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CLUB ANNOUNCEMENTS
The Annual Report and Accounts for 2021 were submitted as required to the Charity Commission,
distributed to Friends on 18 August 2022 and posted at: https://boc-online.org/wp-content/uploads/BOC.
AnnualReportandAccounts.2021.pdf. We would be very pleased to answer by e-mail any questions that may
arise from this report or on any other matter about the management of the Club.
Chris Storey
The 1,003rd meeting of the Club was held via the online medium of Zoom on Monday 21 March 2022
The Natural History Museum’s assistant archivist, Kathryn Rooke, spoke on The Importation of the Plumage
(Prohibition) Act of 1921, as told through the Natural History Museum’s archive collections. During the Victorian
and Edwardian periods, demand for bird feathers in fashionable millinery led to the most luxurious of
plumes literally being worth their weight in diamonds. Fulfilling this demand in turn led to populations of
the birds most affected, such as egrets, birds of paradise, hummingbirds and grebes, being pushed towards
extinction. The Natural History Museum’s archives reveal the important role this organisation played in a
lengthy campaign, led by the Royal Society for the Protection of Birds, to end the importation of bird feathers
from across the then British Empire, which eventually culminated in the key 1921 act of parliament. The talk
is still available to view at https://www.youtube.com/watch?v=X0tf2q4BvLU.
FORTHCOMING MEETINGS
The Club’s next meeting, in conjunction with the Linnean Society, will be held on Thursday 6 October 2022
at 6.00pm, when Prof. Jared Diamond will talk on What’s so special about New Guinea birds?
The meeting will be in hybrid format, both in person at the Linnean Society, Burlington House, Piccadilly,
London W1J 0BF, and online via Zoom.
Abstract:—The tropical island of New Guinea has long played a pre-eminent role in ornithology, which
caused it to be chosen as the site for the BOU’s Jubilee Expedition in 1909. Part of the reason is New Guinea’s
many extraordinary birds, such as its birds of paradise, whose male ornamental plumages carry sexual
selection to extremes; bowerbirds, whose males build the most elaborate display structures among animals;
megapodes, the only birds that incubate their eggs by natural heat sources rather than by body heat; its
diversity of parrots and kingfishers, orders that probably evolved in New Guinea; Greater Melampitta
Melampitta gigantea, the only passerine known to roost underground; and its many bird groups convergent
on but unrelated to the nuthatches, creepers, warblers, finches, wrens, and sunbirds of the rest of the
world. Another reason is New Guinea’s equatorial location combined with its high mountains, resulting
in a range of habitats from tropical rainforest in the lowlands to glaciers on the highest peaks at 5,000 m.
Still another reason is its simple geography: a single central cordillera with montane allospecies arranged
from west to east, separating northern and southern lowlands with lowland allospecies arranged in a ring.
New Guinea should not be thought of as the world’s largest tropical island, but instead as Earth’s smallest
continent. New Guinea has proved to be ideal terrain for studying speciation, ecological segregation, and
other biological phenomena. New Guineans themselves are walking encyclopedias of knowledge about
their birds. The illustrated talk will explain these and other features that make New Guinea birds special.
The only disadvantage to visiting New Guinea is that, thereafter, you’ll find the rest of the world boring by
comparison.
Biography.—Jared Diamond is a Pulitzer-prize-winning author of five best-selling books, translated into 43
languages, about human societies and human evolution: Guns, germs, and steel; Collapse; Why is sex fun?; The
third Chimpanzee; and The world until yesterday. As a professor of geography at UCLA (University of California
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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at Los Angeles), he is known for his breadth of interests, which involves research and teaching in three
other fields: the biology of New Guinea birds; digestive physiology; and conservation biology. His prizes
and honours include the US National Medal of Science, the Pulitzer Prize for Non-fiction, the Tyler Prize
for Environmental Science, and election to the US National Academy of Sciences. He is a director of World
Wildlife Fund/US. As a biological explorer, his most widely publicised finding was his rediscovery, at the
top of New Guinea’s remote Foja Mountains, of the long-lost Golden-fronted Bowerbird Amblyornis flavifrons,
previously known only from four specimens found in a Paris feather shop in 1895.
Registration details can be found at https://boc-online.org/meetings/upcoming-meeting.
The Club hopes to organise a further talk prior to the end of 2022. Keep an eye on the BOC website (see
above) and the BOC twitter (@online_BOC) feed for news of this.
BOOK REVIEW
Jackson, C. E. 2021. A newsworthy naturalist: the life of William Yarrell. John Beaufoy Publishing Ltd., in
association with the British Ornithologists’ Club. 272 pp, 60 line drawings and 16 plates. £25.
Christine Jackson is well known as the author of numerous books on naturalists and the art of natural history.
The present work is an exploration of the life of William Yarrell, one of the central figures of British natural
history in the early 19th century. His name is perhaps best known today in the subspecies, Pied Wagtail
Motacilla alba yarrellii, although his own claim to fame is as the first to distinguish and name Bewick’s Swan
Cygnus columbianus as distinct from the Whooper Swan C. cygnus. Yarrell (1784‒1856) was one of 12 children
of Francis Yerrall/Yarrell and Sarah née Blane. For unknown reasons, the Yarrell’s father changed the spelling
of the family name. Although he had many siblings, only William and a sister, Caroline, survived into
adulthood. The family had a long association with Bayford in Hertfordshire, where the family, including
William’s parents and all his siblings, are buried. His grandfather moved to London from Bedfordshire, to
work in a family bookselling and newspaper business in Westminster. Incredibly, the firm is still in existence,
as Jones, Yarrell and Co.
William Yarrell was born into a relatively affluent family. He entered a bank as a young man, before
being invited to join the firm of Jones and Yarrell, where he remained for 50 years. This stability in business—
with a steady income—made Yarrell’s natural history work possible (and affordable). Yarrell never married,
but had a large circle of associates in various fields of natural history, and he was a keen angler and a keen
shot (in the style of many naturalists at that time) in his younger days.
As Jackson explains, Yarrell’s activity was divided between three strands: as the partner and owner of the
newspaper agency and bookseller; a natural history author; and a central member of London-based natural
history societies, including the Linnean Society, Zoological Society and Entomological Society, among others.
The book is structured as a rather quick ‘trot’ through Yarrell’s life. It takes us through Yarrell’s
interactions with many of the well-known naturalists of the day—Charles Darwin and John Gould, for
example—and his various natural history friends. Chapter 7 is an analysis or commentary on his lifestyle and
interests, derived from an analysis of the catalogue of the sale of his property, including his library, pictures,
natural history collections (complete with Great Auk Pinguinus impennis egg) and a large coin collection, sold
by J. C. Stevens in 1856. Chapter 8 takes us through his various publications, the best known of which are
his History of British fishes (1835‒36), a standard work for many decades, and History of British birds (1837‒43,
three volumes issued in bimonthly parts). The latter is, of course, well known among ornithologists as
the standard work on the subject through the 19th century, with the notable innovation of including the
earliest known record of the occurrence of a species in Great Britain. This was a foundation for subsequent
developments, leading to the British List. A list of his publications is also provided. Chapter 9 gives a detailed
account of Yarrell’s involvement in natural history societies, and the posts he held in each.
The book itself is illustrated with four portraits, 12 plates and numerous line drawings. Particularly
interesting illustrations are reproductions of the vignettes from his books, of a similar style to those used by
Thomas Bewick. If anything, I would have preferred more of these, or fewer, but for them to be reproduced
in larger size to be more readily viewable.
Jackson draws on a rich range of material, which she has researched meticulously. In general, the book
remains strictly factual, and could have benefitted from a chapter or two on the context of 19th century
natural history, to enable the reader to understand the place of natural history in the lives of people such as
Yarrell and his contemporaries, against a backdrop of imperialism and colonialism; the strictly hierarchical
nature of society; and the importance of class- and privilege-based access to specimens, publishing and elite
societies. Such context would help to critique some of the well-worn tropes, such as Yarrell’s position as a
‘great shot’, a trope to be found in the lives and works of many ornithologists from the time as an expression
of ‘manly vigour’ and in the ‘what’s hit is history, what’s missed is mystery’ tradition. It would have been
interesting and worthwhile to know more of Yarrell’s father’s income derived from annuities in the South Sea
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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Company. However, the book is a rich source of reference for details of the life and activities of one of the key
figures of British natural history, and a worthwhile addition to ornithologists’ libraries.
Henry McGhie
Friends of the BOC
The BOC has from 2017 become an online organisation without a paying membership, but instead one that
aspires to a supportive network of Friends who share its vision of ornithology—see: http://boc-online.org/.
Anyone wishing to become a Friend of the BOC and support its development should pay UK£25.00 by
standing order or online payment to the BOC bank account:
Barclays Bank, 16 High Street, Holt, NR25 6BQ, Norfolk
Sort Code: 20-45-45
Account number: 53092003
Account name: The British Ornithologists’ Club
Friends receive regular updates about Club events and are also eligible for discounts on the Club’s
Occasional Publications. It would assist our Treasurer, Richard Malin (e-mail: rmalin21@gmail.com), if you
would kindly inform him if you intend becoming a Friend of the BOC.
The Bulletin and other BOC publications
Since volume 137 (2017), the Bulletin of the BOC has been an online journal, published quarterly, that is
available to all readers without charge. Furthermore, it does not levy any publication charges (including
for colour plates) on authors of papers and has a median publication time from receipt to publication of
five to six months. Prospective authors are invited to contact the Bulletin editor, Guy Kirwan (GMKirwan@
aol.com), to discuss future submissions or look at http://boc-online.org/bulletin/bulletin-contributions.
Back numbers up to volume 136 (2016) are available via the Biodiversity Heritage Library website: www.
biodiversitylibrary.org/bibliography/46639#/summary; vols. 132–136 are also available on the BOC website:
http://boc-online.org/
BOC Occasional Publications are available from the BOC Office or online at info@boc-online.org. Future
BOC-published checklists will be available from NHBS and as advised on the BOC website. As its online
repository, the BOC uses the British Library Online Archive (in accordance with IZCN 1999, Art. 8.5.3.1).
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Breeding records of the birds of south-east Sulawesi,
Indonesia: a collation of observations encompassing
nearly 20 years of research in Wallacea
by Darren P. O’Connell, David J. Kelly, Panji G. Akbar, Joseph Monkhouse,
Seán B. A. Kelly, Wilf Simcox, Arini Wijayanti, Stephanie K. Courtney
Jones, Fionn Ó Marcaigh, Adi Karya, Niall T. Keogh, Yeni Mulyani, Josh
Nightingale, Kangkuso Analuddin, Nicola M. Marples & Thomas E. Martin
Received 22 December 2021; revised 12 April 2022; published 6 September 2022
http://zoobank.org/urn:lsid:zoobank.org:pub:F336FCA0-BBE8-4DF2-8C41-ED2894804A21

Summary.—The islands of the Wallacean biodiversity hotspot support diverse and
highly endemic bird communities, yet remain ornithologically poorly studied.
There is a particular paucity of data regarding breeding biology for the region’s
birds. Here, we help to address this research gap by collating observations of
breeding evidence made during nearly 20 years of field work between 1999
and 2018 in south-east Sulawesi and its offshore islands. Data were collected
between April and September, with a special focus on July and August, which
is the dry season across the southern half of Sulawesi. In total, we summarise
1,064 observations of potential breeding in 66 species, of which 27 are Wallacean
endemics (including the Critically Endangered Maleo Macrocephalon maleo), and 39
species of wider range (including the Endangered Milky Stork Mycteria cinerea).
Records include species with little or no previously published information on their
breeding biology, such as Pygmy Hanging Parrot Loriculus exilis, Sulawesi Pitta
Erythropitta celebensis and an undescribed Zosterops species, provisionally referred
to as Wangi-wangi White-eye.
The Wallacean biodiversity ‘hotspot’ (Myers et al. 2000) supports diverse bird
communities with a high proportion of endemic species, although these remain poorly
studied (Cannon et al. 2007, Eaton et al. 2021). Though some early studies provided significant
insight into the avifauna of particular islands, such as the work of Verheijen (1964) on Flores
and Noske (2003) on Timor, significant gaps in knowledge persisted for many years, as
highlighted in the foundational compilations of regional ornithological knowledge (White
& Bruce 1986, Coates & Bishop 1997). In recent years knowledge regarding the taxonomy,
distribution and conservation status of the region’s species has improved via significant
new field and museum-based research (e.g. Indrawan et al. 2006, Martin et al. 2012, Reeve
et al. 2015, Bashari & Arndt 2016, Verbelen et al. 2017, Monkhouse et al. 2018, Ng et al. 2018,
O’Connell 2019, Irham et al. 2020, Rheindt et al. 2020) and efforts to organise citizen science
data such as eBird (https://ebird.org/home). These advances have been compiled in a new
regional field guide (Eaton et al. 2016, 2021) and informed the growing Birds of the world
(https://birdsoftheworld.org/bow/home) online database of the world’s avifauna.
However, basic information concerning the natural history of most Wallacean species is
still lacking, hampering an understanding of how species within the region might respond
to environmental challenges (Lees et al. 2020). Outside the detailed work of Verheijen (1964),
who rigorously collected >1,000 records of breeding birds on Flores, the relatively sparse
data on avian biology from Wallacea has largely come from opportunistic observations
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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by field workers. Accumulating and quantifying data this way is a slow process (FierroCalderón et al. 2021), which has been hampered by the fact that Wallacea is still relatively
understudied, with numerous endemic bird species going unrecognised until recently
(O’Connell et al. 2019c, Rheindt et al. 2020), highlighting the relatively low baseline scientific
knowledge of the region’s avifauna. This shortfall in natural history data was quantified by
Noske (2017), who demonstrated that 57% of all Wallacean endemics possess no published
data on their breeding biology and 72% no data regarding nest characteristics. As breeding
by birds in Wallacea is strongly seasonal, being driven by changes in precipitation between
the wet and dry seasons (Verheijen 1964, Noske 2003), filling knowledge gaps concerning
breeding patterns in Wallacean birds provides vital information to understand how likely
future changes in regional climate may affect species’ ecologies. As movements by some
Wallacean species are complex, with seasonal short-range breeding migrations noted
for species such as Island Monarch Monarcha cinerascens and Elegant Pitta Pitta elegans,
collecting data on breeding behaviour informs our understanding of key breeding sites for
species with complex life histories (Eaton et al. 2021).
In this study, we respond to Noske’s (2017) call for more published breeding data
on Wallacean birds by summarising all information related to breeding biology obtained
throughout a series of long-running bird surveys of south-east Sulawesi and its offshore
islands, Indonesia. These surveys formed part of near-annual field seasons between 1999
and 2018, in a collaborative partnership between Operation Wallacea (www.opwall.com),
Trinity College Dublin (TCD), Universitas Halu Oleo (UHO), Bogor Agricultural University
(IPB) and University of Wollongong (UOW).

Study area and Methods
Data on the breeding biology of the birds of south-east Sulawesi were collected during
two parallel ornithological research projects focusing on different aspects of the regional
avifauna. Systematic research was conducted on Buton most years during the study
period (2004‒14 and 2018) by Operation Wallacea, IPB, UHO and UOW ornithologists,
surveying set transect routes in forest and forest edge habitats in central and north Buton
to monitor bird populations, along with limited mist-netting (see Martin et al. 2012 for
detailed methods, survey periods and habitat descriptions). In addition, researchers from
TCD and UHO undertook a long-term study of avian speciation and biogeography in
south-east Sulawesi, collecting data from most islands in the region (including Buton)
over a number of field seasons during 1999‒2017 (Table 1); for detailed methods, survey
periods and habitat descriptions see O’Connell et al. (2017, 2019d, 2020) and Monkhouse et
al. (2018). Briefly, these surveys involved mist-netting and transects in edge habitats (scrub,
mangrove, farmland, forest edge), moving regularly and covering a large variety of sites
for short periods.
The goals of these surveys were not explicitly to obtain information on the breeding
biology of Wallacean birds. Rather they were to address questions relating to ecological
(Martin & Blackburn 2014), biogeographical (O’Connell et al. 2019a, Ó Marcaigh et al. 2021,
Ó Marcaigh et al. 2022) and evolutionary (Kelly et al. 2014, O’Connell et al. 2019b,c) processes
in the region. However, during the course of these surveys, numerous opportunistic
observations were made of breeding biology, in the form of nests and juvenile birds, handling
individuals in breeding condition during mist-netting work, and behavioural observations.
Together, these efforts encompassed work on mainland south-east Sulawesi, the five large
islands off the coast of south-east Sulawesi (Buton, Muna, Wawonii, Kabaena and Menui),
the four major Wakatobi Islands (Wangi-wangi, Kaledupa, Tomia and Binongko, uplifted
Quaternary coral limestone islands always separated from Sulawesi; Milsom et al. 1999,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 1. South-east Sulawesi and its offshore islands. The inset shows the location of the region within
Indonesia and the wider area.

Nugraha & Hall 2018), a number of small islets off the coasts of these islands, and isolated
Runduma Island (Fig. 1, Table 1). Breeding bird records were collected on 16 of these
islands (Table 1). With the exception of a visit to the Wakatobi Islands in April/May 2013,
all field work was conducted during July‒September (Wakatobi Islands) and June‒August
(all other islands), with a particular concentration of effort in July and August. Comparable
quantification of field work effort is impossible for the collection of breeding records, as
many important observations were made outside structured surveys, and survey personnel,
timing and focus varied significantly between years and islands. However, broadly, Buton
has received the most consistent and detailed survey effort, followed by the islands of
Kabaena, mainland Sulawesi, Hoga, Kaledupa, Wangi-wangi and Tomia (Table 1) (Martin
et al. 2012, 2015, 2017a, O’Connell et al. 2017, 2019d, 2020, Monkhouse et al. 2018). Visits to
other islands were generally brief or limited in scope.
In the Sulawesi region, precipitation follows a tropical monsoon climate, with a
June–September dry season and November–April wet season (Whitten et al. 2002). Mean
annual rainfall ranges between 1,500 and 2,000 mm, peaking in April‒June. Mean annual
temperatures range from 25°C to 27°C (Whitten et al. 2002). Birds have been noted to breed
year-round in Wallacea (Noske et al. 2013), but generally display seasonal peaks related
to rainfall. How precipitation patterns affect breeding in Sulawesi’s bird species remains
an open question. In the most detailed year-round breeding survey in Wallacea, Verheijen
(1964) found that peak activity on Flores was at the start of the dry season, and Linsley et
al. (1998) reported a similar result based on more fragmentary data from Sumba. However,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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TABLE 1
Summary of islands visited in south-east Sulawesi, and the years in which breeding records were collected.
Islands denoted ‘(W)’ form part of the Wakatobi chain. The total number of records of breeding evidence,
with number of species in parentheses, across the full time period on each island is presented in the final
column. Field work was heavily weighted towards July and August. ‘NA’ indicates periods where no field
work was undertaken on that island.
Island name

Years with breeding
records

No. of breeding records, with no. of species (in parentheses)
April

May

June

July

Sulawesi mainland

2007, 2012, 2016, 2017

NA

NA

12 (4)

August September Total records
(and no. of
species)
53 (18) 139 (20)
NA
204 (25)

Buton

1999, 2001‒14, 2016–18

NA

NA

8 (8)

88 (26) 72 (23)

9 (4)

177 (42)

Muna

2017

NA

NA

30 (9)

19 (8)

NA

49 (12)

NA

Wawonii

2017

NA

NA

NA

8 (5)

NA

NA

8 (5)

Kabaena

1999, 2001, 2003, 2016

NA

NA

13 (7)

NA

122 (18)

42 (16)

177 (23)

2016

NA

NA

1 (1)

NA

NA

NA

1 (1)

Sagori
Siumpu

1999

NA

NA

NA

NA

NA

6 (3)

6 (3)

Menui

2017

NA

NA

NA

NA

64 (7)

NA

64 (7)

2003, 2005, 2010, 2012

NA

NA

NA

9 (4)

22 (6)

1 (1)

35 (6)

Wangi-wangi (W)
Oroho (W)

2003, 2012

NA

NA

NA

NA

1 (1)

4 (3)

5 (4)

Hoga (W)

1999, 2003, 2010, 2012

NA

NA

NA

15 (4)

18 (5)

16 (4)

49 (7)

Kaledupa (W)
Tomia (W)
Lintea Selatan (W)

1999, 2003, 2007, 2010, 2012 NA

NA

NA

19 (7)

NA

47 (7)

76 (10)

2005, 2010, 2012, 2013

NA

3 (3)

NA

68 (8)

24 (4)

11 (2)

106 (8)

2005

NA

NA

NA

NA

NA

27 (3)

27 (3)

Binongko (W)

2005, 2010

0

0

NA

NA

23 (5)

29 (4)

52 (7)

Runduma (W)

2005, 2013

4 (2)

NA

NA

NA

NA

21 (5)

25 (5)

Noske (2003) discovered a distinctly different pattern on Timor, with breeding largely
ceasing in the dry season (June‒September) and peaking twice in the wet season (March‒
April and November‒December). Our survey (concentrated on July‒August) is at the start
of the dry season in south-east Sulawesi, so may also capture peak breeding activity if the
pattern is similar to Flores (Verheijen 1964). On most islands surveyed, edge habitats were
those most accessible for survey work; therefore much of our effort focused on scrub, forest
edge, farmland and mangroves across all islands (Fig. 2B) (O’Connell et al. 2017, 2019d,
2020, Monkhouse et al. 2018). The exception to this was Buton, where large tracts of lowland
rainforest with a canopy height of >25 m (Whitten et al. 2002) remain, and significant survey
effort was focused on Lambusango Forest Reserve, a 650 km2 expanse of tropical monsoon
forest in central Buton, and Buton Utara Nature Reserve (920 km2) in northern Buton
(Fig. 2A) (Martin et al. 2012). In addition, short surveys were undertaken of paddyfield areas
on Buton, Wawonii and Sulawesi (Fig. 2C) (Martin et al. 2012, O’Connell et al. 2019d), the
UHO urban forest in Kendari city (mainland Sulawesi), the small monsoonal dry forest on
Menui (23.5 km2) (Fig. 2D) (Monkhouse et al. 2018) and the remaining lowland rainforest
on Kabaena (fragmentary areas with a closed canopy at c.12 m) (Robinson-Dean et al. 2002).
Evidence of breeding was provided by observations of: (1) active nests, (2) juveniles
(with reference to Coates & Bishop 1997 and Eaton et al. 2016 for juvenile plumage features),
(3) birds in breeding condition, i.e. females with clear brood patches or carrying eggs
(gravid), and males with obvious cloacal protuberances, identified during mist-net surveys,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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B

C
D

Figure 2. A range of habitats covered by the survey effort in south-east Sulawesi showing: (A) lowland
rainforest on Buton (Thomas E. Martin), (B) beach and coastal scrub on Hoga in the Wakatobi Islands
(Thomas E. Martin), (C) rice paddies on Buton and secondary forest transitioning into (D) mature dry forest
on Menui (Joseph Monkhouse)

with reference to Rogers et al. (1986) and Svensson (1992) for identifying these, and (4)
characteristic breeding behaviour such as nestbuilding, display flights or copulation. Active
nests were considered the primary evidence of breeding as this constitutes irrefutable proof
linked to a known location, followed by juveniles (confirmed breeding, location and timing
not certain as the distance juveniles travel, and duration juvenile plumage persists, vary
significantly between species), birds in breeding condition (indicative of breeding but not
confirmed) and finally behaviour (more weakly indicative of breeding). Breeding records
were aggregated by species and island, and arranged in taxonomic order following Gill et
al. (2021). In addition, for Wallacean endemics (following Myers et al. 2000) and threatened
species (IUCN 2021), we provide further details of our observations and assess how these
add to the existing data on these species’ breeding biology. Where available, photos of
notable records were uploaded to the Macaulay Library (https://www.macaulaylibrary.
org/) and photo codes are provided in the format ML #.

Results
Overall, we collected 1,064 observations of potential breeding evidence for 66 species,
of which 27 were Wallacean endemics (including the Critically Endangered Maleo and
Near Threatened Red-backed Thrush Geokichla erythronota), and 39 species with a wider
range (including the Endangered Milky Stork and Near Threatened Rufous-bellied Eagle
Lophotriorchis kienerii) (Table 2, Table S1). Active nests were considered the strongest
evidence of breeding, followed by juveniles, adults in breeding condition and finally adults
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Island

Category

TABLE 2
Summary of new breeding records of 66 bird species on the islands of south-east Sulawesi. Taxonomy
follows Gill et al. (2021). Species in bold and denoted * are endemic to the Wallacean biodiversity hotspot
as defined by Myers et al. (2000). After the common name, an (I) indicates species introduced to Wallacea;
CR = Critically Endangered, EN = Endangered, NT = Near Threatened (IUCN 2021). Initials in the ‘Island’
column correspond to the following island names: Sul = south-east Sulawesi mainland, But = Buton, Siu =
Siumpu, Mun = Muna, Waw = Wawonii, Kab = Kabaena, Sag = Sagori, Men = Menui, Wan = Wangi-wangi,
Oro = Oroho, Hog = Hoga, Kal = Kaledupa, Tom = Tomia, Lin = Lintea Selatan, Bin = Binongko, Run
= Runduma. Initials in the ‘Category’ column correspond to the following categories: BB = breeding
behaviour, BC = breeding condition, J = Juvenile, N = active nest. Months are denoted: Apr = April, August
= Aug and September = Sep. All individual records providing date, location details and additional notes are
presented in Table S1. Field work effort was heavily focused on July and August.

Macrocephalon maleo

But

J

Spilopelia chinensis

Tom

BB

1

Sul

J

1

But

J

Mun

J

1

Waw

J

1

Kab

J

2

Men

J

1

Wan

J

2

Kal

J

Hog

J

Tom

J

Run

J

But

J

Common Emerald Dove Chalcophaps indica

Stephan’s Emerald Dove Chalcophaps stephani
Black-naped Fruit Dove Ptilinopus melanospilus

Apodidae

Cuculidae

Glossy Swiftlet

Lesser Coucal

Collocalia esculenta

Centropus bengalensis

Yellow-billed Malkoha * Rhamphococcyx
calyorhynchus
Little Bronze Cuckoo
Chrysococcyx minutillus

1

1
1

3
1
1
1
1

Kal

J

1

Hog

J

1

But

N

Kab

BC

1
1

Sul

J

1

But

J

2

Mun

BC

1

Sul

J
BC

Ciconiidae

Sep

Spotted Dove

Columbidae

Aug

Maleo * CR

July

Megapodiidae

Months
June

Scientific name

May

Common name

Apr

Family

Plaintive Cuckoo

Cacomantis merulinus

But

BC

Brush Cuckoo

Cacomantis variolosus

Sul

J

Milky Stork EN

Mycteria cinerea

Kab

N

© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

2

1
1
1
1
1

ISSN-2513-9894
(Online)

Butorides striata

Sul

J

Waw

N

1
1

1

Turnicidae

Barred Buttonquail

Turnix suscitator

But

J

Tytonidae

Sulawesi Masked Owl * Tyto rosenbergii

Kab

J

Strigidae

Speckled Boobook *

Ninox punctulata

But

J

1

Sulawesi Scops Owl *

Otus manadensis

But

BC

1

Eastern Osprey

Pandion cristatus

Oro

N

1

Barred Honey Buzzard * Pernis celebensis

But

BB

1

Sulawesi Serpent Eagle * Spilornis rufipectus

But

J

1

Pandionidae
Accipitridae

Rufous-bellied Eagle NT Lophotriorchis kienerii

But

J

2

Ictinaetus malaiensis

But

J

1

Spot-tailed
Sparrowhawk *
White-bellied Sea Eagle

Accipiter trinotatus

But

J

2

But

J

Sag

J

Brahminy Kite

Alcedinidae

1

Black Eagle

Haliaeetus leucogaster
Haliastur indus

1
1

But

J

1

Sulawesi Hawk-Eagle * Nisaetus lanceolatus

But

J

2

Sulawesi Dwarf
Kingfisher *
Common Kingfisher

But

BC

1

Ceyx fallax
Alcedo atthis

Ruddy Kingfisher

Halcyon coromanda

Green-backed
Kingfisher *
Collared Kingfisher

Actenoides monachus
Todiramphus chloris

Sul

J

Kab

J

But

BC

Kab

J

But

J

Sul

BC

1

But

J

1

1
1

1
1

Todiramphus sanctus

Hog

BC

2

Tom

BC

1

Kal
Hog
Oro

2
1

J

1
1

BC
Sacred Kingfisher

2

J

3

BC

1

J

1

BC

1

J
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Mulleripicus fulvus

But

N

1

J

2

Psittacidae

Pygmy Hanging Parrot * Loriculus exilis

But

N

1

Pittidae

Sulawesi Pitta *

But

N

1

Acanthizidae

Golden-bellied Gerygone Gerygone sulphurea

Erythropitta celebensis

Sul
But

J

3

BC

1

N

7
1

BC
Oriolidae

Black-naped Oriole

Oriolus chinensis

Campephagidae White-shouldered Triller Lalage sueurii

Artamidae

Dicruridae

Monarchidae

1

But

N

Mun

BC

1

Bin

J

1

Run

BC

1

1

Kab

BC

White-rumped Triller * Lalage leucopygialis

Kal

J

Ivory-backed
Woodswallow *

But

N

Kab

BC

1

Sul

BC

1

Kab

J

Hair-crested Drongo

Island Monarch

Artamus monachus

Dicrurus hottentottus

Monarcha cinerascens

Sep

Ashy Woodpecker *

Months
Aug

Picidae

Island

July

Scientific name

June

Common name

Apr

Family
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Men

1
1
1

1

BC

1

N

1

J

5

BC
Wan

1

J

2

1

BC

1

1

Oro

J

Kal

J

2

BC

3

J

3

Hog

1

BC
Tom

J
BC

Lin

4

2
1
1

1

3
1

J

6

BC

1
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Bin

J

8

BC
Pale blue Monarch *

Hypothymis puella

Sul

1

J

2

BC

Hirundinidae

Pacific Swallow

Hirundo tahitica

Pycnonotidae

Sooty-headed Bulbul (I) Pycnonotus aurigaster

Zosteropidae

Lemon-bellied White-eye Zosterops chloris

But

BC

Kab

BC

3
1
1

Sul

BC

But

N

Sul

BC

Sul

BC

But

N

1

BC

1

2

4

1
1
6

8

BB

Zosterops flavissimus

BC
J

1

BC

10

BC

Wan

BC

Kal

7

3

2
9

J

Bin

J

1

BC

But
Mun

Pellorneidae

undescribed Zosterops

Sulawesi Babbler *

Pellorneum celebense

9
8

1
9

16

2

21

BC

7

19

3

J

2

17

3

BC

10

J

1

8

BC
Wangi-wangi Whiteeye *

1

47 10

BC
Sul

28

1
1

BC

Kab

6
1

BB

BC

6

1

J

Lin

3
15

BC
Tom

4

1

BB

Pale-bellied White-eye * Zosterops
consobrinorum

7

Kab

BB
Wakatobi White-eye *

24

Mun

Run

Sep

Aug

Months
July

Island

June

Scientific name

May

Common name
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BC

3

5

BB

Sturnidae

Turdidae

BC

Kab

BC

3
1

Aplonis metallica

Men

J

Moluccan Starling *

Aplonis mysolensis

Men

J

Short-tailed Starling

Aplonis minor

Mun

J

Bin

BC

Red-backed Thrush * NT Geokichla erythronota

1

Mun

Metallic Starling

Kab

2

Dicaeidae

Pied Bush Chat

Yellow-sided
Flowerpecker *

Saxicola caprata

Dicaeum
aureolimbatum

9
1

J

1
2

BC

2

Siu

BC

1

Sul

J

3

BC

1

N

4
3

J
Mun
Kab

1
3

BC

1

J

2

2

BC
Sul
But
Mun
Siu

12

1

BC

Dicaeum celebicum

3

Kab

But

Grey-sided
Flowerpecker *

1

4

BC
Muscicapidae

Sep

Aug

Months
July

Island

June

Scientific name

May

Common name
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BC

5

7

J

1

1

BC

7

3

BC

2

1

J

2

BC

1

Kab

J
BC

4

Men

BC

3

Wan

2

J

Kal

J

1
1

1
1

1

J

2

BC
Tom

1
2

BC
Hog

4

J
BC

Oro

J
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Nectariniidae

Brown-throated Sunbird Anthreptes malacensis

Sul
But

Mun

J
N

1

J

5

BC

9

BB

2

J
J

Kab

J

Leptocoma aspasia

Sul

But

3
4
4

1
6

J

10
5

2

BC

3

11

BB

4

J

3

1

BC

1

1

J

Waw

J

Kab

BC
BB

Cinnyris jugularis

Sul

3
1

Siu

1
1
9

1

J

9

BC

6

BB

2

J

2

BC
But

N

2
1

9

1

J

2

1

BC

4

2

J

1

BC
Mun

BB

1
2

Waw

J

Kab

N

1

J

1

Men

3

14

J

BB

Olive-backed Sunbird

1

BC

Mun

Men

7

1

BC
Black Sunbird

Sep

1
1

Waw

Men

3

BC

BC

Aug

Months
July

Island

June

Scientific name

May

Common name
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3
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9

5

J

1

BC

2
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Island

Wan

BC

Kal

J

1

1

BC

3

7

BB

3

BB

Hog
Tom

2
1

J

2

2

3

BC

7

10

4

J

5

2

BC

3

5

Lin

BC

Bin

BC

Run

J

Aethopyga siparaja

Sul

8
3

1

J

3
6

J

2

BC
Kab
Estrildidae

Black-faced Munia *

Lonchura molucca

Sul

3

BC

3

J

3

BC

1

But

J

4

J

5

BC

1

Kal

J

1

Tom

J

4

BC

1

BB

Passeridae

2

Kab

Bin

J

Sul

J

1

Lonchura punctulata

But

J

3

Chestnut Munia

Lonchura atricapilla

Sul

BC

2

Pale-headed Munia *

Lonchura pallida

But

J

1

Eurasian Tree Sparrow

Passer montanus

Sul

J

1

But

J

1

2

BC

Kal

N

1

1

Scaly-breasted Munia

Kab

3
1

BC
But

2
12

BC
Crimson Sunbird

Sep

Aug

July

Months
June

Scientific name

May

Common name
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1
2

1

J

10

1

BC

3

1

BC
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exhibiting breeding behaviour. For the 66 species recorded as proven or potentially breeding,
evidence of breeding came from active nests for 17 species (19 records in total, providing
strongest evidence of breeding for 17 species), from juveniles for 48 species (313 records in
total, providing strongest evidence of breeding for 38 species), from observations of birds
in breeding condition for 35 species (705 records in total, providing strongest evidence of
breeding for nine species) and observations of birds displaying breeding behaviour for
nine species (27 records in total, providing primary evidence of breeding for two species).
Therefore, breeding was confirmed for 55 species (active nests and juveniles) with evidence
of potential breeding (breeding condition and behaviour) for an additional 11 species. The
66 species with breeding records represent 32 families, but 73% of all records are from three
families of small passerines common in the region: white-eyes (33%), sunbirds (28%) and
flowerpeckers (11.5%) (Table 2). The majority of breeding records, and the greatest diversity
of breeding birds, were recorded on the larger islands that were visited more regularly
(mainland Sulawesi, Buton and Kabaena), likely reflecting greater habitat diversity,
although a significant number of records were also collected on the Wakatobi Islands of
Kaledupa and Tomia where field work was undertaken in multiple years (Table 1). Buton
had the greatest species diversity of breeding records (Table 1), particularly of active nests
(Table 2), doubtless reflecting the greater effort (Table 1) at intensively surveyed forest sites.
Individual accounts for Wallacean endemics (denoted *), Critically Endangered (CR)
and Endangered species (EN) are presented below, covering 28 species in detail, with the
remaining 38 species covered in Table 2 and Table S1.
MALEO Macrocephalon maleo * CR
Known to lay year-round, with a peak breeding season October–April in northern Sulawesi
(Elliott & Kirwan 2020). Eggs have been reported from October in Lore Lindu National
Park (NP), central Sulawesi (van den Berg & Bosman 1986), and May–July and November–
January in Rawa Aopa Watumohai NP, south-east Sulawesi, with freshly dug burrows
also seen in September (Wardill et al. 1998, Elliott & Kirwan 2020). Nests communally on
beaches or volcanically heated soil, with many nesting sites now abandoned due to overcollection of eggs (Coates & Bishop 1997, Eaton et al. 2021). All known Buton breeding sites
have experienced severe habitat degradation (Froese & Mustari 2019), and this species
has recently been upgraded from Endangered to Critically Endangered due to ongoing
degradation of its nesting sites (IUCN 2021). A juvenile male was recorded in agricultural
land abutting Kakenauwe Natural Reserve in central Buton on 1 August 2014 by TEM & JN
(Martin et al. 2017a) (Table 2, Table S1, ML 709329).
YELLOW-BILLED MALKOHA Rhamphococcyx calyorhynchus *
Thought to breed mainly November–December (Payne 2020a). Nest undescribed. Although
this species is not considered to be a brood parasite, a juvenile has been described as being
fed by a Crimson Sunbird Aethopyga siparaja (Rozendaal & Dekker 1989). A single female in
breeding condition was mist-netted in scrub habitat in south-east Muna on 29 June 2017 by
DJK & NMM (Table 2, Table S1).
MILKY STORK Mycteria cinerea EN
Fragmented distribution in Cambodia, Malaysia, Sumatra, Java and south and south-east
Sulawesi (Elliott et al. 2020). Peak breeding appears to be in the dry season, July–August,
both on Sumatra and Java, although on Java there is some evidence of nesting in March and
November. Its colonies suffer heavily from human predation (Eaton et al. 2021). Little is
known about the small breeding population on mainland south-east Sulawesi (Wardill et al.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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1998). On Kabaena there is one record, a pair seen at a nest near Sikeli in early September
1999 by DJK, at the edge of an urban area near mangrove fragments, and a larger area
of intensive coconut plantations, although further evidence of breeding (incubation or
feeding) was not confirmed (O’Connell et al. 2017) (Table 2, Table S1).
SULAWESI MASKED OWL Tyto rosenbergii *
Very little information on breeding (Bruce & Marks 2020); three single records from north
Sulawesi seem to indicate a late year (September‒December) nesting period (Fletcher
1998, Mauro & Drijvers 2000, Fitzsimons 2010). Juvenile plumage is undescribed. A pair
was observed feeding a chick on the crossbar of a soccer goal frame in west Kabaena on 9
September 1999 by DJK (O’Connell et al. 2017) (Table 2, Table S1).
SPECKLED BOOBOOK Ninox punctulata *
Breeding undescribed, nestlings reported in September (Olsen et al. 2020). A single juvenile
was observed on Buton on 8 August 2013 (Table 2, Table S1, ML 709319). It was found by
locals abandoned at the base of a large tree in lowland tropical forest near Labundobundo
village (having possibly fallen from its nest). It was brought to the village (where it was
observed by TEM; Fig. 3A), and returned to the same location later the same day.
SULAWESI SCOPS OWL Otus manadensis *
Almost no information on breeding, with some indication that it may commence just before
the start of the monsoon (Holt et al. 2020). A single male with a cloacal protuberance was
mist-netted in central Buton in forest edge habitat on 26 August 1999 by DJK & NMM (Table
2, Table S1).
BARRED HONEY BUZZARD Pernis celebensis *
Breeding biology almost unknown. Single records of breeding in May and September
(Coates & Bishop 1997, Clark et al. 2020b), with a lone clutch of two eggs known. The display
flight involves talon-grappling and high circling flights. An individual was observed over a
village in central Buton in July 2009 by NTK, in undulating display flight, holding its wings
upwards at the highest point of each undulation, before dropping, then climbing again
(Table 2, Table S1).
SULAWESI SERPENT EAGLE Spilornis rufipectus *
Few breeding data available. Fledged young have been reported in May, with laying
estimated to occur in January‒February (Clark & Kirwan 2020a). Its juvenile plumage is
visually distinctive from the adult by a white rather than dark grey head (Eaton et al. 2021).
A juvenile was recorded in lowland forest in Lambusango Forest Reserve, Buton, on 11 July
2009 by NTK (Table 2, Table S1).
SPOT-TAILED SPARROWHAWK Accipiter trinotatus *
No breeding data available (Clark et al. 2020a). Individual juveniles were recorded in central
Buton in July 2003 by DJK & NMM, and Lambusango Forest Reserve, Buton, on 10 July 2009
(Fig. 3B, Table 2, Table S1). The latter was caught in a mist-net set for bats shortly after dusk
and observed by TEM.
SULAWESI HAWK-EAGLE Nisaetus lanceolatus *
Few breeding data available (Clark & Kirwan 2020b). One nest recorded in August on
Sulawesi (White & Bruce 1986), and season thought to be May–August, based on fledged
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 3. Juveniles of: (A) Speckled Boobook Ninox punctulata, Buton, August 2013 (Thomas E. Martin),
(B) Spot-tailed Sparrowhawk Accipiter trinotatus, Buton, July 2009 (Thomas E. Martin), (C) Grey-sided
Flowerpecker Dicaeum celebicum, Kabaena, August 2003 (David J. Kelly and Nicola M. Marples) and (D)
Moluccan Starling Aplonis mysolensis, Menui, August 2017 (Joseph Monkhouse)

young also seen in the latter month (Ferguson-Lees & Christie 2001). Two juveniles
observed during our study; one in Labundobundo village (central Buton) on 22 July 2014
by TEM, and one in Buton Utara Reserve (north Buton) on 12 July 2018 by PGA (Table 2,
Table S1, ML 204689311).
SULAWESI DWARF KINGFISHER Ceyx fallax *
Breeding biology poorly known (Kirwan et al. 2021). Reported to lay in August‒November
(Watling 1983, van den Berg & Bosman 1986, White & Bruce 1986) at Lore Lindu NP, with
an active nest confirmed in October (Watling 1983). A pair (including a gravid female) was
mist-netted together in Kakenauwe Natural Reserve, Buton, on 6 July 2014 by JN (Table 2,
Table S1).
GREEN-BACKED KINGFISHER Actenoides monachus *
Few breeding data available. Probably lays in February‒March, with a recently fledged
young in April (Kirwan et al. 2020). A single juvenile was recorded on 8 August 2016 in
Buton Utara Nature Reserve by Lupi Yulian Sumanto (Martin et al. 2017a) (Table 2, Table
S1, ML 709818).
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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ASHY WOODPECKER Mulleripicus fulvus *
Limited observations indicate nesting in March‒August (Winkler & Christie 2020) and
a fledgling was seen in December in Lore Lindu NP in December (D. D. Putra unpubl.
data). Two juveniles were recorded on 5 August 2007 in central Buton by DJK & NMM.
Additionally, on 12 July 2018 a male and female were observed together by PGA at a large
hollow in a tree on the edge of Kakenauwe Natural Reserve, Buton (Fig. 4A). The cavity
entrance was c.10 cm in circumference. This was probably an active nest, although the birds
were flushed by a passing car before this could be confirmed (Table 2, Table S1).
PYGMY HANGING PARROT Loriculus exilis *
Few breeding data available. Known to breed in February and August and to nest in holes
in dead palms (White & Bruce 1986, Collar et al. 2020), with reports of breeding from Lore
Lindu NP in October‒November (D. D. Putra unpubl. data). Possible nesting behaviour in
this species (and a possible active nest) was observed in Kakenauwe village, Buton, on 10
July 2018 by PGA. A pair was seen on this date repeatedly entering a cavity atop a derelict
wooden-cored concrete utility pillar in the village (Fig. 4C). The cavity entrance was c.25 cm
in circumference and broadly round in shape. This behaviour was subsequently noted
several further times over the next three weeks, although by late July only the male was

A

C

B

D

Figure 4. Photos of observed/assumed nesting attempts by: (A) Ashy Woodpecker Mulleripicus fulvus, Buton,
July 2018 (Panji G. Akbar), (B) Sulawesi Pitta Erythropitta celebensis, Buton, June 2016 (Arini Wijayanti), (C)
Pygmy Hanging Parrot Loriculus exilis, Buton, July 2018 (Panji G. Akbar) and (D) Ivory-backed Woodswallow
Artamus monachus, Buton, June 2018 (Panji G. Akbar)
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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seen entering and exiting the cavity, with another bird (presumably the female) calling from
inside it. During these observations, an all-male flock of five Pygmy Hanging Parrots was
also seen regularly in a coconut tree near the pillar, which the (presumably nesting) pair
appeared to tolerate (Table 2, Table S1). These observations demonstrate the species can
probably breed in anthropogenically modified habitats, and artificial wood-core pillars may
offer alternative nesting sites to the palms previously noted as being used by the species.
SULAWESI PITTA Erythropitta celebensis *
Few breeding data available. Singing males on territory in January‒March, with the
breeding season probably stretching to at least October, nestlings recorded in early March
(White & Bruce 1986), and juveniles in September, late November and early January (del
Hoyo et al. 2020b). One nest was described as sited in a hole dug in the slope of a riverbank,
constructed of twigs and leaves, and bound with cotton or hairy plant materials, and held
a clutch of two eggs. An active nest was recorded during this study in lowland rainforest at
Buton Utara Nature Reserve, Buton, on 26 June 2016 by AW (Fig. 4B, Table 2, Table S1). An
adult was unintentionally flushed off the nest, which held two chicks and was a cup-like
structure constructed of entwined grasses and other vegetation.
WHITE-RUMPED TRILLER Lalage leucopygialis *
Few breeding data available. Thought to breed in May and construct an open-cup nest
(Taylor 2020). A juvenile male was seen on Kaledupa on 17 July 2010 by DJK & NMM (Table
2, Table S1).
IVORY-BACKED WOODSWALLOW Artamus monachus *
Very few breeding data available. Two active nests previously reported, both in late July
(Rowley et al. 2020). A single female in breeding condition was mist-netted in central
Kabaena on 21 August 2003 by DJK & NMM. Additionally, a pair was seen building a nest
(with 3‒4 additional birds perched in a nearby tree) in agricultural land in north Buton on
30 June 2018 by PGA. This nest was c.15 m above ground, in a forked branch of a Spondias
dulcis tree, using nesting material that appeared to be leaves of a Pyrrosia fern (Fig. 4D). The
nest was c.15 cm in diameter. Regular visits indicated the female was on the nest on 1 July,
and continued to be observed there until 15 July (Table 2, Table S1).
PALE BLUE MONARCH Hypothymis puella *
Recently split from the widespread Black-naped Monarch H. azurea based on deep genetic
divergence (Fabre et al. 2012, Gill et al. 2021), with limited breeding data available. Season
possibly June‒September (del Hoyo et al. 2020a), with a neat cup nest constructed of twigs,
plastered with spider webs and other fine material. Nest usually located several metres
above ground in a tree fork. During mist-netting surveys by DJK & NMM, individuals in
breeding condition were recorded on 22 August 2003 in central Kabaena and 6 July 2012 in
north Buton, with three in breeding condition at the south-eastern tip of mainland Sulawesi
in late August 2007, in scrub and farmland. In addition, two juveniles were seen during
transect surveys at the south-eastern tip of mainland Sulawesi on 10 July 2016 by DOC
(Table 2, Table S1).
PALE-BELLIED WHITE-EYE Zosterops consobrinorum *
Few breeding data available, with a single nest found in early August and an adult feeding
a juvenile in October (van Balen 2020). Numerous individuals in breeding condition
and juveniles were recorded in scrub and farmland during mist-netting surveys in July‒
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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September throughout the study period on Sulawesi, Buton, Muna and Kabaena by DJK &
NMM (Table 2, Table S1).
WAKATOBI WHITE-EYE Zosterops flavissimus *
Recently split from the widespread Lemon-bellied White-eye Z. chloris based on divergence
in plumage, genetics, morphology and song (O’Connell et al. 2019c), but no published
breeding data (van Balen 2021). Numerous individuals in breeding condition, exhibiting
breeding behaviour and juveniles were recorded on the main Wakatobi Islands by DJK,
NMM & SBAK, during mist-netting and transects in July‒September, throughout the study
period, in scrub, mangrove and farmland. In addition, a juvenile was observed on 5 May
2013 on Tomia (Table 2, Table S1).
WANGI-WANGI WHITE-EYE undescribed Zosterops *
A single-island endemic whose formal description has not been completed (O’Connell et al.
2020, 2021) with no published breeding data. A total of ten in breeding condition was mistnetted in scrub and farmland during July‒August on Wangi-wangi, mainly in 2003, 2005,
2010 and 2012 by DJK & NMM (Table 2, Table S1).
SULAWESI BABBLER Pellorneum celebense *
Breeds April‒December (White & Bruce 1986), with a clutch of two eggs in a cup of dead
leaves (Collar & Robson 2020). Numerous individuals in breeding condition, exhibiting
breeding behaviour and juveniles were recorded during mist-netting surveys in July‒
September, throughout the study period, in scrub, forest, forest edge and farmland on
Sulawesi, Buton, Muna and Kabaena, by DJK, NMM & WS (Table 2, Table S1).
MOLUCCAN STARLING Aplonis mysolensis *
No published data on season, but observed nesting colonially in tree holes with usually
15‒50 individuals per colony (Coates & Bishop 1997, Craig & Feare 2020). The Menui
population is an outlier to the species’ core range in the Moluccas (Iqbal & Tepu 2014,
Monkhouse et al. 2018). A total of nine juveniles was recorded in areas of scrub on Menui
in early August 2017 by DJK, JM, DOC & NMM (Fig. 3D, Table 2, Table S1, ML 204689311).
RED-BACKED THRUSH Geokichla erythronota * NT
No published breeding data (Collar 2020). Two individuals in breeding condition were
mist-netted in central Kabaena in mid-August 2003, whilst a single juvenile was mist-netted
there in forest edge habitat on 14 September 1999, all by DJK & NMM (Table 2, Table S1).
YELLOW-SIDED FLOWERPECKER Dicaeum aureolimbatum *
Active nests were previously reported on Togian Island in June and August, and fledglings
in November; juveniles were reported in late August to early September on Sangihe (Cheke
& Mann 2020a). Numerous individuals in breeding condition and juveniles were recorded
during mist-netting surveys in July‒September, throughout the study period, in scrub and
farmland on Sulawesi, Buton, Muna and Kabaena by DJK & NMM (Table 2, Table S1). An
active nest was found at a beach near Labundobundo village, Buton, on 9 July 2014 by JN.
It was suspended from a branch in a tall dead tree, set apart from the mangrove vegetation
that otherwise predominated along the relevant stretch of coast.

© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN-2513-9894
(Online)

Darren P. O’Connell et al.

296

Bull. B.O.C. 2022 142(3)

GREY-SIDED FLOWERPECKER Dicaeum celebicum *
No published data on breeding season (Cheke & Mann 2020b). Numerous individuals in
breeding condition and juveniles (Fig. 3B) were recorded in scrub and farmland during
mist-netting surveys by DJK & NMM in July‒September, throughout the study period,
on Sulawesi, Buton, Muna, Kabaena, Menui and on all of the Wakatobi Islands (except
Binongko, where the species is rare, and Runduma, where it is absent; O’Connell et al. 2020).
In addition, a juvenile was seen on Tomia on 9 May 2013 by SBAK (Table 2, Table S1).
BLACK-FACED MUNIA Lonchura molucca *
Said to breed at the end of the rainy season and early dry season. Breeding was observed in
July‒September and January at Lore Lindu in central Sulawesi (Watling 1983), with nests in
March‒June on Flores. Juveniles seen in May‒July on Sumba and in June on Timor (Noske
2003, Payne 2020b). Numerous individuals in breeding condition, exhibiting breeding
behaviour and juveniles were recorded in scrub and farmland during mist-netting and
transects by DJK, SBAK & NMM in July‒September, throughout the study period, on
Sulawesi, Buton, Kabaena, Kaledupa, Tomia and Binongko (Table 2, Table S1).
PALE-HEADED MUNIA Lonchura pallida *
Reported to breed year-round in central Sulawesi (Watling 1983, Payne 2020c). A juvenile
was recorded in farmland in central Buton on 14 July 2012 by DJK & NMM (Table 2,
Table S1).

Discussion
Our results provide an extensive summary of breeding data for bird species in
south-east Sulawesi based on nearly 20 years of field work. The data we present improve
understanding of the basic natural history of Wallacean species. This paper provides
extensive observations of breeding by 66 bird species. These include rare observations
of breeding behaviour and nest structure for several poorly studied endemics, including
Pygmy Hanging Parrot, Sulawesi Pitta and Ivory-backed Woodswallow. In addition, we
present important evidence of breeding activity by one Critically Endangered and one
Endangered species. The Milky Stork nesting attempt recorded on Kabaena sheds light on
potential breeding areas for the poorly understood Sulawesi population of this widespread
but rare species. The record of a juvenile Maleo confirms that this species is both extant and
breeding on Buton (as of 2014). Our observations of breeding condition in Wangi-wangi
White-eye provide the first data regarding life history parameters in this single-island
endemic, which could be classified as Endangered due to its restricted range (O’Connell et
al. 2019c, 2021).
Our recording period was focused on the start of the dry season on Sulawesi, which is
the peak breeding period on nearby Flores (Verheijen 1964). Breeding of birds in Wallacea is
strongly seasonal and influenced by precipitation, but how this affects the timing of breeding
varies on different islands (Verheijen 1964, Linsley et al. 1998, Noske 2003). As the impacts
of climate change progress, the region is likely to experience more extreme seasonality,
with wetter wet seasons and drier dry seasons (Chou et al. 2013). Therefore, filling gaps in
our knowledge of avian breeding biology on Sulawesi is vital to provide baseline data on
timing of breeding, informing how these species might respond to anthropogenic habitat
and climate change in this part of Wallacea (Lees et al. 2020).
Our assessment of avian breeding biology in south-east Sulawesi has several clear
limitations. First, our survey methods were not designed to maximise the recording of
breeding behaviour, with the focus instead being on biodiversity (Buton) and speciation
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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(all other islands covered by TCD & UHO). Therefore, nest searches and behavioural
observations were not prioritised, and our data are very much opportunistic in nature.
The majority of our records of breeding behaviour involve common small passerines
that are easily trapped using mist-nets (Table 2, Table S1), but this contribution should be
considered a descriptive account of breeding behaviour, rather than a strict quantification
of such activity at each field site. Second, field work was largely concentrated in late
June‒August and consequently provides only a snapshot of potential seasonality. These
limitations make it difficult to infer phenological trends for the species in our dataset.
Additionally, tropical birds tend to have longer breeding seasons than those in temperate
regions, and timing of breeding can vary significantly between trophic guilds (Stutchbury
& Morton 2001). Our study region is also geologically and ecologically complex (Whitten
et al. 2002, Nugraha & Hall 2018), and this may cause the breeding biology of bird species
to differ even on neighbouring islands. For example, the islands of Kabaena and Wawonii
have distinctly different underlying geology (ultramafic) and associated plant communities
(Galey et al. 2017, Trethowan et al. 2020, Ó Marcaigh et al. 2021). The entire study area is
also strongly influenced by El Niño–Southern Oscillation cycles, which exert influence
on breeding probability and phenology (Duursma et al. 2018, Smart et al. 2021). Thus,
breeding patterns on different islands, and in extreme El Niño/La Niña years, may produce
distinctive patterns that our data are unable to reveal.
It is also interesting to note which species are missing from our dataset, particularly
in the mature lowland rainforest of Buton Island. Many species considered relatively
common by Martin et al. (2012), e.g. Green Imperial Pigeon Ducula aenea, Knobbed Hornbill
Rhyticeros cassidix and Sulawesi Hornbill Rhabdotorrhinus exarhatus, lack a single observation
of breeding behaviour despite nearly 20 years of field work. It is acknowledged that
surveying the demographics of tropical birds is often difficult (Robinson et al. 2018), but the
absence of many common species from our dataset highlights that obtaining breeding data
for tropical birds is also problematic unless targeted methods (see Fierro-Calderón et al.
2021) are employed. Even these may be inhibited in ‘canopy-heavy’ ecosystems such as on
Buton, where many species rarely come close to ground level (Martin et al. 2017b). Indeed,
the many conspicuous gaps in our dataset indicate that difficulties in data acquisition may
be an important contributing factor to the dearth of information for Wallacean birds (Noske
2017). However, the lack of experienced observers in the region certainly is also a key
limitation, although initiatives such as Atlas Burung Indonesia are beginning to remedy this
shortfall (Taufiqurrahman et al. 2016).
Overall, however, this paper fills a number of knowledge gaps, particularly with
respect to the breeding biology of 27 Wallacean endemics, many of which have few or no
previous nesting data. This study also highlights the importance of collating opportunistic
natural history data in poorly studied areas, even when assembling such data is not the
primary focus. Like Noske (2017), we encourage other researchers in Wallacea (and other
under-studied regions) to publish summaries of their breeding data, to further knowledge
of avian breeding biology in this unique biodiversity hotspot.
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Summary.—The description of the Subantarctic Diving Petrel Pelecanoides urinatrix
exsul Salvin, 1896, creates confusion because the type series contains specimens of
three different taxa. Here we nominate a lectotype, thereby fixing the identity of
this taxon, and restrict its type locality to the Baie de l’Observatoire, La Grande
Terre, Kerguelen Islands, Indian Ocean. This stabilises its taxonomy.
Diving petrels (genus Pelecanoides) comprise five species of small Southern Ocean
Procellariiformes, which show limited morphological differentiation, thus complicating
their identification (Fischer et al. 2018). The circumpolar and widespread Common Diving
Petrel P. urinatrix is considered to number six subspecies: P. u. urinatrix (J. F. Gmelin,
1789); P. u. berard (Gaimard, 1823); P. u. exsul Salvin, 1896; P. u. dacunhae Nicoll, 1906; P.
u. copperingi Mathews, 1912; and P. u. chathamensis Murphy & Harper, 1916 (Marchant &
Higgins 1990, Dickinson & Remsen 2013).
The original description of P. u. exsul by Salvin (1896: 438) in the Catalogue of the birds in
the British Museum diagnosed the taxon as a species, primarily based on the greyness of the
throat, flank and underwing feathers. Specifically, he stated: ‘Adult. Similar to P. urinatrix,
but the feathers of the sides and middle of the throat with a distinct subterminal grey bar;
flanks mottled with grey, each feather with a grey shaft; under wing-coverts also grey, with
white edges and dark shafts. Sexes alike. Hab. Southern Indian Ocean, from the Crozette
Islands to Kerguelen Land’. This description was followed by a list of the 23 specimens
that constituted the type series. However, the original description contains ambiguities: the
type series consists of specimens from several widespread locations and the morphological
description is too vague to define any diagnostic characters of the taxon.
Salvin’s (1896) descriptions of the various Pelecanoides species did not note any of the
diagnostic bill-shape characters of P. urinatrix, including the posteriorly sited nostril septa
later diagnosed by Murphy & Harper (1921). In addition, Salvin’s description for P. u. exsul
also failed to mention the relatively short wing compared to P. u. urinatrix (see Marchant &
Higgins 1990; means of sexed birds from breeding colonies 119.6‒123.9 mm for P. u. exsul,
and 127.0‒131.8 mm for P. u. urinatrix).
Murphy & Harper (1921: 544) fixed the type locality for P. u. exsul as the Kerguelen Islands
and published an updated diagnosis for the taxon. They primarily noted minor differences
between P. u. exsul and other subspecies of P. urinatrix in bill shape (i.e., more converging bill
sides of P. u. exsul) and a greater amount of grey on the lower throat of P. u. exsul.
Warren (1966: 94) identified 15 of the 23 syntypes of P. u. exsul listed by Salvin, and
provided details of an adult male from the Kerguelen Islands (Natural History Museum,
Tring [NHMUK 1880.11.18.656]). She noted that the ‘locality’ for the taxon was originally
defined as ‘southern Indian Ocean’ but had been ‘restricted to Kerguelen Island’ by
Murphy & Harper (1921). NHMUK 1880.11.18.656 was subsequently placed in one of the
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type collection cabinets at Tring, and labelled ‘TYPE’. However, as it was not formally
designated as a lectotype (Warren specifically referred to it as a syntype and mentioned
‘fourteen other syntypes’), it maintained the same nomenclatorial status as all of the other
specimens in the type series of P. u. exsul (Arts. 72.4.7 and 74.5; ICZN 1999).
Both Salvin (1896) and Murphy & Harper (1921) considered P. exsul to be a species,
separate from P. urinatrix. Today P. u. exsul is commonly recognised subspecifically, but
its distinctiveness has been questioned (e.g., see Clancey 1981, Norman & Brown 1987).
Marchant & Higgins (1990) concluded that the supposedly diagnostic features of P. u. exsul
noted by Salvin (1896) and Murphy & Harper (1921) occurred in some individuals of other
subspecies of P. urinatrix, which leaves no clear morphologically diagnosable features for
P. u. exsul. However, DNA work (using the mitochondrial cytochrome b gene) provided
support for the distinctiveness of P. u. exsul (Grosser et al. 2021). Yet, this research did not
clearly support other commonly recognised subspecies of P. urinatrix. Hence, the taxonomy
of P. urinatrix sensu lato remains unsettled and is in need of re-examination.
To clarify the identity of P. u. exsul and help resolve ongoing confusion concerning the
validity of the various subspecies of P. urinatrix, we relocated and re-examined the syntypes of
Pelecanoides u. exsul at NHMUK. Although Salvin (1896) did not provide registration numbers
for any of the specimens that he listed, he did provide sufficient information (some collection
data and a unique letter for each specimen) to identify almost all of the syntype series. Salvin’s
letters between ‘a’ and ‘w’ were located on labels of 15/23 of these specimens. Seven other
specimens were identified using their collection data (Table 1). Additionally, an unattached,
isolated label at NHMUK was subsequently linked to a further syntype that was received
by the South Australian Museum, Adelaide (SAMA) in 1982 on exchange from NHMUK
(P. Horton in litt. 2019). All of the specimens were measured to the nearest 0.1 mm using
the methods described in Fischer et al. (2018): wing length; inner (RT1) and outer (RT6) tail
feather length; culmen length; bill width at base; bill depth at base; arch length; head length;
and tarsometatarsus length. In addition, we scored the position of the nostril septa (Fig. 1,
see Fischer et al. 2018 and supporting materials) and the angle and shape of the mandibles
(viewed dorsally and ventrally). We provide details of these specimens in Tables 1–3. Two of
the 23 syntypes on Salvin’s list could not be identified with a high level of certainty.
Our investigation (see Table 3, Figs. 1‒3) indicates that the syntype series of P. u. exsul
includes three different taxa: P. u. urinatrix (J. F. Gmelin, 1789), P. u. exsul Salvin, 1896, and
South Georgia Diving Petrel P. georgicus Murphy & Harper, 1916. A syntype series consisting
of more than one taxon can cause taxonomic confusion, therefore to stabilise the name
Pelecanoides urinatrix exsul Salvin, 1896, here we designate NHMUK 1876.4.26.13 (female,
collected ‘Observatory Bay, Royal Sound’, ‘Kerguelen’s Land’ [= Baie de l’Observatoire, La
Grande Terre, Kerguelen Islands] by A. E. Eaton, on 14 October 1874) as the lectotype of this
taxon (Figs. 1A, 2) in accordance with the amended Art. 74.7.3 (ICZN 1999). No previous
lectotypification has been made for this taxon.
We chose NHMUK 1876.4.26.13 as the lectotype because (a) it is from the Kerguelen
archipelago, to which the type locality was restricted by Murphy & Harper (1921), and
(b) it displays morphological features usually associated with P. u. exsul, i.e. posteriorly
sited nostril septa, relatively short, converging mandible sides, and comparatively short
wings (<125 mm). Selecting this lectotype aligns with Recommendation 74A of the Code
(ICZN 1999). Whilst ten syntypes met the same basic selection criteria (Table 3), NHMUK
1876.4.26.13 is the only one that also has a collection date, a collector and its sex recorded,
as well as an undamaged bill. This designation results in all of the other syntypes listed
in Tables 1‒3 becoming paralectotypes of P. u. exsul, irrespective as to their taxon they are
recognised as.
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TABLE 1
List of Pelecanoides urinatrix exsul Salvin, 1896, syntypes, including their NHMUK and SAMA registration
numbers and other information from their specimen labels. The ‘Salvin letter’ is in bold and italics where it
appears on a specimen’s label. Position of nostril septa from base / posterior end (posterior = 0%, anterior =
100%). Sex: M = male; F = female. ? = unclear. - = unknown. The designated lectotype is highlighted.
Salvin
NHMUK reg. Specimen Nostril Sex
(1896) letter
no.
type
septa
a
1891.6.18.107
Skin
?
-

Collecting
locality
Crozet Islands
Crozet Islands

Collector; (P) = presented
Extra notes
to museum
ex Shelley Mus., S
Africa no.10825
H. Saunders (P)
Ex E. L. Layard

b

1893.3.20.3

Skin

30%

-

c

1841.4.729

Skin

30%

-

d

1841.4.731
(now SAMA
B36415)

Skin

30%

e

1841.4.730

Skin

30%

f

1841.4.732

Skin

?30%

g

1841.4.728

Skin

?

h

1890.12.13.18

Skin

30%

i

1880.11.18.660

Skin

?30%

j

1880.11.18.656

Skin

?30%

Kerguelen Islands Antarctic expedition/ HMS
Terror/ Admiralty (P)1
- Kerguelen Islands
J.R.[presumably James
Clark Ross on HMS Erebus],
Antarctic expedition/
Admiralty (P)1
Christmas
Antarctic expedition/
Harbour,
Admiralty (P)1
Kerguelen Islands
On board ship,
Mc’Cormick [Robert
Christmas
McCormick on HMS Erebus]
Harbour,
(P)1
Kerguelen Islands
M
Christmas
Challenger expedition2
Harbour,
Kerguelen Islands
M Kerguelen Islands
Challenger expedition2

k

1880.11.18.655

Skin

30%

F

Kerguelen Islands

Challenger expedition2

l

1880.11.18.657

Skin

30%

F

Kerguelen Islands

Challenger expedition2

m

1880.11.18.661

Skin

50%

-

Kerguelen Islands

Challenger expedition2

Downy chick

o

1880.11.18.659

Skin

30%

M

Challenger expedition

Damaged bill

n

1880.11.18.658

Skin

30%

p

1876.4.26.12

Skin

30%

q

1876.4.26.13

Skin

30%

r

1875.7.2.25

Skin

30%

Betsy Cove,
Kerguelen Islands
M
Betsy Cove,
Kerguelen Islands
M Observatory Bay,
Kerguelen Islands
F Observatory Bay,
Kerguelen Islands
New Zealand

s

1842.6.11.13

Skin

?

t or u

1884.2.29.214 Complete
skeleton
t or u
S/2001.50.615 Complete 30%
(possibly)
skeleton
v (possibly) S/2001.50.635 Sternum,
pectoral
bones,
mandible

At sea, near
Antarctic expedition/
Kerguelen Islands
Admiralty (P)1
M Kerguelen Islands Antarctic expedition/ HMS
Terror1

May 18401
Original label
detached and
retained in
NHMUK

F

2

Challenger expedition2

20 July1
8 June 18401

Jan 1874

A. E. Eaton3
A. E. Eaton3

14 Oct 18743

-

ex New Zealand
Colonial Museum
[Wellington]
November1

-

Auckland Islands

-

-

Lieut. A. Smith [presume
Alexander Smith on HMS
Erebus]1
Challenger expedition2

-

-

-

-

-

-
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NHMUK reg. Specimen Nostril Sex
(1896) letter
no.
type
septa
Skull
w
1884.2.29.224
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Collecting
locality
-

Collector; (P) = presented
to museum
Challenger expedition/
Admiralty (P)2

Extra notes

During the UK Admiralty’s 1839–43 Antarctic expedition, HMS Erebus first anchored at the Kerguelen Islands on 12
May 1840 and HMS Terror joined her the following day; both ships left Kerguelen on 20 July 1840 (Ross 1847). The
same expedition visited the Auckland Islands from 20 November to 12 December 1840 (Ross 1847).
2
The UK HMS Challenger oceanographic expedition visited the Kerguelen Islands from 6 January to 1 February 1874
(Thomson & Murray 1911).
3
Alfred Edwin Eaton was part of the UK Transit of Venus expedition to the Kerguelen Islands between 11 October
1874 and 27 February 1875 (Godley 1970).
4
NHMUK 1884.2.29.21 and 1884.2.29.22 are considered to be syntypes because they were collected on the Challenger
expedition, as were several (other) syntypes, and they match Salvin’s (1896) descriptions of ‘Skeleton’ and ‘Skull’
respectively.
5
S/2001.50.61 and S/2001.50.63 are considered to be possible syntypes because they potentially match Salvin’s (1896)
descriptions of ‘Skeleton’ and ‘Sternum’ respectively.
1

TABLE 2
Measurements of the Pelecanoides urinatrix exsul Salvin, 1896, type series. L = length; *dried open.
Some comparative measurements could not be taken from the skeletal specimens due to their state of
preservation. All measurements in mm, taken by A. J. D. Tennyson (or P. Horton for SAMA B36415).
The designated lectotype is highlighted.
NHMUK reg. no.

Wing
L

Tail
RT6 L

Tail
RT1 L

Culmen
Bill
Bill Bill arch
L
width at depth at
L
base
base
16.1
7.9
9.8
4.6

1891.6.18.107

120

33.7

29.4

1895.3.20.3

124

29.9

30.9

16.9

8.3

1841.4.729

121

32.5

32.2

16.8

1841.4.731 (now SAMA
B36415)
1841.4.730

121

36.0

39.0

15.9

115

33.6

31.7

1841.4.732

122

32.8

34.6

1841.4.728

125

27.7

1890.12.13.18

124

39.2

1880.11.18.660

120

1880.11.18.656

121

1880.11.18.655

Head Tarsometatarsus
L
L
53.3

26.4

9.5

3.8

53.3

27.5

8.3

*

6.7

53.4

25.8

9.2

9.7

6.5

52.0

27.5

17.4

8.4

10.4

5.1

57.4

25.5

18.0

8.6

10.0

5.2

57.3

29.4

30.8

15.8

8.6

9.9

5.0

53.6

25.9

39.2

16.8

8.5

*

5.5

54.1

28.7

34.2

38.7

17.1

8.1

9.6

7.0

55.0

26.6

35.4

35.8

16.1

8.1

9.1

5.5

53.5

26.2

122

32.7

38.1

16.6

7.7

8.6

4.7

51.6

28.9

1880.11.18.657

124

35.2

38.3

15.9

6.9

8.2

3.8

51.4

25.9

1880.11.18.661

86

22.4

22.6

13.2

6.8

*

4.4

47.7

23.2

1880.11.18.659

118

29.4

32.7

15.8

8.9

9.3

6.5

54.2

26.9

1880.11.18.658

120

32.5

34.6

15.7

7.8

8.2

5.4

51.9

26.0

1876.4.26.12

121

37.2

38.2

15.7

8.2

8.7

7.2

49.6

26.5

1876.4.26.13

121

35.3

36.3

16.3

7.9

8.7

6.4

47.9

23.5

1875.7.2.25

133

40.0

39.5

17.2

8.0

8.9

6.5

53.8

27.1

1842.6.11.13

123

34.0

37.3

15.5

7.7

*

5.0

50.5

26.3

1884.2.29.21

c.7.9

c.48.6

c.8.7

53.3

S/2001.50.61
S/2001.50.63
1884.2.29.22
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TABLE 3
Current taxon identity of specimens in the Pelecanoides urinatrix exsul Salvin, 1896, type series, based on this
study. Mandible shape: SB = short and bowed, LP = long and parallel-sided. Wing length short: <125 mm.
The designated lectotype is highlighted.
NHMUK reg. no.

Collecting locality

1891.6.18.107

1895.3.20.3

Taxon

Primary
lectotype
criteria met
(see text)

120

P. u. exsul

No

SB

124

P. u. exsul

No

30%

SB

121

P. u. exsul

Yes

30%

SB

121

P. u. exsul

Yes

Nostril
septa

Mandible
shape

Wing
length

Crozet Islands

?

SB

Crozet Islands

30%

1841.4.729

At sea, near Kerguelen
Islands
1841.4.731 (now Kerguelen Islands

SAMA B36415)
1841.4.730

Kerguelen Islands

30%

SB

115

P. u. exsul

Yes

1841.4.732

Kerguelen Islands

?30%

SB

122

P. u. exsul

No

1841.4.728

?

SB

125

P. u. exsul

No

30%

SB

124

P. u. exsul

Yes

?30%

SB

120

P. u. exsul

No

1880.11.18.656

Christmas Harbour,
Kerguelen Islands
On board ship,
Christmas Harbour,
Kerguelen Islands
Christmas Harbour,
Kerguelen Islands
Kerguelen Islands

?30%

SB

121

P. u. exsul

No

1880.11.18.655

Kerguelen Islands

30%

SB

122

P. u. exsul

Yes

1880.11.18.657

Kerguelen Islands

30%

SB

124

P. u. exsul

1880.11.18.661

Kerguelen Islands

50%

-

1880.11.18.659

30%

SB

30%

SB

120

P. u. exsul

Yes

30%

SB

121

P. u. exsul

Yes

30%

SB

121

P. u. exsul

Yes

1875.7.2.25

Betsy Cove, Kerguelen
Islands
Betsy Cove, Kerguelen
Islands
Observatory Bay,
Kerguelen Islands
Observatory Bay,
Kerguelen Islands
New Zealand

30%

LP

133

P. u. urinatrix2

No

1842.6.11.13

Auckland Islands

-

SB

123

P. u. exsul

1884.2.29.21

-

-

?SB

-

P. urinatrix ssp.

No

S/2001.50.61

-

30%

?SB

-

P. urinatrix ssp.

No

S/2001.50.63

-

-

-

-

Pelecanoides sp.

No

1884.2.29.22

-

-

?SB

-

P. urinatrix ssp.

1890.12.13.18
1880.11.18.660

1880.11.18.658
1876.4.26.12
1876.4.26.13

Yes

P. georgicus
86
(nestling)
P. u. exsul
118

No

1

Yes

No
3
3

3

No

On label it is noted ‘This is a nestling of P. georgicus Murphy & Harper, RA Falla May 1939, Aug 1956’.
The collection location ‘New Zealand’ suggests that this specimen was collected around the main North or South
Islands, rather than at an offshore island group, and the bird’s relatively large size indicates that it is P. u. urinatrix.
3
Identification based on comparison with figures in Worthy (1998).
1
2
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A

B

Figure 1. Dorsal views of bills of specimens from the type series of Pelecanoides u. exsul, showing positions of
the nostril septa. (A) Pelecanoides u. exsul, NHMUK 1876.4.26.13 (lectotype), showing posteriorly (30% score,
see arrow) sited nostril septa; (B) South Georgia Diving Petrel P. georgicus juvenile, NHMUK 1880.11.18.661
(paralectotype of P. u. exsul), showing centrally sited (50% score, see arrow) nostril septa (A. J. D. Tennyson,
© Trustees of the Natural History Museum, London)

A

B

Figure 2. Lateral (A) and ventral (B) views of the lectotype of Pelecanoides u. exsul, NHMUK 1876.4.26.13 (A.
J. D. Tennyson, © Trustees of the Natural History Museum, London)
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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B

Figure 3. Lateral views of
paralectotypes of Pelecanoides u.
exsul. (A) South Georgia Diving
Petrel P. georgicus juvenile,
NHMUK
1880.11.18.661;
(B) Pelecanoides u. urinatrix,
NHMUK 1875.7.2.25 (A. J. D.
Tennyson, © Trustees of the
Natural History Museum,
London)

These designations fix the identity of P. u. exsul and maintain stability of the names
most commonly used for Pelecanoides taxa globally. They therefore fulfil a primary objective
of the International Commission on Zoological Nomenclature to promote stability of
scientific names (ICZN 1999).
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Summary.—Blackpoll Warbler Setophaga striata migrates between its breeding
grounds in northern North America and non-breeding areas in northern South
America, mainly Amazonia, but the presence of apparently small numbers in
southern South America suggests the existence of an additional wintering area.
We investigated this possibility by reviewing available records, and report a new
wintering record in South America’s largest conurbation. Data from the literature,
online platforms and field observations reveal 44 records over the last 52 years.
Records are available from throughout the Atlantic Forest domain of south-east
and southern Brazil, at all seasons, but mainly the austral summer and autumn.
The concentration of records and permanence of some birds for several months at
the same localities indicate a second wintering area for the species in south-east
and south Brazil, north-east Argentina and south-east Paraguay.
The Parulidae comprises 18 genera and 110 species, and is widely distributed across
the Americas. Almost half of the species are long-distance migrants that breed in North
America. Many of these possess a strikingly coloured breeding plumage in North America
and a much drabber plumage in the non-breeding season (in South America). Among
these long-distance migrants is Blackpoll Warbler Setophaga striata. During the breeding
season, males have black upperparts with a noticeable malar streak, whilst females are
olive-grey with streaked upper- and underparts, plumages that vary according to age and
period of migration (Pyle 1997). The species has an extensive breeding range in northern
North America, migrating to winter in northern South America, with isolated records in
the south of the continent (Paynter 1995). Records in 1958 and 1959 in Misiones, Argentina,
led Partridge (1961) to moot the possibility of a wintering region south of the Amazon, a
hypothesis supported by DeLuca et al. (2020), who suggested that small numbers spend
the non-breeding season from south-east Brazil to north-east Argentina and southeast Paraguay. The species has also been recorded in Chile, which is the southernmost
occurrence (Landbeck 1864).
In Brazil, Blackpoll Warbler occurs at forest edges and in clearings, as well as areas
with sparse trees, including parks and wooded urban areas (Sick 1971, Sigrist 2006). In
September‒May the species has been detected in the south, south-east, centre-west and
north-east of the country, as well as in Amazonia (Paynter 1995, Sick 1997, Bencke 2001,
Model et al. 2014, Cavarzere et al. 2019). However, occurrences in Brazil outside Amazonia
are poorly known, with incomplete and confusing information, as partially demonstrated
by compilations for the state of São Paulo (Willis & Oniki 2003) and the country as a whole
(Somenzari et al. 2018). We assembled and evaluated available data on the occurrence
of Blackpoll Warbler in Brazil away from Amazonia to test the hypothesis of a southern
wintering area. We also report observations of an individual that spent three months in
metropolitan São Paulo, the largest conurbation in South America.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN-2513-9894
(Online)

Fabio Schunck & Vagner Cavarzere

311

Bull. B.O.C. 2022 142(3)

Methods
Study area.—The bibliographical review covered the centre-west, north-east, southeast and south of the country, outside Amazonia, including 19 states, plus north-east
Argentina and south-east Paraguay, as mentioned by Partridge (1961) and DeLuca et al.
(2020) as part of a possible second wintering area. Records from Argentina and Paraguay
were also compiled because of their proximity to Brazil. Other South American countries
were considered outwith this study. Field data were obtained by FS in the state of São
Paulo (SP), south-east Brazil, at Praça da Rua Nantes (23°41’35.55”S, 46°42’28.41”W; 760 m)
in the residential district of Interlagos in the south of the São Paulo Metropolitan Region,
the largest urban area in South America with c.21.5 million inhabitants (IBGE 2020) (Fig. 1).
Secondary data.—These were obtained via searches in scientific articles, books, grey
literature and ornithological collections of the Museu de Zoologia da Universidade de São
Paulo (MZUSP) and Instituto Adolfo Lutz (IAL) (both of which were visited in person by
FS), as well as other museums accessed via the Global Biodiversity Information Facility
(GBIF) database (https://www.gbif.org/). The online platforms WikiAves (WA; https://
www.wikiaves.com.br), eBird (ML/S; https://ebird.org), Xeno-canto (XC; https://www.
xeno-canto.org) and iNaturalist (https://www.inaturalist.org/) were also consulted (up to 31
December 2021). Records without specific locality were assigned to the central point of their
respective municipality. All records were categorised as ‘historical’ or ‘contemporary’, the
former covering 1969‒78 (data from museums and field observations) and the latter since
1980, including records from the literature (field observations) and online platforms. Two
locations (in Brazil and Paraguay) mentioned by Paynter (1995) were not located, but are
presented based on the map provided in the last-named work.
Field data.—These were collected between 30 November 2020 and 31 January 2021,
over a total of 63 days. Observations were made daily from dawn to dusk, as the location
is in front of FS’s house, during social isolation due to the Sars-CoV-2/covid-19 pandemic.
Binoculars, a Canon 7D camera plus 300 mm lens and Marantz PMD66 recorder with a
Sennheiser ME66 microphone were used to make and document observations. Resulting
files were made available on the online platforms WikiAves, eBird and xeno-canto; see
Table 1.

Results
A total of 44 non-Amazonian records of Blackpoll Warbler were obtained in Brazil (n =
39), Argentina (n = 4) and Paraguay (n = 1), with 13 in papers in periodicals, six in books, six
in grey literature, 13 on online ornithological platforms and one from field observations by
FS. Of the 44 records, 19 possess some type of documentation such as a specimen, photo or
sound-recording (Fig. 1; Table 1), as described below.
Literature and ornithological online platforms.—Forty-one records dated between 1969
and 2021 were identified. Of this total, nine were historical (museums and field sightings)
and 22 were contemporary (field observations), with 13 on online platforms (WikiAves 11,
and eBird four, including records published on both). Five records were available for northeast Argentina (n = 4) and south-east Paraguay (n = 1) and two records (Brazil and Paraguay)
cited by Paynter (1995) lack date information (Fig. 1; Table 1).
Field data.—A Blackpoll Warbler was recorded in Interlagos by FS on 30 November
2020 (late in the austral spring), at 15:45 h on a cloudy day with light rain. The distinctive,
constant and relatively loud calls attracted his attention, and he found it c.6 m above ground
in a Jacaranda mimosifolia tree (Fig. 1; area a). It was a male in non-breeding plumage and
after playback (of a similar call), the bird approached to within c.6 m (Fig. 2a; field data
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 1. Records of Blackpoll Warbler Setophaga striata in Brazil outside the Amazon. Inset of the Americas
(upper left): dark beige = the species’ breeding range (northern North America); pale beige = passage (eastern
North America, the Caribbean and parts of Middle America) and dark beige + hatch is the main non-breeding
area, in northern South America including Amazonia (from BirdLife International 2021). South-east and
south Brazil are outlined in black and represented by white borders on the main map, with coloured points
on this and the inset of metropolitan São Paulo as follows: red = historical records (specimens and field
records between 1969 and 1978); blue = contemporary records in the literature (undocumented sight records
from the 1980s, 1990s and 2000s); green = contemporary records on online platforms (documented records
starting in 2007); and white = author’s field record. Asterisks indicate the two localities mentioned by Paynter
(1995), but not otherwise traced. Localities A‒E are in Argentina and Paraguay. Brazil state acronyms: GO =
Goiás (centre-west region); BA = Bahia (north-east); MG = Minas Gerais, ES = Espírito Santo, SP = São Paulo
and RJ = Rio de Janeiro (south-east); PR = Paraná, SC = Santa Catarina and RS = Rio Grande do Sul (south).
Inset of Interlagos: (a) forested square; (b) Tipuana tree and (c) Caesalpinia tree. Asterisk indicates the first
author’s home. Black lines indicate Brazil’s borders, grey lines those of other South American countries.
Source: Google Earth (© Image Landsat/Copernicus 2020).

available on request from FS). The bird was observed for an hour, when it moved away and
continued calling in the distance.
Presumably the same individual (based on plumage and behaviour) stayed at
Interlagos for 63 days, between 30 November 2020 and 21 January 2021. It was not detected
(even using playback) on just 12 days (ignoring the first day of its final absence), five being
alternate (during 5‒13 January 2021) and seven of them consecutive (15‒21 January 2021).
During this period, it preferred to use an area about 1,800 m2, circulating between three
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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R. Vieira

WikiAves

WikiAves

WikiAves

C. Soares

R. Cardoso

M. Monteiro

R. B. Cavalcanti & J. C. Cavalcanti & Silva
da Silva
(2011)

eBird (S47214128)

Model et al. (2008)
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E. Defonso

WikiAves

WikiAves

Cotinga 26: 92

Straube &
Urben-Filho (2004)

Reference/source

G. Serpa

L. Pimentel

G. M. Kirwan

unstated
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Figure 2. Plumage development of the Blackpoll Warbler Setophaga striata at Interlagos, São Paulo, Brazil:
(a) 30 November 2020; (b) 27 December 2020; (c) 23 January 2021 and (d) 30 January 2021 (Fabio Schunck)

Figure 3. Vegetation at Interlagos, São Paulo, Brazil, in the three areas used by the individual Blackpoll
Warbler Setophaga striata: (a) forested square, (b) Tipuana tree and (c) Caesalpinia tree (Fabio Schunck)

main sites (a‒c) (Fig. 1, Interlagos inset). It spent most time in a large Tipuana tipu tree with a
crown of c.350 m2 (area b; Fig. 3b). It usually moved between sites using intermediate trees,
but occasionally made flights of c.60 m from area b to area c, or vice versa.
The bird called usually in the early morning and mid to late afternoon, when it was
very vocal and always made the same type of short call (XC 621148) even on very hot days
(>30oC) or in heavy rain. The bird vocalised before dark from area a (Fig. 3a), where it
probably roosted, as the city square has a group of trees where other birds also roost, but
this was not confirmed. It responded to playback only on the first three days, after which
it did not respond, and was not observed interacting with other species such as Great
Kiskadee Pitangus sulphuratus, Rufous-bellied Thrush Turdus rufiventris, Sayaca Tanager
Tangara sayaca and Bananaquit Coereba flaveola, among other local birds.
The warbler fed on small insects that it captured on tree trunks and leaves, mainly
of the Tipuana, which has rough bark and cracks on its trunk and main branches where
arthropods hide. It caught insects by climbing heavy trunks and perching upside-down
from leaves (ML 346801461). Six times it was observed taking small insects (probably
Diptera), both on trees (near flowers) and distant from them, as well as near a lamp post,
including during fast and efficient sallies in flight. It foraged at a mean height of 6 m,
but also captured insects up to 12 m above ground in the canopy, and near the ground
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 4. Graph showing the seasonality of Blackpoll Warbler Setophaga striata records by Brazilian region
covered by this study.

(ML 346798621/931; videos ML 380884031/4041). The bird was very active, being observed
preening or otherwise resting for a few minutes only five times during the 25 days with
sightings (video ML 380913941), usually on rainy days.
A gradual change from the more discreet and basic winter plumage to the more
colourful and contrasting pre-breeding plumage occurred during the bird’s stay. Black
streaks gradually appeared on the upperparts, flanks and head, whilst the vent became
paler, the black malar better delimited and thicker, and the face whitish (Fig. 2).
The bird seemed indifferent to the threats posed by the urban environment, such as
constant traffic (including a truck that became stuck by the Tipuana, requiring use of a
chainsaw to remove some of its branches to get free), loud noises (including a New Year’s
Eve fireworks display) and the presence of predators, both natural (e.g., a pair of Tropical
Screech Owls Megascops choliba) and non-natural (e.g., domestic cats).
Location and seasonality of records.—The 39 records cover the four non-Amazonian
regions of Brazil, i.e. the south-east (n = 29), south (n = 5), centre-west (n = 2) and northeast (n = 2), and eight states (Bahia [BA], Minas Gerais [MG], Espírito Santo [ES], São Paulo
[SP], Rio de Janeiro [RJ], Paraná [PR], Santa Catarina [SC] and Rio Grande do Sul [RS]),
the Federal District [DF], 26 municipalities (given only one per location) and 37 localities.
Among the records are 12 in the coastal plain and 27 in the interior, including the plateau
and mountains. Just six municipalities and the Federal District had more than one record on
different dates, three of which (Rio de Janeiro, Bertioga and Campinas) involved historical
and contemporary records. The four records in Argentina are from Misiones province in the
north-east of the country and that in Paraguay is in the south-east (Fig. 1; Table 1).
More or less dated records (n = 26) include ten for the austral autumn (20 March‒21
June), ten in summer (21 December‒20 March), three in spring (22 September and 21
December) and one in winter (21 June‒22 September). Two others spanned the seasons: one
in summer and autumn (28 January‒16 May 1969; Sick 1971) in Santa Teresa, Rio de Janeiro
city (south-east Brazil), and one in spring and summer (30 November 2020‒30 January 2021)
at Interlagos, São Paulo (also south-east Brazil). The only winter record (23 June‒14 August
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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2016) was at Balneário Piçarras, SC (south Brazil). Records for Argentina were in spring (n
= 1), summer (n = 1) and autumn (n = 2) (Figs. 1 and 4; Table 1).
Plumage.—Three types were detected among 17 records documented by specimen(s)
and/or photo(s): non-breeding (n = 9, 53% in September‒March, or spring and summer in
southern South America), mixed (in the transition between non-breeding and breeding; n =
1, 6%) and breeding (n = 7, 41% in April‒August, or autumn and winter in southern South
America) with two cases of plumage transition from winter to pre-breeding, of which just
one was published (Sick 1971). The three records in Argentina involved two in breeding
plumage in summer and autumn (Partridge 1961; ML 258502571) and one in non-breeding
plumage in spring (eBird, S61371270).

Discussion
The total number of non-Amazonian records of Blackpoll Warbler in Brazil over the
last 52 years (n = 39) is quantitatively and qualitatively greater than indicated by Somenzari
et al. (2018) and DeLuca et al. (2020). The difference is mainly due to the variety of data
sources analysed (papers, books, grey literature and field data), especially information
available on online platforms, which provided 33% of all data and 56% of contemporary
data, demonstrating the importance of birdwatching for producing field data and its ability
to fill gaps in ornithological knowledge (Gura 2013).
The data show that the occurrence of Blackpoll Warbler outside the Brazilian Amazon is
not limited to summer and autumn, as suggested by Willis & Oniki (2003) and Somenzari et
al. (2018) but is much broader. The species is present as early as 20 November, in late spring
(15%, n = 4), with a considerable increase during summer and autumn, the main period
of its presence (41%, n = 11 records for both seasons), with only one winter record (4%)
involving an individual that did not return to North America to breed. These data confirm
its categorisation as a boreal winter migrant in Brazil (Somenzari et al. 2018). However, the
relative number of undated records (32%, n = 14), mainly in the grey literature, preclude
more accurate assessment of the seasonality of its regional occurrence. This demonstrates
the importance of publishing complete field data, whether for resident or migratory birds.
Non-Amazonian records of Blackpoll Warbler are from all other regions of Brazil,
but most are in the south-east (77%, n = 30), mainly in São Paulo (43%, n = 17) and Rio de
Janeiro states (23%, n = 9). Records in the centre-west (n = 2), north-east (n = 2) and south
(n = 5), plus four records in north-east Argentina and one in south-east Paraguay relatively
close to south-east and south Brazil, represent a widely spaced suite of localities (Fig. 1).
The preponderance of records in the south-east and south may be associated with these
areas being among the best-studied ornithologically in Brazil (e.g., Scherer-Neto & Straube
1995, Rosário 1996, Sick 1997, Willis & Oniki 2003, Bencke et al. 2010, Simon 2019) with the
largest number of active observers and photographers (as indicated by records on eBird
and WikiAves). However, with increasing numbers of observers across the country, the
number of records in the south-east and south may indicate a true concentration. The data
show records focused on two blocks of Atlantic Forest. The first and main block (with 31
records) is in eastern Brazil between southern Bahia and Santa Catarina, centred on the
states of São Paulo and Rio de Janeiro. The second (with eight records) lies on the border
between Brazil, Argentina and Paraguay, and includes Misiones (Fig. 1). Just as Amazonia
is the species’ main wintering area, the Atlantic Forest may represent a second, southerly,
non-breeding region for smaller numbers, as hypothesised by Partridge (1961) and DeLuca
et al. (2020). This region includes the Atlantic coast of south-east and south Brazil, its plateau
and mountains, north-east Argentina and south-east Paraguay (Fig. 1).
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The occurrence of Blackpoll Warbler south of the Amazon has long been known
(Partridge 1961), but the apparent increase in records in the last decade might suggest
another hypothesis other than increased detectability by researchers and birdwatchers. It
may indicate a change in the migratory behaviour of some birds, perhaps due to climate
change, which has been observed for other long-distance migrants elsewhere in the world
(e.g., Coppack et al. 2003, Huntley et al. 2006, Zurell et al. 2018). Data for this species in South
America (mainly historical and little known) need expansion into a database to assist future
investigations into various issues, including the possible influence of climate change.
There are many cities in the Atlantic Forest biome of south-east and south Brazil,
including São Paulo and Rio de Janeiro, which are the largest in the country. It is unsurprising,
therefore, that urban occurrences of Blackpoll Warbler (33%, n = 13) exist, as already noted
by Sick (1971) in reporting the first record in Brazil outside Amazonia, near his house in
Santa Teresa, RJ, where it was present for five months. He also noted the bird’s preference
for specific plants (Tamarindus indica), its insectivorous preferences (including Diptera),
change in plumage from March (contrasting black-and-white pattern) and constant singing
in April as its return to North America approached. Sick also mentioned the presence of
three other Blackpoll Warblers at the same site, including a female, and others in the Quinta
da Boa Vista, 5 km from Santa Teresa, which also fed in tamarinds. Another was at the
latter locality in March 2008 (WA11238; Maciel 2009). There have been just three records
involving birds observed for certain periods since. Willis & Oniki (2003) reported that a
bird was seen until 14 June 1976 in Ubatuba, SP, but provided no further details. An adult
male in breeding plumage was watched throughout the austral winter, between 23 June
and 14 August 2016, at Balneário Piçarras, SC (WA 2166503). The adult male at Interlagos,
SP, in 2020‒21 showed similar behaviour to that described by Sick (1971). This record was
the second for São Paulo city, the first being one in December 2019 (ML 192285661) which
died (ML 192285691) due to unknown trauma—a risk associated with urban environments.
These records show that urban areas in south-east and south Brazil are used by Blackpoll
Warbler and other migrants from North America (hawks, shorebirds, ducks, swallows) and
so their green areas need to be protected and expanded.
Data show a dominance of non-breeding plumage in November‒March and prebreeding or breeding plumage from April. However, one seen in November at Pontal, SP,
had mixed plumage (J. F. Pacheco in litt. 2021) and some in early February already had
varying amounts of breeding plumage. Permanence of birds in urban areas has permitted
the gradual change in plumage to be recorded (Fig. 2), information which is scarce in South
America.
Increasing reports of wintering Blackpoll Warblers c.2,500 km south of the Amazon
are perhaps reflective largely of more birders, better technology and reporting mechanisms
(e.g., WikiAves, eBird) and that part of the species’ global population seems to have
specialised (or is becoming specialised) at making longer trips. A second wintering area,
even if small, can be advantageous for the species’ conservation, given that the Atlantic
Forest has many natural reserves and currently low rates of deforestation (Bencke et al. 2006,
Fonseca et al. 2021, MapBiomas 2022), whereas Amazonia is presently suffering extensive
deforestation and fires. The possible existence of a second wintering area for Blackpoll
Warbler could enable studies on the birds’ geographic origin, frequency of occurrence and
faithfulness to this region.
Regional reviews of historical and current avian data that include behavioural and
ecology information are still much needed in South America, especially for migratory
species. Such reviews permit little-known publications to be re-evaluated, their original
data made more available, and can prevent erroneous repetition in the literature. In turn,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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they can support broader reviews of geographic distributions and migratory routes, thereby
underpinning conservation.
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Summary.—I present evidence of sympatric occurrence of two subspecies of Bluecrowned Manakin Lepidothrix coronata in south-west Amazonia. Specimens collected
in eastern Acre in Brazil and northern Bolivia, as well as records from south-east
Peru, indicate that L. c. exquisita and L c. caelestipileata both occur in the south-east
of the Inambari centre of endemism, when compared to their respective holotypes.
Thus, L. c. exquisita, which was considered endemic to central-north Peru, is also
present in the lowlands of south-west Brazilian Amazonia and northern Bolivia,
whilst caelestipileata, previously known from the Juruá‒Madeira region in Brazil, is
present further south, reaching south-east Peru and northern Bolivia.
Blue-crowned Manakin Lepidothrix coronata is a widely distributed frugivorous
passerine. It ranges from southern Central America (Costa Rica and Panama) to northwestern South America south to northern Ecuador, and across western Amazonia from
southern Venezuela and south-east Colombia to Peru and Bolivia (Kirwan & Green 2012).
Males possess two plumage patterns. In some populations males are black and in others
they are predominantly green. Both black and green males have a blue crown. Females and
juveniles are uniform green. Amazonian populations are divided into the coronata group
(black males) including L. c. coronata, L. c. carbonata and L. c. caquetae, and the exquisita
group (with green males) comprising L. c. exquisita, L. c. caelestipileata and L. c. regalis
(Kirwan & Green 2012). The exquisita group is restricted to south-west Amazonia in the
Inambari centre of endemism (Cracraft 1985, Silva et al. 2005), with L. c. exquisita considered
endemic to Peru, L. c. regalis endemic to Bolivia, and L. c. caelestipileata restricted to southeast Peru and adjacent Acre and Amazonas states in Brazil (Kirwan & Green 2012). Here,
I present evidence of the presence of L. c. exquisita in Brazil and Bolivia, in sympatry with
caelestipileata in this part of south-west Amazonia.
To obtain historical records of the distribution of three subspecies of L. coronata in southwest Amazonia (Fig. 1), I consulted VertNet (http://www.vertnet.org; accessed 15 December
2021) and GBIF (https://doi.org/10.15468/dl.evws4u; accessed 28 December 2021), as well as
specimens in the Museu Paraense Emílio Goeldi (MPEG), Belém. Photos of the holotypes
of L. c. exquisita (AMNH 493004) and L. c. caelestipileata (NMBE 1006262) were provided
by the American Museum of Natural History, New York, and Naturhistorisches Museum
Bern, respectively (Fig. 2). A photo of an L. c. caelestipileata (MZUSP 35743) collected in Acre
in 1951 was provided by the Museu de Zoologia da Universidade de São Paulo (MZUSP)
(Fig. 3C). I took photos of specimens at MPEG in Belém (Fig. 3A‒B) and I was later sent
additional photos of these individuals by the museum’s curators (Fig. 4).
The compilation of records indicated the occurrence of L. c. coronata on the south bank
of the Solimões and left bank of the Juruá in the west of the Inambari centre of endemism
(see Cracraft 1985; Fig. 1). On the upper Juruá, this subspecies reaches the right bank
and extends across central-west Acre (Fig. 1). L. c. caelestipileata is present throughout the
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 1. Distribution of three subspecies of Blue-crowned Manakin Lepidothrix coronata in south-west
Amazonia. The rectangle indicates the region where the taxa exquisita/caelestipileata occur in sympatry.

Madeira‒Juruá interfluvium in the state of Amazonas (Brazil) extending to the border
region between Brazil, Bolivia and Peru, south of the Inambari (Fig. 1). L. c. exquisita occurs
in the Andean foothills of northern Peru to the Amazon lowlands of Peru, Brazil and Bolivia
(Fig. 1). In eastern Acre, Brazil, in dpto. Pando in Bolivia and dpto. Madre de Dios in Peru
L. c. exquisita and L. c. caelestipileata occur in sympatry (Fig. 1).
Identification of specimens in the area of sympatry between exquisita and caelestipileata
was confirmed by comparison with their relevant holotypes (Fig. 2). Four specimens from
Acre and one from Bolivia (Figs. 3A‒B and 4; Table 1) have the crown paler blue and
correspond to exquisita (Figs. 2B and 4), whereas another collected in the same part of
Acre (Fig. 3C; Table 1; Pinto & Camargo 1954) has the brighter blue crown indicative of
caelestipileata (Figs. 2D and 4; Pinto & Camargo 1954). The straight-line distance between
the closest localities of exquisita and caelestipileata in Acre is only 50 km (Fig. 1). In addition,
a specimen at the Museum of Vertebrate Zoology, Berkeley, CA, from dpto. Madre de Dios,
Peru, is assigned to caelestipileata (Table 1), extending the distribution of this subspecies to
the southern boundary of the Inambari (Fig. 1).
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN-2513-9894
(Online)

Edson Guilherme

325

Bull. B.O.C. 2022 142(3)

Figure 2. Holotypes of two subspecies of Blue-crowned Manakin Lepidothrix coronata. (A‒B) L. c. exquisita
(Hellmayr 1905) (Paul Sweet, © American Museum of Natural History, New York); (C‒D) L. c. caelestipileata
(Goeldi 1905) (Manuel Schweizer, © Naturhistorisches Museum Bern). Note the difference in the blue crown:
pale turquoise in exquisita and darker and shinier in caelestipileata.

Figure 3. Evidence of sympatric occurrence among two geographic races of Blue-crowned Manakin in
south-west Amazonia. (A) L. c. exquisita, eastern Acre, Brazil (MPEG 63656) (Edson Guilherme); (B) L. c.
exquisita, dpto. Pando, northern Bolivia (MPEG 54188) (Edson Guilherme); and (C) L. c. caelestipileata, eastern
Acre, Brazil (MZUSP 35743) (Luís Fábio Silveira, © Museu de Zoologia da Universidade de São Paulo). Note
the difference in crown colour between the specimen of caelestipileata (C) versus those of exquisita (A‒B).

Hellmayr (1905) described exquisita as having the ‘crown of the head beautiful sky blue’
and Goeldi (1905) described caelestipileata in German as having the crown ‘Himmelblauen’
(sky blue), but there is a difference between the blue of exquisita (turquoise/lighter; Figs.
2A‒B and 4) and that of caelestipileata (darker/brighter; Figs. 2C‒D and 4), which makes
it possible to clearly distinguish them (Fig. 4; Hellmayr 1906, 1929) and to state that they
occur in sympatry in south-west Amazonia (Fig. 1). The presence of caelestipileata in Madre
de Dios in Peru was already known (Schulenberg et al. 2007, Snow 2020).
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 4. Specimens of L. c. exquisita from eastern Acre and L. c. caelestipileata from Amazonas, Brazil, at
MPEG, showing differences in crown colour, and matching their respective holotypes, taken under the same
light conditions (Lincoln Silva Carneiro, © Museu Paraense Emílio Goeldi, Belém)
TABLE 1
Material evidence of sympatry of two subspecies of Blue-crowned Manakin Lepidothrix coronata in
south-west Amazonia; see Fig. 1 (rectangle). * MPEG = Museu Paraense Emílio Goeldi, Belém; MZUSP =
Museu de Zoologia da Universidade de São Paulo; MVZ = Museum of Vertebrate Zoology, Berkeley, CA.
Taxon

Country Locality

Date

L. c. exquisita

Brazil

Acre, Ramal Nabor Jr.

07/06/2006

Source/catalog Specimen
number *
MPEG 60803
male, checked

L. c. exquisita

Brazil

Acre, Ramal Nabor Jr.

07/06/2006

MPEG 60804

male, checked

L. c. exquisita

Brazil

Acre, Reserva Humaitá

20/07/2007

MPEG 63590

male, checked

L. c. exquisita

Brazil

Acre, Reserva Humaitá

24/07/2007

MPEG 63656

male, checked

L. c. exquisita

Bolivia

Pando, Prov. Nicolás Suarez

10/07/1986

MPEG 54188

male, checked

L. c. caelestipileata

Brazil

Acre, rio Iquri

28/08/1951

MZUSP 35743

male, checked

L. c. caelestipileata

Peru

Puerto Maldonado, Madre de Dios

12/01/1982

MVZ 169507

female, unchecked

Although Guilherme (2009, 2012) reported the presence of exquisita in eastern Acre
based on the four specimens collected in 2006‒07 (Table 1; Figs. 3A and 4), the Brazilian
Committee on Ornithological Records (CBRO) (Piacentini et al. 2015) did not accept this
taxon’s occurrence in Brazil, alleging that eastern Acre ‘comprises precisely the type locality
of L. c. caelestipileata’. Guilherme (2016) reaffirmed the presence of exquisita in eastern Acre
based on a comparison of four specimens collected there (Table 1; Figs. 3A and 4) with
material attributed to exquisita from central Peru. However, the recent version of the CBRO
checklist (Pacheco et al. 2021) again argued for excluding exquisita, ignoring the specimens
from Acre (Table 1; Figs. 3A and 4), and also noted that Del-Rio et al. (2021) had confirmed
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that birds east of the Juruá are caelestipileata. Del-Rio et al. (2021) sampled a restricted region
(Carauari) of the middle Juruá River c.550 km distant from locations where specimens in
Acre were collected (Fig. 1).
Phylogeographic studies of Blue-crowned Manakin indicate that the current geographic
distribution of the group is related to different vicariance events, such as the uplift of the
Andes and formation of the modern drainage network in the Amazon lowlands (Cheviron
et al. 2005, Reis et al. 2019). Some have defended the idea that it is floodplains (várzea) along
main rivers that limit the occurrence of taxa in the L. coronata group (Del-Rio et al. 2021),
however, neither vicariance nor the presence of floodplains can explain the sympatric
presence of these two taxa in the south-east Inambari. Both must have reached the region by
dispersing from their core areas, namely the Andean foothills (exquisita) and north-central
Inambari (caelestipileata). This type of biogeographic encounter between parapatric taxa is
not uncommon in Acre (Guilherme 2012) and corresponds to the southernmost contact
zone in the south-west Amazonian lowlands proposed by Haffer (1997). Maintenance of
this distribution pattern among sister taxa in this region may be related to environmental
gradients (Tuomisto et al. 2003, 2019). In east Peru, north-west Bolivia and south-west
Brazilian Amazonia (Acre and Amazonas), terra firme ecosystems are predominantly
dominated by two forest typologies, those dominated by bamboo and forests with palms
(Silveira et al. 2008, Carvalho et al. 2013). When these taxa meet due to dispersal, they
appear to have adapted to use these different habitats thereby avoiding direct (interspecific)
competition, occurring in the same geographic region but occupying different habitats
(Carneiro et al. 2022). Increased ornithological knowledge of the region has shown that some
species thought to occur only in the Andean foothills also occur in the adjacent lowlands
in Peru, Brazil and Bolivia (Guilherme & Aleixo 2007, Tobias et al. 2008, Rego et al. 2009,
Plácido et al. 2018), as well as species known only in the central-northern Inambari that have
been recorded further south (Souza et al. 2018), just as suggested by Haffer (1997: 283).
Sympatric occurrence of these two subspecies of Blue-crowned Manakin in the southeast Inambari has biogeographic and phylogenetic implications. Relationships and species
limits are still under debate within the genus Lepidothrix (Dias et al. 2018), in particular in
the L. coronata group (Cheviron et al. 2005, Reis et al. 2019). If both taxa occur in the same
geographic area and maintain their diagnosable morphological characteristics, it is possible
that they have already completed their speciation process and are, in fact, species.
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Summary.—John James Audubon (1785–1851) claimed to have personally discovered
Lincoln’s Sparrow Melospiza lincolnii (Audubon, 1834) in his published account of
that species. However, his narrative is contradicted by his wife Lucy’s transcript of
his diary. A second diary transcript, published by his granddaughter Maria, fully
complies with Audubon’s published account. The unpublished diary of Thomas
Lincoln (1812–83), for whom the sparrow was named, relocated after nearly a
century, provides support for Lucy’s version. The most parsimonious explanation
for the evidence presented here is that Audubon (1834) fabricated his story about
discovering Lincoln’s Sparrow; then Maria doctored her published transcript
of his diary to bring the primary record into alignment with his false narrative.
This study sheds light on the ‘primary source problem’ which pervades Audubon
scholarship, and highlights the need for a systematic review of his contributions.
‘Drawing all day.’—Audubon in Buchanan (1868: 268)
Historians depend on primary sources to establish the timing and context of past
events, just as zoologists depend on specimen evidence to establish the existence of new
species. In both circumstances, John James Audubon (1785–1851) has been at the centre of
controversy. The artistic genius behind The birds of America (1827–38) and its five-volume
companion text, Ornithological biography (1831–39), became an international celebrity in his
own lifetime. However, research has now uncovered a disconcerting record of plagiarism,
fabricated data, false narratives, dubious claims of specimen evidence, and invented
species in Audubon’s published works (e.g., Halley 2015, 2016, 2018a–c, 2019, 2020a–b, and
references therein). Yet, Audubon’s work has been given the benefit of doubt more often
than most other scientists, perhaps because the primary record itself was manipulated.
Understanding the extent of this ‘primary source problem’, which has hindered Audubon
scholarship, is necessary to evaluate the accuracy of Audubon’s published works and his
considerable legacy.
Audubon’s diaries—the most important primary sources—were first transcribed by his
widow, Lucy Audubon (1787–1874), and published in extracts by Buchanan (1868). Lucy
also published her own (American) version of the manuscript (Audubon 1869), of which the
portions relating to this study were essentially identical. Hereafter, I cite Buchanan’s earlier
work (Buchanan 1868) when referencing Lucy’s transcript. After her death, the diaries
passed to her granddaughter, Maria Audubon (1843–1925), daughter of John Woodhouse
Audubon (1812–62), Audubon’s second son. Maria then published a two-volume work
(Audubon 1897) with considerable novel content that she claimed was transcribed verbatim
from material excluded by Buchanan (1868).
Maria’s transcript was reviewed and annotated by Elliott Coues (1842–99), historian
and founder of the American Ornithologists’ Union (AOU), which solidified its reputation
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as a credible ‘primary’ source. Ever since, scholars have looked to Audubon (1897) to
corroborate information in her grandfather’s published accounts, boosting their historical
credibility, and to establish the historical narrative in popular biographies (e.g., Rhodes
2004, Souder 2004, Logan 2016). However, dated entries that appear in both Buchanan
(1868) and Audubon (1897) often differ in substance and style, and sometimes provide
conflicting accounts of critical events, although both works claimed to provide faithful
transcriptions of the original texts. Furthermore, Maria admitted destroying the original
diaries in her possession (only one, from 1820–21, is now extant, see Corning 1929), which
made it impossible to verify either transcription:
‘I burned [them] myself in 1895 … I had copied from [them] all I ever meant to give
to the public, and if you will go back to that bitter year, you will understand why my
mother, the other members of the family, and Dr. Coues who read it all, thought that
in view of the existing circumstances, fire was our only surety that many family details
should be put beyond the reach of vandal hands’ (Arthur 1937: 243).1
Thus, biographers have generally assumed that Maria destroyed the diaries because
‘there were aspects of Audubon’s private musings [she] did not wish to share with the
public’ (Logan 2016: xv). However, it is equally or more plausible that she did so to cover up
her own manipulative edits, intended to bring the primary record into alignment with her
grandfather’s published accounts, shielding them from scrutiny, and to reframe him as a
‘visionary conservationist’ (see Arthur 1937, Patterson 2016). This would imply that content
in Audubon (1897) is no more reliable than John James Audubon’s published works, if not
corroborated by independent primary sources.
Here, I examine this ‘primary source problem’ with respect to the discovery of Lincoln’s
Sparrow Melospiza lincolnii (Audubon, 1834). The new species, which first appeared on Pl.
193 of The birds of America (Fig. 1), was ‘discovered’ in 1833 during Audubon’s voyage to
Labrador.2 However, on the day the original specimen was supposedly collected (27 June
1833), the two versions of Audubon’s diary are in conflict. Specifically, as explained below,
the account published by Audubon (1834) is not supported by Buchanan (1868), whereas the
transcript published by Audubon (1897) corroborates her grandfather’s published account.
To my knowledge, these discrepancies have not been identified previously, and the veracity
of Audubon’s (1834) account of Lincoln’s Sparrow has been taken for granted by all former
authors (e.g., Speirs & Speirs in Bent et al. 1968, Logan 2016).

Audubon’s published accounts
According to Audubon (1834), while exploring an island off the coast of modern-day
Quebec (‘Labrador’ to Audubon), he noticed an unfamiliar song that he suspected to be the
voice of a new species. He then called excitedly to his young companions, including Thomas
Lincoln (1812–83), who rushed to his assistance. Lincoln collected the first specimen with
1

This claim, that ‘Dr. Coues…read it all’, was made after his death. I am unaware of contemporaneous
primary sources that elucidate whether Coues examined the original diaries, or merely Maria’s transcript,
and, if so, whether he had an opportunity or adequate time to carefully compare them for inconsistencies.
I suspect not.

2

Audubon (1834: 540) acknowledged that, presumably after the Labrador expedition, he ‘saw several
specimens [of Lincoln’s Sparrow] in the collection of the learned William Cooper, Esq. of New York, that
had been procured in the vicinity of that city’. Therefore, the species was probably already known to some
naturalists as a non-descript, at the time it was ‘discovered’ by Audubon’s party. For the purposes of this
study, I assumed (reasonably, I think) that Audubon and his companions were not aware of the existence
of the species before their Labrador trip.
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Figure 1. ‘Lincoln Finch / Fringilla Lincolnii’ in The birds of America (1834, Pl. 193), engraved by Robert Havell
Jr., hand-coloured by Havell’s team, and distributed in set ‘No. 39’ during 1 February‒14 June 1834 (Stone
1906: 302). Audubon’s text account of ‘Lincoln’s Finch / Fringilla Lincolnii’ (Audubon ‘1834’: 539) was not
published until ‘after 1 January 1835’ despite its preface being dated ‘1st December 1834’ (Stone 1906: 303).
Reproduced courtesy of the John James Audubon Center at Mill Grove, Audubon, PA, and Montgomery
County Audubon Collection (https://www.audubon.org/birds-of-america, accessed 26 November 2021).
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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his shotgun, which Audubon immediately pronounced to be a new species named ‘Tom’s
Finch’, in Lincoln’s honor, to a round of applause from his companions. Then, Audubon
took the specimen back to the boat to draw it, while the ‘boys’ stayed in the field until the
evening. These were the main elements of the story, which Audubon (1834: 539) narrated
with his usual literary charm:
‘We had been in Labrador nearly three weeks before this Finch was discovered … But if
the view of this favoured spot was pleasing to my eye, how much more to my ear were
the sweet notes of this bird as they came thrilling on the sense, surpassing in vigour
those of any American Finch with which I am acquainted, and forming a song which
seemed a compound of those of the Canary and Wood-lark of Europe. I immediately
shouted to my companions, who were not far distant. They came, and we all followed
the songster as it flitted from one bush to another to evade our pursuit. No sooner
would it alight than it renewed its song; but we found more wildness in this species
than in any other inhabiting the same country, and it was with difficulty that we at last
procured it. Chance placed my young companion, THOMAS LINCOLN, in a situation
where he saw it alight within shot, and with his usual unerring aim, he cut short its
career. On seizing it, I found it to be a species which I had not previously seen; and,
supposing it to be new, I named it Tom’s Finch, in honour of our friend Lincoln, who
was a great favourite among us. Three cheers were given him, when, proud of the
prize, I returned to the vessel to draw it, while my son and his companions continued
to search for other specimens.’
Presumably, when preparing the manuscripts of his published accounts, Audubon
consulted his diaries to confirm the details of when and where specific events transpired.
Therefore, it is notable that Audubon (1834) was vague about when Lincoln’s Sparrow
was first discovered by his expedition party; the traditional date (27 June 1833) is sourced
only from Maria Audubon’s (1897) transcript of his diary and does not appear in his
published account. Whereas Audubon (1834) was not vague about the timing of two
other (less important) incidents that reportedly occurred on the same day, the ‘27th [of]
June’—collecting specimens of Canada Jay Perisoreus canadensis (Linnaeus, 1766) and
Ruby-crowned Kinglet Corthylio calendula (Linnaeus, 1766)—neither of which involved the
discovery of a new species. The details of these accounts are worth scrutinising because they
were referenced in Maria Audubon’s (1897) transcript, in association with the discovery of
M. lincolnii. Audubon (1834: 55) first wrote about collecting specimens of the jay: ‘I found the
young following their parents on the 27th June 1833, at Labrador, where I shot both old and
young, while the former was in the act of feeding the latter’. Then, nearly 500 pages later,
he included a detailed story about the kinglet, wherein a bird was shot and its body lost in
the underbrush, before being found the following day:
‘On the 27th June 1833, while some of my party and myself were rambling over the
deserts of Labrador, the notes of a warbler came on my ear, and I listened with delight
to the harmonious sounds that filled the air around, and which I judged to belong to a
species not yet known to me. The next instant I observed a small bird perched on the
top of a fir tree, and on approaching it, recognized it as the vocalist that had so suddenly
charmed my ear and raised my expectations. We all followed its quick movements, as
it flew from tree to tree backwards and forwards without quitting the spot, to which it
seemed attached. At last, my son John raised his gun, and, on firing, brought down the
bird, which fell among the brushwood, where we in vain searched for it.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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The next day we chanced to pass along the same patch of dwarf wood, in search of
the nests of certain species of ducks, of which I intend to speak on another occasion. We
were separated from the woods by a deep narrow creek; but the recollection of the loss
of the bird, which I was sure had been killed, prompted me to desire my young friends
to dash across and again search for it. In an instant six of us were on the opposite shore,
and dispersed among the woods. My son was so fortunate as to find the little Regulus
among the moss near the tree from which it had fallen, and brought it to me greatly
disappointed. Not so was I; for I had never heard the full song of the Ruby-crowned
Wren, and as I looked at it in my hand, I could not refrain from exclaiming — ‘And so
this is the tiny body of the songster from which came the loud notes I heard yesterday!’’
(Audubon 1834: 546)

Conflicting transcripts of Audubon’s diary
According to Lucy’s transcript, it seems unlikely that the events described by Audubon
(1834) in the above-quoted passages happened on 27 June, because he apparently did not
leave the boat on that day (underline mine): ‘The morning dawned above rain and fogs,
which so enveloped us below that we could scarcely discern the shore, distant only a
hundred yards. Drawing all day.’ (Fig. 2; Buchanan 1868: 268). The context for this simple,
easily overlooked comment (‘Drawing all day’) can be found in the personal testimony of
William Ingalls (1813–1903), one of Audubon’s young field assistants in Labrador, who
took issue with his personal narratives and plainly stated that Audubon rarely left the boat
during the expedition:
‘Mr. Audubon being almost all the time aboard at work did not have so good a
knowledge of the moss of which he speaks, as we boys did, for we were sent out to
different distances from the ship to explore, to gather information, to hunt and to bring
ourselves and new species of birds, home at night’ (Deane 1910)

Figure 2. Digital scan from p. 268 of Buchanan (1868), which contains Lucy Audubon’s transcript of her
husband’s diary entries from 27–28 June 1833, and the important comment ‘Drawing all day.’ Reproduced
courtesy of the University of Michigan and Biodiversity Heritage Library.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Maria Audubon’s (1897: 382) transcript of the 27 June entry begins with extremely
similar (if more elaborate) language as Buchanan (1868), which confirms Lucy and Maria
were looking at the same passage in the original diary: ‘It rained quite hard when I awoke
this morning; the fog was so thick the very shores of our harbor, not distant more than a
hundred yards, were enveloped in gloom.’ However, in Audubon’s (1897: 381–382) version,
the weather cleared up in the morning and, rather than ‘Drawing all day’, Audubon
accompanied his young companions into the field, where they ‘rambled…till dinner time’
and experienced the events described by Audubon (1834) in his published accounts:
‘It rained quite hard when I awoke this morning; the fog was so thick the very shores
of our harbor, not distant more than a hundred yards, were enveloped in gloom. After
breakfast we went ashore; the weather cleared up and the wind blew fresh. We rambled
about the brushwoods till dinner time, shot two Canada Jays, one old and one young,
the former much darker than those of Maine; the young one was full fledged, but had
no white about its head; the whole of the body and head was of a deep, very deep blue.
It must have been about three weeks old, and the egg from which it was hatched must
have been laid about the 10th of May, when the thermometer was below the freezingpoint.
We shot also a Ruby-crowned Wren; no person who has not heard it would believe
that the song of this bird is louder, stronger, and far more melodious than that of the
Canary bird. It sang for a long time ere it was shot, and perched on the tops of the tallest
fir-trees removing from one to another as we approached. So strange, so beautiful was
that song that I pronounced the musician, ere it was shot, a new species of Warbler.
John shot it; it fell to the ground, and though the six of us looked for it we could not
find it, and went elsewhere; in the course of the afternoon we passed by the spot again,
and John found it and gave it to me.
We shot a new species of Finch, which I have named Fringilla lincolnii; it is allied
to the Swamp Sparrow in general appearance, but is considerably smaller, and may be
known at once from all others thus far described, by the light buff streak which runs
from the base of the lower mandible, until it melts into the duller buff of the breast, and
by the bright ash-streak over the eye. The note of this bird attracted me at once; it was
loud and sonorous; the bird flew low and forward, perching on the firs, very shy, and
cunningly eluding our pursuit; we, however, shot three, but lost one. I shall draw it
tomorrow.’ (Audubon 1897: 381–382)
That the weather cleared up on the morning of 27 June is corroborated by an independent
primary source, the diary of Captain Henry Wolsey Bayfield (1795–1885), a British naval
officer who was surveying the coast (‘Fog & rain, cleared up as the Sun rose’; Anon. 1984:
238), but this does not reconcile the discrepancy between Buchanan’s (1868) and Maria
Audubon’s (1897) descriptions of Audubon’s actions that day (i.e., irrespective of whether
his companions went to shore after the weather cleared). Notably, on other days when
Buchanan (1868) indicated that Audubon was drawing all day, the two diary transcripts are
not in conflict, including 4 July (‘I remained on board all day drawing’, Buchanan 1868: 270;
vs. ‘I have drawn all day’, Audubon 1897) and 7 July (‘Drawing all day’, Buchanan 1868: 270;
vs. ‘Drawing all day’, Audubon 1897: 391). Furthermore, it seems unlikely that the comment
(‘Drawing all day’) was mis-copied by Lucy from the 26 June or 28 June entries, when he
was evidently not drawing all day. On 26 June, ‘[Audubon and companions] have all been
on shore, to be beaten back by the rain and the mosquitoes’ (Audubon 1987: 381), and on 28
June Audubon’s work was interrupted by a midday storm (‘The weather shocking—rainy,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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foggy, dark and cold…with heavy rain, and such a swell that I was almost sea-sick, and had
to abandon drawing’, Audubon 1897: 383; vs. ‘The weather shocking, rainy, foggy, dark,
and cold…I had to give up my drawing’: Fig. 2; Buchanan 1868: 268).
Logan (2016: 597), who overlooked the major conflict with Buchanan (1868), did note
several other minor discrepancies. For example, Maria Audubon’s (1897) transcript claims
that Audubon and his companions ‘rambled about the brushwoods till dinner time’, ‘shot
three [specimens], but lost one’, and planned to ‘draw [F. lincolnii] tomorrow’. However,
Audubon (1834: 539) claimed that he immediately left the field after the first specimen was
collected (‘proud of the prize, I returned to the vessel to draw it, while my son and his
companions continued to search for other specimens’).
Audubon (1834) wrote that the kinglet’s body was found ‘the next day’, whereas
in Maria Audubon’s (1897) transcript of his diary, he wrote that it was located the same
afternoon it was shot. In this case, Logan (2016: 597) ‘[accepted] the journal account’ of
Audubon (1897). However, Maria may have edited her transcript in an attempt to reconcile
these minor timeline conflicts, to make her grandfather’s published account seem more
plausible. Perhaps even she could not believe that the tiny kinglet’s body was rediscovered
the following day, because of inclement weather that occurred on 28 June, according to
Bayfield’s diary (‘fog & rain. At Noon sudden squall…’, Anon. 1984: 238) and both versions
of Audubon’s diary (see above).
Logan (2016: 597, footnote 166) noted that ‘both versions of the journal agree that
Audubon began drawing the Lincoln’s Finch on June 28, the day after it was collected.’
However, as explained above, Audubon (1897) is the only source that specifies the date
that the first specimens were collected (27 June), whereas Buchanan (1868: 268) stated that
Audubon was ‘Drawing all day’ on 27 June. Furthermore, the two versions of the diary
exhibit yet another telling discrepancy in the 28 June entries, which was also overlooked
by Logan (2016). On 28 June, Audubon either wrote ‘Began drawing a new finch I discovered,
and outlined another’ (Fig. 2; Buchanan 1868: 268, my italics) or ‘I began drawing at
daylight, and finished one of my new Finches and outlined another’ (Audubon 1897, my
italics). These differences are not trivial; the first includes a personal claim of discovery,
whereas the second is vague about who discovered the new species. As explained below,
this overlooked discrepancy between the 28 June entries provides evidence that Maria’s
transcript was the version that was altered.

Hypotheses and implications
If we assume that Audubon (1897) was the more faithful transcription, then we must
conclude that Lucy (1) replaced Audubon’s exciting passage about the discovery of M.
lincolnii, the first new species discovered on the Labrador expedition, with the uneventful
phrase ‘Drawing all day’, in the 27 June entry, and (2) changed ‘one of my new finches’ to ‘a
new finch I discovered’ in the 28 June entry (Fig. 2; Buchanan 1868: 268). What motive could
there have been for Lucy to make these changes? She was aware of the importance of her
late husband’s new discoveries, to the success of his books, and that including diary entries
relevant to those discoveries would make her own book more successful. Yet, she claimed
that she ‘omitted … only that part of the [diary] which [did not have] a more general
interest’ to her readers (Fig. 2; Buchanan 1868: 268). Lucy replacing Audubon’s narrative
with ‘Drawing all day’ requires not only an omission, but an addition, to the diary text; and
there appears to be no benefit to be gained by changing the text in the 28 June entry.
Alternatively, if Buchanan (1868: 268) was the more faithful transcription, then we must
conclude that Audubon actually was ‘Drawing all day’ on 27 June, when Lincoln collected
the first specimens. Then, probably without realising that the species was undescribed,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Lincoln brought the specimens to Audubon in the evening. If so, then (1) Audubon’s claim
to have ‘discovered’ Lincoln’s Sparrow, in his 28 June entry (Fig. 2; Buchanan 1868: 268),
merely meant that he realised that the specimens brought to him were an undescribed
species; (2) Audubon (1834) fabricated his published account by claiming that he discovered
Lincoln’s Sparrow on his own, in the field, before alerting his friends to its existence; and
(3) Maria Audubon (1897) doctored her transcript of Audubon’s diary to bring it into
alignment with his published version, first by adding details to the 27 June entry that placed
her grandfather at the scene of the discovery, then by changing his 28 June entry to read
‘one of my new finches’ (i.e., because otherwise, after altering the 27 June entry, it would
appear that he recorded his ‘discovery’ twice, in back-to-back entries). There is also a clear
motive for Maria to have altered the diary transcripts in this way, her self-stated objective
to preserve for the historical record ‘what [she believed] he was and not what others thought
he was’ (Arthur 1937: 14).

Tom Lincoln’s diary
Lincoln was 21 years old when he joined the Labrador expedition, after which he
lived for another half-century as a minor celebrity—the companion of Audubon and
namesake of Lincoln’s Sparrow (Fig. 3). How many times was he asked to recount the
story of its discovery? Did he tell the same story as Audubon (1834: 539) or his own
version? This seems to have been a stressful topic for Lincoln, who, according to his son,
Dr Arthur Lincoln, ‘was extremely modest about
his own attainments and … had destroyed many of
his sketches and had cut from the book the pages
of his [Labrador expedition] journal, intending to
burn it, but, fortunately, [presumably due to family
intervention] part of it was saved’ (Townsend 1924).
Lincoln’s half-hearted attempt to destroy the pages
containing his expedition diary suggests he may have
been aware that they contained passages that cast
doubt on Audubon’s (1834) published account.
Charles W. Townsend (1859–1934), historian and
ornithologist, visited the Lincoln family home at
Arthur Lincoln’s invitation, where he examined the
diary and transcribed a few brief excerpts, which he
later published (Townsend 1924). Thereafter, the diary
remained in the Lincoln family’s possession until the
mid-20th century, when it was evidently taken to
California by a family member and sold on the private
market. It has been missing ever since. Logan (2016), Figure 3. Photographic portrait of Thomas
who relied primarily on Audubon (1834) and Audubon Lincoln (1812–83), namesake of Lincoln’s
(1897) to reconstruct the Labrador expedition, feared Sparrow Melospiza lincolnii (Audubon,
1834), thought to have been taken when
that ‘[Lincoln’s] journal remains unpublished and Lincoln was in his late 30s. Courtesy of
Dennys River Historical Society.
may be lost.’
In August 2021, I relocated Lincoln’s expedition
diary (i.e., the ‘cut’ pages, which include entries
between 6 June and 25 August 1833) and a collection of unpublished letters in a locked
cabinet of rare books at the Delaware Museum of Natural History (DMNH, now Delaware
Museum of Nature & Science). There is no searchable database of the library’s holdings, and
only a few staff members (now including myself) have access to the cabinet’s keys, which
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explains why this important collection has escaped the notice of Audubon scholars for so
long. According to a notice dated 5 January 1979, which accompanies the collection, it was
donated to the DMNH in 1978 by Warren E. Howell, proprietor of John Howell–Books in
San Francisco, CA. The diary is lengthy (>5,000 words) with many detailed notes about the
birds and plants that Lincoln encountered in the field. It is therefore noteworthy that the
diary contains no mention of the story of the discovery of Lincoln’s Sparrow, as told by
Audubon (1834) and Audubon (1897). For the sake of brevity, here I focus only on passages
relevant to this study. A complete, annotated transcript of Lincoln’s diary and letters will
be published separately (Halley in prep.).
In Lincoln’s diary, there is a noticeable hiatus for 20–30 June, during which time Lincoln
made no entries. This includes the day he supposedly collected the first specimen of M.
lincolnii (27 June), according to Maria Audubon (1897). Furthermore, when Lincoln finally
updated his diary, on 1 July, he explained that the hiatus was because of poor weather and
a lack of interesting events to report:
‘1° July. Till the day before yesterday we lay among the 22° Esquimaux Islands unable
to get out of the harbour. There were but few birds breeding there and [those] so shy
that it was almost impossible to get at them. On the nineteenth [of June] “His British
Majesty’s Surveying schooner, the Gulnaire” came into the harbour. She was bound She
was commanded by Captain Bayfield. R. N. He was engaged in surveying the coast and
making charts of it from Quebec to the Straits of Bellisle. On the 29° of June we left with
a fair wind to go along the coast to the eastward…’ (Fig. 4)
According to Bayfield’s diary (Anon. 1984: 236), the Gulnaire arrived on the 22nd—
not the 19th—which demonstrates how quickly Lincoln’s recollection of the timeline was
distorted, after just a few days (this passage was written on 1 July). Notwithstanding,

Figure 4. Digital scan of a portion of the 1 July 1833 entry in the diary of Thomas Lincoln, who accompanied
Audubon on the Labrador expedition. The right side of the image shows damage from when Lincoln ‘cut
from the book the pages’ (see text). Courtesy of the Delaware Museum of Nature & Science.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 5. Digital scan of a portion of the 4 July 1833 entry in the diary of Thomas Lincoln, who accompanied
Audubon on the Labrador expedition. The right side of the image shows damage from when Lincoln ‘cut
from the book the pages’ (Townsend 1924; see text). Courtesy of the Delaware Museum of Nature & Science.

Lincoln’s diary gives no indication that he knew he had collected a new species, until
after Audubon had been working on the drawing for several days. Recall that, according
to Buchanan (1868), Audubon wrote in his diary on 28 June, ‘Began drawing a new finch
I discovered, and outlined another’ (i.e., a personal claim of discovery). In contrast, the
discovery of M. lincolnii was not mentioned in Lincoln’s diary until 4 July, when Lincoln
wrote nonchalantly: ‘Mr. A. finished a drawing of a new finch which I [shot] at Esquimaux
Islands [i.e., where they departed on 29 June]. There are several rare and [beautiful] plants
peculiar to the country represented upon [it]’ (Fig. 5). This dated entry in Lincoln’s diary
is corroborated by Audubon’s original painting (Fig. 6; N-YHS 1863.17.193), which bears
an extremely faint annotation: ‘July 4th – 1833 – Fringilla lincolnii – Nob’ (Fig. 7), and Maria
Audubon’s (1897) transcript of Audubon’s diary entry for 4 July (‘I have drawn all day, and
have finished the plate of the Fringilla lincolnii’). Notably, every part of Audubon’s annotation
was mistranscribed on the New-York Historical Society website (www.nyhistory.org, ‘July
31st – 1832 – Fringilla Auduboni – No 6’), which caused considerable confusion during the
early stages of this research (accessed 1 January 2022). These errors were exposed only after
I obtained a high-resolution scan of the painting and digitally manipulated it to boost the
contrast (Fig. 7).

Financial compensation
During the 19th century, scientific collectors were often paid directly, or were
otherwise financially indebted (e.g., for travel costs) to the ornithologists who published
their discoveries. In such cases, it was generally assumed that a scientist’s obligation to the
collector, with respect to acknowledging their role in the discovery of a new species, was
discharged by the financial compensation. Thus, one might be tempted to justify the false
narrative published by Audubon (1834) as a common practice for the time. However, during
the Labrador expedition, Audubon did not pay his assistants. Rather, he expected them to
contribute three dollars per week to cover their own share of the expedition expenses (Fries
2006: 73). This amounted to c.$35 per assistant, which, adjusted for inflation, is equivalent
to approximately $1,700 today. Thus, Lincoln was not hired by Audubon—rather, he paid
Audubon for the opportunity.
It was no coincidence that Audubon’s young companions were members of wealthy
families, who could afford to send their sons on such an expensive trip. Lincoln was the son
of a judge, and Ingalls and George C. Shattuck, Jr. (1813–93) were the sons of physicians.
On 31 May 1833, immediately after listing the members of his expedition party (including
Lincoln) in a letter to his eldest son, Victor Gifford Audubon (1809–60), Audubon wrote (my
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Figure 6. Audubon’s original painting of Lincoln’s Sparrow Melospiza lincolnii (Audubon, 1834), executed
with watercolour, graphite, pastel and gouache with touches of black ink and selective glazing on paper,
laid on card (N-YHS no. 1863.17.193). An annotation with the date and identification of the species, inscribed
below the image, is barely visible without digital manipulation (see Fig. 7). It is reproduced here courtesy of
the New-York Historical Society; digital image created by Oppenheimer Editions.

italics): ‘we pay three hundred and fifty Dollars per month for the entire use of the Vessel
with men &c. but have to supply ourselves with provisions’ (Corning 1969: 231). The entire
expenditure was approximately $1,500, according to Maria Audubon (1897: 346), and ‘about
$2000’, according to a letter from Audubon to Victor (Corning 1930, 1: 243). Therefore, by
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN-2513-9894
(Online)

Matthew R. Halley

340

Bull. B.O.C. 2022 142(3)

Figure 7. Digitally manipulated image of the faint annotation on Audubon’s original painting of Lincoln’s
Sparrow Melospiza lincolnii (Audubon, 1834), written in Audubon’s hand (N-YHS no. 1863.17.193). The
annotation reads: ‘July 4th – 1833 – Fringilla lincolnii – Nob’. Notably, the annotation was mistranscribed
(‘July 31st – 1832 – Fringilla Auduboni – No 6’) on the New-York Historical Society (N-YHS) website (www.
nyhistory.org, accessed 1 April 2022). Digital image created by Oppenheimer Editions.

inviting the sons of wealthy acquaintances, Audubon was able to defray as much as 10%
of the total cost of the expedition, while simultaneously benefitting from their free labour.
Incidentally, this was not the first time Audubon asked Lincoln to pay his own way on a
collecting trip. Modern field guides are typically paid for their labour and expertise, but
in late August 1832, when Lincoln ‘offered to lead [Audubon] to those retired woods [at
Point Lepreau, Quebec] where the Spruce Partridges are found’ (Audubon 1834: 437), he
was also asked to contribute to the expenses. According to an unpublished letter dated 7
November 1833, ‘[Lincoln] paid John [his] portion of the Lepreaux expedition expenses’
(DMNH library).

Conclusions and implications
Audubon’s (1834) claim to have personally discovered M. lincolnii in the field, by
noticing its unique voice, immediately before Lincoln collected the first specimen, was
evidently not true. Lucy’s transcript of her husband’s diary (Buchanan 1868) and the scant
information in Lincoln’s diary, transcribed herein, are difficult to reconcile with Audubon’s
(1834) account, which is only supported by Maria Audubon (1897). The most parsimonious
explanation for these primary source anomalies, including the altered entries on 27 and 28
June, is that Audubon (1834) published a false story to bolster his authority with respect
TABLE 1
Reconstructed sequence of events in the history of Lincoln’s Sparrow Melospiza lincolnii (Audubon, 1834), as
I suspect they most likely happened (see text).
27 June 1833 (day)
27 June (evening)

28 June
29–30 June

Lincoln collects the type(s) of M. lincolnii and fails to recognise that he had found a new
species. Meanwhile, Audubon remains on the boat working on his illustrations (‘Drawing all
day’; Buchanan 1868).
Lincoln and companions return to the boat with their specimens, which they show to
Audubon. They tell him about their experiences in the field. Audubon recognises Lincoln’s
Sparrow as an undescribed species, but probably keeps this information to himself. Lincoln
does not write in his diary.
Audubon writes in his diary, ‘Began drawing a new finch I discovered, and outlined
another’ (Buchanan 1868), later altered by Maria Audubon (1897) to read ‘one of my new
finches’. Lincoln does not write in his diary.
Lincoln does not write in his diary.

1–3 July

Lincoln resumes his diary but does not mention the new species, possibly because Audubon
still has not divulged that information.
4 July
Lincoln writes in his diary, ‘Mr. A. finished a drawing of a new finch which I [shot] at
Esquimaux Islands. There are several rare and [beautiful] plants peculiar to the county
represented upon [it]’. Audubon annotates the painting with the name Fringilla lincolnii.
1 February–14 June 1834 Pl. 193 of The birds of America is published in London (Fig. 1; Stone 1906: 302).
‘after 1 January 1835’

Audubon’s (‘1834’) text account of ‘Lincoln’s Finch’ is published (Stone 1906: 303),
containing the false narrative of his discovery of M. lincolnii.
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to the species’ discovery, and then his granddaughter tried to cover it up. Narcissism
appears to have been Audubon’s primary motive, as evidenced by a comment written to
his son Victor, immediately after he returned from the Labrador expedition: ‘…it will give
me decided superiority over all that has ever been undertaken or ever will be on the Birds
of our Country’ (Corning 1930, 1: 243). When the false narrative was published, Lincoln
apparently did not protest, probably because he was the beneficiary of the eponym. A
reconstruction of critical events, as I suspect they most likely occurred, is provided in
Table 1.
The case of Lincoln’s Sparrow corroborates previous work (see Halley 2020, and
references therein) demonstrating that Audubon’s published accounts, even those that have
not previously been doubted, cannot be trusted unless corroborated by independent primary
sources. Maria Audubon (1897) published a doctored transcript of her grandfather’s diaries,
then destroyed the originals, so her work cannot be considered ‘primary’ for this purpose.
Diary extracts in Audubon (1897) are evidently no more reliable than information in
Audubon’s published works, and we cannot know the full extent of Maria’s manipulations
of the primary record. Therefore, I encourage scholars to take a more conservative approach
to the ‘primary source problem’, by requiring those ‘facts’ found only in these unreliable
works to be verified by at least one independent primary source, before they are presented
as such. This approach is admittedly onerous, but necessary if Audubon scholarship is to be
distinguished from historical fiction.
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Summary.—White-cheeked Turaco Menelikornis (leucotis) leucotis and Crimsoncrested Turaco M. (l.) donaldsoni have long been treated as conspecific. Because of
the lack of data concerning their distribution and areas of potential geographical
overlap, they have been considered to be parapatric at most. In 2019 and 2021, we
conducted a field study that produced nearly 40 records of the two taxa. In the
study area, which stretched 120 km north to south from the upper Shabelle Valley
via the Oda and Bale Mts. to Harenna Forest, both leucotis and donaldsoni occurred.
The presence of both taxa was recorded across c.50 km west to east, which indicates
an area of range overlap of about 6,000 km². Sympatry between leucotis and
donaldsoni, together with clear differences in morphology (mainly crest colour) as
well as molecular evidence, strongly support treating them as different species.
Originally three turaco species were described from the Horn of Africa. Rüppell (1835)
gave the widespread White-cheeked Turaco the scientific name Corythaix leucotis. Six
decades later, Sharpe (1895) described Turacus donaldsoni, for which the vernacular name
Crimson-crested Turaco is suggested (see below). Finally, the description of Ruspoli’s
Turaco by Salvadori (1896) followed, as Turacus ruspolii. Subsequent taxonomic revisions
relegated donaldsoni to a subspecies of White-cheeked Turaco and until recently the
following classification has been in widespread use: Tauraco l. leucotis, T. l. donaldsoni and
T. ruspolii. However, a recent study by Perktaş et al. (2020) revealed that donaldsoni is as
divergent genetically from leucotis as ruspolii is, and proposed that all three be treated at
species level. Furthermore, the same authors demonstrated that all turacos in the Horn of
Africa do not belong to the genus Tauraco. Rather, they form a well-separated grouping,
for which the genus-group name Menelikornis was introduced by Boetticher (1947, 1955).
Whereas the generic classification has since been adopted in the IOC world bird list (Gill et
al. 2021), specific status for donaldsoni has not. The following aspects were probably decisive:
(a) the ranges of leucotis and donaldsoni were assumed not to overlap, and (b) differences in
plumage coloration between leucotis and donaldsoni were considered minor and functionally
insignificant. Here, we provide arguments to counter these assumptions and support
specific status for M. donaldsoni.

Study area and Methods
Whilst leucotis is widespread in Ethiopia, as well as in parts of Eritrea and South Sudan,
the range of donaldsoni is limited to a relatively small area of Ethiopia east of the Rift Valley,
from the highlands around Harar, across the Chercher Mts. to the Arsi and Bale ranges.
According to Ash & Atkins (2009), donaldsoni occurs alongside leucotis in the Bale Mts.
Other authors have questioned this and called for clarification as to whether the two occur
in sympatry or are parapatric in this region (Turner & Boesman 2020). KG & TT therefore
visited the area briefly in May 2019 and KG again on 5‒12 May 2021 for a targeted search
and survey. Of a total of 38 georeferenced turaco records, 18 involve our own observations
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and 18 result from interviews with local residents. We used additional data, dating back
to 2007, provided by V. Sthamer and L. Reissland. Local people were familiar with both
turacos (which they call ‘Sokurru’) and could clearly identify the main difference between
them (bluish vs. reddish crests). In Harenna Forest a man named Ahmed Aman asked us
even before we interviewed him if we knew that there were two turacos with different crest
colours. Abdulkadir Mohammed, a local bird guide who lives in a small coffee-farming
village in southern Harenna Forest, was also familiar with both taxa and confirmed their
occurrence in the vicinity of his settlement.
Voice playback, with recordings of leucotis taken from www.xeno-canto.org, was used
to track down turacos, which are often silent and inconspicuous, except in the breeding
season and during territorial disputes. For data collection in the field, we used the Android
mapping app MultibaseCS after we had integrated the bird species list for Ethiopia.
Furthermore, photographs and sound-recordings were made.

Results
In the study area, which encompasses large parts of the hitherto known range of
donaldsoni, stretches c.120 km north to south from the upper Shabelle Valley via the Oda
and Bale Mts. to Harenna Forest, both leucotis and donaldsoni were found. There is c.50 km
between the western- and easternmost points of mixed occurrences, which results in an area
of approximately 6,000 km² of range overlap (Fig. 1). The data on which Fig. 1 is based are
compiled in Table 1.
We thus confirm, as reported by Ash & Atkins (2009), sympatry of leucotis and
donaldsoni. Within the region of overlap, the relative frequency of the two taxa varies. In
the Oda Mts. local residents reported that donaldsoni is much more common. On the north
slope of the Bale Massif (Dinsho, Goba), the relationship is reversed and leucotis is dominant
(pers. obs.). This also applies to Harenna Forest further south, where leucotis is clearly in
the majority and donaldsoni is considered rare (pers. obs.). It is impossible to make any
inferences regarding seasonal variation in their occurrence as the data are inadequate. Such
variation was sometimes affirmed by respondents but without any indication of timings.
Our records involved 79 individuals at 18 locations, with 1‒15 birds per observation.
The max. figure refers to a large group of donaldsoni seen on 7 June 2021 near Agarfa
(07°17’N, 39°46’E). The birds’ reaction to playback songs was often not very pronounced. It
was strongest in apparently territorial breeding pairs (leucotis in May 2021 near Dinsho) and
very weak in foraging groups. Additionally, we managed to collect only a few poor-quality
sound-recordings of leucotis and donaldsoni in the field, but preliminary analyses revealed
no clear differences between them in song structure, frequency range and peak frequency.
We have always encountered leucotis and donaldsoni separately, never in mixed flocks.
However, a single donaldsoni was observed with several leucotis at Rira (06°46’N, 39°43’E)
around 2007 (V. Sthamer in litt. 2021). To our knowledge, this is the only observation of
a mixed group to date. Among the birds we observed there was no evidence of hybrids
between leucotis and donaldsoni. Instead, the coloration of the crest and hindcrown was
either dark blue (leucotis) or crimson (donaldsoni), with no intermediate tones discernible.
The colour really becomes obvious when the crown feathers are raised, expressing arousal
during courtship or when encountering conspecifics, competitors or predators (Fig. 2).
We found no evidence of elevational segregation between leucotis and donaldsoni.
Difference between the mean elevations of the records was insignificant: 2,470 m (n = 33) for
leucotis + both, and 2,599 m (n = 22) for donaldsoni + both.
Although we have not studied habitat use and availability, ‘Oda’ means ‘tree’ in
the Oromia language, which suggests that the Oda Mts. between the Shabelle River and
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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Figure 1. Sightings of White-cheeked Turaco Menelikornis (l.) leucotis (white dots) and Crimson-crested Turaco
M. (l.) donaldsoni (black dots) plus interview data indicating the sympatric occurrence of both taxa (red stars).
Map data © 2022 Google Image Landsat / Copernicus.
TABLE 1
Records of White-cheeked Turaco Menelikornis (l.) leucotis and Crimson-crested Turaco Menelikornis (l.)
donaldsoni shown in Fig. 1.

6.7699297176746

Elevation
Date
N
(m)
39.723237513584
2,910 around 2007

7.0984789122541

39.790952152770

3,185

7.2988629606828

39.760203867479

2,865

2019-06-05 10

6.8854051265850

40.297288932422

1,949

2019-06-06

1

6.9046514109856

40.304320943745

2,191

2019-06-06

1

Latitude (N)

Longitude (E)

2016 to 2019

Taxon

Evidence

donaldsoni observation/photo (V.
Sthamer)
both
observation/photo (L.
Reissland)
donaldsoni observation/photo (K.
Gedeon, T. Töpfer)
leucotis observation/photo (K.
Gedeon, T. Töpfer)
leucotis observation/photo (K.
Gedeon, T. Töpfer)
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7.0337287848270

Elevation
Date
(m)
39.571249959497
3,092
2019-06-07

7.0301834593247
7.0304943647706
7.1002262791555
7.1003093366091
7.3756705341148
7.3798223044781
7.3800150687178
7.2972309309993
7.2987813580998
7.3591491063651
7.2956124485752

39.560589004343
39.561480523475
39.743563733750
39.741162401828
39.594406780122
39.587639115193
39.587779197251
39.779082708336
39.758805556785
39.672704651534
39.775503633050

3,009
3,025
3,342
3,385
1,816
1,888
1,887
2,494
2,869
2,630
2,502

2021-05-05
2021-05-05
2021-05-05 1
2021-05-05 1
2021-05-06
2021-05-06
2021-05-06
2021-05-07
2021-05-07
2021-05-07
2021-05-07 15

7.2984594610874
7.3592408654477
7.4735849270036
6.9644006697126
6.9382543563415

39.759860407339
39.672320175977
39.695373025469
39.957567138117
39.954314571511

2,873
2,623
1,347
2,903
3,110

2021-05-07 4
2021-05-07 2
2021-05-08
2021-05-09
2021-05-09 10

6.9442566439068
6.9593083523913

39.978048212527
39.957219114141

2,886
2,923

2021-05-09
2021-05-09

6.9597258407467
6.7181055954270
6.7430674839273
6.7442734477786
6.7477608813852
6.6303994026424
6.7352406002204
6.7483612266917

39.956727254740
39.719161975448
39.714478706572
39.713977412940
39.713893465439
39.734725360801
39.716453698275
39.712006697110

2,912
2,404
2,614
2,646
2,697
1,908
2,531
2,695

2021-05-09
2021-05-10
2021-05-10
2021-05-10
2021-05-10
2021-05-10 1
2021-05-10 1
2021-05-10 10

both
leucotis
leucotis
leucotis

6.4868499980498
6.5162557129316
6.4566760675781
6.4695006147420
6.5155892012762
6.5175619432173

39.751725480009
39.74403912776
39.762922598349
39.756040564729
39.744204646206
39.743066667102

1,522
1,593
3,185
1,514
1,589
1,604

2021-05-11
2021-05-11
2021-05-11 1
2021-05-11 1
2021-05-11 12
2021-05-11 2

both
both
leucotis
leucotis
leucotis
leucotis

Latitude (N)

Longitude (E)

N

Taxon

3

leucotis

3

Evidence

observation (K. Gedeon, T.
Töpfer)
both
interview
both
interview
leucotis observation (K. Gedeon)
leucotis observation (K. Gedeon)
both
interview
both
interview
both
interview
both
interview
both
interview
both
interview
donaldsoni observation/photo (K.
Gedeon)
donaldsoni observation (K. Gedeon)
donaldsoni observation (K. Gedeon)
both
interview
both
interview
leucotis observation/photo (K.
Gedeon)
leucotis interview
leucotis observation/photo (K.
Gedeon)
leucotis

both
both
both

interview

interview
interview
interview
interview
observation (K. Gedeon)
observation (K. Gedeon)
observation/photo (K.
Gedeon)
interview
interview
observation (K. Gedeon)
observation (K. Gedeon)
observation (K. Gedeon)
observation/photo (K.
Gedeon)

Bale Mts. were once well forested. These forests have now disappeared, other than a few
remnants. Only in these small, often very sparse patches was donaldsoni found. Older
farmers repeatedly noted that turacos were common until 20‒30 years ago but have
since disappeared in many places due to tree clearance. Outside mountain ranges, locals
also reported observations of donaldsoni in riverine woodland along the Shabelle and its
tributaries.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Discussion
Parapatric vs. sympatric distribution.—In his comprehensive review of the
Musophagidae, Moreau (1958) lamented that the ranges of leucotis and donaldsoni had been
seriously misrepresented by previous authors, e.g. Friedmann (1930). For the first time,
Moreau provided a detailed map with all records available until then and identified a gap
of c.80 km (50 miles) between their assumed ranges. However, he cautiously remarked ‘as
the intervening country seems to be zoologically unexplored and not unsuitable for the
species it is open to speculation whether the black-crested birds and the red-crested meet or
intergrade’. Erard & Prévost (1971) emphasised that ‘information from the zone of contact
between the two subspecies is still poor, with precise data...lacking’. Brosset & Fry (1988)
ignored these considerations and noted that donaldsoni is parapatric with leucotis. It was not
until Ash & Atkins (2009) pointed out that in the Bale Mts. donaldsoni ‘is found alongside
nominate leucotis supporting the view for its specific separation’. Unfortunately, they gave
no further details, prompting del Hoyo & Collar (2014) to observe that ‘clarification is
necessary as to whether the two co-occur or are parapatric in Bale Mts.’. In the absence of
further data, parapatry was still assumed, most recently by Perktaş et al. (2020). However,
our findings show that the ranges of leucotis and donaldsoni overlap to a considerable extent.
Presumably the area of sympatry is even larger than 6,000 km², as the north-west part of
the Bale Mts. (south of Adaba) could not be visited for security reasons, and only a short
visit was possible in the north-east (south of Meliyu). In these areas, sympatry of leucotis
and donaldsoni is also quite possible, and further research is clearly necessary. In the area
we surveyed and based on the data available, there is no evidence of elevational parapatry
(see Table 1).
Turacos are generally sedentary except occasional longer forays in search of food
(Turner 1997). The max. distance of such movements in ruspolii is reported to be a few
kilometres (Borghesio 1997). Therefore, co-occurrence of leucotis and donaldsoni across
120 km or more is unlikely to be attributable to seasonal movements. Another argument
in favour of a zone of co-occurrence, instead of a hybrid zone, is that there is no evidence
to date of hybridisation between leucotis and donaldsoni. This may not be surprising, for
although the Bale Mts. are regularly visited by birdwatchers, hybrids would certainly be
difficult to identify: differences would mainly be expected in crest colour, ranging between
crimson and dark blue, and doubtless a challenge to see in the field. In contrast, hybrids
between leucotis and ruspolii have been repeatedly identified and a high, and possibly
increasing, degree of hybridisation has been assumed (Lernould & Seitre 2002, Borghesio
et al. 2004a,b). Hybrids between leucotis and donaldsoni are therefore to be expected.
Nonetheless, sympatry of leucotis and donaldsoni presented here, together with the clear
differentiation in molecular characteristics (Fst 0.67; Perktaş et al. 2020), strongly support the
view that they should be treated as species.
Morphological and ecological differentiation.—As shown in Fig. 2, the colour of the
erect crest in donaldsoni is very conspicuous and differs significantly from the dark blue
of leucotis (Fig. 4). When relaxed, this difference is much less conspicuous and therefore
often under-estimated (Fig. 3). This applies to observations in the field, but even more so
in museum collections. It is therefore unsurprising that handbooks and field guides depict
the differences between leucotis and donaldsoni as marginal (e.g. Fry et al. 1988, del Hoyo et
al. 1997, Redman et al. 2011). Displaying otherwise concealed plumage features apparently
plays an important role in turacos, both in threat gestures (Turner 1997: 488, photo) and
courtship (bowing and nodding, thereby revealing the crown; Peat 2017). It is known
that birds use plumage and vocal characters to advertise their reproductive compatibility,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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Figure 2. Crimson-crested Turaco Menelikornis (l.) donaldsoni, near Agarfa, June 2019; a bird obviously in a
state of intense arousal with the bright crimson crest very striking (Kai Gedeon)

Figure 3. Crimson-crested Turaco Menelikornis (l.) donaldsoni, near Agarfa, May 2021; usually the crest
coloration is less conspicuous when it is only slightly erected or not at all, as here (Kai Gedeon)
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 4. White-cheeked Turaco Menelikornis (l.) leucotis, Wondo Genet, east slope of the Rift Valley; note
differences in size of white cheek patches and mantle colour compared to donaldsoni in Fig. 2 (© Torsten
Pröhl)

but there are no published studies of this in leucotis. Our own sound-recordings are
unfortunately unsuitable for proper analysis. However, it may be worthwhile to explore
possible differences in the vocal structure when high-quality recordings from the contact
zone become available.
Lernould & Seitre (2004) suggested that reproductive isolation between sympatric
Musophaginae species is achieved by ecological barriers rather than via genetic or
behavioural ones, because they possess similar social behaviours and easily hybridise in
captivity. On the other hand, there are reports of aggressive behaviour between species as
closely related as leucotis and ruspolii where they meet in the wild (Brosset & Fry 1988), and
in this context plumage colour differences may play a more important role than suspected
by Lernould & Seitre (2004). Whilst habitat differences have been reported in these species
(Daka 2011), such studies are lacking for leucotis and donaldsoni. Although the latter occurs
in relatively open habitats in the east of its range around Sheik Husein, it also inhabits
densely wooded areas, such as Din-Din (pers. obs.). Erlanger (1905), who travelled around
Harar and areas south-west of there prior to extensive forest clearance, described donaldsoni
as resident in primeval forest with ‘almost impenetrable undergrowth’ and ‘ancient giant
trees’. This description also matches Harenna Forest today where leucotis dominates. We
suggest that possible differences in habitat preferences between leucotis, donaldsoni and
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 5. Ruspoli’s Turaco Menelikornis ruspolii, near Negele, south-east Ethiopia (© Torsten Pröhl)

Figure 6. Left White-cheeked Turaco Menelikornis (l.) leucotis at Yergalem, south of Awasa, and right Crimsoncrested Turaco M. (l.) donaldsoni at Goro Gutu, west of Harar; here only minor differences in the size of the
cheek patches and peri-ocular wattles are apparent (© Volker Sthamer)
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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ruspolii be subject to detailed investigation and that the role of other reproductive barriers,
such as plumage colour and behaviour, should not be excluded as alternative explanations.
Erard & Prévost (1971) pointed out that leucotis populations (including donaldsoni)
from different areas of Ethiopia differ in some colour characteristics. They summarised
their study of specimens as follows: ‘The material from Eritrea, Begember-Gojjam,
Shoa, Kaffa and the Sudan has the mantle and wing-coverts blue in colour, with large
conspicuous white patches on the sides of the neck, whereas that from Sidamo and Arussi
is correspondingly green rather than blue, with the neck-patches smaller.’ It is important
to note that Sidamo and Arussi form part of the zone where leucotis and donaldsoni overlap.
These colour differences within leucotis also may be relevant for separating donaldsoni.
There are discernible differences between the individuals in Figs. 2‒3 (donaldsoni) and
Fig. 4 (leucotis) in mantle colour and cheek patch size. A well-developed peri-ocular wattle
is also visible in donaldsoni, which is less conspicuous in leucotis and in M. ruspolii (Fig. 5).
However, we cannot assess if this character is potentially related to different excitement
levels in the birds. Fig. 6 shows that the differences between leucotis and donaldsoni can be
much less noticeable (other than crest coloration). Further research is needed to determine
if there are consistent differences in these characters or just extensive individual variation.
It has been shown that UV signatures, although invisible to the human eye, may separate
sibling bird species (e.g. Bleiweiss 2004). To date, UV signals have been found only in the
red patches in the primaries and secondaries, but not in the body plumage, of all species of
Turaco as then constituted (Mullen & Pohland 2008). However, potential differences in UV
reflection of, e.g., crest colour of donaldsoni and leucotis remain untested.
Conservation.—Whilst the range of leucotis covers large parts of Ethiopia and also parts
of Eritrea and Sudan, the occurrence of donaldsoni is endemic to a comparatively small area
of north-east Ethiopia, from Harar to the Arsi and Bale Mts. Forests in this montane region
have largely disappeared today, except a few larger remnants (e.g. Din-Din, Kuni-Mukdar)
and some widely scattered ‘islands’. The devastation continues in parts of the range of
donaldsoni, as we witnessed in 2019 and 2021 in the Oda Mts., south of the Shabelle River,
in the northern Bale Massif (Fig. 7a,b). There is a lack of information on the distribution
and abundance of donaldsoni where it persists, so that at present no reliable statements can
be made concerning its IUCN threat status. Non-timber crops, logging, plantations and
livestock farming have been listed among threats to M. ruspolii, which is currently classified
as Vulnerable (BirdLife International 2022). The same threats are likely to affect donaldsoni
and a proper assessment is therefore urgently required.
Remarks on English names.—Arthur Donaldson Smith (1866‒1939) was an American
traveller and big-game hunter who was active in Abyssinia and Somaliland in the late
19th century (Beolens et al. 2014). He collected the type of donaldsoni, which Sharpe (1895)
named in his honour. Current English names also refer to him, for example in the National
Center for Biotechnology Information database (www.ncbi.nlm.nih.gov). Whilst Smith’s
contribution to the biological exploration of the Horn of Africa is not in question, his
pronounced imperialist worldview cannot be ignored. In his book (Smith 1897), he stated
that England is ‘left as free as France or Russia or any other nation to turn her attention to
the acquisition of the vast and important territory in question’, i.e. the entire area between
the Somali coast and the Nile. The legitimacy of this claim was shared by many of his
contemporaries, but neither then or now have the actions that resulted been just or morally
acceptable. Another passage in Smith (1897) is no less thought-provoking. With obvious
satisfaction he describes ‘the battle’ with the Borana, armed only with spears, in what is
now southern Ethiopia: ‘The firing was hot, and down went warriors, one on top of another.
They held up their shields to protect themselves, and thus offered splendid marks for the
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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Figure 7a (above). Remnants of Podocarpus forest in the Oda Mts., which are heavily cultivated by
smallholders. Crimson-crested Turaco Menelikornis (l.) donaldsoni survives here, despite the advanced state of
habitat degradation. Figure 7b (below). Another former forest in an irreversibly devastated state, May 2021
(Kai Gedeon)

rifles’. In this context, a vernacular honorific appears inappropriate. Moreover, given the
brilliant colour of the erect crest shown in Fig. 2, the name Maroon-crested Turaco used by
del Hoyo & Collar (2014) seems less appropriate than Crimson-crested Turaco, which we
here propose for donaldsoni.
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Summary.—Whether dark-morph Herald Petrel Pterodroma heraldica exists or not
has been debated for many years. We summarise previous contributions on the
subject, provide indisputable evidence of the dark morph, describe its plumage
based on museum specimens and live birds, highlight differences between dark,
light and intermediate morphs, and enumerate characters that relatively easily
separate the dark morph from ‘all-dark’ Henderson Petrel P. atrata. Dark-morph
Herald Petrel is scarce and local. Since the 1970s, records have been restricted
to the central South Pacific at Mangareva Island (Gambier Islands) and Ua Pou
(Marquesas Islands).

Background
The following three taxa have been central to the debate as to the existence or not of
dark-morph Herald Petrel.
Trindade Petrel Pterodroma arminjoniana Polymorphic. Breeds in the South Atlantic on
Trindade Island (Murphy & Pennoyer 1952, Luigi et al. 2009, Flood & Fisher 2013), with a
small population on Round Island, in the south-west Indian Ocean (Murphy & Pennoyer
1952, Brown et al. 2010, 2011).
Herald Petrel P. heraldica Polymorphic (see below). Wide-ranging, breeds across the
tropical South Pacific, from Raine Island, Australia, in the west, to Easter Island in the east
(Brooke 2004, Thibault & Cibois 2017, Howell & Zufelt 2019, Harrison et al. 2021), with small
numbers on Round Island, south-west Indian Ocean (Brown et al. 2010, 2011).
Henderson Petrel P. atrata Monomorphic. Breeds in the South Pacific on Henderson
Island (Brooke & Rowe 1996, Thibault & Cibois 2017), with c.10 pairs nesting on Moto Nui,
off Easter Island (Jaramillo et al. 2008, Marin & Caceres 2010). Harrison et al. (2021) stated
without supporting evidence that ‘Henderson Petrel may once have bred on Ducie Atoll
and Pitcairn Island, possibly in the Gambier Islands and Marquesas Islands.’ We report
evidence of dark-morph Herald Petrel at the Gambier and Marquesas Islands.
Nowadays, the three taxa are considered species, as listed above, but this has not
always been the case. Herald Petrel was once considered the Pacific race of Trindade
Petrel, but a split into two species is now generally accepted based on biometrics (Murphy
& Pennoyer 1952, Brooke & Rowe 1996), genetics (Booth-Jones et al. 2017) and intestinal
structure (Imber 1985).
Murphy & Pennoyer (1952) considered Herald Petrel polymorphic by incorporating the
dark petrels that breed on Henderson Island (Henderson Petrel). This taxonomy remained
unchanged until Brooke & Rowe (1996) reported compelling evidence to the contrary, i.e.
genetic differences, the darker brownish-black coloration of Henderson Petrel, and strict
assortative breeding with a different breeding period on Henderson Island. The split into
two species is now widely accepted.
This leaves an unresolved question, does Herald Petrel occur only as a light morph?
Doubts as to whether a dark morph exists were expressed by Howell & Zufelt (2019), partly
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 1. Light-morph (bottom) and dark-morph (top) Herald Petrels Pterodroma heraldica, c.1.5 miles off east
coast of Ua Pou, Marquesas Islands, French Polynesia, South Pacific, 5 October 2021; the dark morph shows
the same basic underwing pattern as the light morph, whilst Fig. 2D shows the same dark morph (Mike
Danzenbaker)

due to a lack of confirmatory photographs, although they stated that ‘At-sea observations
indicate that, unlike Henderson Petrel, some presumed dark-morph Heralds have white
underwing primary flashes, like light-morph Herald, and a greyish ground colour to
the plumage (H. Shirihai, pers. comm.).’ Bailey et al. (1989), Marchant & Higgins (1990)
and Harrison et al. (2021) illustrated this plumage, but Bailey et al. did not distinguish
Henderson Petrel from Herald Petrel and presented both underwing plumages as variation
within Herald Petrel.
In East Polynesia, away from Henderson Island, light-morph Herald Petrel and a much
scarcer dark petrel form pairs (Murphy & Pennoyer 1952, Thibault & Cibois 2017). Unlike
Henderson Petrel, these dark petrels possess the same basic underwing pattern as lightmorph Herald Petrel (Fig. 1) and biometrics are mainly consistent across morphs (Table 1)
supporting the hypothesis that they are dark-morph Herald Petrel and invalidating any
suggestion of a hybrid origin and introgression involving Henderson Petrel.
TABLE 1
Biometrics in mm (mean on upper line, standard deviation on lower line) of Herald Petrel Pterodroma
heraldica (light morph n = 132, intermediate morph n = 2, and dark morph n = 7). All birds are museum
specimens measured by VB.
Species

Wing

Tail

Tarsus

Culmen

Bill depth

Bill gape

Herald light

276.40
6.29
278.50
16.26
276.40
6.06

113.40
4.91
112.50
6.36
112.90
5.27

34.52
1.33
34.60
3.53
34.80
0.95

27.09
0.82
28.00
1.56
26.90
1.13

10.12
0.41
10.90
1.27
10.00
0.67

13.07
0.69
12.65
0.21
12.65
0.66

Herald intermediate
Herald dark
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Further, to our knowledge, hybrid heraldica × atrata have not been documented. On
Henderson Island, of 86 pairs engaged in aerial courting, two were mixed heraldica × atrata;
however, of 19 pairs that actually bred (Brooke & Rowe 1996) and 25 pairs that bred (Oppel
et al. 2017), none was mixed heraldica × atrata. Occasional isolated cases cannot be ruled
out given growing evidence of hybridisation in Pterodroma petrels (e.g., Brown et al. 2010,
2011, Tennyson et al. 2013, Booth-Jones et al. 2017). Even so, an occasional isolated case
of hybridisation would not invalidate our confirmatory evidence for dark-morph Herald
Petrel.

Description of dark-morph Herald Petrel
The term ‘polymorphism’ in ornithology refers to a panmictic population of a species
with two or more phenotypes clearly differentiated by plumage coloration and pattern. All
individuals of a panmictic population are potential partners with no mating restrictions,
behavioural or genetic, and occupy the same breeding location at the same time (Ford
1965, Galeotti et al. 2003, Roulin 2004). On Ua Pou, in the Marquesas Islands, and possibly
elsewhere, Herald Petrels meet this criterion. Specimens and live birds (see below)
represent an island population that interbreeds, producing light (common), dark (scarce)
and intermediate (rare) offspring. They differ in the coloration and pattern of plumage, but
not in structure or biometrics (Table 1). The number of dark birds rules out aberration and
we assign them to morphs. There are few intermediates, but given acceptance of light and
dark morphs, it is reasonable to accept intermediate morph.
Dark morph.—The following description is based on photographs of five birds taken
at sea during a recent expedition circumnavigating the Marquesas Islands (Figs. 1–3), led
by RLF & KZ, and in-hand examination of eight specimens by VB & HS (five shown in
Figs. 4–6).
Ground colour Dark grey-brown, typically a tone or so darker than the light morph (if
seen side by side in the same light conditions; see below), but can appear warmer brown in
strong tropical sunlight, and old feathers bleach browner. Head and neck Dark grey-brown
in slight contrast to subtly paler aspect of underparts. Throat patch Varies from whitish to
dusky, some intermixed with dark feathers. Note, the patch is whitish on most specimens
and mostly dusky on birds photographed at sea. Upper breast Broad diffuse dark breastband. Lower breast to undertail-coverts Subtle ghosting of light morph’s whitish underparts,
being rather uniform darkish grey-brown, flanks and undertail-coverts slightly darker.
Subtle hooded appearance, most obvious when underparts lit, but border with lower
breast not clear-cut. Underwing White ‘tongues’ basally in inner web of primaries extend
30–60% the length of the visible feather. At longer range, ‘tongues’ may appear to coalesce
and form a single white triangular panel. White basally in greater primary-coverts may
exclude innermost ones, forms short and narrow to long, broad and pronounced white
crescent. Coverts can be mainly white and join with the white in the primaries, forming a
striking, very large white triangular panel. Inner median primary-coverts typically show
several splayed white ‘tongues’ (white basally running most of length of inner web).
Median secondary-coverts may be white basally, typically barely perceptible, but can form
a white line across outer part of inner wing. Lesser secondary-coverts may be white basally,
again barely perceptible, but can form white line on innermost wing. All show chequered
whitish / dark marginal forewing linings to some degree. Comments The underside of two
birds have irregular small areas of pale / whitish feathers (Figs. 2A, 2E and 9; Figs. 2A and
9 same bird), whilst the upperside of two had irregular small / large patches of pale greybrown, mainly on the nape to back and inner forewing, partly explained by feather wear
and bleaching. Lighting Strong sunlight on the underparts can exaggerate dark morph’s
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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2A

2B

2C

2D

2E

Figures 2A–E. Five dark-morph Herald Petrels
Pterodroma heraldica, off Ua Pou, Marquesas Islands,
French Polynesia, South Pacific, 1–5 October 2021;
Fig. 2C taken over submerged atoll Guyot Kena,
c.17 miles south-east of Ua Pou at 09°35’20.4”S,
139°46’30”W, all others 1.5–3.0 miles off east coast
of Ua Pou. Each of following pairs of figures shows
one bird: Figs. 1 and 2D, Figs. 2A and 9, and Figs. 2B
and 3A. The individuals show slight variation in the
extent of white basally in the primaries and greater
primary-coverts, and paleness of the underparts
(latter affected by lighting). However, without
exception, the white basal primary panels are large
and pronounced, which alone separates dark-morph
Herald Petrel from Henderson Petrel P. atrata with its
‘all-dark’ underwing (Fig. 11A–B) (Figs. 2A–D Kirk
Zufelt, Fig. 2E Mike Danzenbaker)

subtle ghosting of light morph plumage, suggesting intermediate morph (e.g., Figs. 2A
and 9 show same bird under different lighting conditions, Fig. 9 suggesting intermediate
morph).
Light morph.—The following is based on photographs of several hundred live birds
(e.g., Fig. 1) and 149 specimens (e.g., Figs. 5‒6) from numerous locations. Ground colour
Mid grey-brown. Head and neck Mid grey-brown in strong contrast to whitish underparts.
Face Whitish nose-band and throat patch. Upper breast Diffuse dark breast-band of variable
depth. Lower breast to undertail-coverts Whitish with variably darker flanks and undertailcoverts. Underwing Light and dark morphs share the same basic underwing pattern (see
dark morph), but light morph more variable (Thibault & Cibois 2017). Marginal forewing
linings typically more pronounced than dark morph.
Intermediate morph.—The following is based on photographs of two specimens at the
American Museum of Natural History (AMNH 191642, Fig. 5; AMNH 191366, Fig. 6) and
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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3A

3B

Figures 3A‒B. Dark-morph Herald Petrels Pterodroma heraldica, 1.5–3.0 miles off east coast of Ua Pou,
Marquesas Islands, French Polynesia, South Pacific, 3 and 5 October 2021 respectively; note slight variation
in dorsal coloration, though true colour may be affected by lighting and feather wear (Fig. 3A Mike
Danzenbaker, Fig. 3B Kirk Zufelt)

4A

4B

4C

4D

Figures 4A–D. Dark-morph Herald Petrel Pterodroma heraldica specimens at American Museum of Natural
History (AMNH). Figure 4A. AMNH 194339 (top), AMNH 194338 (bottom), Ua Pou, Marquesas Islands,
South Pacific, 14–15 September 1922. Figure 4B. AMNH 191756, Ducie Atoll, Pitcairn Islands, South Pacific,
30 March 1922. Figure 4C. AMNH 191770, Ducie Atoll, Pitcairn Islands, South Pacific, 30 March 1922. Fig. 4D.
AMNH 191592, Ducie Atoll, Pitcairn Islands, South Pacific, 20 March 1922 (also shown in Figs. 5, 6 and 10)
(Tubenoses Project/Vincent Bretagnolle)

one bird at sea (Fig. 8). General plumage In all respects, the palest intermediates approach
light morph, and the darkest approach dark morph. Lower breast to undertail-coverts There
is a gradation in plumage from dusky (AMNH 191366, Fig. 6) to darkish (AMNH 191642,
Fig. 5), and in between (Fig. 8). The key difference from light morph is that the breast
to undertail-coverts are at least wholly dusky (Fig. 6); and from dark morph this area
manifests reasonably clear ghosting of light-morph plumage, with a relatively clear border
between the dark upper breast and paler lower breast; Fig. 8).
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 5. Comparison of light, intermediate and dark-morph Herald Petrels Pterodroma heraldica (left-hand
three specimens) with Henderson Petrels P. atrata (right-hand two specimens), at American Museum of
Natural History (AMNH), from left to right: (1) light-morph Herald Petrel (AMNH 191569), Ducie Atoll,
Pitcairn Islands, South Pacific, (2) intermediate-morph Herald Petrel (AMNH 191642), Henderson Island,
Pitcairn Islands, South Pacific, (3) dark-morph Herald Petrel (AMNH 191592, also shown in Figs. 4D, 6, 10),
Ducie Atoll, Pitcairn Islands, South Pacific, 20 March 1922, (4) Henderson Petrel (AMNH 191753), Henderson
Island, Pitcairn Islands, South Pacific, (5) Henderson Petrel (AMNH 191553), Henderson Island, Pitcairn
Islands, South Pacific; note that (1) is a typical light-morph Herald Petrel, (2) an intermediate-morph Herald
Petrel with a complete dark-flecked dusky lower breast to undertail-coverts, (3) a typical dark-morph Herald
Petrel, and (4) and (5) are typical Henderson Petrels (Tubenoses Project/Hadoram Shirihai)

Separation from Henderson Petrel
Onley & Scofield (2007) incorrectly stated that ‘Plumage of dark-phase Herald Petrel
appears to be exactly the same as Henderson Petrel and there is no known way of telling
them apart at sea.’ Rather, photographic documentation of more than 300 Henderson
Petrels at Henderson Island during 2003–17 confirms that the species invariably has a
uniformly dark underside to the primaries (RLF, HS & KZ pers. obs.; Fig. 11). Care must be
taken, however, to recognise a Henderson Petrel showing pale grey reflection off the shiny
underside, which can suggest dark-morph Herald Petrel (Fig. 11B), but never truly mimics
the extensive white basal primary ‘triangle’ characteristic of the latter (Figs. 1–2). Similarly,
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 6. Herald Petrel Pterodroma heraldica specimens, Ducie Atoll, Pitcairn Islands, South Pacific. Light
morphs, except intermediate morph AMNH 191366 (left row, third from bottom, collected 20 March 1922),
and dark morph AMNH 191592 (far right, collected 20 March 1922, also shown in Figs. 4D, 5 and 10). Note,
some light morphs have dusky markings encroaching onto the belly (e.g., left row, second from bottom), but
in our definition the intermediate morph uniquely has a complete dusky lower breast to undertail-coverts,
plus an enlarged diffuse dark breast-band (Tubenoses Project/Vincent Bretagnolle)

7A

7B

Figure 7A‒B. Dark-morph Herald Petrels Pterodroma heraldica, collected in Tuamotu Islands, on Vanavana
Island (AMNH 191656; left) and Tenarunga Island (AMNH 191658; right) (Augie Kramer, © American
Museum of Natural History, New York)
© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
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Figure 8 (left). Intermediate-morph Herald Petrel Pterodroma heraldica, 1.5–3.0 miles off east coast of Ua Pou,
Marquesas Islands, French Polynesia, South Pacific, 5 October 2021; breast to undertail-coverts darkish with
a quite clear ghosting of light-morph plumage (e.g., clearly delineated border between darker upper breast
and paler lower breast). Multiple photographs were checked to eliminate the possibility that this is an effect
of lighting (cf. Fig. 9). (Shoko Tanoi)
Figure 9 (right). Dark-morph Herald Petrel Pterodroma heraldica, 1.5–3 miles off east coast of Ua Pou,
Marquesas Islands, French Polynesia, South Pacific, 3 October 2021; light catching the underparts can
exaggerate subtle ghosting of light-morph underparts plumage, suggesting intermediate morph. Fig. 2A
shows same bird under different light conditions, confirming it is a ‘classic’ dark morph. (Kirk Zufelt)

any white in the greater primary-coverts is less extensive than even the narrowest but still
bold white crescent of dark-morph Herald Petrel. The whitish marginal forewing lining on
average is better developed in Henderson Petrel. Furthermore, Henderson Petrel is often
incorrectly described and / or illustrated with uniformly dark underparts (e.g., Brooke
2004, Onley & Scofield 2007). Howell & Zufelt (2019) were uncertain whether ‘ghosting of
Herald Petrel’s dark hood’ (i.e., paler underparts) represents paler extremes in Henderson
Petrel, dark variations in Herald Petrel, or possibly even hybrids. The fact is that most
Henderson Petrels show paler underparts, with darker breast, flanks and undertail-coverts,
not unlike dark-morph Herald Petrel (Fig. 11B), whilst Henderson Petrel with uniformly
dark underparts is rather scarce. This underscores the importance of differences in their
underwing patterns to separate the two species.
As for structure, prolonged views of Henderson Petrel in flight confirm its
characteristically slenderer form than Herald Petrel, with a smaller head, narrower wings,
slimmer body and longer tail (Fig. 11A). A bird’s behaviour and the angle of view can
momentarily create a more compact appearance, meaning care should be taken with
single photographs (e.g., compact impression, Fig. 11B; truer slenderer form, Fig. 11A).
Conversely, a single photograph of a Herald Petrel can capture a moment when the bird
looks slenderer in appearance versus the impression gained from prolonged views (e.g.,
compare apparent structures in Figs 1–3).
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Figure 10A‒B. Darkmorph Herald Petrel
Pterodroma heraldica (Fig.
10A), Ducie Atoll, Pitcairn
Islands, South Pacific
(AMNH 191592, also Figs.
4D, 5–6); Henderson Petrel
P. atrata (Fig. 10B, also
Fig. 5), Henderson Island,
Pitcairn Islands, South
Pacific (AMNH 191753).
Note, dark-morph Herald
Petrel shows a white
tongue basally on inner
web of underside to
primaries (only p10 visible
here) and white basally in
greater primary-coverts
(outermost few visible
here), both of which are
dark in Henderson Petrel
(though white basally on
greater primary-coverts
can be just visible; as here,
be aware of light reflecting
off the underside of the
primaries) (Tubenoses
Project/Hadoram Shirihai)

10A

10B

Records of intermediate-morph and dark-morph Herald Petrel
Below, we consolidate all records known to us of intermediate-morph and dark-morph
Herald Petrel (specimens and live birds). Since the 1970s, records have been restricted to Ua
Pou and Mangareva, with the majority from Ua Pou, but this may reflect observer coverage.
Specimens.—We know of seven dark-morph and two intermediate-morph Herald Petrel
skins in museums (below). The percentages of dark and intermediate birds from named
locations are listed here with the caveat that collectors may have taken a disproportionate
number of the rarer intermediate and dark birds (Murphy & Pennoyer 1952).
Ua Pou (Marquesas Islands): two dark of 28 (c.7%) specimens at the American Museum
of Natural History, New York (AMNH), collected 14–15 September 1922 (AMNH 194338
and 194339, Fig. 4A; Murphy & Pennoyer 1952).
Ducie Atoll (Pitcairn Islands): of 46 specimens held at AMNH, one intermediate (c.2%)
(AMNH 191366, 20 March 1922, Fig. 6) and three dark (c.6.5%), 20 March 1922 (AMNH
191592, Figs. 4D, 5–6) and 30 March 1922 (AMNH 191756, Fig. 4B; AMNH 191770, Fig. 4C).
Henderson Island (Pitcairn Islands): of four specimens at AMNH, one (25%) intermediate
(AMNH 191642, 8 April 1922; Fig. 5).
Tuamotu Islands: two dark of five specimens (40%), one collected 23 June 1922 on
Vanavana Island (AMNH 191656, Fig. 7A) and one taken 18 June 1922 (AMNH 191658, Fig.
7B) on Tenarunga Island (Murphy & Pennoyer 1952). No recent record of breeding at these
localities (J.-C. Thibault pers. comm. to VB), but a recent record of breeding by light morph
from Morane, Tuamotu (HS pers. obs.).
‘All-dark’ birds collected in the Pacific Ocean by L. B. Spear & R. L. Pitman, held
at the Natural History Museum of Los Angeles County (LACM), show the characters
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11A

11B

Figures 11A‒B. Henderson Petrels Pterodroma atrata, off Henderson Island, Pitcairn Islands, South Pacific,
July 2006, showing slight individual variation in underwing markings and body plumage. However, both
lack dark-morph Herald Petrel’s diagnostic underwing markings; extensive white basal primary ‘triangle’
and bold white greater primary-coverts ‘crescent’. Do not be misled by a pale grey reflection off shiny
underside to primaries, or limited white basally in the greater primary-coverts of some Henderson Petrels
(Fig. 11B). Note Henderson Petrel’s typically paler belly, with darker breast, flanks and undertail-coverts
(rarely uniform). Differences in underwing pattern are key to separating Henderson and Herald Petrels. In
flight, the former is characteristically more slender than Herald Petrel (Fig. 11A), but as shown in Fig. 11B the
bird’s behaviour and angle of view can momentarily yield a more compact appearance (Tubenoses Project/
Hadoram Shirihai)

Figure 12. Distribution of Herald Petrel Pterodroma heraldica in the Pacific Ocean, showing island groups
where light, intermediate and dark morphs are, or previously were, recorded (see text for records of
intermediate and dark morphs; blue = light morph, orange = light and intermediate morphs, red = light and
dark morphs, green = all three morphs). Made with Natural Earth.
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of Henderson Petrel, but LACM 103086 warrants further inspection (determined from
photographs supplied by the museum).
Sight records.—Ua Pou (Marquesas Islands), October 1971: 25 dark of c.50 birds (c.50%),
at breeding colony (Holyoak & Thibault 1984), though retrospectively these figures are
uncertain (J.-C. Thibault pers. comm. to VB). July 1975: c.1.5% dark of 200–300 individuals
at breeding colony (Holyoak & Thibault 1984). 15 February 1990: two dark of 100–120 birds
(c.2%) at main colony (VB). August 1998: nine dark among 300 birds (c.3%) at breeding
colony (J.-C. Thibault). 1–4 October 2021: five dark of c.180–200 birds (c.3%) (Figs. 1–3); four
birds 1.5–3.0 miles offshore, one c.17 miles south-east; one intermediate (c.0.5%), 1.5–3.0
miles offshore (Fig. 8) (Flood et al. 2022).
Mangareva Island (Gambier Islands), August 1996: six dark among 44 birds (c.14%) at
cliff-nesting colony (Thibault & Bretagnolle 1999). October 2019: no dark individuals among
five birds at cliff-nesting colony (J.-C. Thibault & A. Cibois pers. comm to VB).
Fig. 12 shows the range of Herald Petrel in the Pacific Ocean (based on Spear et al.
1992, Howell & Zufelt 2019), indicating the locations of at-sea sightings and specimens
of intermediate and dark morphs listed above. Note, to our knowledge, only light-morph
birds have been confirmed north of the Marquesas (northernmost islands c.07˚30’S). For
example, only light-morph Pterodroma have been confirmed in Hawaiian waters, with five
dark Pterodroma on 21–29 November 2002 that could have been Henderson Petrels (Pyle &
Pyle 2017) or, based on known range, more likely Murphy’s Petrels P. ultima.

Further research
As mentioned above, hybrid heraldica × atrata cannot be eliminated and it is unknown if
offspring from such hybridisation events could result in birds that resemble intermediatemorph or dark-morph Herald Petrel. In addition, the extent of mixed morph pairings
among Herald Petrels is unknown. Lastly, further insights into morphs of Herald Petrel
may be found in the genetics and inheritance of colour morphs.
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Summary.—Barking Owl Ninox connivens has two recognised subspecies in
Australia: N. c. connivens and N. c. peninsularis. N. c. connivens currently includes
the isolated south-west Australian population, which is separated from eastern
populations by the Nullarbor Plain and from N. c. peninsularis to the north. N.
c. connivens in south-west Australia occurs from near Perth in the north, east
to Northam and south-east to Katanning and Bremer Bay; it has been treated
subspecifically as N. c. addenda Mathews, 1912, but this name is not currently in use.
Given concern over the apparent rarity of the south-west Australian population,
we sought to compile all known historical and contemporary records in order to
assess its conservation status and ecology. We located the holotype of N. c. addenda
Mathews, 1912, and found only ten sightings in the past 20 years that met our
criteria for acceptance. No sound-recordings or photographs of wild birds are
known.
Barking Owl Ninox connivens has two currently recognised subspecies in Australia:
N. c. connivens Latham, 1801, and N. c. peninsularis Salvadori, 1876 (see Schodde & Mason
1981, Schodde & Mason 1997, Higgins 1999). A third subspecies N. c. assimilis Salvadori &
D’Albertis, 1875, occurs in New Guinea and a fourth, N. c. rufostrigata G. R. Gray, 1861, in
the North Moluccas. N. c. peninsularis is assigned to populations in north-east, north and
north-west Australia (Schodde 1997, Higgins 1999). In eastern Australia, N. c. connivens
ranges from the base of the Cape York Peninsula in Queensland, south through New South
Wales (NSW) and Victoria to eastern South Australia (Fig. 1; cf. Higgins 1999, Loyn et al.
2021). Additionally, N. c. connivens also currently includes the isolated population in southwest Australia. This population is widely separated from those in the east by the Nullarbor
Plain and fringing xeric vegetation of the Eyre Peninsula and Yellabinna in South Australia,
and areas east of the Great Western Woodland in Western Australia (WA; Fig. 1). It is also
isolated from N. c. peninsularis to the north, in the Pilbara region of WA. N. c. connivens in
south-west Australia occurs from near Perth in the north, east to Northam, and south-east
to Katanning and Bremer Bay (Johnstone & Storr 1998; see Fig. 1 for localities in south-west
Australia). This population was separated by Mathews (1912) as N. c. addenda, but this name
is not currently in use.
N. c. connivens is sparsely distributed across its continental range and listed as Near
Threatened (Loyn et al. 2021). In coastal and central Queensland (QLD) it occurs mainly
in waterside forests. In NSW, populations are mostly confined to the western slopes and
plains, and particularly in the Pilliga Forest (Kavanagh & Stanton 2009, NSW Office of
Environment and Heritage 2020). In Victoria, it predominantly occurs in the Great Dividing
Range (Clemann & Loyn 2003) and in South Australia it occurs in the east of the state, inland
to Lake Eyre and the Flinders Ranges (Mees 1964, Loyn et al. 2021; Fig. 1).
N. c. connivens mostly inhabits dry sclerophyll woodland across its range and is usually
associated with watercourses, wetlands and forest edges (Loyn et al. 2021); it nests in
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Figure 1. Map showing overall range in Australia of Barking Owl Ninox connivens and localities of specimens
and verified sight records in south-west Australia 1838‒2021. Abbreviations in larger font used for Australian
states cited in the text: NSW = New South Wales; SA = South Australia VIC = Victoria; WA = Western
Australia. Abbreviations in smaller font for regions cited in the text: CYP = Cape York Peninsula; EP = Eyre
Peninsula; GWW = Great Western Woodlands; NP = Nullarbor Plain; Y = Yellabinna.

tree hollows (Higgins 1999). Studies in eastern Australia show that the species feeds on a
wide range of prey comprising 74% mammals by biomass, including introduced rabbits
Oryctolagus cuniculus and sugar gliders Petaurus notatus (Barnes et al. 2005, Cremona et al.
2021). The diet of the south-west Australian population is unknown, but in the Kimberley
and Pilbara regions of WA N. c. peninsularis has been recorded feeding mainly on insects,
including beetles, grasshoppers and cockroaches, as well as small mammals (Johnstone &
Storr 1998).
The status of N. c. connivens in south-west Australia is very poorly known compared
to other Australian populations. In this region it was listed as rare by Storr (1991) and as
rare and declining by Johnstone & Storr (1998). It is currently listed as Priority 3 under the
2016 Biodiversity Conservation Act. Priority species and subspecies are used by the West
Australian state Dept. of Biodiversity, Conservation and Attractions, based on the advice of
the Threatened Species Scientific Committee. Under this act, a Priority 3 species is described
as ‘known from several locations, and the species does not appear to be under imminent
threat, or from few but widespread locations with either large population size or significant
remaining areas of apparently suitable habitat, much of it not under imminent threat’.
Overall, N. c. connivens is currently listed as Near Threatened (Loyn et al. 2021). Two formal
surveys using playback across large areas of south-west Australia during 1999–2000, 2015–
16 and 2022 failed to locate any Barking Owls (Liddelow et al. 2002, Fulton 2017; B. Wykes
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in litt. 2022). Garnett et al. (2010) mentioned approximately ten records during 2000‒09 but
could provide no substantiating details.
There is a clear need to clarify the current conservation status of N. c. connivens in
south-west Australia, and we review all known records here. We do not discuss whether
the population should continue to be included within N. c. connivens or be recognised as an
endemic subspecies N. c. addenda Mathews, 1912.

Methods
We reviewed all historical and contemporary records of N. c. connivens in south-west
Australia. This region extends from Shark Bay in the north to east of Esperance in the
south-east (Beard 1981). Sources of data included all specimen and sight records in the
database of the Western Australian Museum (WAM), Perth, including the Storr-Johnstone
Bird Databank (a database compiled by G. M. Storr and R. E. Johnstone from the period
1966–2021 covering Western Australia, Northern Territory and Queensland, and containing
more than two million records, available on request from REJ), eBird, and the Atlas of
Living Australia.
The scientific literature was also reviewed by searching Web of Science, Scopus and
Google Scholar using the keyword searches ‘Barking Owl’, ‘Ninox connivens’ and ‘Western
Australia’, and any records pertaining to south-west Australia were extracted and included.
We searched all copies of some key non-indexed publications, including Western Australian
Naturalist and Western Australian Bird Notes for Barking Owl reports.
Irrespective of the source of records, we determined the level of veracity for each
via application of the following criteria: (1) Certain: a specimen, sound-recording or
photograph; (2) Probable: a sighting or calling bird within the known range, confirmed by
experienced observers or supported by a written description; (3) Likely: a sighting within
the known range but lacking a description or independent verification; and (4) Unlikely: a
sighting outside the known range or habitat, or lacking accurate location data; these were
not extracted and are not presented here.

Results
Specimens.—A total of nine skin specimens and three eggs from two clutches of the
south-west Australian Barking Owl were located in museum collections (Table 1; Figs. 1‒2).
The oldest known specimen of this population is a single egg collected by the English
naturalist John Gilbert in October 1843 (Fig. 2). Gilbert inscribed this egg in ink ‘Athene
fortis Oct 1843’, using a name for Barking Owl published by his employer John Gould in
his A synopsis of the birds of Australia (1837‒38); Gould subsequently realised Latham’s 1801
name Falco connivens had precedence, hence he added (twice) ‘connivens’ to the egg. In
early October 1843 Gilbert was in the York area, 100 km east of Perth; later that month he
travelled north to the Wongan Hills, c.130 km north of York. Gilbert had previously been
in Western Australia in 1839‒40, when he collected in the York, Northam and Toodyay
areas, but did not reach as far north as the Wongan Hills. His manuscript notes ‘The birds
of Western Australia’, produced for John Gould, do not mention Barking Owl. Gould
described Gilbert’s single egg in the Handbook of Australian birds (1865) but did not mention
it under ‘Athene? Connivens’ in The birds of Australia (vol. 1, text and Pl. 34), although
the relevant part (XVII) was not issued until December 1844. The egg measures 50.8 ×
41.275 mm (measurements on specimen card), i.e., slightly larger than the range 46.8‒48.1
× 36.7‒38.9 mm reported by Johnstone & Storr (1998). In comparison, those of Southern
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TABLE 1
Known and possible specimens of Ninox c. connivens from south-west Australia. *Abbreviations: ANSP =
Academy of Natural Sciences of Drexel University, Philadelphia; F = female; HLW = H. L. White Collection,
Museums Victoria, Melbourne; M = male; MV = Museums Victoria, Melbourne; n.d. = no date; NHMUK
= Natural History Museum, Tring; SAMA = South Australian Museum, Adelaide; U = unknown; WAM =
Western Australian Museum, Perth. ** = see text for discussion.
Specimen Institution, reg.
category
no.*

Collector

Eggs

J. Gilbert

Skins

NHMUK
1884.10.1.98 /
1962.1.195
SAMA B42531
ANSP 2544

E. G. Watts

Date*

October 1843 south-west Western
Australia**
n.d. (est.
1930s)
1842‒43

WAM A41554

J. Gilbert
(probably)
J. Gilbert
(probably)
W. K. Adam

WAM A15362

Mr Ostle

8 May 1902

MV HLW 6957

T. Carter

22 April 1911

ANSP 2545

Location

Gnowangerup

Sex*

Notes

-

One egg

-

Two eggs

Map
reference
(Fig. 1)

1

south-west Western
Australia**
1842‒43
south-west Western
Australia**
23 July 1897
Katanning

Study skin (former
mount)
U Study skin (former
mount)
F Mounted specimen

2

F

Study skin

3

M

4

Herdsman Lake,
Perth
Lake Muir,
Manjimup

U

7 July 1911

Stirling Ranges

M

Study skin**.
Holotype of N. c.
addenda Mathews,
1912
Study skin

WAM A2944

U

1 July 1928

Chillinup, Borden

U

Study skin

6

WAM A8783

G. A. Lodge

Boyup Brook

U

Wing

7

NHMUK
1955.6.N.20.4688

Mr Stevens

1 January
1963
unknown

Swan River

U

Study skin

Not
mapped

MV HLW 5307 F. L. Whitlock

5

Boobook Ninox boobook, the only congeneric species with which eggs could be confused,
measure 39.1‒44.0 × 34.3‒37.4 mm (Johnstone & Storr 1998).
We located two skins in the Academy of Natural Sciences of Drexel University,
Philadelphia (ANSP 2544, 2545), described by Gould (1865) and labelled as being from
‘West Australia’ but which he did not refer to by specimen numbers. The precise location
and collection dates are not known, but they are the oldest skins of south-west Australian
Barking Owls.
A specimen registered as WAM A41554 is an ex-display mount (Fig. 3) collected at
Katanning (Fig. 1) in 1897 by W. K. Adams. The specimen was on display at WAM from the
early 1900s and has faded to a light brown (south-west specimens are usually very dark),
but possesses the distinctive plumage of N. connivens, including streaking on the feathered
parts of the tibia.
WAM A15362, collected at Herdsman Lake near Perth by ‘Mr Ostle’ in 1902 is the only
known specimen from the Perth region and the most northerly specimen in south-west
WA. Further to this, there are two south-west Australia specimens in the H. L. White (HLW)
collection held in Museums Victoria, Melbourne: HLW6957 was collected by Tom Carter on
22 April 1911 at Lake Muir and HLW5307 by F. L. Whitlock on 7 July 1911 in the Stirling
Ranges (Fig. 1).
Mathews (1912) described N. c. addenda from south-west Western Australia based
on an unspecified specimen and its ‘larger size’ vs. N. c. connivens. There has been some
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Figure 2. South-west Australian Barking Owl Ninox Figure 3. Mounted specimen of the first known
c. connivens egg collected by John Gilbert in October Barking Owl Ninox c. connivens collected in
1843 (Alex Bond, © Natural History Museum, London) south-west Australia, from Katanning in 1897
(Robert A. Davis)

confusion over the whereabouts of the holotype. Mees (1964) reported that it is in the
American Museum of Natural History, New York (AMNH), whereas Schodde & Mason
(1997) considered its whereabouts unknown. However, searches at AMNH have failed to
find any Barking Owl specimens from south-west Australia (P. Sweet in litt. 2022). From his
subsequent, longer account (Mathews 1915‒16), we deduce that the holotype was collected
by Tom Carter at Lake Muir in 1911, and as noted above it is now in Museums Victoria
(HLW 6957). This resolves the issue of its whereabouts and confusion regarding an AMNH
specimen.
There is one skin collected at Borden in 1928 and a clutch of two eggs from Gnowangerup
in the South Australian Museum, Adelaide (Fig. 4). These were measured by M. Penck as
47.9 × 41.0 mm and 48.2 × 40.7 mm and were collected by E. G. Watts. Although no dates
are given, Edward Watts was active in Western Australia in the early 1930s (Whittell 1939)
and so they are likely to have been collected around that time. In the forested south-west, a
wing from Boyup Brook in 1963 is the most recent specimen (Table 1).
Finally, a skin mentioned in Mees (1964) is at the Natural History Museum, Tring
(NHMUK) (Table 1). Previously in the Gurney collection at the Norwich Castle Museum, it is
now NHMUK 1955.6.N.20.4688, with locality ‘Swan River’ on its original label, but has also
later, and presumably mistakenly, had ‘NSW’ (New South Wales) added. Unfortunately, no
further information is available except that its original label, and Gurney’s 1889 register (also
now held by NHMUK), include the name ‘Stevens’. This probably refers to the collector, but
just possibly might be the London dealer Samuel Stevens, via whom Gurney received an
array of raptor specimens. We have construed (as did Mees 1964) that ‘Swan River’ pertains
to the Swan River colony in Western Australia. Use of this locality name implies an older
collection period, but unfortunately none of this can be corroborated at this stage.
© 2022 The Authors; This is an open‐access article distributed under the terms of the
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Figure 4. Clutch of two
south-west Australian Barking
Owl Ninox c. connivens eggs,
SAMA B42531, collected by
E. G. Watts in the 1930s (©
Maya Penck, South Australian
Museum, Adelaide)

Sightings.—There are very few probable or certain sightings and no photos of Barking
Owls in south-west Australia. We have recovered a total of just 41 sight records since 1842
(Fig. 1; Table 2). Notably, there have been only ten sightings in the past 20 years that we
consider to be reasonably verified. We discarded sightings in which birds were not seen or
their well-known dog-like barking call was not described. It has not been possible to verify
all sightings and our list may well over-represent reliable sightings.
Calls.—Our research has elicited no known recordings of the south-west Barking Owl.
Several reports we followed up were based on a ‘screaming’ call, which we discuss later and
do not consider a reliable indicator of the species.
Breeding.—The specimen collected by E. G. Watts has a label inscribed ‘No nest
made. Eggs laid on rotted wood in hollow of moral [sic probably = Red Morrell Eucalyptus
longicornis] tree about 35 feet up’.
Habitat and range.—The sightings reveal several key foci regions for the species,
including Lake Muir‒Tonebridge, Narrogin‒Williams, Fitzgerald River‒Jerramungup,
Toodyay‒Julimar‒Northam‒Avon Valley and Ongerup‒Gnowangerup‒Katanning (Fig. 1).
Virtually all records are associated with open woodland in semi-arid habitats, apart
from some from the south-west capes, Boyup Brook and Manjimup. The Lake Muir and
Tonebridge areas also hold some dense forest.
Diet.—The specimen collected by Carter (1923) was described as having ‘in gut large
brown beetles and small furry animals, that seemed to be mice’.

Discussion
Barking Owl in south-west Australia appears to have always been uncommon. Mathews
(1915‒16) mentioned an account from Carter, who stated, ‘The winking owl [sic = Barking
Owl] is apparently a rare bird in West Australia, as the first specimen seen by me was after
residing twenty-six years in various parts of the state’. In the same account, Carter went on
to mention that local residents near Lake Muir were not familiar with Barking Owl despite
them being ‘old settlers constantly out with gun or rifle’.
With a paucity of specimens, none more recent than 1963, and a paucity of contemporary
sightings, the current status of N. c. connivens in south-west Australia is unknown. With
only eight confirmed skin specimens, no known photographs or sound-recordings, and
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TABLE 2
Verified locations for Barking Owls Ninox connivens in south-west Western Australia (see Methods)
arbitrarily partitioned roughly by decade to facilitate examination. Key to codes in Status column: 1 =
certain, 2 = probable, 3 = likely. Abbreviations: WABN = Western Australian Bird Notes; WAM = Western
Australian Museum, Perth. Birdata refers to the BirdLife Australia ongoing bird atlas programme.
Date

Location

Map
reference
(Fig. 1)

Observer/s

Notes

Status

Source

Lake Coogee, Perth

8

Gilbert and
Drummond

Heard calling

2

Serventy &
Whittell (1976)

17 May
1905

Woodanilling,
Narrogin

9

One found injured. ‘There are a
few resident pairs in this area but
very rare in Great Southern and
seen on only a few occasions’.

1

Garstone (1973)

23 April
1911

Lake Muir,
Manjimup

10

In jarrah and red gum at dusk.
Weighed 2 pounds, 17 inches
long and 42-inch wingspan.
Presumably relates to HLW 6957.

1

Carter (1923)

Perth

11

Resident and rare in Swan River
district. May be only a visitor
to the district but little-known
species.

2

Alexander
(1921)

Claremont, Perth

12

3

Storr-Johnstone
database

Jitarning, Kulin

13

3

Storr-Johnstone
database

Moingup Spring,
Stirling Ranges

14

E. H. Sedgwick Heard occasionally around
water.

2

Sedgwick
(1964)

1 July 1962

Wubin, Dalwallinu

15

J. Ford, P. Fuller Heard at night in York Gum
& I. Carnaby woodland.

1

Ford (1965)

August
1961

Latham, Perenjori

16

R. Stranger

Heard calling near railway
station.

3

Stranger (1967)

August
1961

Latham, Perenjori

17

R. Stranger

Heard ‘6 miles NE of Latham’.

3

Stranger (1967)

Gibb Rock, NNE of
Hyden

18

E. H.
Sedgwick

Flushed two birds when walking
through stand of gimlet and
mallee along northern border
of farm.

2

Sedgwick
(1974)

Woodanilling,
Narrogin

19

R. Garstone

Occurs in vicinity of lakes.

3

Garstone (1973)

1930‒73

Northam

20

2

Masters &
Milhinch (1974)

1979

Ongerup

21

B. Newbey

Pair of owls on farm.

1

WABN 88

Walliston,
Kalamunda

22

Birdata

One in garden

3

Birdata

Fitzgerald River
National Park

23

K. & B.
Newbey

‘Barking and screaming call
heard on one occasion in
woodland (30 August 1985).’

2

Newbey &
Chapman
(1995)

Bremer Bay

24

B. Buchanan

Seen at swamp.

1

WAM sightings

Witchcliffe, Augusta‒
Margaret River

25

G. W.
Kendrick

Calling at night (1) in mixed
karri-jarrah-marri forest.

3

WAM sightings

26 March
1987

Bolgart

26

R. E.
Johnstone

Heard calling in Salmon Gums.

1

WAM sightings

12 July
1988

Bindoon

27

R. Schulz

Army training area.

3

WABN 47

25 October
1842

1921

20 June
1931
1958
1953‒63

6
September
1968
1970s

19 July
1984
30 August
1985
1986
17 May
1986

T. Carter

A. G. Kilpatrick Found asleep in Banksia tree.
T. Bush

Single bird in a patch of wandoo.

J. Masters & A. ‘Near the Avon River seen only
Milhinch
once. Rarely heard.’
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Location

Map
reference
(Fig. 1)

Observer/s

Notes

Status

Source

30 July
1988

Kulunilup Lake
Nature Reserve,
Manjimup

28

R. Vervest,
J. Hunt

-

3

WABN 47

26
September
1991

Pinnaroo Valley,
Padbury

29

R. & J. Shaw

One calling.

2

WABN 60

October
1994

Avon Valley
National Park

30

J. Masters

Bird heard over three nights in
wandoo woodland.

2

WABN 76

17
February
1995

Cape Naturaliste

31

R. Payton

Sugarloaf Road.

3

WABN 74

Point Dalling,
Dunsborough

32

R. Payton

-

3

WABN 81

Dryandra

33

Birdata

2

Birdata

9 February Glen Avon, Northam
1999

34

Birdata

Flushed from tree near fence line.

2

Birdata

6 June 1999

Julimar Reserve,
west of Toodyay

35

J. Dell

1

2

WABN 93

August
2000

Congelin Dam,
Dryandra woodland,
NW of Narrogin

36

I. Wheeler

-

2

WAM sightings

August
2000

Fitzgerald River
National Park

37

I. Wheeler

-

2

WAM sightings

August
2000

West Cape Howe

38

I. Wheeler

-

2

WAM sightings

August
2000

Malyalling Siding,
Wickepin

39

I. Wheeler

-

2

WAM sightings

13 April
2001

Blue Gum Lake,
Bateman

40

1

WABN 99

17 June
2004

Mabel Road,
Lesmurdie

41

J. Stewart

2

WABN 111

15 April
2005

Congelin Dam,
Dryandra woodland,
NW of Narrogin

42

D. Secomb

1

WABN 114

24 April
2005

Congelin Dam,
Dryandra woodland,
NW of Narrogin

43

BirdLife
excursion

1

WABN 114, 115

18 March
2006

Congelin Dam,
Dryandra woodland,
NW of Narrogin

44

Birdata

1

Birdata

Youraling State
Forest

45

1

W. Bancroft

1

Birdata

12 October
1996
23 April
1997

25 May
2006

W. Maddeford One seen perched.
One heard.

Seen in open wandoo woodland.

W. Bancroft & One heard.
B. Metcalf

16
Congelin Dam,
September Dryandra woodland,
2008
NW of Narrogin

46

Birdata

16 April
2011

Boyagin Rock,
Nature Reserve

47

Birdata

Bird seen.

1

Birdata

30 May
2015

Gabaninga Hill,
Hoddy’s Well,
Toodyay

48

Birdata

Heard by campers.

3

Birdata

Tone River,
Tonebridge

49

Birdata

1

Birdata

6 October
2019
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probably fewer than 40 reliable sightings since 1842, the status of Barking Owl in this region
is enigmatic, but it is likely to meet the criteria for an Endangered or Critically Endangered
population. Even the increase in birdwatching and bird photography in recent years has
failed to produce a large number of sightings. Concern was expressed about the status of
the population by Mees (1963) and there have been no further specimens since then.
Although we applied stringent criteria to the acceptance of sight records (including,
where possible, observer expertise, likely habitat and any extra details provided) and
followed up on many of these, a large percentage of reports are of doubtful veracity in the
absence of further information. Given the species’ rarity in south-west WA, we suggest
that the weight of evidence required to accept a Barking Owl sighting should be great.
This should include: (1) field notes describing previous experience and how calls were
distinguished from those of Southern Boobook, which can have aberrant calls; (2) records
based on a screaming call alone, with no further information, should be considered doubtful
(see below); (3) preferably photographing the bird, but otherwise providing detailed notes
on key features used to eliminate Southern Boobook; and (4) recordings of vocalisations.
One major issue that we have encountered is that many, if not most, reports of
Barking Owls, particularly in the Perth Hills, are based on the screaming call. This call is
not described in the scientific literature, and we know of just one recording of it, made
by Ed McNab at Chiltern, Victoria, on 12 January 1982. Fleay (1942) provided a colourful
description and investigated this vocalisation in a captive pair of N. c. connivens. He heard
it after the birds had been in captivity 2.5 years and noted that such calls were heard only
occasionally, during March‒April. He further noted that an informant studying resident
wild N. c. connivens over many years regularly heard the barking call, but recollections of
the screaming call were ‘very few indeed’ (Fleay 1942). We therefore suggest that although
this call may exist, it is probably very rare. However, it seems to have become part of
accepted folklore that a screaming sound at night is made by a Barking Owl.
Most records we encountered were based on observers hearing only this call, rather
than seeing birds or hearing the distinctive barking vocalisation. One recent recording we
received from Bickley of such a call was definitively identified as a Red Fox Vulpes vulpes.
This was done via an aural comparison and a visual comparison of spectrograms of the
recording with known Red Fox calls, using the software Audacity. Many observers that we
have played the Red Fox call to have been very surprised by its screaming intensity and
have agreed this is likely what they heard when identifying the call as a Barking Owl. Many
observers seem unaware or unfamiliar with these vocalisations. Even if the screaming call of
Barking Owl is a rare or infrequent vocalisation, it is unlikely to be heard compared to the
common double bark. Tellingly, most observers who we were able to question did not hear
this barking vocalisation. This has led us to doubt most records based only on the screaming
call. There is also the possibility that some observers may confuse the harsh calls of tytonid
owls with what they have read about the screaming call of a Barking Owl.
Apart from recent unsuccessful searches by B. Wykes (in litt. 2022) there have been no
dedicated broad-scale survey efforts to detect Barking Owls in south-west Australia apart
from that of Liddelow et al. (2002), who conducted extensive surveys using playback at 100
sites across the south-west over two seasons in spring 1999 and autumn 2000. They recorded
all other species of nightbird known in the region, but failed to detect any Barking Owls.
Liddelow et al. (2002) presented a number of records derived from the Western Australian
government’s threatened fauna sightings database but did not include any specific details
that would enable us to assess the authenticity of sightings. Some records were from
habitats not generally considered suitable for the species; without further information it is
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impossible to assess these. Liddelow et al. (2002) also concluded that Barking Owl ‘is clearly
uncommon in the south-west and in need of further attention’.
The scarcity of reliable records in the south-west, and the likelihood that it was
already rare there at the time of European settlement, make it difficult to undertake
formal assessments against IUCN criteria at present. The major challenge is to establish
the reliability of records, particularly given confusion over screaming calls and lack of
supporting information for many sightings. The south-west population is clearly now
very rare, possibly declining and could qualify as Endangered or Critically Endangered
if further information becomes available. The spectre of its extinction can reasonably be
raised. Proposed key future research by the authors will include a campaign to elicit further
sightings coupled with a stronger level of documentation for any Barking Owl sightings.
Also needed is genetic and museum work to clarify the taxonomic status of the southwest population. Finally, it is essential to systematically survey for the species throughout
its range in south-west Western Australia, and to conduct detailed ecological research to
determine and manage the key threats to its effective conservation.
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Summary.—A recent proposal to seek to suppress the name Strix pumila is shown
by a careful search of the old literature to be unnecessary as the name was first
applied to one species where it ranks as a junior synonym, and later applied to a
different species where it has no nomenclatural availability as it is preoccupied.
Dickinson et al. (2022) gave notice
of intent to make an application to the
International Commission on Zoological
Nomenclature to suppress the name Strix
pumila Temminck, 1821, and to conserve the
younger name Strix minutissima zu Wied,
1830. This communication explains why no
such application is needed.
Our earlier belief was that use of the
name Strix pumila by Lichtenstein (1823) was
just a later use of Temminck’s name and that
both applied to the same species. But, in the
course of drafting the proposed application,
we noticed that an earlier use of this name
by Lichtenstein (1818; see Fig. 1) in a list of
duplicate specimens published by the Berlin
Museum included ‘indications’ that might
permit identification of the intended subject
(see Art. 12.2.7, ICZN 1999). The relevance
of these indications had not been recognised
by authors who judged Lichtenstein’s 1818
name to be a nomen nudum.
The indications were to two authors:
Azara who used the vernacular name ‘Caburé’
and Levaillant who called it a ‘Chouchette’
and could have been based on descriptions
or depictions. Lichtenstein (1818) mentioned
‘Brasil’, and as Azara was known mainly for his
work in Paraguay, mention of Brazil seemed
to be a link to Levaillant. Consequently, we Figure 1: Lichtenstein’s listing of the name Strix
set out to determine whether either author pumila with indications.
had provided a description or a plate.
Levaillant (1801) seemed to be the
appropriate start point because of all his titled works this was the one that referred to
South America, but it proved to be a dead end. Daudin (1800: 205), however, reported that
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Figure 2 (above left). The illustration published by
Levaillant (1799).
Figure 3 (above right). Strix passerinoides Temminck,
1825, livr. 58, pl. 344 in the Planches Coloriées; a
synonym of Glaucidium brasilianum (J. F. Gmelin,
1788).
Figure 4 (left). Strix pumila Temminck, 1821 (livr. 7, pl.
39 in the Planches Coloriées) = Glaucidium minutissimum
(zu Wied, 1830).

the owl described by Levaillant had been found in Gibraltar and was referred to not as a
‘Chouchette’ but by the name ‘Chevechette’ used by Levaillant (1799: Pl. 46) (see Fig. 2). The
most likely identity of a pygmy owl occurring in Gibraltar would seem to be Glaucidium
passerinum (Linnaeus, 1758).
However, zu Wied (1830: 239) made no mention of the earlier association of this name
with Gibraltar. He suggested the plate might depict the dark morph of the ‘Chouette
chevéchoide’ Strix passerinoides Temminck, 1825 (see Fig. 3). However, zu Wied (1830)
identified this with Glaucidium brasilianum (J. F. Gmelin, 1788) and it is now considered to
be a junior synonym of G. b. phaloenoides (see van den Hoek Ostende et al. 1997).
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Meanwhile our check of Azara (1802, 1809) revealed a detailed description of his
‘Caburé’ and this clearly identifies it as Glaucidium brasilianum (see von Berlepsch 1887,
Bertoni 1901, Pereyra 1945). This is the only species of Glaucidium that is known in Paraguay
(Guyra Paraguay 2004). In conclusion, Strix pumila Lichtenstein, 1818, must be seen as a
junior synonym of Glaucidium brasilianum.
By contrast zu Wied (1830) observed that Strix pumila Temminck, 1821 (Fig. 4) was not
based on the Paraguayan bird and that it depicted his new Brazilian taxon Strix minutissima.
However, the name Glaucidium minutissimum was used by Peters (1940: 129) and treated as
available adding ‘not Strix pumilum Lichtenstein, 1818’. Reversal of precedence is denied by
Art. 23.9.1 (ICZN 1999), where both conditions are met.
The name Strix pumila Temminck, 1821, is a junior homonym of Strix pumila Lichtenstein,
1818, and as such is invalid despite its availability (see Art. 10.6, ICZN 1999).
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We document the sighting of four New Zealand Storm Petrels Fregetta maoriana off
Gau Island, Fiji, by summarising the circumstances and the identification and ageing of the
birds. Like the first record off Gau in May 2017 (Flood & Wilson 2017), these sightings are
significant for three reasons. They are only the second confirmed records of New Zealand
Storm Petrel away from New Zealand / Australasia. They provide further evidence of longdistance dispersal / migration (Fiji is c.2,000 km north of New Zealand). New Zealand Storm
Petrel remains listed as Critically Endangered (IUCN 2022).
We undertook an eight-day pelagic expedition (25 May‒1 June 2022) to observe
tubenoses off Gau (Ngau), Fiji. The vessel used was the 18-m sailing yacht Sauvage. Wind
direction varied between north-east and south-east, and its speed between still and 35 knots,
and sea state from flat to 2.5 m: 25–26 May north-east 15–25 knots, 27–29 May east-northeast
10–15 knots (35 knots evening 28 May), 30 May east-southeast 0–5 knots (several hours of
heavy rain mid-afternoon), 31 May–1 June east-southeast 10–15 knots. The broader picture
saw the dominant trade winds and associated high-pressure system pushed away from Fiji
by small low-pressure cells arriving from the south-west.
At given locations, we set up an oil slick using Menhaden fish oil Brevoortia and other
fish products. Three locations south of Gau were used: ‘position 1’ c.50 km south (c.25 nm),
‘position 2’ c.30 km south (c.15 nm) and ‘position 3’ c.10 km south (c.5 nm). Most time was
spent around position 2. These locations were originally chosen by Shirihai et al. (2009)
for their successful at-sea search for Fiji Petrel Pseudobulweria macgillivrayi and were used
by Flood & Wilson (2017), yielding the first record of New Zealand Storm Petrel off Gau.
Morning and afternoon / evening chumming sessions lasted 3–5 hours. A fish-oil drip at the
stern of the yacht was running at all other times in daylight hours.
We recorded four New Zealand Storm Petrels within c.5 km of position 2 (individual
birds separated by pattern of streaks on underparts; Fig. 1). On 29 May 2022, three different
New Zealand Storm Petrels were observed: bird 1 at 11.19–12.20 h, bird 2 at 15.05–15.24 h,
and bird 3 at 16.13 h. On 30 May 2022, one was seen at 16.13–16.22 h.
Identification was based on recently established criteria to separate New Zealand
Storm Petrel from New Caledonian Storm Petrel F. lineata (details in Bretagnolle et al.
2022; summarised in Table 1), along with our past at-sea experience of the two. Briefly,
New Zealand Storm Petrel is smaller (the size of Wilson’s Storm Petrel Oceanites oceanicus),
shorter winged, shorter legged, smaller billed, with a different underwing pattern and
underparts streaking. All four were seen alongside Wilson’s Storm Petrels and were about
the same size.
New Zealand Storm Petrel breeds in February‒June (egg laying end of February;
Rayner et al. 2013; C. Gaskin in litt. 2022). Typically, storm petrels that have bred successfully
commence primary moult post-breeding, presumably from July in New Zealand Storm
Petrel (depending on post-breeding movements, which are largely unknown). Typically,
juveniles from the previous season, non- and failed breeders, commence primary moult
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Figure 1. New Zealand Storm Petrels Fregetta maoriana, c.30 km south of Gau, Fiji, 29 and 30 May 2022,
presented in chronological order, top left to bottom right. Note the compact build and relatively small bill.
The white underwing panel is broad and clean-looking, with the diagnostic clear-cut border to the longest
lesser secondary-coverts and the greater secondary-coverts are unmarked. All four birds show broad dark
feathering from the dark lateral undertail-coverts to / beyond the thighs, forming a broad elongated dark
band either side of the rear underparts, and streaking is largely confined to the flanks and upper breast. Note
the bird top left lacks a toe projection beyond the tail tip because its legs are retracted. Top left and bottom
right (Mike Danzenbaker), top right and bottom left (Hiroyuki Tanoi)
TABLE 1
Key differences in structure and plumage that enable field separation of New Zealand Storm Petrel Fregetta
maoriana from New Caledonian Storm Petrel F. lineata (based on Bretagnolle et al. 2022). WSP = Wilson’s
Storm Petrel Oceanites oceanicus.
Feature
Size
Build
Bill
Border of dark breast

New Zealand Storm Petrel
Approx. same as WSP
Compact
Relatively tiny
Fairly straight

Underparts streaking

Variable, typically largely confined to flanks
and upper breast, belly often clean white,
streaks straight and do not coalesce
Typically has broad dark feathering from
lateral undertail-coverts to / beyond thighs,
forming broad elongated band either side of
rear underparts
Broad and clean white looking, numerous
underwing-coverts lack dark centres
Diagnostic: clear-cut border to dark leading
edge and all-white greater secondary-coverts

Thighs

Underwing panel
Underwing pattern

New Caledonian Storm Petrel
Noticeably larger than WSP
Long neck, body, wings, tail, legs and feet
Fairly long
Rounded, curving from sides of lower breast to
central upper breast
Variable, typically covers entire underparts,
streaks dense and bold, some uniquely
patterned in dense and continuous rows
Region is streaked

Narrow with dirty appearance, numerous
underwing-coverts have broad dark centres
Diagnostic: partially dark row of longest lesser
secondary-coverts creates ragged border to
dark leading edge, with dark centres to greater
secondary-coverts
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a month or so earlier than breeding adults, presumably sometime in May / June for New
Zealand Storm Petrel. None of the four was in primary moult, but their primaries were
noticeably worn and primary moult might be expected to commence within a month or so.
This is consistent with juveniles from the previous year’s breeding season, and non- and
failed breeders in the current year. It is unlikely that the birds in May off Gau, c.2,000 km
north of the breeding grounds, were successful breeders from the 2022 breeding season.
We considered whether the five birds recorded off Gau (in 2017 and 2022) could
represent a previously unrecognised taxon of streaked storm petrel most like New Zealand
Storm Petrel, or a northern population of the latter. The possibilities arise because these
are the only records of the species away from New Zealand, bar a few off eastern Australia
that are pending acceptance by the BirdLife Australia Rarities Committee (T. Palliser in litt.
2022), and thus are geographically isolated from all other records by >2,000 km. However,
an unrecognised taxon or northern population of New Zealand Storm Petrel appear
improbable based on current knowledge. All historical specimens of streaked storm petrel
have been assigned to either New Zealand Storm Petrel or New Caledonian Storm Petrel.
Other taxa of Fregetta are known to disperse or migrate long distances. The eastern border of
the Australian tectonic plate runs directly north from New Zealand to the region around Fiji
and Tonga, forming a significant ridge likely to generate upwelling and food productivity.
Acknowledgements
We thank Didier & Sophie Wattrelot for safe passage on their yacht Sauvage and the excellent service that
they provided throughout the expedition. Many thanks to Paul Walbridge and Kirk Zufelt for comments on
the manuscript. PMH is funded by a Fellowship and grants from the National Health and Medical Research
Council of Australia (1175134) and by the University of Technology Sydney.
References:
Bretagnolle, V., Flood, R. L., Gaba, S. & Shirihai, H. 2022. Fregetta lineata (Peale 1848) is a valid extant species
endemic to New Caledonia. Bull. Brit. Orn. Cl. 142: 111–130.
Rayner, M. J., Gaskin, C. P., Stephenson, B. M., Fitzgerald, N. B., Landers, T. J., Robertson, B. C., Scofield,
R. P., Ismar, S. M. H. & Imber, M. J. 2014. Brood patch and sex-ratio observations indicate breeding
provenance and timing in New Zealand storm-petrel Fregetta maoriana. Marine Orn. 41: 107–111.
Shirihai, H., Pym, T., Kretzschmar, J., Moce, K., Taukei, A. & Watling, D. 2009. First observations of Fiji Petrel
Pseudobulweria macgillivrayi at sea: off Gau Island, Fiji, in May 2009. Bull. Brit. Orn. Cl. 129: 129–148.
Addresses: Robert L. Flood, FitzPatrick Institute of African Ornithology, DST-NRF Centre of Excellence,
University of Cape Town, Rondebosch 7701, South Africa, e-mail: live2seabird@gmail.com. Mike
Danzenbaker, 13164 Diericx Dr. Mountain View, CA 94040, USA, e-mail: jm_danzenbaker_alt@yahoo.
com. Phil Hansbro, Centenary UTS Centre for Inflammation, University of Technology Sydney,
15 Broadway, Ultimo NSW 2007, Australia, e-mail: Philip.Hansbro@uts.edu.au. Colin Rogers, 6
Flavel Avenue, Woodforde, Adelaide, South Australia 5072, Australia, e-mail: twitchercolin@gmail.
com. Hiroyuki Tanoi, Ecoris Inc., 5-3-21 Nakada, Taihaku, Sendai, Miyagi 981-1104, Japan, e-mail:
oceanodroma1537@gmail.com, Shoko Tanoi, Ecoris Inc., 5-3-21 Nakada, Taihaku, Sendai, Miyagi 9811104, Japan, e-mail: pterodroma.longirostris@gmail.com

© 2022 The Authors; This is an open‐access article distributed under the terms of the
Creative Commons Attribution-NonCommercial Licence, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN-2513-9894
(Online)

