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INTRODUCTION

KNOWLEDGE OF THE DREPANIIDAE! began
with the discovery of the Hawaiian Islands
by Captain Cook in 1778. His expedition
obtained a number of Hawaiian birds later
described by Latham, Gmelin, and other
ornithologists. Another early expedition that
visited the Hawaiian Islands was the United
States Exploring Expedition of 1838-1842 led
by Wilkes with T. R. Peale as naturalist.
These and other explorers secured some
Hawaiian birds that quickly became extinct
and are scarcely known otherwise.

In the closing decades of the nineteenth
century the eminent ornithologist Alfred
Newton became interested in the Hawaiian
avifauna (Newton, 1892). Scott B. Wilson,
through arrangements made by Newton,
spent several months in the islands and dis-
covered a number of new birds. After
Wilson’s return to England he published,
with the aid of A. H. Evans, a monograph,
“Aves Hawaiiensis (1890-1899), illustrated
with colored plates by F. W. Frowhawk.
Hans Gadow contributed valuable supple-
ments to this work on the anatomy and rela-
tionships of Hawaiian birds.

One of Newton's pupils, Walter Roths-
child, sent his collector, H. C. Palmer, to the
Hawaiian Islands where he worked for a
number of years. Palmer discovered many
new birds and secured a specimen or two of
several species then almost extinct. His col-
lection became the basis of Rothschild’s
“Avifauna of Laysan and the Hawaiian
possessions’” (1893-1900), a monograph il-
lustrated with colored plates by J. G. Keule-
mans and figures of the tongues of Ciridops

1 The family name has usually been spelled Drep-
anididae. Sushkin used Drepanidae, and Mayr (1943,
p. 46) favors Drepaniidae. The last-named form has
been used here, but I only recently learned of a family
of fishes, Drepanidae (genus Drepane), and of a family of
moths, Drepanidae (genus Drepana). Tolessen confusion,
it will probably be best to.retain the spelling Drepanidi-
dae for the avian family and consider it to be based on the
genitive of the Greek word drepanis, meaning “‘a bird
with sickle-like wings,” from drepane, a sickle. The
derived Latin word does not, it is true, add the syllable
id in the genitive. It may be necessary for the Inter-
national Committee to fix arbitrarily names for these
three families.
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anna and other extinct species. Rothschild
included a bibliography of Hawaiian orni-
thology. Recently H. 1. Fisher (1947) pub-
lished a bibliography covering the period
from 1890 to 1946.

Although Rothschild traded or sold part of
the great collection of Hawaiian birds
amassed by Palmer, most of it came to the
American Museum of Natural History where
it formed the principal basis for the present
study.

In 1892 Newton, as chairman of a commit-
tee representing several English scientific so-
cieties working in cooperation with the
Bishop Museum in Honolulu, was instru-
mental in sending Dr. R. C. L. Perkins to the
Hawaiian Islands to gather material for mon-
ographs on the Hawaiian land fauna. Perkins
devoted himself to this task with great zeal
for more than a decade. To the ‘‘Fauna
Hawaiiensis” Perkins contributed, in addi-
tion to monographs of several orders of in-
sects, the section on birds (1903) and the
valuable general introduction and review of
the Hawaiian fauna (1913). Perkins was a
trained biologist, greatly interested in specia-
tion and other phases of evolution. His con-
clusions on the origin, relationships, and evo-
lution of the Hawaiian fauna were by far the
most important contribution to this subject
made up to that time as will be evident from
numerous references to them in the following
pages.

Recently Elwood C. Zimmerman (1948),
entomologist for the Bishop Museum and the
Hawaiian Sugar Planters’ Association, pub-
lished the first five volumes of a monograph
of the insects of Hawaii. The introductory
volume of this work is a copiously illustrated
discussion of the geography, geology, and
ecology of the Hawaiian Islands and of the
evolution of the Hawaiian fauna and flora,
with particular reference to insects. Much of
the information in the following section is
condensed from this valuable work.

Palmer’s assistant in the Hawaiian Islands
when he was collecting for Rothschild was a
young New Zealander, George C. Munro,
who settled in Hawaii. Many years later
(1944) Munro published a handbook, “Birds
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of Hawaii,” that is one of the best sources of
information on the habits of the honey-
creepers.

Tﬁe American naturalist H. W. Hensh.aw,
later chief of the United States Biological
Survey, lived in the Hawaiian Islands for a
number of years. He published (Henshaw,
1902) a little volume on Hawaiian birds that
ranks with the works of Perkins and Munro
as a source of information on their life his-
tories. Henshaw’s specimens were better pre-
pared and more fully labeled than those of
any other large Hawaiian collection. Some of
his specimens were widely dispersed, but
most of them were bought for the Bishop
Museum by the late Miss A. Alexander.

Which members of the Drepaniidae were
described by each of the authorities men-
tioned above may be determined from the
original citations of scientific names to follow.
The number of new forms diminished very
rapidly with time, so that Perkins found only
one new species (Drepanss funerea, described
by Newton) while Henshaw found none at
all. Although Rothschild described the larg-
est number of new drepaniids, these were,
as mentioned above, all secured by his col-
lectors, Palmer and Munro. Scott B. Wilson
was the only naturalist to describe several
new drepaniids that he had collected himself.
The last valid member of the Drepaniidae
to be described was Telespyza [Psittirostra)
ultima from Nihoa Island, named by Bryan
in 1917. The above historical résumé men-
tions only a few of the salient facts, Several
authors from the time of Newton (1892) to
Bryan and Greenway (1944) have given
rather complete accounts of the discovery of
the Hawaiian avifauna.

Less comprehensive, though important,
publications on Hawaiian birds have ap-
peared from time to time. They are men-
tioned in the following pages and appear in
the list of references.

My special interest in the Drepaniidae be-
gan when I arranged and combined the speci-
mens of this family in the Rothschild Collec-
tion with those already in the American
Museum of Natural History. This was done
under the supervision of Dr. Ernst Mayr, and
together we compared the various forms and
sought for a natural sequence of the genera
and species. I was impressed, as is everyone
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who examines these birds, by the great di-
versity in their bills (and correlated with this,
as we know, in structure of the tongue and in
feeding habits). This diversity is so great that
the various species were at first divided
among several different families. Later, when
it became evident, chiefly as a result of
Perkins’ field work, that they are all closely
related members of an endemic Hawaiian
group, the Drepaniidae proved to be a strik-
ing example of adaptive radiation. In this
connection they are often cited in general
works on evolution and adaptation.

In the 60 years that have passed since the
great monographs of Hawaiian birds were
published the study of systematics, genetics,
and evolution has made great strides. The
Bird Department of the American Museum
of Natural History, especially through its
Whitney South Sea Expedition, has con-
tributed to this advance. Mayr’s volume
“Systematics and the origin of species”
(1942) and a series of technical reports now
numbering well over 50 are concrete evidence
of this. The Hawaiian Islands were not visited
by the Whitney expedition because of the
existence of large collections from there and
the precarious status of many of these birds,

Lack’s (1945, 1947) extensive studies of
the Galipagos finches are also important
contributions to our knowledge of the birds
of the Pacific islands. These diversified
finches are notable for the part they played
in Darwin’s early studies on the mutability
and evolution of species.

These recent studies of Pacific birds made
it all the more desirable that the Hawaiian
honeycreepers, in many ways the most re-
markable of them all, should receive compar-
able attention. The field experience that
should precede such a study was realized un-
expectedly when I was stationed in the Ha-
wailan Islands from April, 1944, until August,
1945, while a member of the United States
Army. Most of this time was spent on the
Island of Oahu. It was usually possible to
spend one day a week during this period
studying in the bird room of the Bishop
Museum and to make occasional field trips
into the mountain forests where two species
of Drepaniidae are still common., For over
two months I was stationed on Hawaii, the
largest of the islands. Here several other



1950

species of Drepaniidae were observed, largely
under the capable guidance of Dr. Paul
Baldwin, then with the Hawaii National
Park.

The present study has profited greatly by
advice from many quarters. David Lack,
Ernst Mayr, and Elwood C. Zimmerman read
the entire manuscript critically. Sir Peter H.
Buck, Director of the Bishop Museum, and
the members of his staff gave me all possible
help. This paper was presented to the faculty
of Cornell University in partial fulfillment of
the requirements for the degree of Doctor of
Philosophy. The members of my committee
* at Cornell, Professors Arthur A. Allen,
William J. Hamilton, Jr., A. H. Wright, and
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Perry W, Gilbert, aided me in many ways, as
have the members of the Bird Department of
the American Museum of Natural History.
The first draft of this paper was written while
I was in the Army and before the appearance
of Lack’s studies of the Geospizinae. On
many questions we reached similar conclu-
sions independently; on others my opinions
have been influenced by perusal of his
publications.

Since Paul H. Baldwin is continuing his
extensive studies of the life histories of mem-
bers of the Drepaniidae, such material has
been included here only in so far as it bears
upon evolution.



THE HAWAIIAN ENVIRONMENT

THE Hawanan IsLaNDs lie approximately
2000 miles west of California. To the west and
south the nearest volcanic islands are the
Marquesas group, some 2000 miles away.
Samoa is about 2300 miles distant and Fiji
2800 miles. The nearest continental islands
off Asia (Japan) are well over 3000 miles
away. Few other islands of any size are so
isolated.

Eight islands of the Hawaiian group are
inhabited by members of the family Dre-
paniidae. Their areas and maximum eleva-
tions are given in table 1 and their relative
positions shown in the map (fig. 1). The
Hawaiian Islands consist of a group of main
islands in the southeast and a chain of lee-
ward islands, all of very small size, stretching
out several hundred miles to the northwest.
Of the latter, only Laysan and Nihoa are in-
habited by drepaniids or other land birds.
Niihau and Kahoolawe in the main islands
doubtless once had land birds, but the forests
and birds disappeared before the latter were
made known to science. The distances be-
tween the main islands in land miles range
from 73 (Kauai to Oahu) to 9 (Lanai, Maui,
Molokai). Hawaii is 29 miles from Maui,
while Molokai is 26 miles from Oahu. Nihoa

TABLE 1

AREAS (IN SQUARE MILES) AND ELEVATIONS
(i~ FEET) OF THE HAawariaN IsLanDs

Maximum

Island Area Elevation
Hawaii 4030 13,784
Maui 728 10,025
Lanai 141 3,370
Molokai 260 4,970
Oahu 604 4,025
Kauai 555 5,170
Nihoa 0.2 895
Laysan 2 50

is about 175 miles northwest of Kauai and
Laysan another 650 miles beyond Nihoa.

It will be noted that all the main islands are
of relatively great elevation for their size, The
area of Hawaii much exceeds that of the other
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islands combined. The elevations of Mauna
Kea and Mauna Loa, its two highest moun-
tains, are approached by the great volcanic
cone of Haleakala on Maui, whose crater 1s
the largest in the world. Nihoa is merely the
peak of a mountainous island once higher an'd
larger. Laysan is a coral atoll. The volcanic
peak on which it presumably rests nowhere
reaches the surface at the present time (table
1).

)According to Stearns (1946): “The Ha-
waiian Archipelago is a group of islands, reefs
and shoals strung out from southeast to north-
west for 1,600 miles. . . . Seemingly the larger
high volcanic islands were built above sea
level in Tertiary times, possibly as late as the
end of the Pliocene” (pp. 2, 85). The vol-
canoes then became extinct and erosion be~
gan. ‘“This erosion period was long, for deep
canyons and high cliffs are found on all the
islands, the lateritic soil 5 to 100 feet thick
was formed. Then followed a period of great
submergence, amounting probably to more
than 2,500 feet, accompanied by a new epoch
of volcanism when secondary outbreaks con-
tinuing into Recent time occurred on all the
major islands except Lanai. The islands have
undergone a complex series of emergences
and submergences. . . . Volcanoes on adjacent
islands may have a more closely related his-
tory than those on the same islands, because
the number of volcanoes incorporated in any
particular island depends on the present level
of the ocean and is, therefore, entirely for-
tuitous. . . . Maui, Molokai, and Lanai would
be joined if the sea fell 250 feet” (pp. 1, 14,
95, 96).

The channel between Hawaii and Maui is
about 6000 feet deep, that between Molokai
and Oahu about 2000 feet, and that between
Oahu and Kauai over 10,000 feet. Although
Maui, Lanai, and Molokai were probably
joined at times into a single land mass, the
other islands were always separated by chan-
nels of considerable depth. Most of the islands
are made up of a number of volcanoes and
hence may represent the fusion of several
small islands.

The"shorter estimates of the age of the
Hawaiian Islands, such as the estimate of
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Stearns, were based on surface studies of the
rate and volume of lava flows and similar
evidence. More fundamental approaches to
the problem of the age of the Pacific islands,
such as the deep borings and the seismic-re-
fraction survey recently made on Bikini
Atoll (1949, Dobrin et al., and included refer-
ences), indicate that the Pacific basin has
been sinking with relative rapidity through-
out most or all of the Tertiary period. This
subsidence may have been as great as 5000
feet or more. Borings to 2556 feet on Bikini
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may be correct in his belief that the great
complexity and endemicity of the Hawaiian
biota indicate that some of its components
became established as early as the Eocene.
Intermittent volcanic activity probably
had an adverse effect on the evolution of the
Hawaiian fauna. It is known, however,
that lichens appear on lava flows not many
centuries old and after a few thousand years
the tree Melrosideros, a pioneering species,
becomes established. Further evidence of the
potential rapidity of such processes is the col-
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F1G. 1. Map of the Hawaiian Islands.

bad already reached a lower Miocene fauna
and there were still an estimated 5000 to
10,000 feet more of untapped calcareous de-
posits resting on the igneous substratum of
the island. It is thus evident that the present
status of many mid-Pacific islands can tell
us little of their former size or their age. The
Hawaiian Islands may be as old as the Eocene
or even Cretaceous. Insignificant rocks or
atolls, e.g., the Hawaiian leeward chain or the
Marshall Islands, may have been large islands
during much of the Tertiary. Perkins (1913)

onization of the island of Krakatau by hun-
dreds of species of animals and plants during
the interval since it was deeply covered with
hot volcanic ash by the explosion of 1883
(Dammerman, 1948). Krakatau is, to be sure,
rather close to Java and Sumatra.

In historic times Hawaii is the only island
of the group that has active volcanoes. Mt.
Haleakala on Maui, according to legend,
erupted about 1750. The other islands have
been quiescent for a longer period. Although
much of Maui and Hawaii is composed of
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later lava flows than the other islands, some
areas on the former are probably as old as
Oahu or Kauai. The Kohala section of Ha-
waii, for example, has extremely deep canyons
that indicate considerable age.

That the Hawaiian Islands are of oceanic
origin is now rarely questioned. The absence
of many families and orders of birds, insects,
plants, and other organisms widespread in
America or in Polynesia is sufficient evidence
that the islands were never connected by land
with these areas. While it is somewhat puz-
zling to visualize how certain mollusks and
other invertebrates reached the Hawaiian
Islands, changes in sea level in the past may,
as Zimmerman (1948) emphasizes, have pro-
vided additional stepping stones from Poly-
nesia. The islets in the Hawaiian leeward
chain are surrounded by large, shoal-water
areas within the 100-fathom line and prob-
ably were much larger during the Tertiary.

CLIMATE

The Hawaiian Islands are just within the
tropics. Northeast trade winds prevail
throughout the year and cool waters drift
down from Bering Sea, keeping average
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temperatures 10° F. cooler than in most
localities of the same latitude. Frost is un-
known, except on the higher mountains, and
the vegetation is tropical. Mauna Kea and
Mauna Loa on Hawaii are snow covered dur-
ing the winter; Mt. Haleakala on Maui has
occasional snow. During the Pleistocene the
climate was cooler. According to Stearns
(0p. cit., p. 32) a glacier about 250 feet thick
then capped Mauna Kea. The annual tem-
perature at lower levels on the islands aver-
ages 70° to 75° F. Winters average only
slightly cooler than summers.

Moisture-laden trade winds are cooled as
they encounter the Hawaiian mountains and
heavy precipitation results. “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 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. ... On the is-
land 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” (Zimmerman,
1948, p. 25).



SYSTEMATICS AND DISTRIBUTION

As MENTIONED ABOVE, the species now as-
signed to the Drepaniidae were once scattered
among several families, including the Fringil-
lidae (finches), Dicaeidae (flowerpeckers), and
Australian honeyeaters (Meliphagidae).
As early as 1871 P, L. Sclater suggested that
the finch-like Hawaiian genus Psiitirostra
was really related to the honey-sucking gen-
era, such as Drepanis proper. Perkins’ insist-
ence that all the species are similar in life and
the discovery of intermediate genera such as
Pseudonestor later led to the recognition of
the family Drepaniidae as presently under-
stood.

The relationships of the Hawaiian honey-
creepers and the phylogeny of the genera are
considered in a later section. The great mor-
phological diversity existing among closely
related species in this family makes it advis-
able to define genera somewhat more broadly
than in conservative families. Although this
has been attempted, five of the nine genera
here recognized are monotypic, and a sixth,
Drepanis, is composed of a single superspe-
cies. Nevertheless, the number of genera em-
ployed is only about half that used by pre-
vious revisers.

A few subgenera have been used. While
there is some difference of opinion as to the
value of this category, it would seem that in
formal taxonomic revisions subgenera can be
of help in indicating relationships, even
though they cannot conveniently be listed in
non-taxonomic publications.

Species limits are difficult to define in
groups with strongly differentiated insular
representatives. One can only guess as to
whether or not the individuals of some such
populations would interbreed were their
ranges to overlap. When such doubt exists,
the geographically representative popula-
tions can be treated as species and grouped
in superspecies. For example, the superspecies
Hemignathus lucidus occurs on Kauai, Oahu,
Maui, and Hawaii. The first three island
populations differ chiefly in details of colora-
tion. There is no hesitation in considering
them subspecies of lucidus (type locality,
Oahu). The Hawaii form (wilsons) has a very
different bill, among other pronounced char-
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acters, and it seems doubtful if it could hy-
bridize successfully with any of the three
races of Jucidus. Accordingly, wilsont is con-
sidered a species, forming with Jucidus a
superspecies. The specific components of a
superspecies are called semispecies. In this
case the semispecies Jucidus has three sub-
species; the semispecies wilsons is monotypic.

For certain comparisons, especially of the
number of species of given regions or archi-
pelagos, subspecies and semispecies are of
little significance. We can then exclude them
and count only superspecies plus other species
that are not components of superspecies. The
two categories combined are sometimes
called ‘“‘zoogeographic species.”

Descriptions of the plumage of the Drepan-
iidae have been published so often that it was
not thought necessary to give more than a
brief indication of the coloration. The com-
mon name, usually in the Hawaiian language,
is given for each species, but not the addi-
tional names or variations that exist for some
of them. A more condensed list of the forms of
Drepaniidae and their distribution is em-
bodied in table 2. The distributions of the
species or superspecies of the family are
mapped in figures 3 to 6. Photographs of all
the species are given in plates 9 to 15.

ORrDER PASSERIFORMES
PERCHING BIRDS

SuBorDER PASSERES
SonG BIrDS

FamiLy DREPANIIDAE
HawaraN HONEYCREEPERS

DEscCRIPTION: Small- or medium-sized song
birds apparently related to the assemblage of
closely related, chiefly American families that
includes the Coerebidae, Parulidae, Thraupi-
dae, Fringillidae, and others. Tenth primary
vestigial. Bill variable but without serrations
or notches. Tongue usually tubular and with
a brush-like tip. Legs, feet, and claws stout,
legs rather short. General proportions those
usual in small arboreal song birds. Tail square
or slightly emarginate or forked. Rictal and
nasal bristles sparse, sometimes absent. Color
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pattern relatively simple; plumage variously
gray, brown, olive, green, yellow, or red.
Plumage not metallic or glossy. Nostrils more
or less covered by dorsal and ventral opercula.
Males somewhat larger than females. Plum-
age or skin with a peculiar musky odor that
is retained for decades by specimens.

Nest an open cup of simple construction
placed among twigs, shrubs, or grass. Eggs
two or three, spotted. The family is restricted
to Hawaii.

ReEMARKS: More than half of the known
species of birds belong to the Passeriformes.
The division of this order, especially the Sub-
order Passeres, into families and subfamilies
has never been satisfactorily accomplished.
The existence of monophyletic subgroups
such as the Drepaniidae which do not seem
to differ significantly from related groups in
morphology poses a dilemma. It is impossible
to frame a satisfactory diagnosis of the Dre-
paniidae at present. The following is only a
tentative statement which should be consid-
ered in connection with the later discussion
of the anatomy and relationships of the fam-
ily.

D1aGNosis: Nine-primaried passerines with
tubular tongues (except in the genus Psitti-
rostra) that differ somewhat from those of
other nectar-sucking birds. Palato-maxillary
bones absent; transpalatine processes long
and pointed (except in Psiftirostra); palatines
often meeting beneath the rostrum. These
features of the skull in combination will
usually separate drepaniids from related
forms like the Thraupidae or Icteridae, but,
as with the tongue, the acquisition of finch-
like characters in Psittirostra makes it an ex-
ception. Exclusively Hawaiian in distribution.

SuBramiLy PSITTIROSTRINAE

DiacNosis: Plumage dense and fluffy,
without lanceolate or stiffened feathers. No
black in plumage except on lores (the young
of Psittirostra cantans are streaked with black.
ish). Primaries not truncate or angular at
tips. Usually with much green or grayish
green in the plumage, at least in the females
and young. Females and young usually dull
colored; males usually yellow, orange, or red,
but sometimes dull like females.

REMARKS: Perkins (1903, p. 383) was the
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first to point out that the Drepaniidae are
divisible into two distinct groups. He ca}lled
the present subfamily the “chlorodrepanine’
or “green’’ section.

The above diagnosis mentions only char-
acters in which the Psittirostrinae differ from
the other subfamily, the Drepaniinae. The
diagnoses of the two subfamilies should be
considered together. The two groups also
differ in voice and to some extent in habits.
The Psittirostrinae are generally less depend-
ent on nectar for food.

Genus LOXOPS CaABANIS

Loxops CaBANIS, 1847, Arch. Naturgesch., 13th
year, vol. 1, p. 330. Type, by original designation,
Fringilla coccinea Gmelin.

Oreomyza STEJNEGER, 1887, Proc. U. S. Natl.
Mus., vol. 10, p. 99. Type, by original designation,
Oreomyza bairdi Stejneger. (Not Oreomyse Pok-
orny, 1887.)

Chrysomitridops WiLsoN, 1889, Proc. Zool.
Soc. London, p. 445. Type, by monotypy, C. cae-
ruleirostris Wilson.

Viridonia RoTESCHILD, 1892, Ann. Mag. Nat.
Hist., ser. 6, vol. 10, p. 112. Type, by monotypy,
V. sagittirostris Rothschild.

Chlorodrepanis PERKINS, 1899, iz Wilson and
Evans, Aves Hawaiienses, p. xxi. Type, by subse-
quent designation of Richmond (1902, Proc. U. S.
Natl. Mus., vol. 24, p. 673), Himatione stejnegers
Wilson.

Rothschildia ‘‘PERKINS,” 1899, in Wilson and
Evans, Aves Hawaiienses, p. xxi. Type, by original
designation, Himatione parva Stejneger, 1887.
(Not Rothschildia Grote, 1896.)

Paroreomysa PERKINS, 1901, Ibis, p. 583. Type,
by original designation, Himatione maculata
Cabanis.

Oreomystis STEJNEGER, 1903, Proc. Biol. Soc.
Washington, vol. 16, p. 11. New name for Oreo-
myza Stejneger, 1887,

Magumma MATHEWS, 1925, Bull. Brit, Ornith.
Club, vol. 45, p. 93. New name for Rothschildia
Wilson and Evans.

Bill pointed (its tips slightly crossed side-
wise in one species), moderately decurved or
almost straight, little if any longer than
head, and neither attenuated and greatly de-
curved nor heavy and grosbeak- or parrot-
like. Color ranging from grayish to scarlet,
often olive green. Color pattern simple.

SusGENUS VIRIDONIA ROTHSCHILD
Tongue completely tubular; tips of bill not
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crossed. Three species; one widespread, two
restricted to single islands.

Loxops virens
AMARIHI

A small, greenish or yellowish (males)
species. The bill is rather stout and noticeably
decurved. The lores are black. It occurs on all
the main islands.

Loxops virens virens (Gmelin)
Certhia virens GMELIN, 1788, Systema naturae,
vol. 1, pt. 1, p. 479 (“in insulis Sandwich,” re-
stricted type locality, Hawaii).

In this race the yellow of the under parts
in the males is more strongly washed with
olive green than in the other races.

RaNGe: Hawaii.

Loxops virens wilsoni (Rothschild)

Himatione wilsoni RoTHSCHILD, 1893, Bull.
Brit. Ornith. Club, vol. 1, p. 43 (Maui).

Himatione kalaana WILsON AND Evans, 1896,
Aves Hawaiienses, p. 28 (Molokai).

Himatione chloridoides WILSON AND EvaNs, loc.
cit. (Lanai).

This race averages a little less olive, more
yellowish than v. virems, but the two can
scarcely be separated. Comparison of fresh
material is needed. The bill of wilson: may
average a trifle heavier than that of virens.
It is quite out of the question to separate the
birds of Lanai, Maui, and Molokai, and few
have followed Wilson and Evans in this re-
gard. The race wilsons is intermediate be-
tween wvirens and the distinctly yellower
chloris of Oahu, but much nearer the former.

Loxops virens chloris (Cabanis)

Himatione chloris CaBanis, 1850, Museum
Heineanum, vol. 1, p. 99 (Oahu).

This subspecies has the under parts deep
yellow. It is restricted to Oahu.

‘{Loxops virens stejnegeri (Wilson)

Himatione stejnegeri WiLsoN, 1889 (1890), Proc.
Zool. Soc. London, p. 446 (Kauai).

The bill of this race is much stouter than
that of the others. In coloration it is like H. v.
chloris but perhaps averages duller.

RANGE: Kauai.
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Loxops parva (Stejneger)
ANIANIAU

Himatione parva STEGNEGER, 1887, Proc. U. S.
Natl. Mus., vol. 10, p. 94 (Kauai).

This is the smallest species of the family.
It is otherwise like wirens, but the sexes are
both greenish yellow and the bill is less curved.
This led Rothschild to associate parva with
Loxops maculata, but Perkins correctly
pointed out that its tubular tongue and feed--
ing habits ally it with vsrens. It seems torepre-
sent an earlier colonization which became
specifically distinct before a second wave of
virens reached Kauai to give rise to the pres-
ent L. virens stejnegeri.

Loxops sagittirostris (Rothschild)
GREEN SOLITAIRE, GREATER AMAKIHI

Viridonia sagittirostris ROTESCHILD, 1892, Ann.
Mag. Nat. Hist., ser. 6, vol. 10, p. 112 (lower slopes
of Mauna Kea, Hawaii).

This is a more robust species than its con-
geners, with a heavier, almost straight bill.
The coloration is very similar to that of L. v.
virens, to which it may have the same rela-
tionship on Hawaii as does L. parva on Kauai.
Palmer recognized the similarity of sagittiros-
tris to virens by calling the former the “‘greater
amakihi.” This species is known only from
a small area of very wet rain forest along the
Wailuku River at elevations of 1200 to 4000
feet. This forest gave way to sugar cane, and
sagittirostris is extinct.

SuBGENUS PAROREOMYZA PERKINS

Similar to the subgenus Viridonia but with
the tongue only partially tubular. The one
species of this subgenus creeps over the trunks
and branches of trees in search of insects
and rarely or never (in some of the six races)
takes nectar. Presumably this is correlated
with the less perfect tubular modification of
the tongue in maculata as compared with
other species of Loxops.

Perkins placed the Kauai and Hawaii
forms of this group in a separate subgenus
because of greater development of the nasal
bristles and absence of sexual dimorphism.
Examination beneath the microscope of the
nostrils of examples of all the populations
shows the nostrils to be more or less covered
by feathers in the two forms mentioned; the
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tips of these feathers are broken up into
black, bristle-like fibers. In the other four
races the nostrils are more exposed, though
the Maui race is intermediate in this respect,
and some specimens of it have the nostrils as
much covered with feathers as the Hawaii
and Lanai races. In view of the minor nature
of this variation and the state of intermediacy
shown by the Maui form, it seems not un-
reasonable to consider it subspecific in nature.
The same is true of the variation in color and
in sexual dimorphism found in this group. It
is highly unlikely, moreover, that the Kauai
and Hawaii forms, at the geographical ex-
tremes of the Hawaiian Islands, are really
more closely related to each other than to
the forms of the adjacent islands. One thus
has the choice of dividing this group into five
species (only the populations of Lanai and
Maui are so similar and so adjacent in range
as to be subspecies by almost any standard)
or “lumping” them into one species. The
latter course seems as likely to be correct as
the first and is more convenient. It also gives
us a species comparable with the other poly-
typic species of this genus.

- Males of the Molokai race are bright scar-
let (gray or yellow in the others) and females
reddish brown. In drepaniids, as in birds in
general, variation from yellow to red is ob-
viously accomplished readily and need not
be considered as necessarily indicating specif-
ic difference.

Loxops maculata mana (Wilson)

Himatione mana WiLsoN, 1891, Ann. Mag. Nat.
Hist., ser. 6, vol. 7, p. 460 (Hawaii).

The Hawaii race is a uniform olive green
in both sexes and very similar in all details of
coloration to Loxops v. virens of the same is-
land. The latter may be distinguished by the
more curved bill and deeper tone of the color-
ation.

Loxops maculata montana (Wilson)

Himatione montana WiLson, 1889 (1890), Proc.
Zool. Soc. London, p. 446 (Lanai).

The male is yellow ventrally; yellow
washed with greenish olive above; duskier on
the wings and tail. The female is somewhat
duller.

RANGE: Lanai.

Loxops maculata newtoni (Rothschild)

Himatione newtoni ROTHSCHILD, 1893, Bull
Brit. Ornith. Club, vol. 1, p. 42 (Maui).

This race is very similar to montana of
Lanai, but the under parts of the male are a
shade lighter, more lemon or greenish yellow,

RANGE: Maui.

Loxops maculata flammea Wilson

Loxops flammea WiLson, 1889 (1890), Proc.
Zool. Soc. London, p. 445 (Kalae, Molokai).

The male is bright scarlet; wing and tail
are mostly brown. Even the bill and legs are
pinkish. The female is dull brownish gray,
becoming almost white below and sparingly
washed with pinkish buff. Young males re-
semble the female, but the bright adult plum-
age soon appears, and specimens in partially
scarlet plumage are common.

RANGE: Molokai.

Loxops maculata maculata (Cabanis)

Himatione maculata CaBaNIS, 1850, Museun
Heineanum, vol. 1, p. 100 (Oahu).

The Oahu creeper resembles the race
montana but is duller throughout. The adult

F1G. 2. Ventral view of bill of Loxops coccinea
caeruleirostris.

female retains white wing bars. In the other
subspecies such bars are present in the juvenal
but lacking in the adult plumages.

Loxops maculata bairdi (Stejneger)

Oreomyza bairdi STEJNEGER, 1887, Proc. U. S,
Natl. Mus., vol. 10, p. 99 (Kauai).

This is the most dully colored of the races.
The sexes are alike, whitish below washed
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with gray and pale buff and brownish gray
dorsally.
RANGE: Kauai.

SuBGeENUs LOXOPS CaBANIS

The bill in this subgenus is rather stout and
conical, only very slightly decurved. Its tips
are slightly twisted sidewise in opposite di-
rections, thus crossing (fig. 2). This feature is
scarcely, if at all, indicated in some immature
specimens. The name Loxops (‘“twisted face’)
refers to the bill (cf. Loxza, the true crossbills
[Fringillidae], in which the crossing of the

thousand feet, in the mountains of Hawaii,
Maui, Oahu, and Kauai. Wilson placed the
Kauai form in a separate genus because the
male is dull colored like the female, but it is
only a well-differentiated representative of
the others.

Loxops coccinea

AXEPA

Lozxops coccinea coccinea (Gmelin)

Fringilla coccinea GMELIN, 1789, Systema
naturae, vol. 1, pt. 2, p. 921 (“in insulis Sandwich”
= Hawaii).

leo J {0 I l1s8

WINAY

l1s7 1 E3 ! 1155

3

160 ] ) ] 8

157 1 156 | 1155 e

F16. 3. Distribution of the species of Loxops. 1. Virens. la. Parva. 1b.
Sagittirostris. 2. Coccinea. 3. Maculata.

mandibles is very much more pronounced).
The tail is relatively longer in this subgenus
than in the others. The tongue is completely
tubular. Nectar is taken occasionally, but
the usual diet is insects. This subgenus con-
tains four geographically representative forms
that occur, usually at elevations of several

Males are a bright uniform reddish orange,
somewhat duller dorsally, with dusky wings
and tail. The lores are not black. The female
is greenish yellow below, olive or yellowish
green above, and very similar in general
coloration to Loxops virens. The lores are
blackish in some of the females and imma-
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tures. The bill is yellowish in this race, bluish

gray in the others.
RANGE: Hawaii.

Loxops coccinea ochracea Rothschild

Loxops ochracea RoTHSCHILD, 1893, Ibis, p. 112
(Maui).

Some males of the Maui subspecies are dull
brownish orange or ochraceous; others are
dull yellow, washed with olive above so that
two phases seem to exist, as Perkins believed.
Since some individuals are intermediate, it is
perhaps more nearly correct to say that a
wide range of individual variation occurs.
Both color types occur in adult males in
breeding condition. Females are much like
those of L. ¢. coccinea but duller, less yellow-
ish.

Loxops coccinea rufa (Bloxam)
Fringilla rufa BLoxau, 1826, in Byron, Voyage

of H.M.S. Blonde to the Sandwich Islands, app.,
p. 250 (Oahu).

Male reddish orange, somewhat washed
with brownish, especially on the back. Duller
throughout than L. ¢. coccinea, which it most
nearly resembles. Female quite similar to
that of ochracea.

Palmer secured one example of the Oahu
race; otherwise it is known only from a few
very old specimens.

Loxops coccinea caeruleirostris (Wilson)

Chrysomitridops caeruleirostris WiLson, 1889
(1890), Proc. Zool. Soc. London, p. 445 (Kauai).

Yellowish green below, olive green above;
yellowish on the crown and rump; lores
blackish. Females average slightly duller.
Both sexes of L. coccinea caeruleirostris are
quite similar to the females of L. ¢. rufzand
other races of the species, so it is by no means
improbable that they all would interbreed
freely were their ranges to overlap.

RaNGE: Kauai.

Genus HEMIGNATHUS LICHTENSTEIN

Hemignathus LICHTENSTEIN, 1838, Abhandl.
K. Akad. Wiss. Berlin, p. 449. Type, by original
designation, Certhia obscura Gmelin.

Heterorhynchus LAFRESNAYE, 1839, Mag. de
Zool., pl. 10 and text. Type, by monotypy, Het-
erorhynchus olivaceus Lafresnaye= Hemignathus
lucidus Lichtenstein.

VOL. 95

Similar to Loxops but larger and with the
upper mandible much longer than the head,
thin and decurved. Lower mandible usually
similar but somewhat shorter, and in one
species it is straight. Tail relatively short.
This genus contains two superspecies. Molo-
kai is the only one of the six main islands on
which neither is known to have been repre-
sented. The genus affords the most marked
example in the family of great variation in
the bills of closely allied forms.

SuBGENUs HEMIGNATHUS LICHTENSTEIN

Lower mandible thin and decurved like
the upper one and at least four-fifths as long.
Nasal and rictal bristles virtually absent.
Top of head of almost or quite the same shade
of color as the back. A more or less pronounced
yellowish or whitish supra-ocular stripe pre-
sent. Tongue long, completely tubular.

Hemignathus obscurus
Ax1aroa

Hemignathus obscurus obscurus (Gmelin)

Certhia obscura GMELIN, 1788, Systemae na-
turae, vol. 1, pt. 1, p. 470 (“Sandwich Islands' ==
Hawaii).

The coloration of this race is very similar

to that of Loxops v. virens.
RANGE: Hawaii.

Hemignathus obscurus lanaiensis Rothschild

Hemignathus lanaiensis ROTHSCHILD, 1893,
Bull. Brit. Ornith. Club, vol. 1, p. 24 (Lanai).

The Lanai race is larger and somewhat
yellower