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Fossil llirds frum the Hawaiian Islands: Evidence for 

Wholesale Extinction by Man Before Western Contact 

Abslract. TIWII$lIl1ds ofjoHi! bird bvn('sJrvIJJ /111' H{111·(liiolll,.-/I11)(/s C()//u'let/ sill(,(' 

1971 inc/fide reI/wins of fll 1(,(ls! 31) speci('s (if l(flld birds 117(/1 I.Irl' 110/ kllOWIl 10 1'((1'1' 
.1·lIn·h'ed ill/o !lIt' hiS/f)ric {)('riot!; lhis more ,h(/II dOl/hit'.\' Ih(' IIIIII/b/'r 11/ C'lIri"lJIi(' 
specin of 10/1.1 hirt/s pr('l·illll.liy k/lOh'lI .li·om Ihl' main is/fllld.1'. BOIl/'S .... erl' jOllnd in 
dl'posi/J "fllJil' QII(J/erll{/r:'--·IlJ.;I': 1/10.(1 {lrr! I/% cellt' (Jlld 1/111111' (Irl' ('0 II/('I)/Pf} I'll II t?tJ 11.1' 
willt PII/YJII:Sillll ('1111 lire . Til(' lo,U oj'sped/'.I· of hirds appe a 1'.1' III hI' tll1e /0 pr('(/lJIiIlJI 
nlld dl'SIf{(Clioll oj' 101l'/(IIul /rnbiltl/S h.v hnlllo/is h(�/;)r/' 1ftI' orl'il'lll {If EJlrOJ!l'(/II.c 
ReCllllsr /lte his/orin"'." kllOIl '1I [milia (lIId }llIl'II {�{ IftC HfllI'(Iii{l/l Ix/allt/.r repre.I·I'1l1 
lIlI!.\, /I fraclioll ()/II(1/Jlml ,I'{>ecirs tliI'I'f.I'ily. hiIJgt'oJ.!rllp!tical i/({('J'i'f)('L'.\' uholll fl(lillral 
pml'l'sscs huserl only 011 lii.l/ol-icn/lv kllowlI /(lXil 1II11y be mislc(ldin).! or illl'tJl'reCi. 

Since 1971. lens of (holJsnmls of fossil 
bird bones have been f(lund in vnrious 
geological sCllings on live of the main 
H:lwaiian islanus (I). AI 1cast J9 endemic 
species of IIIm1 birds anLl one species of 
seabird nrc now known only from fo.;sil 

re mains (2): only thrt!c of Ihese h<lve 
been named previously en. Wt! have 

complelt!d a general overview of the 
fossil deposits and Iheir faunas (/). bUI 
systematic revisions and descriptions of 
new tnxa ;lfe not complete d (4). We now 

report on the role of Polynesians. who 
colonized the Hawaiian Isbnds by A.D. 
liOO. and perhaps as t!arly <IS A. D. ·WO 
(5). in Ihe disappt!;;rance of nativc birds. 

The largcsl co)leclions nf fossil birds 
were found on the islnn!..!!; of Molokai. 

Oahu. :lnd Kintai (6) (Fig. I J. [lnd a few' 
remains were found in I,wa tubes on 
Maui and Hawaii. Bone� of prchis(ori. 
cally eXlinct birds ((hat is. eXlinel llcfore 
Europeans ;irri ved to keep ""rillen rec· 
ords. beginning in l77li) have also heen 
recovered from archcolu!:ic;t1 midden 
�ilcs un Haw"ii. Molokai, lind Onhu. 

The �ndcmi(; species of 1:,nJ birds (7) 
Ih"l survived into lhe hi"toric period un 
the main Hawaiian Islands incltH.t.:: a 
goose. a hawk. a nighllcss rail. a crow. 

IWO I hrushes. a flycatcher. Ijve hone>'· 

caters. and !.7 Hawaiian finches I Dre· 
pnnidini. previo u sly called . . Hawuiian 
honeycreepcrs"). To Ihese. Ihe fossil 
rcwnl now contributes the following ad· 
uilional endemic t::txa: :ll least seven 
species of geese (many of Ihem nighl· 

less). (Wo species of flightless ibises. n 
sea cagle (Hniifll'rllls), a small hawk 
(Accipiter). seven f1ighlkss rails I Ralli· 
dac). three species of owls belonging to 

an ex(inet genus. two large crows (Cor· 
\·I/S). une honeyettlCI' (Cha('{optilIlJ. and 
at )c:ISI 15 Haw"iian finches (Drcp:lni· 
dini ). Thus. lhc nllmber of spccic� of 
endemic land birds k nown for the main 

isl"nus has been more Ihan doubled by 
(he fossil laxa. The number or coloniza· 
(ions by birds that lire known to havc 

produced endemic spt!cies in the main 

islunJs has likewise now bt:en douhled 
(I). 

In ;IJdition \0 providing evidence or 
the ex.tinel ion or many �rccies, the fossil 
rt!cord shows Ihilt numerous Inxa wilh 
rcslricted r;lnges in the hislurie period 
wele formt!rly more widd�' Ji!\(ributcu. 
For instance. cerlain species that arc 
knuwn hislOrically only from the Hawai­
ian Leeward Island� (Pl/'rodrolll{( "YI'u-
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h'II('cI. Pslflim,Wrtl ('tll/ttl".�. and Pori,,;­
m.I'tm "ltIIllCl) or only from the island 
of Hawaii IBr,mw JClllcil'iC"·II!.i,t. Blt/c'o 

solilllr;l/s. C/rtIC'I"PIi/,/ CIllj.!lUliplll",II. 
P,{;It;m,{Tra haill'·IIi. P,{iltimMrCl I..m/tl. 
Psiltirtmrajlm·;n·pJ. and Ciridops tltllltl) 
ure represented in fossil deposits from 
other islands hy the sume or closely 
allied species. 

As an indication of the extent of ex­
tinction. a comhined totlll of only 33 
islund populations of endemic lund birds 
were recorded from Molokai. Oahu. and 
Kauai during the historic period. where· 
as 74 populations are known from the 
same islands as rossils !Table I J. Only 22 
130 percenll of these fossil populations 
survived long enough to be recorded by 
ornithologists. In addition. at least live 
species of marine birds became extinct 
or were reduced in mnge prehistorically 
II ). 

Extinction took vurying proportions or 
different clements of the avifauna. Of the 
24 endemic species or nonpasserine land 
birds now known rrom the main Hawai· 
ian Islands. only three 112.5 percenll are 
definilely known 10 have survived into 
the historic period. whereas 62 percent 
of the species or passerines discovered 
so far sUf\·i\,ed. Or the 13 to 17 species of 
flightless birds that occur liS rossils. only 
one small ruil is known historically, Only 
one endemic species or raptorial bird 
IBlITc'o ,Wlil,,/'ill,\', now exists in the archi· 
pelago. whereas at least live species in 
three genem 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 ligures on the extent of survivorship 
mar actually be exaggcmted. 

Althuugh at least one of the Hawaiian 
fossil deposits is of late Pleistocene age 
II. XI. most of the important sites appear 
to be late Holocene. The major deposits 

I\llnuugn al ,cast one 01 mc Mawallan 
fossil deposits is of late Pleistocene age 
II. XI. most of the important sites appear 
to be late Holocene. The major deposits 
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Table I. Islaml areas and numbers of species 
of endemic IlInd birds In Ihe hisloric and fossil 
avifaunas of Oahu. Kauai. and Molokai. For 
comparison. Ihe large island of Hawaii 110.464 
km:1 has only :!3 hi!>torically known endemic 
5pecies of land birds. 

Endemic species of 

IslDnd 
Area land birds 
Ikm=) 

Hisloric Fossil 

Oahu 1!i36 II 3:! 
Kuuai I·m 13 21 
Molokai 676 I} 21 

------

on Molokai and Kauai have yielded max· 
imum radiometric ages ranging from 
5145 :t 60 to 6740:t 80 years before 
present (B.P.I (91. an indication that the 
extinct species in these deposits sur· 
vived any Pleistocene climatic perturba· 
tions thaI may have alfected 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 wilh charred 
bones of extinct birds and yielded a 
radiocarbon age of 770 :t 70 years B. P. 
(/1. Noncultural deposits at Barber's 
Point also provide evidence of the con· 
temporaneity of prehistoric man and ex· 
tinct birds. In these sites. the Pacific rat 
Rall"s e.mlans and the udventive land 
snail Lamt'lIllxis (/0). 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 or 
land birds from the Barber's Point de· 

me grealcsl concemrauons UI Dunes UI 

extinct birds. This evidence suggests 
that all of the 23 extinct populations or 
land birds from the Barber's Point de· 
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Fig, I. The main Ha· 
waiian Islands. show· 
ing Ihe more impor· 
lant collecling local· 
ilies for fossil birds: 
I. Makawehi dunes. 
Kuuui: 2. Darber's 
Poinl. Oahu: 3. Ilia 
Poinl. Molokui: nnd 
4. Moomomi dunes. 
Moloklli, 

posits were present on Ollhu 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 lind predation. 
Flightless species. as well as ground· 
nesting land birds and burrowing sea· 
birds. would have been particularly vul· 
nemble 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 pusserines 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. lournals of early western voy· 
agers to the islands. including those of 
James Cook. James King. and George 
Vancouver. record extensive deforesta· 
tion and heavy cultivation of the low· 
lands. as well as the use of fire in clearing 
II). Archeological research on prehistor· 
ic land usc supports these early descrip· 
tions (/). 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· 
Iy from the wet montane regions where 
native forest persisted. Yet evidence 
from the fossil deposits shows that many 
of these species once occurred. some· 
limes abundantly. in relatively dry reo 
gions near sea level. Early botanical sur· 
veys have shown that the drier lowland 
regions of the Hawaiian Islands once 
supported a distinctive forcst vegetation 
with many endemic species of plants. 

�llhB"fJl .. rgty, �E�w.r£�,ryrDlJP.nUUlf !bis 
veys have shown that the drier lowland 
regions of the Hawaiian Islands once 
supported a distinctive forest vegetation 
with many endemic species of plants. 
lilt hough only scattered remnunts of this 
flora were in existence when they were 
first described by botanists (/II. 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 Ihat the fossil 
record for the Hawaiian Islunds 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 
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scunt. and there is as yet no way to 
assess changes in the avifaunas of these 
islands caused by prehistoric man. al­
though three species of birds are known 
to have become extinct prehistorically 
on each. There is no fossil record from 
the islands of Lanai. Kahoolawe. or Nii­
hau. No endemic species of land birds 
were ever recorded from the last two. 
although the absence of endemic birds 
cannot be a reflection of naturul condi­
tions. It is probable that the historically 
known avifauna represents only a third. 
or less. of the total number of endemic 
species of birds that were present in the 
Hawaiian Islands when man first arrived 
there. 

These findings have implications for 
studies of island biogeography. The equi­
librium theory of island biogeography 
(/2). 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 (/). The assumption that 
the historically known biota of a prehis­
torically inhabited island contains an in­
tact complement of species in a natural 
state of 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 of bird bones have very 
recently been found in lava tubes on 
Maui. Two or three species of geese. 
including flightless forms. are represent­
ed. along with other birds. 
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Androgens Alter the Tuning of Electroreceptors 

Abstract. Weakly eleC:lric fish possess eleclrorec:eptors IIIlII eire tulled to tlre;r 
indil-idllal eleclric orgall diSc/large freqllencies. Olle getllls. Sternopygus. di.fl'itl),s 
both ontogellelic and seasonal sllifls in ,lrese freqllelldes. possibly beCCIII.H· of 
endocrille ilrjlllel,,·e.f. Systemic: treatmelll witlr tIIldro}l('ns lowc·r.f t1l(' di.H·lwrl((' 
frequencies in these animals. COllcomitwlI wil" tlreu d,tllllft's ill elt'ctric or}lc", 
discharge frequencies are deL'reases ill (·/t·ctroreceptor heM j'reqllellcit's: Irell(,(, tl/(' 
close malC:" belwe('" disc:/wrge frequell('Y alld receptor Illtlill}l is IIIClillwilled. Tlre,H' 
fill dings indit'ate Ihal lire lII"ing of eleclrort'C'('ptor!i is dYllamit' c/lld Ilwt il pUrclllel.f 
IIalllral slrifts in eleclric orKc", disc/Illr}lc' In'quem·y. 

In communicatory and active sensory 
systems. motor outputs and sensory in­
puts are often matched so that sensory 
receptors are most sensitive to (he fre­
quency components that predominate in 
the outpul. For example. in dilferent 
species of weakly electric fish. tuberous 
electroreceptors. which are modified 
hair cells. are most sensitive to the peak 
power of the species-specific electric or­
gan discharge (EOO) used in electroloca­
tion and communication (I. 2). Among 
the "wave" species. so called because 
their EOO is nearly sinusoidal. each ani­
mal discharges within a species-specific 
frequency band. with ellch individual 
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typically discharging at its own charac­
teristic frequency within that band. 
These individual diH'crences in discharge 
frequency are reHected in individual 
variations in electroreeeptor tuning: the 
receplors of a given fish are closely 
tuned to its EOO frequency (I). 

Despite the_high stabilily of discharge 
frequencies in these fish (3). there may 
be changes over the lifetime of an indi­
vidual. In the South American gym no­
toid Slernopygus there is a sexual dimor­
phism in discharge frequencies whereby 
mature males discharge at lower fre­
quencies than mature females (4). This 
dilference apparently results from (i) the 
gradual divergence of male and· female 
discharge frequencies from the interme­
diate discharge frequencies found in ju­
veniles (4. 5) and (ii) a seasonal enhance­
ment of the difference between male and 
female discharge frequencies (5). These 
shifts in EOO frequency may be under 
hormonal control. since treatment offish 

ment or the dlUerence between male antl 
female discharge frequencies (5). These 
shifts in EOO frequency may be under 
hormonal control. since treatment offish 

Fig. I. Receplor oscil/alion ChllnlClerislics in 
SurmJpygus. (a) Average oscillalion from II 

fish whose EOD frequency was 122 Hz. 
showing the inilial slimulus artifact followed 
by five peaks. The signal was analog-la-digital 
convened at a sampling rale of 5 kHz: each 
point represents a bin widlh of 200 J.Lsec. We 
used 512 slimulus presentalions in obtaining 
this response. The number of bins belween 
each peak WIIS used 10 calculate Ihe period 
belween pellks ond Ihen 10 cllh:ulale Ihe fre­
quency of Ihe oscillillion. The frequeDl:ies. liS 

calculaled from Ihe four inlerpeak periods • 

nre shown ilbove Ihe oscillation. (bl IlIuslr.t· 
lion of Ihe close correspondence bel ween 
individual EOD frequencies lind oscillalion 90 I 
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