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Abstract

The overwhelming majority of avian extinctions have occurred on islands, where introduced predators, habitat loss, disease,
and human persecution have resulted in the loss of over 160 species in the last 500 years. Understanding the timing and
causes of these historical extinctions can be beneficial to identifying and preventing contemporary biodiversity loss, as well
as understanding the nature of island ecosystems. Tristan da Cunha (henceforth “Tristan’), the most remote inhabited island
in the world, has lost three species from the main island since permanent human settlement in 1811—the Tristan Moorhen
(Gallinula nesiotis), Inaccessible Finch (Nesospiza acunhae acunhae), and Tristan Albatross (Diomedea dabbenena). We
used recently developed Bayesian methods, and sightings of mixed certainty compiled from historical documents, to estimate
the extinction date of these three species from Tristan based on specimens. We estimate that all three species were likely extir-
pated from Tristan between 1869 and 1880 following a period of significant habitat alteration and human overexploitation,
and only the albatross had a high probability of persistence when Black Rats (Rattus rattus) arrived in 1882, the previously
assumed cause of extinction for all three species. Better estimates of extinction dates are essential for understanding the
causes of historical biodiversity loss, and the combination of historical ecology with modern statistical methods has given
us novel insights into the timing and therefore the causes of extinctions on one of the most isolated islands in the world.
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Zusammenfassung

Aussterben von Vogelarten auf der abgelegensten bewohnten Insel der Erde

Die mit Abstand grofite Anzahl ausgestorbener Vogelarten gab es auf Inseln, nachdem Réuber eingeschleppt und Lebensraum
vernichtet wurde, sowie durch Krankheiten und Verfolgung durch den Menschen. All dies hat zu einem Verlust von mehr als
600 Vogelarten in den vergangenen 500 Jahren gefiihrt. Das Verstidndnis von zeitlichen und urséchlichen Zusammenhéngen
dieses historischen Artenverlusts kann zum einen helfen, die 6kologischen Besonderheiten von Inseln zu verstehen und
zum anderen, akute Bedrohungen der Artenvielfalt zu erkennen und zu vermeiden. Tristan da Cunha ist die entlegenste
bewohnte Insel der Erde; seit der dauerhaften Besiedlung durch Menschen (1811) sind auf der Hauptinsel drei Arten
ausgestorben: die Tristan-Inselralle (Gallinula nesiotis), der Tristan-Ammerfink (Nesospiza acunhae acunhae) und der
Tristan-Albatros (Diomedea dabbenena). Fiir die nicht immer ganz eindeutigen Sichtungen einzelner Tiere, historischen
Dokumenten entnommen, wandten wir kiirzlich entwickelte Bayessche Formeln an, um die Zeit des Aussterbens dieser drei
Arten zu datieren; wir gehen davon aus, dass auf Tristan alle drei Arten zwischen 1869 und 1880 ausstarben. Dies geschah
wohl nach einer Phase starker Besiedlungsaktivititen und Raubbau durch Menschen, und nur der Albatros hatte noch eine
gute Chance, als 1882 die Hausratte (Rattus rattus) eingeschleppt wurde, die bislang allgemein als die Ursache fiir das
Aussterben der drei Arten angesehen wurde. Fiir die Erforschung der Ursachen friiherer Riickgidnge von Artenvielfalt sind
genauere Aussterbe-Datierungen essentiell, wobei uns die Kombination von historischer Okologie mit modernen statistischen
Methoden neue Ansitze fiir die Datierung und damit fiir die Ursachenforschung vom Artensterben auf einer der abgelegensten
Inseln der Erde bietet.

Communicated by C. Barbraud.

Extended author information available on the last page of the article
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Introduction

In the last 500 years, > 90% of avian extinctions have been
of island species (Johnson and Stattersfield 1990; Loehle
and Eschenbach 2012), driven by introduced predators,
habitat loss, and human persecution (Steadman 2006;
Duncan and Blackburn 2007; Hume and Walters 2012).
Globally, rails (Gruiformes: Rallidae) and seabirds have
been disproportionately affected by island extinctions and
extirpations, particularly during the prehistoric settle-
ment of Pacific islands (Steadman 1995). While the fac-
tors driving extinctions have changed over time and vary
regionally, the phylogenetic and ecological predictors of
historical island extinctions tend to be similar to those of
modern extinctions (Boyer 2010), providing a clear ration-
ale for historical ecology research focused on island bird
extinctions.

Reconstructing even the most basic details of extinction
can be difficult, however, because the final living indi-
vidual is seldom known with certainty, and the statistical
challenge of imperfect detection can be especially limiting
on small, often remote, islands with small human popula-
tions. Despite these challenges, using statistical methods
to estimate species extinction dates can provide insight
into the historical ecology of ecosystems, and when com-
bined with other data sources, such as the arrival of inva-
sive species, or changes in habitat availability or land use,
may allow us to infer the potential causes for a species’
disappearance. While researchers have focused on high-
profile extinctions like that of the Dodo (Raphus cuculla-
tus) (Roberts and Solow 2003) or for well-sampled regions
like North America and Hawaii (Elphick et al. 2010), com-
paratively less work has been done investigating poorly
documented extinctions on islands.

Among inhabited islands, the UK Overseas Territory
of Tristan da Cunha is the most remote in the world, and
comprises four main islands in the central South Atlantic
Ocean [Tristan da Cunha (henceforth “Tristan’), Inacces-
sible, Nightingale, and Gough islands, and their associated
islets; Fig. 1]. The islands were first documented in 1506
(d’Albuquerque 1875), and throughout the following centu-
ries were visited sporadically by sealing vessels, and ships
seeking supplies (Brander 1940). The main island of Tristan
has been inhabited almost continuously since 1811 (Lambert
1811), and is now home to approximately 260 residents.
Introduced species, mainly livestock, were brought to the
island in the eighteenth century, and by the early nineteenth
century feral cats (Felis catus), were present (Wace 1969;
Wace and Holdgate 1976); House Mice (Mus musculus)
arrived in the early nineteenth century, though the date is
unknown (Wace and Holdgate 1976) and Black Rats (Rattus
rattus) arrived during a shipwreck in 1882 (Barrow 1910).
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Fig.1 Tristan da Cunha in the South Atlantic Ocean (a) comprises
four major islands: Tristan da Cunha, Inaccessible, Nightingale, and
Gough (b)

As the fortunes of the island residents changed through the
nineteenth century, so, too, did their need to increase the
number of livestock, and clear land for agriculture (Wace
1969; Wace and Holdgate 1976). This resulted in signifi-
cant habitat changes, particularly the reduction in the island
group’s sole woody tree Phylica arborea on the settle-
ment plain along the north-western periphery of the island
(Brander 1940; Hagen 1952; Milton et al. 1993). The island
group currently has a diverse and unique avifauna, com-
prising > 30 breeding seabird species, and six land birds
endemic to the group (Ryan 2007).
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The history of introduced species and exploitation by
early inhabitants, however, has resulted in the extinction of
one species and the extirpation of at least two others from
the main island of Tristan. The Tristan Moorhen (Gallinula
nesiotis; Fig. 2), a strict Tristan endemic, is now entirely
extinct (Beintema 1972; Groenenberg et al. 2008). A sub-
species of the Inaccessible Finch (Nesospiza acunhae subsp.
acunhae; Fig. 3) was also formerly present on the main
island, from which the type specimen was collected (Cabanis
1873; Ryan 2008), but it is now entirely restricted to Inac-
cessible Island. Tristan Albatrosses (Diomedea dabbenena,
Fig. 4) formerly bred on Tristan, but are now restricted to
Gough Island, with another two to three breeding pairs on
Inaccessible Island (Davies et al. 2015; McClelland et al.
2016). The Inaccessible Finch was last seen on Tristan
prior to the Challenger expedition of 1873, the first major
scientific expedition to the island (von Willemoes-Suhm
1876). The other two species likely disappeared from the

Fig.2 The Tristan Moorhen likely went extinct in 1874. First
described by Sclater (1861) (a), now known from two specimens [b;
Natural History Museum, Tring, UK (NHMUK) 1861.9.16.1 (top),
NHMUK 1864.7.30.1 (bottom)]. Image A from the Biodiversity Her-
itage Library. Digitized by the Natural History Museum. http://www.
biodiversitylibrary.org. Images in b Trustees of The Natural History
Museum, Tring. Used with permission

main island long before the Norwegian scientific expedition
of 1937 (Nicoll 1906; Barrow 1910; Wilkins 1923; Hagen
1952). Since the extinction of these three birds is so poorly
understood, we used historical records and museum speci-
mens to estimate the extinction dates of each species from
Tristan da Cunha, to help place these losses in the context of
the changing island ecosystems of the nineteenth and early
twentieth centuries.

Methods

We compiled sighting and specimen data for the three spe-
cies from historical documents, including reports of visitors
to the island, ship logs, museum records, and extant museum
specimens. Each record was initially assigned to one of
three categories: presence, absence, or uncertain. Uncertain
records were those that could either not be linked directly to
the main island of Tristan (i.e., they could have been refer-
ring to Inaccessible, Nightingale or Gough islands), or if
detailed ornithological notes were made on two of the three
species, but not the third. We follow the template of other
studies that use sighting date records with mixed uncertainty
(Solow and Beet 2014; Carlson et al. 2018a), and divided
presence records into three tiers: confirmed and verifiable
(e.g., amuseum specimen); confirmed, but unverifiable (e.g.,
an expert sighting); or unconfirmed, but plausible (e.g., sec-
ond-hand records, or records of questionable identification).

A variety of methods have been developed to infer extinc-
tion dates (7) from sighting record data, which make use
of varying assumptions and data requirements (Boakes
et al. 2015) and have correspondingly variable performance
(Rivadeneira et al. 2009). The majority of methods use a
time series of the last k sightings of a species, where sam-
pling begins in time f, and sightings occur at times (¢, ...,
t,). Most extinction dates are estimated by assuming that
sightings occur as a random process driven by a given dis-
tribution over time, which ends once the species is extinct.
Among these estimators, the most popular and widely used
(Clements et al. 2013) is the optimal linear estimator (OLE),
a non-parametric method that treats the last few sightings
of a species as following a Weibull distribution. The OLE
approach has proven to be an accurate and reliable estima-
tor of extinction dates, and is commonly used to study other
major extinctions, including those of other island avifauna
(Roberts and Solow 2003; Collen et al. 2010).

One downside of the OLE method, however, is that
it relies on a dataset of only “valid” sightings; in fact,
most non-parametric extinction date estimators are sensi-
tive to the inclusion of “invalid” sightings (Roberts et al.
2010). Consequently, a handful of more complex Bayesian
methods have been developed to address variable sight-
ing quality. The simplest approach assumes that uncertain
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Cab Journ. f Orn 1875,

Fig.3 The Inaccessible Finch likely went extinct in 1869. First diversity Heritage Library. Digitized by the Smithsonian Libraries.
described by Cabanis (1873) (a), based on a specimen (b) collected http://www.biodiversitylibrary.org. Image in b Hwa Ja-Gotz, Museum
in 1816 (Carmichael 1819) [Museums fiir Naturkunde, Berlin (ZMB) fiir Naturkunde, Berlin. Used with permission

7316], the only known specimen in existence. Image A from the Bio-

Fig.4 The Tristan Albatross likely went extinct on the main island of Tristan by 1880, in part owing to human persecution, as depicted in a
(Earle 1824; used with permission), though it remains extant on Inaccessible and Gough Islands (b, ¢). Photographs by A. L. Bond

sightings only arise after the last certain sighting (Solow  Beet (2014), the second they propose, which assumes that
et al. 2012), but a handful of models have been devel-  the processes generating valid and invalid sightings are
oped that refine and elaborate this approach (Boakes et al. ~ generated by two independent, non-homogenous Poisson
2015). Here, we use a model developed by Solow and  processes. All certain sightings are assumed valid, while
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uncertain sightings might be valid or invalid (the true
status of any given sighting is unknown, and the model
makes no assumptions). With E being the event that a spe-
cies is extinct by a given year (and E the converse case
that the species persists), and a sighting dataset 7, Bayes’
theorem provides a basic expression for the probability of
persistence:

P(t|E)P(E)
P(t|E)P(E) + P(t|E)P(E)

P(E|r) =

The prior probability of extinction P(E) is subjective, and
can potentially be used as a way to simply produce any given
desired outcome. Consequently, we can set an uninformative
prior where extinction and persistence are equally likely:

P(E)=P(E) =05,

and the resulting posterior probability compares the likeli-
hood of the data being generated by the two explanations:

P(t|E)

PE|f) = ———————.
E1 P(t|E) + P(t|E)

To calculate those likelihoods, we define E as the event
of extinction at a specific time Ty < T and define E as
Ty > T for a given period of observation ending in time
T. The likelihood of the data is expressed as a product of
the conditional likelihoods of the certain and uncertain
sighting sub-datasets:

p(11Tg) = p(t|Te)p (4,1 Te).

(nC - 1)!
()"

1

plulfe) = [oa —w)”u‘""<fu><TE+ (1;“%) 'do,

0

p([clf‘E) =

where n, and n, are the number of certain and uncertain
sightings, nu(TE) is the number of uncertain sightings before
the extinction date, and w is a stand-in for the proportion of
valid sightings. We reported the extinction dates TE with the
highest posterior likelihood, based on a uniform prior on TE
(which makes no assumptions about how far after the last
certain sighting persistence continues to be plausible). We
also report the probability of persistence of each species in
1882 under two scenarios: one where all expert-validated
sightings are treated equally (all certain), and one where
specimen and observation data are separated (all observa-
tions are uncertain).

However, posterior likelihoods derived from the Solow
and Beet model can be misleading, due to a basic princi-
ple of sighting data: it is always more likely that extinc-
tion occurred before an interval with no valid sightings (the
data have a conditional likelihood of 1) than that the spe-
cies persisted but no valid sightings were generated by even
the smallest rate process (conditional likelihood lower than
1). Because of this, in the absence of invalid sightings (and
even with some), posteriors from the model usually peak
immediately after the last certain sighting (in the absence of
uncertainty, this is a given). Moreover, the posterior prob-
ability of persistence can still be high even in the year T}
that maximizes P(t|E), as long as P(¢|E) is also high. Given
our data limitations and this aspect of the model, we also
use Bayes factors to test our certainty about our selected
test year 1882:

P(t|E)

B(E) = .
O = P E)

This Bayes factor expresses our relative certainty that
extinction happened by a given point, and can be compara-
tively low even when the posterior probability of persistence
is high.

Models were implemented using the R package spatEx-
intct (Carlson et al. 2018b), using integration increments of
0.001. Models that account for other aspects, such as detec-
tion probability and survey effort (Thompson et al. 2017)
were not considered here because of our desire to include
uncertain records, and the lack of survey effort data with
which to parameterize the model.

Results

The Tristan Moorhen was observed from 1790 (Purdy 1816)
through to the Challenger expedition in 1873 (von Wil-
lemoes-Suhm 1876), with records summarized by Beintema
(1972) (Table 1), though throughout the twentieth century
there was much debate as to whether it constituted a sepa-
rate species from the Gough Moorhen (Gallinula comeri),
which was introduced to Tristan in 1956 (Allen 1892; Wace
and Holdgate 1976; Richardson 1984; Groenenberg et al.
2008). Only two museum specimens exist, both at The Natu-
ral History Museum, Tring, UK (NHMUK 1861.9.16.1, the
type specimen, and NHMUK 1864.7.30.1; Fig. 2) (Sclater
1861; Groenenberg et al. 2008). The extinction likelihood
for the Bayesian model peaked in 1874, and declined rapidly
(Fig. 5a), with a 36-38% probability of persistence in 1882
(Bayes factors: 1.63—1.76; Fig. 6a).

Records were the sparsest for the Inaccessible Finch on
Tristan, likely owing to its small size (Table 2), and the fact
that it was not used as food. Dupetit Thours (1811) first

@ Springer



54

Journal of Ornithology (2019) 160:49-60

Table 1 Observations and

: ; Year Observed (quality)> Source Notes
museum specimens of Tristan
Moorhen from Tristan da Cunha 1790 Yes (2) Purdy (1816)
1811  Yes (2) Lambert (1811)
1816  Yes (2) Carmichael (1819)
1824  Yes (2) Earle (1832)

1835 Yes (2)
1842  Yes (2)
1852  Yes (2)
1856  Yes (2)
1861 Yes (1)
1864 Yes (1)
1868  Yes (1)
1869  Possibly (3)
1873  Yes (1)
1906 No

1907 No

1908  Possibly (3)

Stirling (1843)

Brierly (1842)

MacGillivray (1852)

Nolloth (1856)

Sclater (1861); Beintema (1972)
Groenenberg et al. (2008)
Sperling (1872)

Layard (1869b)

von Willemoes-Suhm (1876)
Nicoll (1906)

Barrow (1910)

Mathews and Gordon (1932);

NHMUK 1861.9.16.1

NHMUK 1864.7.30.1

Egg collected; specimen now lost
Potentially from Gough Island

Not mentioned with other species
Potentially from Gough Island

Beintema (1972)

1937 No
1950 No

Hagen (1952)
Elliott (1953, 1957)

“Not remembered by any living islander”

Additional detail for many records provided by Beintema (1972) and Bourne and David (1981)
NHMUK Natural History Museum, Tring, UK
2] Record confirmed with a specimen or verifiable photograph, 2 expertly validated sighting, 3 uncon-

firmed or questionable sighting

recorded the finch in 1793, and it was last definitively seen
in 1852 (MacGillivray 1852), though it would not be for-
mally described until 1873, based on a specimen collected in
1816 (Carmichael 1819; Cabanis 1873) now in the Museum
fiir Naturkunde, Berlin (ZMB 7316; Fig. 3). The extinction
likelihood peaked in 1869 (Fig. 5b), and by 1882 the prob-
ability of persistence was 28-35% (Bayes factors: 1.88-2.53;
Fig. 6b).

The earliest reliable record for Tristan Albatross was from
1793 (Dupetit Thours 1811), and the last confirmed record
was in 1880 (Wace and Holdgate 1976) (Table 3). Alba-
tross were regularly recorded through the nineteenth century,
as they provided a food source for residents (Earle 1832).
Our analysis estimated that 1880 was the most likely Tz—
(Fig. 5¢), but that the Tristan Albatross had a high chance of
persistence when rats arrived in 1882 (p =0.77-1.00; Bayes
factors: 0.00-0.29; Fig. 6¢).

Discussion

Our estimates place the likely extinction of all three extirpated
species from Tristan between 1869 and 1880, with only the
albatross having a high probability of persistence in 1882. In
their landmark monograph, Wace and Holdgate (1976) attrib-
uted the extinction of the finch and moorhen to the presence
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of feral cats and Black Rats based on those species’ implica-
tion in species declines and extirpations elsewhere, though
rats arrived in 1882 with the wreck of the American schooner
Henry B. Paul. This date is considered fairly reliable, as shortly
thereafter rats were identified as agricultural pests on the island
(Wace and Holdgate 1976). Feral cats and House Mice were
present on Tristan from the early nineteenth century, if not
earlier (Wace 1967), and have devastating effects on island
birds (van Aarde 1980; Angel et al. 2009; Medina et al. 2011).
Our results suggest the Tristan Moorhen likely went
extinct in the 1870s, which is ca. 30 years prior to Beinte-
ma’s (1972) estimate of 1906, the year the Valhalla, Royal
Yacht Squadron, visited Tristan but did not record the spe-
cies (Nicoll 1906). Beintema (1972) assumed the arrival of
rats in 1882 was the ultimate cause of the moorhen’s extinc-
tion; however, since our results suggest that they were likely
gone by the time rats arrived, introduced cats and human
persecution likely drove the Tristan Moorhen to extinction.
Sperling (1872) reported severe predation of moorhens by
cats, and given the aggressive nature of Gough Moorhen on
Tristan towards domestic poultry, they may have also been
perceived as a pest species and hunted (Richardson 1984).
In the decades leading up to the 1860s and 1870s, Tristan
served as a trading post for visiting ships, and as a result peo-
ple cleared large swaths of land and stocked the settlement
plain with large amounts of livestock (Wace and Holdgate
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Fig.5 The likelihood of Tristan Moorhen (a), Inaccessible Finch (b),
and Tristan Albatross (¢) extinction over time. The figure presents the
posterior probability of a given extinction date 7i; scaled by the area
under the entire likelihood curve. The model treats specimen-based
records separately and as certain observations; consequently, evalu-
ation begins in 1873 (a), 1816 (b), and 1868 (c), the year of the last
certain sighting (i.e., extinction prior to that date is not considered)

1976). The habitat alterations likely strongly affected the
Inaccessible Finch, which relied on tussock grass (Spartina
arundinacea) or Phylica arborea (the only woody plant in
the island group) for breeding and feeding habitat, as it does
on Inaccessible Island (Fraser and Briggs 1992; Ryan and
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Fig.6 The Bayesian probability of persistence of Tristan Moorhen
(a), Inaccessible Finch (b), and Tristan Albatross (c¢) over time given
a test year of extinction of 1882, the year rats arrived (vertical line)

Moloney 2002). By 1842, for example, more than 60 ha of
the settlement plain, comprising 10% of the its area, had been
cleared for livestock grazing and agriculture (Brierly 1842).
While some P. arborea habitat would have persisted (and per-
sists today) on the cliff edges, it is much reduced and highly
fragmented (Holdgate 1965). The Inaccessible Finch was
most likely extinct by the late 1860s or early 1870s, and was
probably the least numerous of the three extirpated species
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Table 2 Observations of Inaccessible Finch on Tristan da Cunha from 1793 to 1950

Year Observed (quality)? Source Notes

1793 Yes (2) Dupetit Thours (1811)

1816 Yes (1) Carmichael (1819) ZMB 7316 (Stresemann 1952)

1842 Yes (2) Brierly (1842)

1852 Yes (2) MacGillivray (1852)

1869 Possibly (3) Layard (1869a) Could be Rowettia goughensis from Gough Island, as the
Telegraph did not call at Tristan (Faustini n.d.). Specimen
lost

1873 No von Willemoes-Suhm (1876); Moseley

(1879)

1937 No Hagen (1952) “Exterminated a long time ago”

1948 No Broekhuysen and Macnae (1949)

1950 No Elliott (1953, 1957)

Some details on additional records provided by Bourne and David (1981)

ZMB Museum fiir Naturkunde, Berlin

4See footnote in Table 1

Table 3 Observations of Tristan

Source Notes

h Year Observed (quality)*
Albatross on Tristan da Cunha
from 1793 to 1950 1793 Yes (2)
1816 Yes (2)
1824 Yes (2)
1852 Yes (2)
1856 Yes (2)
1857 Possibly (3)
1867 Yes (2)
1868 Yes (1)
1873 Yes (2)
1880 Yes (2)
1907 No
1909 No
1922 No
1923 No
1937 No
1950 No/possibly (3)

Dupetit Thours (1811)
Carmichael (1819)
Earle (1832)

MacGillivray (1852)

Nolloth (1856)

Brooke (1975) Record could
have been
from Gough
Island

Milner and Brierly (1869)

Sperling (1872) Egg collected

Moseley (1879)

Beetham, in Wace and Holdgate (1976) Present “at
least until
the 1880s”

Barrow (1910)

Winterbottom (1976)

Wilkins (1923)

Rogers (1927)

Hagen (1952)

Elliott (1953, 1957), De Roy et al. (2008)

Some details on additional records provided by Bourne and David (1981)

4See footnote in Table 1

considered here. Our analyses support the conclusion that the
Inaccessible Finch was extinct prior to the Challenger expe-
dition in 1873 (Fisher et al. 1969), though the search effort
during that expedition was low compared to the potential
available habitat, which would have influenced the probabil-
ity that the finch would have been detected if it had still been
extant, and therefore its estimated extinction date (Thompson
et al. 2017). Although the ultimate cause of this extinction
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remains unknown, it was probably driven by several con-
current pressures. The finch relied heavily on tussock grass
and P. arborea, rapidly dwindling resources during that time,
which suggests that habitat loss played an important role in
its extinction. The decline of these plants may also have been
exacerbated by trampling by livestock (Gangoso et al. 2006).
Predation by cats (Medina et al. 2011, 2014) may also have
played a role in the Inaccessible Finch’s extinction.
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Tristan Albatross, though still extant on Gough and with
a small relict population on Inaccessible Island, were likely
extirpated from Tristan in the 1880s, which is broadly simi-
lar to some previous estimates (Wace and Holdgate 1976),
though much earlier than others (Barrow 1910). The high
probability of persistence in 1882 could also be the result of
the low number of verifiable early sightings or specimens.
There are also some unconfirmed records of birds in the
1950s and 1960s, though no photographs, or specimens
(Ryan et al. 2001; De Roy et al. 2008). While they can also
be affected negatively by introduced rodents, including mice
(Cuthbert and Hilton 2004; Wanless et al. 2009; Davies et al.
2015), there is no evidence for mouse predation of alba-
trosses on Tristan, and the rat population that arrived in 1882
would have likely been too small to affect the population
significantly, but equally may have been the final blow for a
population already destined for extinction. On Gough Island,
albatrosses were apparently unaffected by mice for many
years (Swales 1965; Wace and Holdgate 1976). Cats, how-
ever, would have likely had a significant impact, as might
have dogs (Canis familiaris), through both predation and
disturbance (Wace and Holdgate 1976).

On Inaccessible Island, Tristan Albatross numbers
declined markedly from around 200 breeding pairs in the
1870s to only two or three pairs by 1937, but have remained
stable since (Hagen 1952; Stoltenhoff 1952; McClelland et al.
2016). This pattern is likely a result of predation and distur-
bance by introduced pigs (Sus scrofa), which were eradicated
in the 1930s (Fraser et al. 1988). Large numbers of pigs and
cattle (Bos taurus) were brought to Tristan, particularly in
the 1850s—1880s (Wace and Holdgate 1976), but by then,
Tristan Albatross were likely restricted to the base, an area
of the island’s volcano starting at 500—700 m above sea level,
where livestock were largely absent at the time (Earle 1832).

A likely significant contributor to the albatross’s extir-
pation from Tristan was overexploitation. Albatross adults,
chicks, and eggs were regularly consumed by the island’s
human population, and provided as provisions to passing
ships (MacGillivray 1852; Barrow 1910; Hagen 1952; Fraser
et al. 1988). Indeed, Earle (1832) depicted such a harvest in
his account of time spent on the island (Fig. 4). That Tristan
Albatross eggs were still regularly harvested when MacGil-
livray visited the island in 1852, a mere 30 years before
their estimated extirpation, suggests a fairly high hunting
pressure, as juvenile birds would have survived at sea,
and continued to return to the island to attempt breeding
for> 10 years after the last chick fledged, owing to the spe-
cies’ lengthy juvenile pre-breeding stage (Ryan et al. 2001;
Cuthbert et al. 2004; Wanless et al. 2009), as was the case
with Short-tailed Albatross (Phoebastria albatrus) on Tor-
ishima, Japan, which were absent for several years until juve-
niles returned to re-establish the breeding colony (Deguchi
et al. 2017). The decline in visiting ships in the 1870s and

1880s may have increased the importance of albatross as a
subsistence food for the island population as trade decreased
(Wace and Holdgate 1976).

That the three species were extirpated in close succession
is notable, and is likely due in part to population growth and
the fortunes of island residents. The period from 1870 to
1880 saw the peak human population (just over 100 people)
until 1920, and was coincident with the great abundance
and rapid rise in livestock, driven by Tristan’s diminishing
role as a resupply station for ships sailing the South Atlan-
tic Ocean (Wace and Holdgate 1976). While the arrival of
Black Rats was previously suggested as the ultimate cause
of extinction of the Inaccessible Finch and Tristan Moorhen
in particular (e.g., Holdgate 1965), two of the three local
extinctions had the greatest likelihood of occurring before
the arrival of Black Rats in 1882, with the albatross likely
still extant in that year. By the 1870s, the populations of all
three species would have been very small, and after a long
history of exploitation, habitat loss, and the impacts of other
introduced mammals, it seems that they may have already
disappeared from Tristan by the time rats arrived. Even if
populations persisted beyond 1882, the cumulative impact
of other pressures had likely reduced them to small relict
populations prone to rapid extinction from the newly arrived
threat of invasive rodents.

Combining historical ecology with modern statistical
analysis has given us novel insights into the likely factors
resulting in the extinction or extirpation of island species in
one of the most remote corners of the world. Understanding
the likely causes of extinctions relies on robust estimation
of extinction dates and an understanding of the pressures on
a population in the period leading up to extinction. The sta-
tistical advances in extinction date estimation now allow us
to move beyond simple conjecture, especially for data-sparse
island species, meaning we can now more accurately infer
the causes of extinction and better understand the historical
threats to island species. A deeper understanding of the causes
of these extinctions may then lead to better and more informed
conservation strategies for currently threatened island species.
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