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Fossil Birds from the Hawaiian Islands: Evidence for 
Wholesale Extinction by Man Before Western Contact 

Abstract. Thousands offossil  bird bones from the Hawaiian Islands collected since 
1971 include remains of  at least 39 species of  land birds that are not known to have 
survived into the historic period; this more than doubles the number of  endemic 
species of  land birds previously known jbom the main islands. Bones were ,found in 
deposits of  late Quaternary age; most are Holocene and many are contemporaneous 
with Polynesian culture. The loss of  species of  birds appears t o  be due to  predation 
and destruction of  lowland habitats by humans before the arrival of  Europeans. 
Because the historically known fauna andj lora of the Hawaiian Islands represent 
only a fraction of  natural species diversity, biogeographical inferences about natural 
processes based only on historically known taxa may  be misleading or incorrect. 

Since 1971, tens of thousands of fossil 
bird bones have been found in various 
geological settings on five of the main 
Hawaiian islands (1) .  At least 39 endemic 
species of land birds and one species of 
seabird are now known only from fossil 
remains (2); only three of these have 
been named previously (3). We have 
completed a general overview of the 
fossil deposits and their faunas ( I ) ,  but 
systematic revisions and descriptions of 
new taxa are not completed (4). We now 
report on the role of Polynesians, who 
colonized the Hawaiian Islands by A.D. 
600, and perhaps as early as A.D. 400 
(3, in the disappearance of native birds. 

The largest collections of fossil birds 
were found on the islands of Molokai, 
Oahu, and Kauai (6) (Fig. I ) ,  and a few 
remains were found in lava tubes on 
Maui and Hawaii. Bones of prehistori- 
cally extinct birds (that is, extinct before 
Europeans arrived to keep written rec- 
ords, beginning in 1778) have also been 
recovered from archeological midden 
sites on Hawaii, Molokai, and Oahu. 

The endemic species of land birds (7) 
that survived into the historic period on 
the main Hawaiian Islands include a 
goose, a hawk, a flightless rail, a crow, 

two thrushes, a flycatcher, five honey- 
eaters, and 27 Hawaiian finches (Dre- 
panidini, previously called "Hawaiian 
honeycreepers"). To these, the fossil 
record now contributes the following ad- 
ditional endemic taxa: at least seven 
species of geese (many of them flight- 
less), two species of flightless ibises, a 
sea eagle (Haliaeetus), a small hawk 
(Accipiter), seven flightless rails (Ralli- 
dae), three species of owls belonging to 
an extinct genus, two large crows (Cor- 
vus),  one honeyeater (Chaetoptila), and 
at least 15 Hawaiian finches (Drepani- 
dini). Thus, the number of species of 
endemic land birds known for the main 
islands has been more than doubled by 
the fossil taxa. The number of coloniza- 
tions by birds that are known to have 
produced endemic species in the main 
islands has likewise now been doubled 
(1) .  

In addition to providing evidence of 
the extinction of many species, the fossil 
record shows that numerous taxa with 
restricted ranges in the historic period 
were formerly more widely distributed. 
For instance, certain species that are 
known historically only from the Hawai- 
ian Leeward Islands (Pterodroma hypo- 
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leuca, Psittirostra cantans, and Psitti- 
rostra ultima) or only from the island 
of Hawaii (Branta sandvicensis, Buteo 
solitarius, Chaetoptila angustipluma, 
Psittirostra bailleui, Psittirostra kona, 
Psittirostrajaviceps, and Ciridops anna) 
are represented in fossil deposits from 
other islands by the same or  closely 
allied species. 

As an indication of the extent of ex- 
tinction, a combined total of only 33 
island populations of endemic land birds 
were recorded from Molokai, Oahu, and 
Kauai during the historic period, where- 
as 74 populations are known from the 
same islands as  fossils (Table 1). Only 22 
(30 percent) of these fossil populations 
survived long enough to be recorded by 
ornithologists. In addition, a t  least five 
species of marine birds became extinct 
or were reduced in range prehistorically 
(1). 

Extinction took varying proportions of 
different elements of the avifauna. Of the 
24 endemic species of nonpasserine land 
birds now known from the main Hawai- 
ian Islands, only three (12.5 percent) are 
definitely known to have survived into 
the historic period, whereas 62 percent 
of the species of passerines discovered 
so far survived. Of the 13 to 17 species of 
flightless birds that occur as  fossils, only 
one small rail is known historically. Only 
one endemic species of raptorial bird 
(Buteo solitarius) now exists in the archi- 
pelago, whereas at least five species in 
three genera became extinct prehistori- 
cally, a situation that must alter assump- 
tions concerning the role of predation in 
the evolution of the Hawaiian avifauna. 
Because the fossil record is incomplete, 
the figures on the extent of survivorship 
may actually be exaggerated. 

Although at  least one of the Hawaiian 
fossil deposits is of late Pleistocene age 
(1, 8 ) ,  most of the important sites appear 
to be late Holocene. The major deposits 

Table 1. Island areas and numbers of species 
of endemic land birds in the historic and fossil 
avifaunas of Oahu, Kauai, and Molokai. For 
comparison, the large island of Hawaii (10,464 
km2) has only 23 historically known endemic 
species of land birds. 

Endemic species of 
Area 

Island land birds 
(km2) 

Historic Fossil 

Oahu 1536 11 32 
Kauai 1422 13 21 
Molokai 676 9 21 

on Molokai and Kauai have yielded max- 
imum radiometric ages ranging from 
5145 i 60 to 6740 t 80 years before 
present (B.P.) (9),  an indication that the 
extinct species in these deposits sur- 
vived any Pleistocene climatic perturba- 
tions that may have affected the Hawai- 
ian Islands. 

At least 12 species that are either 
extinct, or that were extirpated on the 
island where their bones were found, 
have been collected in prehistoric arche- 
ological sites; these provide evidence 
that prehistorically extinct species of 
birds persisted until Polynesians colo- 
nized the islands. Charcoal from a hearth 
in a large sinkhole at  Barber's Point, 
Oahu, was associated with charred 
bones of extinct birds and yielded a 
radiocarbon age of 770 .+- 70 years B.P. 
(1). Noncultural deposits a t  Barber's 
Point also provide evidence of the con- 
temporaneity of prehistoric man and ex- 
tinct birds. In these sites, the Pacific rat 
Rattus exulans and the adventive land 
snail Lamellaxis (lo),  both introduced by 
Polynesian colonists, are ubiquitous in 
the same stratigraphic levels that contain 
the greatest concentrations of bones of 
extinct birds. This evidence suggests 
that all of the 23 extinct populations of 
land birds from the Barber's Point de- 
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Fig. 1. The main Ha- 
waiian Islands, show- 
ing the more impor- 
tant collecting local- 
ities for fossil birds: 
1 ,  Makawehi dunes, 
Kauai; 2, Barber's 
Point, Oahu; 3, Ilio 
Point, Molokai; and 
4, Moomomi dunes, 
Molokai. 

posits were present on Oahu when Poly- 
nesians first arrived. 

The Polynesian residents may have 
been responsible for the disappearance 
of more than half the endemic avifauna 
of the Hawaiian Islands. We attribute the 
extinction that occurred to a combina- 
tion of habitat destruction and predation. 
Flightless species, as  well as ground- 
nesting land birds and burrowing sea- 
birds, would have been particularly vul- 
nerable to predation by humans and by 
the dogs, pigs, and rats that arrived with 
them. Predation, however, was probably 
not the principal factor in the prehistoric 
extinction of most Hawaiian birds. It  is 
unlikely, for instance, that 29 extinct 
populations of small passerines suc- 
cumbed to hunting pressure. A more 
plausible explanation for the disappear- 
ance of these and many other Hawaiian 
land birds is the clearing of lowland 
forest, primarily by fire, for agricultural 
purposes. Journals of early western voy- 
agers to the islands, including those of 
James Cook, James King, and George 
Vancouver, record extensive deforesta- 
tion and heavv cultivation of the low- 
lands, as well as  the use of fire in clearing 
(1). Archeological research on prehistor- 
ic land use supports these early descrip- 
tions (1). Changes through time in the 
land snail fauna in the Barber's Point 
deposits on Oahu also reflect habitat 
alterations that took place in the prehis- 
toric Polynesian period (10). 

In the historic period, endemic Hawai- 
ian forest birds have been reported main- 
ly from the wet montane regions where 
native forest persisted. Yet evidence 
from the fossil deposits shows that many 
of these species once occurred, some- 
times abundantly, in relatively dry re- 
gions near sea level. Early botanical sur- 
veys have shown that the drier lowland 
regions of the Hawaiian Islands once 
supported a distinctive forest vegetation 
with many endemic species of plants, 
although only scattered remnants of this 
flora were in existence when they were 
first described by botanists (11). Species 
of birds that were restricted entirely to 
such habitats would have become ex- 
tinct. Wet montane forest was probably 
not the optimal habitat for many others, 
which perhaps accounts for the scarcity 
of certain species of Hawaiian birds 
throughout the historic period. 

We should emphasize that the fossil 
record for the Hawaiian Islands is still 
incomplete. We have good fossil samples 
from only three of the main islands, and 
even these samples lack species that 
must have been present at the time of 
deposition (1). Fossil material from the 
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two largest islands, Hawaii and Maui, is 
scant, and there is as yet no way to 
assess changes in the avifaunas o f  these 
islands caused by prehistoric man, al- 
though three species o f  birds are known 
to have become extinct prehistorically 
on each. There is no fossil record from 
the islands o f  Lanai, Kahoolawe, or Nii- 
hau. No endemic species o f  land birds 
were ever recorded from the last two, 
although the absence o f  endemic birds 
cannot be a reflection o f  natural condi- 
tions. It is probable that the historically 
known avifauna represents only a third, 
or less, o f  the total number o f  endemic 
species o f  birds that were present in the 
Hawaiian Islands when man first arrived 
there. 

These findings have implications for 
studies o f  island biogeography. The equi- 
librium theory o f  island biogeography 
(12), for example, was applied to the 
historically known avifauna of  the Ha- 
waiian Islands, with the results being 
congruent with the theory (13); the fossil 
record shows these results to be spuri- 
ous, however (1). The assumption that 
the historically known biota o f  a prehis- 
torically inhabited island contains an in- 
tact complement o f  species in a natural 
state o f  equilibrium is invalid for the 
Hawaiian Islands, and is most likely in- 
valid for other islands as well. 

Note added in proof: Much more ex- 
tensive deposits o f  bird bones have very 
recently been found in lava tubes on 
Maui. Two or three species o f  geese, 
including flightless forms, are represent- 
ed, along with other birds. 

STORRS L. OLSON 
HELEN F .  JAMES 

National Museum of Natural History, 
Smithsonian Institution, 
Washington, D.C. 20560 
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Androgens Alter the Tuning of Electroreceptors 

Abstract. Weakly electric j s h  possess electroreceptors that are tuned to their 
individual electric organ discharge frequencies. One genus, Sternopygus, displays 
both ontogenetic and seasonal shifts in these frequencies, possibly because of 
endocrine injuences. Systemic treatment with androgens lowers the discharge 
frequencies in these animals. Concomitant with these changes in electric organ 
discharge frequencies are decreases in electroreceptor best frequencies; hence the 
close match between discharge frequency and receptor tuning is maintained. These 
findings indicate that the tuning of electroreceptors is dynamic and that it parallels 
natural shifts in electric organ discharge frequency. 

In communicatory and active sensory 
systems, motor outputs and sensory in- 
puts are often matched so that sensory 
receptors are most sensitive to the fre- 
quency components that predominate in 
the output. For example, in different 
species o f  weakly electric fish, tuberous 
electroreceptors, which are modified 
hair cells, are most sensitive to the peak 
power o f  the species-specific electric or- 
gan discharge (EOD) used in electroloca- 
tion and communication (1, 2).  Among 
the "wave" species, so called because 
their EOD is nearly sinusoidal, each ani- 
mal discharges within a species-specific 
frequency band, with each individual 

typically discharging at its own charac- 
teristic frequency within that band. 
These individual differences in discharge 
frequency are reflected in individual 
variations in electroreceptor tuning: the 
receptors o f  a given fish are closely 
tuned to its EOD frequency (1). 

Despite the high stability o f  discharge 
frequencies in these fish (3),  there may 
be changes over the lifetime o f  an indi- 
vidual. In the South American gymno- 
toid Sternopygus there is a sexual dimor- 
phism in discharge frequencies whereby 
mature males discharge at lower fre- 
quencies than mature females (4). This 
difference apparently results from (i) the 
gradual divergence o f  male and. female 
discharge frequencies from the interme- 
diate discharge frequencies found in ju- 
veniles (4, 5) and (ii) a seasonal enhance- , . 

% ! I .- "I,/-- z r  
ment of  the difference between male and 

.a.b. female discharge frequencies (5). These 

5 mSec shifts in EOD frequency may be under 
hormonal control, since treatment o f  fish 

Fig. 1. Receptor oscillation characteristics in 
170 - Sternopygus. (a) Average oscillation from a 

fish whose EOD frequency was 122 Hz, 
showing the initial stimulus artifact followed 
by five peaks. The signal was analog-to-digital 
converted at a sampling rate of 5 kHz: each 
point represents a bin width of 200 psec. We 

m = 
u used 512 stimulus presentations in obtaining 
? 130. + this response. The number of bins between 
c each peak was used to calculate the period 

between peaks and then to calculate the fre- 
quency of the oscillation. The frequencies, as 
calculated from the four interpeak periods, 
are shown above the oscillation. (b) Illustra- 
tion of the close correspondence between 

0 

so 7 individual EOD frequencies and oscillation 
so 110 130 150 170 frequencies for the eight animals used in the 

EOD frequency (Hz) study (day 0). 
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