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Late Holocene extinction of the New Zealand owlet-nightjar
Aegotheles novaezealandiae

Richard N. Holdaway', Martin D. Jones?, and Nancy R. Beavan Athfield®

Abstract The New Zealand owlet-nightjar (Aegotheles novaezealandiae) was a small
(c. 150 g), almost flightless endemic bird that was widely distributed before human
settlement. It was extinct before European settlement and has not so far been found
definitely in a Polynesian cultural context. A series of accelerator mass spectrometry
1C ages on gelatin from owlet-nightjar bones from non-cultural deposits was analysed
using Bayesian statistics. The results indicate that the owlet-nightjar may have begun to
decline before Polynesian settlement. Such a decline would be consistent with the
effects of predation by a new predator—most probably the Pacific rat Rattus exulans.

Keywords New Zealand owlet-nightjar; Aegotheles novaezealandiae; extinction; Rattus exulans; predation; human
impact

INTRODUCTION

Three size classes within the late Quaternary avifauna of New Zealand experienced different
levels of extinction at different times (Holdaway 1999). The different extinction rates
indicate that taxa of different sizes were affected differently by the new factors in the
environment, including predation by humans and Pacific rats (Rattus exulans), and habitat
destruction. Hunting and habitat removal drove almost all birds >5 kg in body mass to
extinction shortly after human settlement (Holdaway 1999; Holdaway & Jacomb 2000).
Only one species, the yellow-eyed penguin (Megadyptes antipodes), survived, but it may
have been reduced to a remnant population at the southern end of its mainland range before
expanding north again (Worthy 1997).

Species of less than “megafaunal” size varied in their response to the new predation
pressures and habitat loss in ways determined by their body size, flying ability, breeding
habits, and habitat (Holdaway 1999). Most coastal, freshwater, and arboreal species were
relatively little affected until large, arboreal, and water-tolerating predators such as stoats
(Mustela erminea) and Norway (Rattus norvegicus) and black (R. rattus) rats were introduced
by Europeans after AD 1760.

On the other hand, terrestrial species, and especially flightless taxa, were less successful.
The second of the three size groups, mid-sized species of 1-5 kg, were least affected by the
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first wave of extinctions (Holdaway 1999). The lower limit of this size range is difficult to
define. Some birds of 1-5 kg laid small eggs for their body size or were particularly helpless
on land and therefore subject to predation by Pacific rats (Holdaway 1999). Several, however,
survived into European times, including the kakapo (Strigops habroptilus) and South Island
takahe (Porphyrio hochstetteri) which are among the most endangered species and subject to
intensive management. Both species started to decline well before European arrival (Williams
1956; Holdaway 1999; Holdaway et al. 2001), but the adults are too large to be threatened by
Pacific rats. Apparently, attrition of eggs and young was slow enough in high altitude
habitats (where Pacific rats were rare) to allow remnant populations to survive. Survival at
the periphery rather than the centre of the former range is common with many endangered
taxa (Lomolino & Channell 1995).

Extinction in the late Quaternary of New Zealand vertebrates <500 g in body mass
requires a separate explanation to that of the extinction of the large flightless birds, seals, and
sea lions. Many smaller species became extinct almost simultaneously, soon after first human
contact and after surviving the sudden and dramatic climatic changes of the previous 30 000
years. They could not have been major parts of the diet of human settlers. They were too
small, and offered too little return for effort in capturing them. While most of these small
species were probably eaten when available, none was likely to have been subjected to the
steady attrition visited upon the 11 species of moa (Dinornithiformes), geese (Anatidae), and
other large birds (Cassels 1984; Holdaway 1989; Holdaway & Jacomb 2000; Worthy &
Holdaway 2002).

Elsewhere (Holdaway et al. 2002), we have discussed the timing and causes of extinction
of a small, terrestrial species, Finsch’s duck (Chenonetta finschi), that was likely to have
been both palatable to humans and large enough to be considered as worthwhile prey. Adult
Finsch’s ducks were probably not particularly vulnerable to direct predation by Pacific rats.
However, the egg was within the size range accessible to the rat (60 mm long) (Holdaway
1999) and its extinction was probably initiated by rat predation on eggs and young and
completed in the earliest stage of human settlement by human and rat predation (Holdaway et
al. 2002).

Although the data suggest that the numbers of Finsch’s duck began to decline before
widespread human settlement, it is possible that such a species, being palatable to humans
and relatively easy to catch because it was primarily terrestrial and almost flightless (Worthy
1988), could have succumbed very quickly to human hunting. If so, its apparent rarity in the
archaeological record may be an artefact of the rapidity of the human assault. To further test
the hypothesis that Pacific rats initiated extinctions of small vertebrates before widespread
human settlement, it is necessary to examine the fate of even smaller species that are unlikely
to have featured prominently in the diet of settlers, and yet whose fossil distribution is known
well enough for us to be certain that it was both widespread and abundant in the immediately
pre-human environment. Such a species has to have been both accessible to Pacific rats and
vulnerable to predation by them on its adults as well as eggs and young (Holdaway 1999).
According to the hypothesis of an early arrival of the Pacific rat with transient human
visitors, these species are likely to have suffered extinction earlier than others because no life
history stage was safe from predation. They had no “demographic refuge”, such as high adult
survival, that helped species such as small petrels to withstand the effects of mammalian
predators for decades if not centuries in the presence of high populations of rats.

One species that fulfils all the above criteria, including being common in the Holocene
fossil record, is the New Zealand owlet-nightjar Aegotheles novaezealandiae (Scarlett,
1968). Scarlett (1968) described the species from material he had accumulated over several
years from sites in both the North and South Islands. He made it the type species of a new
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genus, Megaegotheles, which was based on the New Zealand species’ large size and the
reduction in its wing and pectoral girdle. Rich & Scarlett (1977) reviewed the species when
new material was available and discussed its wing and leg proportions in relation to whether
the species was flightless, accepting that it probably flew poorly, if at all, and spent much of
its time on or near the ground. Olson et al. (1987) reviewed the Aegothelidae and referred the
New Zealand species to Aegotheles. They considered that the differences between it and
other taxa in Aegotheles are related to a weakening of flight and increased leg development,
characteristics that are not sufficient for separation at generic level. Holdaway et al. (2001)
accepted this decision and recommended that the species be listed under Aegotheles. The
species was one of the largest in the genus, and weighed about 150-200 g, based on estimates
from allometric relationships between limb bone measurements and body mass (Worthy &
Holdaway 2002). It was similar in size to A. savesi from New Caledonia, which is known
from a single skin and a few fossils (Olson et al. 1987), and much larger than the common A.
cristatus of Australia.

Despite being nocturnal, owls were eaten by early Polynesians in New Zealand (Worthy
1999). Therefore, although owlet-nightjars are nocturnal and cryptic and would not have
been encountered regularly by people, they are likely to have been eaten when available.
Certainly they were larger than other species such as the robins (Petroica spp.) and pipits
(Anthus novaeseelandiae) which were eaten regularly (Worthy 1999). If so, owlet-nightjar
remains should be present in archaeological sites, especially those dating from the settlement
period in late 13th and early 14th centuries (Anderson 1991; Higham et al. 1999; Lowe et al.
2000). The two published reports of the species in apparent cultural contexts (McCulloch
1994; Worthy 1999) are dealt with below.

In this paper, we outline the distribution of the owlet-nightjar during the Holocene, as
determined from the presence of its remains in non-cultural fossil deposits. Based on a series
of radiocarbon ages from situations where there was evidence that the deposition of fossils
began before human settlement and continued into the European period (Holdaway et al.
2002), we provide probability distributions for critical events in the extinction of the species.
These include the dates of the start of its decline to extinction at various sites, and of its final
extinction defined by its last appearance in the fossil record. The implications of the time of
its extinction in relation to other factors in the New Zealand environment are then explored.

METHODS

Late Holocene distribution

The natural (non-cultural) and archaeological records for A. novaezealandiae were compiled
and plotted to examine the natural distribution of the species during the Holocene and test for
evidence for a range reduction before Polynesian settlement. Non-cultural fossil distributions
were plotted from an unpublished database developed from continuing work in both major
islands (see Worthy & Holdaway 2002 for a list of references to 2000). The archaeological
distribution of the species and the distribution of sites of archaic age containing faunal
material were compiled from Anderson (1989) and Worthy (1999).

Sites for radiocarbon analysis of the time of incorporation of A. novaezealandiae bones
into deposits were chosen using criteria that included presence of large samples and evidence
that the main sampling mechanism (primarily predation by the laughing owl Sceloglaux
albifacies) continued to the European period (Worthy & Holdaway 1994a,b; Holdaway &
Worthy 1996). In all, '“C AMS determinations were obtained on samples from 13 sites (Fig.
1). If a site contained the remains of taxa introduced by Europeans and the remains of extinct
taxa, it was assumed that the record in that site was continuous through the period of interest.
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Fig.1 Location of sites from which New Zealand owlet-nightjar (Aegotheles novaezealandiae) bones
were dated for this study. 1, Hukanui Pool; 2, Hukanui 7a; 3, Martinborough #2; 4, Glowworm Fissure;
5, Predator Cave; 6, Hawke’s Cave; 7, Kairuru Cave; 8, Holocene Hole; 9, Ardenest; 10, Euan
Murchison #1; 11, Gowan Hill “old”; 12, Gowan Hill “young”; 13, Castle Rocks.
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AMS 14C dates, sample preparation

Samples were selected from the material collected by RNH and by T. H. Worthy, from
collections of the Museum of New Zealand Te Papa Tongarewa, and from collections made
by RNH (Hukanui Pool, Hukanui #7a), THW (Glowworm fissure), and THW and RNH
(Predator Cave, Kairuru Cave, Hawke’s Cave, Holocene Hole, Ardenest, Gowan Hill). The
locations of sample sites are given in Fig. 1. All sample treatment was done by NRBA, and
AMS measurements were made after 1995 at the Rafter Radiocarbon Laboratory of the New
Zealand Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand, according
to the protocols described in Holdaway et al. (2002).

AMS '4C dates are reported as conventional radiocarbon ages (CRA, years BP) as defined
by Stuiver & Polach (1977), and as calibrated dates. Calibrated dates were obtained using a
bi-decadal calibration based on Stuiver et al. (1998), and the program Winscal 4.0 (Institute
of Geological and Nuclear Sciences). Calibrated dates were used for the reasons given by
Taylor et al. (1996).

%C, %N, $13C, 815N, C:N ratio

Proportions of C and N and the enrichment of '*C and !°N in bone gelatin samples were
measured at the Rafter Laboratory using the method described in Holdaway et al. (2002).

Statistical treatment

Using 12 of the 20 determinations on A. novaezealandiae bone, we sought to establish the
time range over which the extinction of this species occurred using the Bayesian model
presented by Holdaway et al. (2002) to examine the extinction of Finsch’s duck (Chenonetta
finschi). Briefly, assuming that the dated capture events (an owlet-nightjar caught by a
laughing owl) can be described as a constant rate Poisson process (this describes discrete
random temporal events of relatively low temporal frequency), we can compute posterior
distributions for parameters of interest via sample-based Bayesian inference.

Let y,,, denote the value of the nth radiocarbon age measured in the mth phase (e.g., for
the Ardenest site m = 1 as opposed to the Gowan Hills site where m = 2), reported with
associated standard error o, , and 8,,, denote the calibrated date for the specimen (m,n). Let
y,; and y,;, respectively, denote the (unknown and undated) calendar dates of the beginning
and end of pre-extinction phase i, and y; and ¥, denote the (unknown and undated) calendar
dates of the beginning and end of the global extinction process. Then the state space (€2) for
the i = /..k phases can be given as

Q= (y,0);
TPQ yi 6 Yy
TPQ Wi Ve W Yo TAQ} (D

where the TAQ (Terminus Ante Quem) and TPQ (Terminus Post Quem) are 100 BP and
13 000 BP, respectively, with four phases (i.e., k = 4) corresponding to the Ardenest, Gowan
Hills, Predator Cave, and Kairuru Cave sites.
Following the standard Bayesian inferential framework the posterior distribution of y and
0 conditional upon the observed dates y(h(y, 61 y)) is defined in terms of an unnormalised
prior density f (y, 6), and likelihood L(y 16) as,
WO.w1y) =L (v 6) X f(y, 6). @)
Here the prior density f(y, 8) follows that given in Nicholls & Jones (1998, 2001). This
prior specifies that the span of activity for any process is a priori uniform between two parent
bounds. This prior is considered non-informative in that it does not bias the span as may
occur under other priors that have been proposed (Nicholls & Jones 2001).
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The likelihood L(y 18) used here follows the standard definition of the radiocarbon likelihood
(Buck et al. 1996) and derives from the CRAs associated with each 6. Let 6,,,, be a calibrated
date for specimen (m,n), measured in units of calendar years AD, and assumed to equal the
context date associated with the (m,n)th specimen. The observation model for y,, , is

Ymn =~ Normal(ﬂ(em,n)’ o (em,n)z) (3)
where
O-(em,n)2 =6 (em,n )2 +0 2m,n 4)

and u (6,,,,) and G(6),,,) are standard, empirically determined radiocarbon calibration functions
(e.g., Stuiver et al. 1998). In this instance, the 1998 INTERCAL terrestrial data are used
(Stuiver et al. 1998). Let A(¥,,16,.,,) denote the likelihood of parameter 6,,,,

1
A’(Ym,n em,n) = Wexp(_('ym,n — (B, , ))2 120(6,, , )2) 3)

Thus A%,/ 6,n.) is a density distribution normalised over ¥, , values, and unnormalised
over 8, , values. Observations are assumed independent, so the joint likelihood, L(y | 6), is

M N,
L(y I 0) = H H}"(ym,n | 9m,n) (6)
m=1 n=1

The posterior distribution of any individual parameter (i.e., ¥; or 6;) or statistic such as
phase span (i.e., | — y) is simply a marginal integrated from the joint distribution %(y, 61 7).
A terrestrial reservoir offset of —27 £ 5 years (McCormac et al. 1998) has been applied in this
analysis following the correlated model given by Jones & Nicholls (2001).

In the present analysis, we are most interested in the following parameter statistics:

Onset of the overall owlet-nightjar extinction process =y
Termination of the overall owlet-nightjar extinction process = Y,
Span of the the overall owlet-nightjar extinction process =y — Y

These statistics were calculated using a Markov Chain Monte Carlo (MCMC) based Bayesian
analysis following the Metropolis-Hastings sampler described by Nicholls & Jones (1998,
2001). The corresponding statistics for parameters governing the local termination events at
Ardenest, Gowan Hills, Predator Cave, and Kairuru Cave were also obtained. The confidence
intervals (highest posterior densities, HPD) of these statistics were determined and plotted.

RESULTS

Holocene distribution

In the late Holocene, immediately before first human contact with the archipelago, A.
novaezealandiae was found almost throughout the two main islands, and on D’Urville Island
(Holdaway et al. 2001) (Fig. 2). Scarlett (1968) summarised the distribution as then known,
and other sites were known by the time Rich & Scarlett (1977) redescribed the species. Since
1977, remains of the species have been identified from a further 91 sites of (mainly)
Holocene age, and four sites of definitely Pleistocene age (RNH and T. H. Worthy unpubl.
data; Fig. 1). Many of these additional sites are listed in Worthy (1997, 1998a,b) and in
Worthy & Holdaway (1993, 1994a, 1995, 1996a, 2000).

None of the sites listed by Scarlett (1968) or Rich & Scarlett (1977), or in the New Zealand
database (Fig. 2) has a cultural context. McCulloch (1994) suggested that the material from
two sites (Frenchmans Gully, South Canterbury, and a rockshelter at Weka Pass, North
Canterbury) were associated with the early Polynesian sites at those places. The rockshelter
near Weka Pass was identified by Worthy & Holdaway (1996a) as Euan Murchison’s
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Fig. 2 Distribution of non-archaeological sites containing New Zealand owlet-nightjar (Aegotheles
novaezealandiae) bones of mainly Holocene age (filled circles), compared with distribution of non-
archaeological sites of Holocene age from which fossil bones have been recovered. Because of the
scale, many of the sites lacking A. novaezealandiae are obscured, e.g., there are 43 sites in the Punakaiki
karst (West Coast) and a further 43 on Takaka Hill and in Takaka Valley (north-west Nelson).
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Rockshelter #1 as listed by Scarlett (1969) and catalogued as such in the collections at
Canterbury Museum. Material at that site was interpreted by Worthy & Holdaway (1996a) as
being of mixed origins, with only a few bones being associated with the thin cultural layer
and most being from a pre-existing predator (probably laughing owl Sceloglaux albifacies)
deposit in the sediments on which the cultural deposit was laid. The material from an
archaeological site at Opito on the Coromandel Peninsula (Jolly & Murdoch 1973) has not
been re-examined and as with material of other species from similar sites in the area, such as
that of Eyles’s harrier (Circus eylesi) from Hot Water Beach (Canterbury Museum Av16209),
it is likely to be from a natural deposit in the dunes on which people settled later.

The owlet-nightjar is not likely to have been pitfall-trapped. It had strong legs (Rich &
Scarlett 1977; Worthy & Holdaway 2002) and could have climbed relatively steep walls even
if it could not have flown out. It did, however, frequent the entrances of caves, penetrated
passages farther than most species, and probably nested in such places as the entrance to
Kairuru Cave on Takaka Hill, where remains of adults and juveniles were found together
below a possible nest niche (RNH and T. H. Worthy unpubl. data). Remains of the species
are therefore common in suitable cave deposits in both islands (Worthy & Holdaway 1993,
1994a, 2000). By far the most important new information on the distribution of the species,
especially in the eastern South Island, has come from deposits accumulated by laughing owls
(Worthy & Holdaway 1994b, 1996b). The owl survived into the early 20th century (Worthy
1997). As the owlet-nightjar was a normal part of the owl’s prey (Holdaway & Worthy
1996), owlet-nightjar bones would be incorporated in the sites so long as they were available
to the owl. Therefore, the youngest bones from a series of owl should provide information on
the time of the owlet-nightjar’s extinction.

On the evidence of these non-cultural sites, interpreted as being the remains of birds,
mammals (bats), frogs, and reptiles collected by the owls from within 1-2 km of the site
(Holdaway & Worthy 1996), the owlet-nightjar was abundant in many parts of both islands.
Importantly for analysis of the reasons for its extinction, the species was found widely in both
the wet forests of the West Coast and in the drier eastern mosaic forest-shrublands of the
South Island. These vegetation types fared very differently during the extensive fire-induced
deforestation immediately after Polynesian settlement (McGlone et al. 1993).

The other reputed association of A. novaezealandiae with humans mentioned by McCulloch
(1994) was a single bone from a deposit at Frenchmans Gully. Worthy (1997) pointed out
that the location of the site is recorded in the Canterbury Museum catalogue as being on “the
farm at the head of Frenchmans Gully” which does not tally with either of the recorded
archaeological sites (J39/17 and J39/26) in that area, neither of which has any recorded
excavations. Site B, which contained one bone of A. novaezealandiae (Av19890), was
identified by Worthy (1997) as a rockshelter with a fallen roof slab on Tuarangi Station at the
head of the gully. There are early Polynesian rock drawings in this shelter but no evidence
that the fossil material was associated with cultural remains. The only other record in the
archaeological literature is for Opito, on the Coromandel Peninsula. However, other material
from there is not associated with cultural remains and it is likely that the owlet-nightjar
material was from a natural deposit in the dunes.

Radiocarbon

The conventional radiocarbon ages of 4 bones of the owlet-nightjar from 4 sites in 2 areas of
the North Island and 16 bones from 9 sites in 4 areas of the South Island are given in Table
1. The corresponding calibrated calendar ages (based on terrestrial reservoir data) are shown
in Table 2. None of the bones gave a conventional radiocarbon age of <950 years BP (Table
1), despite younger ages on other taxa and from the same sites, and the presence at those sites



661

Holdaway et al.—Extinction of owlet-nightjar

6y CT06 00T LT €9l ¥vy 611 €1T- 09F¥I0I  O¢vel  1/STS9Td wnyy S0€ETS  8ILSYY/vYH SO0Y 2Apse)
81l 868 9LI 0¢ 68 £9¢ L1l 1'0c—  SSFTTOY  Tevel  €/STe9Td wnyg 16€€ES  96VPIT/CEN 9JOH 9uad0[0H

v Ll L'ce 611 87T 6'¢ 991 Lel v'IT- 09FTS0E 08801 LI/pL8YTH wngy  1dor8ees

€C T9 06 891 LT et 9ce 'yl 60T 09F990€ 64801 9I/vL8¥Td wnyy  1do18EES
¢ C 86 SS8 €S9I 67T ccl 6'Se el 80— 09F9L01  I¥€01 ¥1/L0LYTH woyy  1dOI8EES  8869€8/VEN «1opIO,,
S[[TH uemon
I ¢ 0y 006 P8 6T or  cec I'vl SI1T- 09F96T€  TPEOI  SI/LOLYTH iy deprees  8869€8/7EIN Josunok,,
S[[IH uemon

€1 ¢l 062 vvl LT Lel TS 6°¢l S1¢—  09F 56 18801 81/pL8Fcd wwrwnyT 1dg/9¢es

¢l Tt 0% 9Ll 67T cel gve el S0T— OLFI0ET  6£€01  CTI/LOLYTH AL  1dgLogeS
I 0 067 ¥l 67T L'eTr £9¢ 8¢l 00c— OLF98YC  8€€01  11/L0LYTH p-wopy  1d8L9¢eS  €L09T6/SEN 1Sauaply
8L 06 LTI 67 ¥IL 0¢ee I'TL 80T— OLFIS601 OFE0l €1/L0LYTd Uy P8LLIAY  TO0ESS/CEN 14 UOSIYIINIA ueny

¢y ve 09 LSI VN VN VN VN I'61— SSFI06C  LTTIT  ¥/1509TA Usigry “Saun g
I ¥ ¢€¢ 8¥8 Tv¥l VN VN VN VN 881~ SSFYSIC 9TTIL  €/15092d ysigry ‘Borun' g S1T0TO/9TN 9ABD) MUNITES
09 06™ 89l 67 €8 I've 1Y L'61= 09F98ST  SE01  9I/L0LYTH P-uRry SIT0ES  LITLIO/9TN 9ABD) S MEH

€€ Ve 06 Syl 8¢ €91 €Sy 8¢ 10T 09F¥SPT  €8801 1T/pL8pTy wwirwmyT
¢ ¢ 0¢ 067 TOI LT 9L ¥'0¢C 19 66— 09F S99 TS8OI 6l/pL8PCd wwiwnyT

I € L1 L' 611 67 €8 9ve L9 P6I— OLFSO8TII €ve0l LI/LOLPTE — wwnqry 79€TES  TITLI0/9TN 9AED) I01Epald
PUB[S] yjnog
99 668 TLI TI¢ 9 861 001l v'el— SOFIQIY  vepEl  §/STS9Td Q1 S6SYTS  6LL960/8TS™  TH# USnoIoquIIEA
Lre Le8 SSI 8T LTl LSe I'e 861~ SSFCIIT I¢vel  T/STS9oTd  wuwnqgry $08STS  6LL960/8TS™D  QINSSL WIOMMO[D
€L 968 OLI 67T 8Tl I'¥e 0l €0 SSFO6891  €evEl  ¥/STS9Td Yy 06CLES  T116V1/0TA B/# Inueny

'L VN 0L VN VN VN VN L0~ O0LF690C  SE9L ¢/10L1Td 9L “Sorun
ZNWN  ST16¥1/0TA [00d muenH
PUBIST 310N
Y 1% 39 o9 ND  N% D%  NaQ  Dea® Vao VZN ‘ouqe] justery - "ou Jep Jor depy RN

“(SPOYIQIA 29s) aseyd yoea ur sa3e uoqIedorpel

Jo 1oquunu ‘7 {(SPOYIQIN 99s) SIsA[eue ueisoAeq ur oseyd ¢y (uaSe[[od pasUNe[S WOl PAId[I) INPISAI A[qNOsul Jo dFejuadiad ‘19, (UdFe[[0d PasIUNEL[O3 WO}
paroenXe UnNe[Rs Jo a3ejuddrad ‘3o, QuOQq PISI[RIUIWIP WO) P[AIA uade[[0d Jo a3ejuadrad ‘09, cune[ed payrnd ur orer udgonIu:uoqied ‘N:D uneas payund ur
udSontu Jo d8eusoiad ‘N9, ‘unelad payrind ur uoqres jo a3eusoiad ‘)9, (N dusydsowre 0110adsar yim spduwes Jo N¢; Ul JUSWYILIUS ‘N¢(Q ‘prepuels Isurese sjdwes
JO (2%) D¢ ur uonadop ‘D¢(Q (0S6T AV 210J9q SIBIK Dy, UI) 958 UOGIEIOIPRI [RUONIUSAUOD ‘YD) LI9qUINU SIS 938 SIAY Dy AI0IRIOQRT UOGIROOIPEY I91Jey
‘VZN Joqunu opdwes A10jeI0qeT U0QIEO0IpRY Jo)jey OU QB ‘SNSIejejowoste] ) SnsIejoiqn ‘1q) INWoj ‘WIdf ‘eun ‘ujn ‘sniowny ‘wny ‘pus [elsip Suryoe| ‘p-
SQINIRLUTUT ‘WILUT $JUAWIAA )3 Jo JYSII T J0 Y o[dures J0J pasn auoq ‘JUAW[H ¢'JoI PLID/IAYS 097 SINZN 03 ST “Jo1 deJyl "Spue[s] [In0OS pue YLION UI SIS [eINjeu
woly (aIpun]PIzaPAOU $2]211032Y/) TelJYySIU-19[M0 PULB[RIZ MIN U} JO SAUOQ J0J $9F8 U0QIEIO0IPE] [BUONUIAU0D puk ‘s1ojowered Ajienb ouoq ‘oidwes | aqe,




Journal of The Royal Society of New Zealand, Volume 32, 2002

662

L8L—GSOT 167996 09F 101 oevel /62592 SYO0Y I[se)
YLOS—OTS “TETS—E9TS “LLTS—TLYS “TSSS—99GS POES—6TES €8ES—ISHS SSF oY cevel €/STe9Td 9JOH 9Uad50[0H
69V T-69071 “TLLYT-TOIST LITE-P8TE *SOTE-0SEE 09 +2S0¢ 08301 L1/¥L8YTd
98+7—€99T :L69T-18LT 0ITe—LS¢EE 09 F990¢ 6L301 91/¥L8YTd
C16-8801 *LOTT-0ETT £€6—6S01 09F9L01 [8290) P1/LOLYTE «TOPIO,, S[[TH UBMOD
6L£E—189¢ 6SYE—E8SE “L09E—STIE 09 F96¢¢ re0l S1/LOLYTE J03UNOL,, S[[IH uemon
YEL=L96 L9L—€E6 09 F 1756 18801 81/¥L8YTd
1901=LTEl CLIT=68CI OLF T0El 6€€01 C1/L0LYTd
SPET—ESLT YOETTELT 0L F98YC 8¢€0l L1/L0LYTd 1souaply
§S9TI-8CTLTT “TTSTI-6VIE] L88TI=E80¢C1 OLFIS6 01 OPeol €1/L0LYTd [# UOSIYIIMIAL UeTy
8987-9€T¢  6V6T0I1€ “9TIE-6E1€ “6V1E€-LSIE SSF106¢ LTTI ¥/15092d
YSTE-OLYE  TLTE-LLTE “OvEC—LOVE *STHE-TYPE SSFPCIE 9CCll €/15092d SAED) NUNITeD]
981C—€99C *L69T-18LT LTLT=6SLT 09 +986C SPeol 91/LOLYTd 9ARD) S MBH
eYeT0VLT 86ETSILT 09 F 7S¢ £8801 1T/vL8YTd
9TYL—19L SOVL—LLSL 09 F $¥99 8301 61/¥L8YTd
69V 1-690v1 “TLLYT-TOIST 809€1-9L6E1 OLFSO8TT  €pe0l LY/LOLYTE QAe]) Jojepald
PUe[s] yinos
CTST—968Y 8LSY—VE8Y SOFI8IY evel ¢/STe9Td T# ySnoroqunrejy
SY61—0TT *1€TT-S0ET 000C—8v1C SSFSIIT Tevel T/STS9Td QINJRL]- JOMMOLD
YTrI-Tvpl :68P1-8ILI 0£ST-9291 :S91-6891 SSF 6891 eevel ¥/STS9TH BL# Inuejny
6981—€S1T £97T-96CC 9¢61-1TIC 0L+ 690C SE9L g/toL1cd [00d mueny
PUE[ST Yy3.I0N
ot o1 VIO VZN ou qeT] NS

(dg sTedk Iepuored) sojep pajeIqIed I0J STEAIIUT QOUIPIFUOD)

"puUB[BIZ MIN ‘SPUR[S] YINOS PUE YLION
Ul SOIS [RINJRU WOLJ 2DIPUD]DIZIDAOU $2]241032Y Te[IYSIU-19[MO pue[ed7 MIN Y} JO UNR[ST dU0q UO S8 Dy SNV PAIRIQI[ED 10] S[BAIUI OUIPUOD) ¢ dqR],




Holdaway et al.—Extinction of owlet-nightjar 663

40004 é
3500
30004
o
@ 2500
» L i
S 20004 = !
(0]
>..
15004
1000
- 0
0 T T - T T T T
5 5 5 5
B c c 3 & 5 3
1] @ £ £ £ =
5 2 3 E E E E
c £ c 8 2 28 9
k) E S = ot = hat
g = 8 8 & & B
E E: £ - I o -
2 B ° % ] g ™
Parameter

Fig. 3 Confidence intervals for date of termination of the New Zealand owlet-nightjar (Aegotheles
novaezealandiae) in the North and South Islands. Years BP, calendar years before present (AD 1950);
boxes, 68% HPD (highest posterior density confidence interval); lines, 95% HPD; Termination onset,
start of the final phase of the modelled extinction process; Final termination, end of the modelled
extinction process; AR, Ardenest; GH, Gowan Hill; PC, Predator Cave; KC, Kairuru Cave.

of taxa introduced after the mid 19th century (Worthy 1998a,b; Worthy & Holdaway 1994a,
1995, 1996a). The youngest calibrated age was NZA10881 with a lower (16) confidence
limit of 767 years BP, equivalent to 1183 AD. This sample was from Ardenest, a site that was
occupied by laughing owls until at least the second half of the 19th century (Worthy &
Holdaway 1996a).

The carbon and nitrogen contents, C:N ratio, and enrichment in '3C and >N of the gelatin
samples are also given in Table 1, as indicators of bone quality. All samples had a C:N ratio
in the range 2.7-3.1, and total bone %N of 0.65-2.94 and hence were Class II (very well to
well preserved) according to the bone quality classification of Stafford et al. (1988). The ages
determined for the bones are therefore assumed to reflect the time of deposition. The older
sample (R26525/5) from Martinborough had low amounts of C (19.8%) and N (6.5%)
despite high yields of collagen (15.5%) and gelatin (89.7% of total collagen). This suggests
that the bone was more altered than the other from that area (from a different site) which had
values of 35.7 and 12.7% for C and N, respectively, and 15.5% for total collagen of which
89.7% was recovered as purified gelatin.
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The oldest age on an owlet-nightjar bone was from Predator Cave (11 805 + 70 4C years
BP; NZA10343). The age was consistent with NZA3065 (10 879 + 83 14C years BP) on a
robin (Petroica australis) bone from the same deposit of laughing owl prey (Worthy &
Holdaway 1996b). Nearly as old was a bone from the rockshelter on Euan Murchison’s farm
at Waikari, North Canterbury, which yielded a conventional radiocarbon age of 10951 +
71 14C years BP (NZA10340). This is much greater than would be expected if the bone came
from the thin cultural layer in the site, as reported by McCulloch (1994). However, the age of
the owlet-nightjar bone agreed broadly with that on a bone of Finsch’s duck from the same
site (9157 + 60 1*C years BP; NZA10193) (Holdaway et al. 2002). The consistently much
greater ages on these bones support the interpretation that the cultural site was superimposed
on a pre-existing site of predator origin (Worthy & Holdaway 1996a). The calibrated dates
for the two bones are c. 3000 years apart, but several predator sites are known where
deposition proceeded for more than 3000 years, including Predator Cave on Takaka Hill
(Worthy & Holdaway 1994a) and Gowan Hill (Table 1; Holdaway 1999).

Statistical analysis

The 68 and 95% highest posterior distributions for the parameters of interest in the extinction
of the New Zealand owlet-nightjar in the South Island in general, and at four specific sites in
the South Island, are shown in Fig. 3. Deposition apparently began at all the sites about or
after the mid Holocene, and, most importantly, owlet-nightjars became unavailable for
incorporation into the local traps within the past 1000 years.

The start and end of these local termination events indicate that, nationwide, local
terminations began some time in the interval 460-2000 BP, which was the 68% HPD (
confidence interval) for the likelihood of the start of the termination phase. The local
terminations began before 600 BP (95% HPD) and final extinction would have occurred
some time in the period 540—100 BP (68% HPD). Further, it is apparent that the nationwide
extinction process may have taken a considerable period of time (68% HPD for duration of
the local extinctions was 20—1400 years). It is likely that the species had declined in numbers
before widespread human settlement to the extent that it was available to early settlers in only
a few places within its former range. The extinction probably occupied several centuries, and
small residual populations may have persisted into the period of European settlement.

DISCUSSION

Lack of an archaeological record

The non-association between the archaeological and non-cultural deposits at Rockshelter #1
points to the problem of interpretation of thin cultural deposits in places where natural
processes can accumulate fossils. Deposits at other, similar, sites in the Waikari area should
be re-analysed in light of the situation now known to have prevailed at Rockshelter #1. In
particular, the large collection of jaws of the Pacific rat in Canterbury Museum from the
Timpendean Rockshelter, whose accumulation has been attributed to human exploitation,
should be re-examined to see whether they were part of a pre-existing predator deposit.
The results indicate that the owlet-nightjar populations in the South Island collapsed, and
the species was massively reduced in range, by the time of widespread Polynesian settlement
in New Zealand in the late 13th century (Anderson 1991; Higham et al. 1999; Lowe et al.
2000). With the rejection of two reported cultural contexts for the species in the South Island,
there is presently no direct evidence for the species’ survival there at the time of Polynesian
settlement. The cultural context is equivocal, however, because the species was unlikely to
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have been eaten regularly; it is possible that the apparent absence from cultural sites is a
sampling artefact.

Although the four available ages suggest that the owlet-nightjar also began to decline in
the North Island before widespread Polynesian settlement, the available data are inadequate
to constrain the probability distributions. The report from a cultural context at Opito is also
insufficient evidence for its survival after Polynesian settlement. Remains of other birds from
these sites, including bones of Circus eylesi from Hot Water Beach (Canterbury Museum
Av16209), show that archaeological and natural remains have been mixed in the collections,
and there is no independent evidence for association with the cultural site.

The lack of evidence for owlet-nightjar remains in cultural contexts, in conjunction with a
high probability for extinction beginning before 600 BP, indicates a reduction to near
extinction by the time of widespread human settlement. Thus, the direct effects of human
settlement (hunting and habitat destruction) are unlikely to have been major factors in the
extinction of owlet-nightjar. Indeed, substantial areas of habitat remained well into the
European period on the West Coast of the South Island and in the interior of the North Island.

In the absence of significant environmental change during the period of decline and
extinction (Burrows & Greenland 1979; Burrows 1982; Hellstrom et al. 1998), or evidence of
disease (Holdaway 1999), and the apparent ubiquity if not abundance of the owlet-nightjar
during the Holocene, its extinction must be primarily attributed to predation by Pacific rats
(Holdaway 1999). No other factor could conceivably have removed the species from throughout
the main islands of the archipelago. Without refuges on other rat-free islands, which saved
species such as Lyall’s wren (Traversia lyalli) on Stephens Island in Cook Strait, and the
South Island saddleback (Philesturnus carunculatus), bush wren (Xenicus longipes), and
snipe (Coenocorypha iredalei) on the South Cape Islands south-west of Stewart Island at
least until the European period, the owlet-nightjar succumbed to predation pressure that
probably lasted 1000 years before extensive Polynesian settlement (Holdaway 1996, 1999).

The loss of this small, vulnerable, and economically unimportant species with broad
habitat requirements before widespread human settlement provides, along with the extinction
of many other species with similar characteristics (Holdaway 1989, 1999), prima facie
evidence for the presence of the Pacific rat in New Zealand before widespread permanent
human settlement. Further work will be necessary to define the extinction time of other
species and, particularly, to ascertain when population declines began before a complete
picture of the pattern and causes of small vertebrate extinctions in New Zealand can be
developed.
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