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ABSTRACT

Olson, Storrs L., and Helen F. James. Prodromus of the Fossil Avifauna of
the Hawaiian Islands. Smithsonian Contributions to Zoology, number 365, 59 pages,
12 figures, 1982.—In the past decade, fossil deposits from five of the main
Hawaiian Islands have yielded thousands of bones of extinct and living species
of birds. Through these specimens, the number of endemic species of land
birds in the avifauna of the main islands has been more than doubled. There
are 40 extinct species known only from bones, including 1 petrel (Procellari-
idae), 2 ibises (Plataleidae), 7 geese (Anatidae), 1 small hawk and 1 eagle
(Accipitridae), 7 rails (Rallidae), 3 species of a new genus of owl (Strigidae),
2 large crows (Corvidae), 1 honeyeater (Meliphagidae), and at least 15 species
of Hawaiian finches (Fringillidae, Drepanidini). The present report discusses
the fossil deposits and the physical and biological features of the islands in
order to provide background information for our future systematic publica-
tions on the fossil and modern avifauna of the Hawaiian Islands. An informal
listing of the species found as fossils permits preliminary analyses of extinction
and biogeography. The major fossil localities are on the islands of Kauai,
Oahu, and Molokai, from each of which there are diverse collections of small
passerines, as well as many specimens of nonpasserine land birds, shorebirds,
and seabirds. Fossils of a few additional extinct species have been found
incidentally on Maui and Hawaii. Bones of extinct birds have been found in
situations as diverse as sand dunes, sinkholes, and a flooded cavern in a raised
coral reef, lava tubes, loess deposits, an ash deposit under a lava flow, and in
archeological sites. Although some of the fossil deposits may be from the late
Pleistocene epoch, most of the more important ones are probably Holocene,
ranging from about 6700 years B.p. to much younger. Evidence is presented to
show that the extinct species of birds survived into the period of Polynesian
colonization. We believe that the extinction of half or more of the land birds
of the Hawaiian Islands prior to European discovery resulted mainly from the
destruction of lowland forest by Polynesians, augmented by predation by man
and introduced mammals. This has altered the distribution of species within
the archipelago as well as the species composition of individual islands in such
a drastic manner as to suggest that the data used in traditional and modern
ecological studies of island biogeography may be too incomplete to permit
generalizations about any islands that were settled by prehistoric man.

OFFICIAL PUBLICATION DATE is handstamped in a limited number of initial copies and is recorded
in the Institution’s annual report, Smithsonian Year. SERIES COVER DEsIGN: The coral Montastrea
cavernosa (Linnaeus).

Library of Congress Cataloging in Publication Data

Olson, Storrs L.

Prodromus of the fossil avifauna of the Hawaiian Islands.

(Smithsonian contributions to zoology ; no. 365)

Bibliography: p.

Supt. of Docs. no.: SI 1.27:365

1. Birds, Fossil. 2. Birds, Extinct. 3. Paleontology—Hawaii. I. James, Helen F. IL
Title. III. Series

QL1.854 no. 365 [QE871] 591s 82-600157 [568’.09969] AACR2



Contents

Page

Preface ... ... .. . v
Introduction ............. ... .. 1
Acknowledgments ................... i 3
Geology and Physiography ................. . .. ... ... ... 4
ClHmate . ....... .. 8
VBBELATION ;5 oo wus o vw g o o omi s s <m0 o 22 s o 3 v 5 10
Climate and Vegetation at the Major Fossil Sites .................... 12
The Fossil Deposits .......... ... 13
Hawall ,..cosinseismeiiomiisauispmics dmsismeisesdassnasisamessa@sisg 13

L - 10 & N 14
Molokal .......... . 15
Moomomi Dunes ......... ... .. ... ... ... 15

Ilio Point .. ... . ... . . . 20
Kalaupapa Peninsula ................. .. ... ... ... ... 21
Kaual .. ... 21
Oahu ... .. 24
Ages of the Fossil Deposits ... 29
SPECIES ACCOUMES s s x5 2w s mim o8 s s 8 30 5 5 5 5558 Wi 5% W0is ¥ 6 6 BB 53 0 5 008 31
PROCELLARITFORMES . ... ...\ttt 32
DIOMEDEIDAE (2550055 60805 6 516 65 50 6 58 560§ 8 ot §5 05085 6 506 § 55 6l F £ 3 i 5 445 32
PROCELLARIIDAE . ..........oiiit e 32
OCEANITIDAE . .. ..ottt e e e 33
PELECANIFORMES ... ....... ... ooii e 33
SULIDAE ... o i 33
CICONIFORMES .. ... ..ottt e 33
PLATALEIDAE ........ ... .o 33
ANSERIFORMES . ... ...\ttt 33
ANATIDAE . ...t 33
ACCIPITRIFORMES . . ... ...t 35
ACCIPITRIDAE 155 ;5 5iv i3 055605 55 058 5 500 53555 58 ms £ 388060 560 8 55 brus 253 35
GRUIFORMES . . ...ttt e e e 35
RALLIDAE ... ... . 35
CHARADRIIFORMES . . .. .. ......o i 36
CHARADRIIDAE ... ... ...t 36
SCOLOPACIDAE . ... ... .. .. i 36
LARIDAE ... .. ... 37
STRIGIFORMES . .. ...\t e 37
STRIGIDAE . ... ... . . 37
PASSERIFORMES ... ...... ... ... . .. i 38
CORVIDAE ... ..o 38



iv

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

MUSCICAPIDAE, TURDINAE ...........................ccooiiiio...
PACHYCEPHALIDAE, MYIAGRINAE . ..................coooiiiono. ..
MELIPHAGIDAE .. ...\ttt ittt e e
FRINGILLIDAE, CARDUELINAE, DREPANIDINI . ......................
Effects of Habitat Modification by Polynesians on Avian Extinction
and Distribution ............. . ...
Analysis of Fossil Samples ................ ...

Biogeography ..

Literature Cited

38
38
38
39

42
49
51
54



Preface

When fossil birds began to be discovered in the Hawaiian Islands with some
frequency in the early 1970s, they quite naturally found their way into the
hands of Alexander Wetmore, then the dean of avian paleontologists and the
describer of the only fossil bird known from the islands at that time. Although
Wetmore had a very active interest in these specimens, he was unable to
devote much time to them because of his commitment to his magnum opus
on the birds of Panama. After Wetmore’s death at the age of 92 in 1978, S.
Dillon Ripley, Secretary of the Smithsonian Institution, suggested that it
would be appropriate to see to completion a number of Wetmore’s unfinished
research projects, among which were the Hawaiian fossils. When we first
conducted some preliminary field work in Hawaii to recover a few more fossils
of small passerines, there was little indication of the enormity of the final
undertaking. Ultimately we made six trips to the islands and studied some
tens of thousands of fossil specimens. Throughout this long period of investi-
gation, our research was generously supported by trust funds from the
Smithsonian Institution allocated for completing Wetmore’s unfinished proj-
ects. This is the eleventh in a series of papers dedicated to that end. We are
especially grateful to S. Dillon Ripley for his generous encouragement in a
project that has taken much longer than ever anticipated and that is still far
from completion. )
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Prodromus of the Fossil Avifauna
of the Hawaian Islands

Storrs L. Olson
and Helen F. James

Introduction

In the past 10 years, great quantities of bird
remains have been collected in the Hawaiian
Islands. We now have significant fossil material
from five of the eight main islands in the chain.
From three of these islands the collections are
sufficiently comprehensive to provide a reasona-
ble indication of the former diversity of each
island’s avifauna, with specimens numbering in
the thousands. Not only are remains of large birds
such as geese and eagles preserved, but those of
small passerines, particularly drepanidines (Dre-
panididae auct.), are likewise well represented.
The majority of extant and recently extirpated
species occur as fossils, as well as an almost be-
wildering array of extinct taxa of which there had
previously been no clue. Through the fossil dis-
coveries made since 1971, the number of species
of endemic land birds known from the Hawaiian
Islands has already been doubled. As a conse-
quence, all previous concepts of the diversity and
distribution of Hawaiian birds must be exten-
sively revised.

The ramifications of this immense body of new
data go well beyond the systematic revisions ne-
cessitated by the fossil discoveries. The fossil rec-
ord, along with other evidence, provides a strong

Storrs L. Olson and Helen F. James, Department of Vertebrate
Zoology, National Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C. 20560.

indication that before European contact the low-
land habitats of the Hawaiian Islands suffered
extensive destruction and alteration, which in
turn caused massive extinction. This took place
after Polynesians colonized the archipelago, per-
haps as early as a.p. 400 (Kirch, 1974). There is
no reason to assume that the Hawaiian Islands
are exceptional in this regard. Undoubtedly, pre-
historic human interference has had an impact
on island ecosystems elsewhere in the world. If
destruction in other places was comparable to
that observed in the Hawaiian Islands, then the
data used in many studies of island biogeography
are almost certainly unreliable.

The sheer magnitude of the Hawaiian collec-
tions amassed so far creates the problem of how
best to elucidate this extensive fossil avifauna. We
anticipate that at least seven monographs will be
required for a proper analysis of the systematics
of the various taxonomic groups involved. These
revisions cannot be effected rapidly, however.
Naturally, the new fossil discoveries have excited
much attention in Hawaii and elsewhere, and
some information has already been circulating by
word-of-mouth and in the popular press. We
therefore felt the need to produce a preliminary
report dealing with the entire fossil avifauna as
we presently understand it, along with descrip-
tions of the geological contexts and ages of the
fossil sites, analyses of the biogeographical signif-
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icance of the fossil avifauna, and conclusions
relating to the effects of human alterations of
habitats on extinction. We hope that the present
paper will obviate the necessity of repeating or
scattering these data in our proposed systematic
treatments. We have also included brief synopses
of the geology, physiography, climate, and vege-
tation of the islands. Although some of this infor-
mation may not pertain directly to our paleon-
tological studies, it is not readily available else-
where in a single source, and we feel that its
inclusion provides a necessary background
against which the history of avian evolution in
the archipelago may be better understood and
assessed.

The Hawaiian archipelago is unusual in being
far removed from potential sources of coloniza-
tion, yet it possesses numerous large islands with
greatly varied habitats, thus providing abundant
opportunities for isolation and allopatric specia-
tion among organisms able to reach the islands.
The native flora contains only four orchids and
no gymnosperms, bromeliads, oaks, elms, willows,
maples, figs, or mangroves (Zimmerman, 1970).
Two-thirds of the world’s orders of insects have
no native representatives in the archipelago (Zim-
merman, 1948). No primary fresh-water fishes
occur naturally (Zimmerman, 1970), and the na-
tive terrestrial vertebrates consist entirely of a
single species of bat (Tomich, 1969) and a variety
of birds.

The estimated proportion of endemic species
among the major taxonomic categories of the
native Hawaiian biota is 96 or 97 percent for the
modern species of flowering plants and terrestrial
vertebrates (St. John, 1973; Juvik and Austring,
1979), and nearly 100 percent for insects (Zim-
merman, 1948). Endemism would probably be
closer to 100 percent for all groups if the many
taxa that have been extirpated by man were
known (Degener and Degener, 1974). With the
addition of the fossil species of birds, nearly 99
percent of the terrestrial vertebrates are now seen
to be endemic. The endemics include over 1394
species of plants (St. John, 1973), about 6500
species of insects (Zimmerman, 1970), over 1000
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forms of terrestrial mollusks (Zimmerman, 1948;
Kondo, 1972), and, according to our current es-
timate, roughly 80 species of land birds.

Although relatively few organisms have suc-
cessfully colonized these islands, the paucity of
immigrant species has been compensated for by
unparalleled examples of adaptive radiations
within the archipelago. Among plants, the lobe-
lioids have evolved six endemic genera with about
150 species and varieties in the archipelago,
whereas only three other Pacific islands possess
lobelioids, and these have only one or two species
each (Rock, 1919). Over 600 species of Droso-
philidae have evolved in the Hawaiian Islands
from a small number of original colonists (Carson
et al, 1970). Other excellent examples of
“explosive” evolution include the moth genus
Hyposmocoma (over 500 endemic species), the bee-
tle genus Proterhinus (about 250 endemic species),
and the wasp genus Odynerus (over 100 endemic
species) (Zimmerman, 1970). That insect specia-
tion may be extremely rapid in the Hawaiian
Islands is illustrated by the five or more species of
moths of the endemic genus Hydylepta that appar-
ently evolved in the 1500 years or so since bananas
were introduced by Polynesians (Zimmerman,
1960). ’

For breadth of adaptive radiation from a single
ancestral species, the Hawaiian finches (the so-
called honeycreepers or Drepanididae of previous
authors) surpass any other group of birds. This
diverse assemblage, which we treat as a tribe
(Drepanidini), evolved from a fringillid belonging
to the subfamily Carduelinae. About 13 genera
and 27 species of Hawaiian finches with ex-
tremely diverse feeding adaptations survived to
historic times.

The fossil record now shows not only that the
radiation of Hawaiian finches was greater than
previously suspected, but that the entire avifauna
was much more varied before the arrival of
Polynesians. From the percentage of extinctions
of birds that is now evident, we may begin to
deduce something of the losses that must have
occurred among other groups of organisms. Au-
thors describing the Hawaiian terrestrial biota
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often understandably succumb to such raptur-
ous modifiers as “‘spectacular,” ‘“astounding,”
“unparalleled,” “magnificent,” and “truly won-
derful.” One wonders what superlatives would
have been applied to the Hawaiian biota had its
true diversity been known.

We emphasize the fact that our systematic
studies are not yet completed and that we fully
expect the total number of species ultimately
recognized in the avifauna to differ from that
discussed here. A great many of the birds men-
tioned herein are new and still undescribed. We
have therefore identified these taxa only in an
informal manner, so as to establish their existence
and distribution. We have made considerable
progress on a revision of the Drepanidini and
expect to publish our systematic conclusions on
this group following the present paper. Other
proposed monographs will treat the remaining
passerines, the raptors, the geese, the ibises, the
rails, and seabirds and shorebirds.

In this paper, the noun “Hawaii” refers to the
island itself, whereas we use the adjectival form
“Hawaiian” to refer to the archipelago as a whole.
We use the term “prehistoric” to refer to the
period of human occupancy prior to the arrival
of James Cook in 1778, which marked the begin-
ning of the “historic” period. We have used the
term “fossil” in its broadest sense, as an object
dug up, thus including bones that might be con-
sidered “‘subfossil” or even “recent,” and encom-
passing archeological material as well. We have
attempted to use “land bird” to exclude not only
marine birds, but also such aquatic birds as ducks,
coots, gallinules, and stilts.
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Geology and Physiography

The Hawaiian Archipelago is the subaerial
portion of a chain of giant shield volcanoes that
form the Hawaiian Ridge, a roughly linear south-
east-trending topographic high on the Pacific
Ocean floor. Situated in the middle of the North
Pacific, over 3800 km (2375 miles) from North
America, the nearest continent, and an approxi-
mately equal distance to the south from the near-
est high islands (the Marquesas), no other major
group of islands is more isolated. Its 132 islands,
reefs, and shoals extend for a distance of 2450 km
(1531 miles) from the young and growing island
of Hawaii (154°41'W, 18°54'N) to Kure Atoll
(178°20'W, 28°25'N). As a general rule, the is-
lands that lie to the northwest are older and more
eroded, and thus much lower and smaller, than
those in the southeast (Dana, 1890; McDougall,
1964, 1979). The eight larger islands of the main
Hawaiian chain occupy the southeastern portion
of the archipelago, from the young eastern island
of Hawaii, with its two active volcanoes, to the
old and deeply eroded western islands of Kauai
and Niihau (Figure 1). These eight islands make
up over 99 percent of the land area of the archi-
pelago.






