 species. Dacnitus, an endemic derivative
of Itodacnus, is monotypic. Anchastus has 1 apparently endemic species
whose affinities lie with the Fijian and western Pacific species.
Eucnemidae. Dromaeolus has 31 species and 1 variety endemic. The
endemic, monotypic Ceratotaxia is probably a derivative of Dromaeolus.
The members of this family could have developed from an ancestral immi-
grant from the south Pacific.

Alleculidae. There are 5 endemic species of Pseudocistele and 3 of
Labetis, an allied, endemic genus. Pseudocistela is almost cosmopolitan,
and our species may be allied to those of the southwest Pacific.
Cerambycidae. The 100 endemic Cerambycidae are among the most re-
markable of all the endemic insects. They have been derived from three
stocks. Parandra has a single species which closely resembles the Fijian
species. Megopis (Aegosoma) has one endemic species derived from the
western Pacific. The remainder of the endemic Cerambycidae are grouped
in and around Plagithmysus, and have evidently all arisen from an ancient
immigrant ancestor allied to or belonging to the widespread Neoclytus
(Dr. W. H. Anderson and Dr. Fritz Van Emden inform me that the
larvae are hardly distinguishable from Neoclytus). Whence this ancestral
stock came is not known. It is one of those early Hawaiian stocks whose
affinities are now most difficult to trace, but it appears that these beetles
are of North American origin.

Plagithmysus has 55 species and 2 varieties, Neoclytarlus has 26 species
and 1 variety, Callithmysus has 2 species and 1 variety, Paraclytarlus has
5 species, Nesithmysus has 4 species and Aeschrithmysus has 2 species.
All of these genera are endemic, are closely allied to one another and all
appear to have sprung from a single introduction.

Anthribidae. Two species of endemic Araecerus of south Pacific deriva-
tion represent the "Anthribidae.

Aglycyderidae (Proterhinidae). The genus Proterhinus contains’ 164
endemic species and 17 varieties (or subspecies ?). The genus was long
considered to be restricted to Hawaii, but new species have since been
described from Samoa and the Phoenix and Marquesas Islands. I have
collected new species in the Society and Austral Islands and have a new
species from Fiji. The Samoan species also occurs in Fiji and is fully
winged, whereas all the Hawaiian species are flightless. The other
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known species of the family are found as follows: two in New Zealand,
one in New Caledonia and one in the Canary I[slands.

Curculionidae. Rhyncogonus was described first from Hawaii where there
are 34 described species. The genus is now known from the Cook, Austral,
Society, Tuamotu and Marquesas archipelagos as well as from Christ-
mas, Fanning and Wake atolls.- The genus is more highly developed in
southeastern Polynesia than in Hawau and it belongs to a tribe (Celeu-
thetini) which is greatly developed in the western Pacific.

There have been 22 endemic species assigned to the supposedly cosmo-
politan genus Acalles. They will probably prove to be western Pacific
or Asiatic derivatives through a common ancestral immigrant. Chaeno-
sternum is a monotypic, local endemic derivative of some endemic Acalles.

Dryophthorus is nearly cosmopolitan, but the 17 endemic Hawaiian
species are more than are found in any one other locality. The Hawaiian
species appear to have affinities with the species of Samoa and Fiji.
Stenotrupis has two endemic speciés which are south Pacific derivatives.
Orothreptes has not been recorded outside of Hawaii, but I know it from
the Marquesas. Its single species may be indigenous instead of endemic.
Nesotocus is evidently a relict endemic genus of four closely allied species,
and there appears to be nothing like it elsewhere. I have suggested that it
appears that it may be of western Pacific origin. Oodemas with its 58
species and three varieties is the largest genus of the Hawaiian Cos-
soninae. This genus, together with its close ally Anotheorus (three species),
is endemic, and I know of no genus or group of genera from any region
from which it might have come. It is an anomaly. Heteramphus has 12

. species and Dysomma is monotypic; both genera are peculiar endemics.

These two genera, which are allied, are in the same category as Oodemas
and Nesotocus, for they are apparently without living ancestors. How-
ever, | have certain undescribed weevils from the south Pacific which
may shed some light on the possible affinities of the group. Deinocossonus
is endemic and monotypic, but it or allied genera may possibly yet be
found in the south Pacific.

.These weevil genera belong to only three (Otiorhynchinae, Cryptorhyn-

chinae and Cossoninae) of the more than 70 subfamilies of Curculionidae!
The Curculionidae appears to be the largest family of organisms, and
although approximately 40,000 species have been described, the group
is poorly known.
Scolytidae. Although there have been a number of minute Scolytidae
described from the islands in such genera as Hypothenemus, it appears
to me that these have little claim of endemicity. For the present, then, I
shall include in this list only the members of the genus Xyleborus which
are considered to be endemic. The genus Xyleborus is widespread, but
the Hawaiian group of about 22 species and one variety may possibly have
been derived from the south Pacific.
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19. Lucanidaé. On the island of Kauai there exists the aberrant, endemic
genus of flightless stag beetles, Apterocyclus. It is polymorphic, and what
were at one time considered to be seven species are now thought to repre-
sent one species and two varieties. The genus is evidently an aberrant de-
rivative of Oriental Dorcus, and it is the only Hawaiian representative of
that great series of beetles known as the Lamellicornia, which is so greatly
developed on all the continents and most continental islands.

XII. Summary of the Hymenoptera—There have been nearly 1,000 species of:
Hymenoptera recorded from the Territory, but many of these are immigrants or
purposely introduced species. Herein I have listed 618 as native insects.

1. Ichneumonidae. Agrypon (Atrometus) has 11 species evidently derived

from the western Pacific (these may belong to a new genus); Echthro-
morpha has 1 species of south Pacific affinity; Enicospilus is the most
highly developed of the local Ichneumonidae, for it contains 17 species
of south Pacific derivation in addition to the endemic subgenus Glyptogastra,
which contains 2 species; Eremotyloides is an endemic derivative of Eni-
cospilus containing 3 species; Banchogastra (endemic ally of Enicospilus)
has 2 species; Pleuroneurophion (endemic segregate of Emnicospilus) has
2 species; Pycnophion (endemic ally of Enicospilus) has 3 species; Aban-
chogastra (endemic ally of Enicospilus) has 2 species. Excepting Agrypon
and Echtromorpha, all of these endemic species belong to the one tribe,
Ophionini. ’
(Braconidae. All of the Braconidae with the possible exception of the
possibly endemic genus, or species of, Ecphylopsis, of undetermined affinity
and which contains a single species, are evidently foreign insects. The
status of this insect is so uncertain that I have omitted it from the tabular
summary.)

2. Encyrtidae. Anagyrus (widespread) has about 7 native species described,
and others known but undescribed; Coelopencyrius (endemic; affinities
undetermined) has 4 species; Hypergonatopus (endemic; ally of Echthro-
gonatopus, and evidently of south Pacific derivation) has 7 species; Xan-
thoencyrtus (subgenus Mirastymachus) widespread, has 6 species endemic.
I consider all of these Pacific derivatives.

3. Eupelmidae, Eupelimus (widespread) contains 54 described native species
and a number of undescribed species. Lepideupelmus (endemic derivative
of Eupelmus) has 3 species. These have Pacific affinities.

4. Miscogasteridae. All of the native species belong to the Lelapinae. Toxeuma
(widespread) has 6 species; Neolelaps (endemic) is a monotypic offshoot
of Toxewma, if distinct; Calolelaps (endemic; ally of Neolelaps) has 2
species; Stictolelaps (endemic; ally of Neolelaps) has 3 species; Meso-
lelaps (endemic; ally of Neolelaps) is monotypic. These species are of
unknown derivation* but they differ from ‘the American Lelapinae and
are here considered Pacific derivatives.
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Spalangiidae. One species of Spalangia with south Pacific affinities may
be endemic. .

Aphelinidae. Ophelinus has 2 species with southwestern affinities.
Eulophidae. It is difficult, to ascertain which, if any, of the species are
positively endemic, but the following may be native: Eulophus (wide-
spread) has 1 species; Hemiptarsenus (widespread) has 1 species; Necrem-

‘nus has 1 species of undetermined derivation; Sympiesis (widespread)

has 1 species. Perkins (1913:cvii) said that in some of these genera
several new species were, known, but they remain undescribed.

. Mymaridae. Evidently the only endemic species belong to Polynema (wide-

spread), which contains 16 Hawaiian species.

. Diapriidae. Phaenopria has 7 species; Zacranium (endemic derivation

of Phaenopria) is monotypic; Platymischoides (endemic, flightless deriva-
tive of Phaenopria) is monotypic. These are Pacific derivatives.
Scelionidae. Prosanteris contains 6 endemic species of undetermined affin-
ity. The other genera of Scelionidae evidently all contain foreign species,
but Microphanurus contains 5 species, some of which may be native, others
are known from Fiji.

Cynipidae. All of the native species belong to the parasitic Eucoilinae,
and although they were split up into several genera, they appear to belong
to Eucoila with 9 species and Cothonaspis with 16 species and 2 varieties.
It is poséible that these two groups have really descended from one
ancestral stock, for there appear to be intermediate species here. A south
Pacific derivation of the group is probable.

Bethylidae. Sclerodermus has a complex of 16 species; Sierola is the
greatest Hawaiian hymenopterous complex with 181 species and 1 variety
described. These species have apparently been derived from south Pacific
ancestral immigrants. )

Dryinidae. Pseudogonatopus has 2 species which are south Pacific deriva-
tives, .
FFormicidae. All of the endemic ants are of south or western Pacific deri-
vation. Cerapachys has 1 species; Ponera has 1 species (the others listed
in literature have now been found elsewhere). Pseudocryptopone has 2
species; Epitritus has 1 species. The following genera are represented only
by subspecific forms of Pacific species: Leptogenys (1 subspecies), Car-
diocondyla (1 variety), Strumigenys (1 variety), Camponotus (1 ‘sub-
species), and Paratreching (1 subspecies). Some or all of these forms
may prove not to be prehistoric Hawaiian endemics. Five of the 15
forms listed as endemics by Wheeler (1934:4) have now been found
elsewhere. _

Vespidae. The Eumeninae are represented by the greatest single complex
of the nearly cosmopolitan genus Odynerus.’ There are 104 species and
1 variety endemic. In the closely allied endemic genus Nesodynerus
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there are 9 species. Chelodynerus (monotypic) is an endemic derivation
of Odynerus as is Pseudopterocheilus which contains 3 species. The affin-
ities of the entire group are evidently Oriental, and they appear to repre-
sent two ancestral stocks.

16. Sphecidae. The genera Nesomimesa and Deinomimesa, both endemic and
each containing 5 species, appear to have sprung from a single ancestral
immigrant Mimesa. It has not been ascertained what region is the source
of the Hawaiian species. I tentatively refer them to the western sector.

17. Crabronidae. The 22 endemic Crabronidae are placed in five endemic
genera as follows: Xenocrabro (11 species), Nesocrabro (5 species, 1
variety), Melanocrabro (2 species), Hylocrabro (1 species, 1 variety),
and Oreocrabro (1 species). All of these species appear to have arisen
from a single immigrant ancestor, probably of Asiatic origin.

18. Hylaeidae (Prosopidae). The widespread. genus Hylaeus (Prosopis) is
represented by 52 species and 3 varieties placed in the subgenus Neso-
prosopis erected for them. All of these forms appear to have arisen from

" a single Asiatic immigrant. Some of the species have independently de-
veloped into semi-parasitic forms within the islands.

There are no members of the primitive Hymenoptera of the suborder Chalas-
togastra (sawflies, etc.). Only one genus out of the great superfamily of
parasites, the Ichneumonoidea, is extensively developed in the islands. Excepting
the Eupelmidae, the Chalcidoidea is surprisingly weak in endemic forms and many
of the species here listed as probably endemic may prove to be immigrants. The
Cynipoidea have a fairly well-diversified group of "species representing only the
parasitic Eucoilinae; the gall-formers are unknown here. The ants are poorly
represented. The Bethyloidea are represented by the great complex of Sierola and
a few Dryinidae. The Vespoidea have the extensive development of the Odynerus
group. The Sphecoidea are represented by the Mimese derivatives and the crabronid
complex of genera. “The Apoidea has a single extensively developed genus of .
Hylaeidae. The Chrysidoidea, Scolioidea and Psammocharoidea are unrepre-
sented. The 17 families that are represented in the islands make up only about
16 percent of the families of Hymenoptera. It is significant and noteworthy that
the parasitica are conspicuously disharmonic.

XIII. Sumunary of the Diptera—There have been nearly 400 named species of
Diptera recorded from Hawaii. I have included 246 of these as endemic. The 13
families represented by endemic species make up only about 10 percent of the
families of Diptera.

1. Tipulidae. Limonia (subgenus Dicranomyia) has 12 species, one of which
is extraordinary because it is a leaf miner. Gonomyia (subgenus Lipo-
phleps) has 1 species. The crane fly fauna is typically oceanic. Only
the Limoniinae are represented. The large crane flies are absent.

2. Chironomidae. Chironomus (well represented in the western Pacific and
elsewhere) has 3 endemic species. Tanytarsus has 3 endemic species evi-
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dently of south Pacific derivation. Two Samoan species are marine.
Telimatogeton has 5 endemic species of Pacific derivation. Dasyhelea has
1 species evidently allied to south Pacific forms. Clunio has 3 endemic
marine species of Pacific origin. All of these species, except Clunio, are
fresh-water aquatics. The extra-Hawailan species of Telmatogeton are
marine in habit, and two of these non-endemics are also found in Hawaii.

3. Mycetophilidae. Platyura is represented by 3 species, evidently western
Pacific derivatives. '

4. Sciaridae. Sciara (subgenus Neosciara) has 1 species of south Pacific
origin. ,

- 5. Dolichopodidae. In numbers of described species, this family leads all
others in the native fly fauna. Chrysotus has 5 species evidently of western
Pacific origin; Asyndetus (Pacific) has 1 beach crab-hole species; Camp-
sicnemus has 49 species derived from the south or western Pacific; Ewmt-
peroptera (endemic, flightless derivatives of some species of native Camp-
sicnemus) has 2 species; Chrysosoma has 2 species with western Pacific
affinities ; S'yntormon has 1 species with western Pacific affinities ; Euryno-
gaster (endemic; probably western Pacific in affinity) has 15 species;
Hydrophorus (widespread) has 2 species which may prove to be immi-
grants; Sigmatineurum (a Pacific derivative) is monotypic and endemic.

6. Pipunculidae. This family is represented by 12 species of Pipunculus
leathopper parasites apparently of south Pacific derivation.

7. Calliphoridae. Dyscritomyia is an endemic genus of 5 species. Prostheto-
chaeta, closely allied to, if not the same as, Dyscritomyia, is endemic and
contains 4 species. These flies are the most conspicuous of all of the
endemic Diptera. The species whose habits are known have been reared
from land shells. The derivation of the group appears not to have been
ascertained. They may be allies of Lucilia, according to a personal com-
munication from Fritz Van Emden. [ tentatively treat them as Pacific
derivatives.

8. Anthomyiidae. Lispe has 2 species of south Pacific derivation; Lispa has
one species with south Pacific affinities; Lispocephala has 38 described
species, but Perkins (1913 :clxxxvii) thinks there are more likely to be
nearer 100 species. The Hawaiian species are of south or western Pacific
derivation, and the genus appears to be better developed in Hawaii than
in any other region. ‘ :

9. Sapromyzidae. Homoneura has 1 species which may be an immigrant. It
has western Pacific affinities.

10. Trypetidae. Tephritis (subgenus Trypanoidea) has 5 described species
and some known undescribed species of undetermined origin.

11. Ephydridae. Procanace has 1 species, Scatella 6, and Paralimna 1_species
which may be endemic. These are considered Pacific derivatives. A num-
ber of new Hawaiian species await description in this family.
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12. Drosophilidae. Tantalia is an endemic, monotypic ally of Drosophila.
Titanochaete is a monotypic, endemic genus of spider egg parasites. Idio-
myia is an unusual endemic derivative of Drosophila; it contains 7 species,
among which are the largest of the Hawaiian Drosophilidae. Drosophila
(widespread) has 47 species and 1 variety (?) endemic, but it ha