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NATIONAL WADER CENSUS SCHEME: A TRIBUTE

They have turned out at all hours and in all weather conditions. And some have been doing it
for decades. They are the hundreds of volunteers who have contributed to the National Wader
Census Scheme. For some it has meant long hours accessing some of our remotest coastal
areas, or the daunting task of counting a mixed flock of thousands. The result is a national
data base that charts the population and distribution trends of our waders, as documented in
this Special Issue.

Starting in 1951, the Firth of Thames and the Manukau Harbour were the first sites to
be regularly monitored, and since 1960 both have been counted each winter and summer,
creating one of the longest wader data sets in the world. In November 1983, the scheme
became national and continues to this day.

It is no easy task counting shore birds. High tide predictions determine count dates: they
require tides that will push birds into areas and configurations where they can be counted.
Wind, rain, and fog; the restlessness and mobility of the birds to be counted; the vagaries
of weather systems acting on tide heights — are just some of the challenges. In some years,
conditions on the Firth of Thames were such that the only difference between winter and
summer censuses was that on the latter, the rain was warmer.

Essentially the Wader Count Scheme is a citizen science project. Coordinated by Birds
New Zealand, almost all contributors — counters and organizers — over the years have been
non-professionals, but very professional in the way they have conducted the censuses and
gathered the data. Rigorous self-scrutiny of the results is always very pleasing to witness.

The scheme’s national coverage is one of its greatest strengths. Achieving that, and more
importantly, consistently maintaining it, is a tribute to the succession of regional organizers
who have put in long hours each year. Some have been doing so since the 1960s and are still
doing so. To mention names would make it either a very long list or risk leaving off some key
people. We all know the people in our regions that have made the greatest commitment to
the national wader censuses in the past and present and long may they and their successors
continue this important work. Hardly a month goes by without a formal request to Birds New
Zealand for the use of these data, perhaps to assess issues about waders at a single site, or at a
national level. It is very gratifying to see everyone’s hard work being put to good use and, in
some cases, allowing Birds New Zealand to gather some financial returns to help fund other
projects.

Many of the papers presented here, and many others published in previous issues of
Notornis and elsewhere, are informed by data from the scheme. The New Zealand wader
count database has been an essential tool for helping assess populations and trends in the East
Asian-Australasian Flyway. All of this represents an enduring legacy for those hundreds of
census takers, and on behalf of Birds New Zealand, a big thank you.

KEITH WOODLEY



Wader counters at Farewell Spit, South Island, New Zealand (Photographs: Colin O’Donnell).
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Ruddy turnstone (Arenaria interpres) (Photograph: Glenda Rees).



FOREWORD

Since the publication in 1999 of the special wader issue of Notornis, dedicated to two amateur wader devotees, Dick
Sibson and Barrie Heather, much has been learned of the changing numbers, migration routes, and the behaviour of
New Zealand waders.

The leading paper in the 1999 issue was a summary of the national wader counts that the Ornithological Society
of New Zealand (OSNZ) had made from 1983-1994 (Sagar et al. 1999), and so it is fitting that the leading paper in this
issue is an analysis of the distribution and numbers of waders observed in New Zealand from 2005-2019. These data
were obtained from a continuation of the OSNZ’s (Birds New Zealand’s) twice-yearly counts at the most important sites
nationally. This paper will be influential in conservation circles because it shows that the numbers of many species of
Arctic wader visiting New Zealand have declined substantially, often by over 50%, since the earlier series of counts, and
it also shows big winners and losers amongst our native species.

Although it is tempting to blame the declines of Arctic waders squarely on the massive loss of important intertidal
feeding habitats at staging sites in the Yellow Sea as a result of land claim in a heavily populated and industrialised part
of the globe, the situation is clearly complex and there is still much to learn. Species such as ruddy turnstone (Arenaria
interpres) and Pacific golden plover (Pluvialis fulva), that do not rely heavily on the Yellow Sea as a stopover site, have
declined in parallel, and similar declines of trans-equatorial migrant waders have occurred on other flyways.

When Riegen (1999) deduced the migration routes of bar-tailed godwits (Limosa lapponica) and red knots (Calidris
canutus), the two most numerous Arctic waders in the New Zealand sector of the East Asian Australasian Flyway, he had
to rely on band recoveries and sightings of colour-flagged birds. Nowadays, geolocators and satellite tags can more clearly
reveal the migration routes that the waders use to get to and from New Zealand, the importance of particular stopover
sites, the timing and speed of migration, and the location of their breeding grounds in the Arctic. This miniaturised
technology has been deployed on a number of Arctic migrant wader species, but perhaps over the next few decades more
attention will be paid to determining the annual movements and habitat needs of our endemic waders.

The changing numbers of our local waders have been well documented during the 36 years of winter wader counts.
Northern New Zealand dotterel (Charadrius obscurus aquilonius) and variable oystercatcher (Haematopus unicolor) have
been clear winners as a result of concerted efforts to protect their nesting grounds from predators and people. The
annual counts of wrybills (Anarhynchus frontalis) are trending upwards, but big fluctuations from year to year indicate
the challenges of finding and then counting the tight overwintering flocks, and not double-counting flocks moving
between the big harbours around Auckland. After several decades of rapidly increasing numbers, the South Island pied
oystercatcher (Haematopus finschi) population has tumbled, perhaps as result of loss of breeding habitat when dry sheep
pasture is converted to irrigated dairy farms. Banded dotterels (Charadrius bicinctus) have been losers on the many South
Island braided rivers lacking pest control, but they have shown an encouraging response where pest control has been
done; the challenge is to maintain and increase that effort.

The estuary and riverbed habitats used by many waders will come under increasing threat from the effects of global
climate change. Rising sea-levels will inevitably result in loss of feeding and roosting habitats for waders as estuaries
will be confined by stopbanks to protect coastal towns and farmland rather than being allowed to move inland with the
rising sea-level. Storm surges and king tides will increasingly affect waders nesting on sandspits and shellbanks. Climate
change models are highly variable and highly speculative, but most predict that spring rainfall will increase in the
Southern Alps catchments of the large braided rivers that are so critical as nesting sites for many of our endemic waders,
and this may lead to more frequent flooding during the breeding season.

The long-term nationwide monitoring of waders done by OSNZ since 1983 has provided a firm basis for showcasing
how conservation management has made a big positive difference to some of our most vulnerable species, and for setting
research and management priorities for those that continue to struggle. For long-term monitoring it is generally good to
maintain consistency in effort and timing, but consideration should be given to changing from the current twice-yearly
counts, in November and June, to doing a single and very thorough count in February or early March, when numbers of
Arctic waders are at their peak and numbers of native waders are also at their peak. Some Arctic waders are still making
their way to New Zealand in November, and some native waders are back on their breeding sites by June. Whatever is
decided, it is critical that we continue to learn about our waders and to document what we have learnt, as the authors of
this collection of papers have so ably done, so that others can follow in our muddy footsteps.

LITERATURE CITED

Riegen, A. 1999. Movements of banded Arctic waders to and from New Zealand. Notornis 46: 123-142.
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Bar-tailed godwits (Limosa lapponica) in flight (Photograph: Ian Southey).
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Introduction

KEITH WOODLEY

Pukorokoro Miranda Shorebird Centre, 283 East Coast Road, RD 3 Pokeno 2473

It is over 20 years since the publication of the
Notornis special issue, Wader Studies in New Zealand
(Robertson 1999). Dedicated to R.B. Sibson and
B.D. Heather, it contained a broad range of papers
on many aspects of wader studies, including
distribution and numbers, seasonal movements,
and general ecology. Data it presented on
population numbers and trends have been widely
cited since then. The keynote paper for this special
issue, ‘Distribution and numbers of waders in New
Zealand, 2005-2019" (Riegen & Sagar 2020) provides
a long overdue update on our wader populations.
In analysing and reporting on substantial data, it
stands as a tribute to the countless hours spent by
hundreds of Birds New Zealand members and other
volunteers who have participated in the national
wader censuses. As do the results presented here
of a special census of the baueri bar-tailed godwit
population in New Zealand and eastern Australia.
The New Zealand Checklist (Gill et al. 2010),
records 70 taxa of Charadriiformes, excluding skuas,
gulls, and terns. Since publication two more have
been added — buff-breasted sandpiper (Tryngites
subruficollis) (2014) and Cox’s sandpiper (Calidris
paramelanotos) (2017). Of these 72, 45 are considered
vagrants — primarily Arctic breeding species that
occur regularly in small numbers or straggle to
this country periodically. This leaves 25, of which
five are classified as non-resident natives. Under
the New Zealand Threat Classification system

Correspondence: keith@shorebirds.org.nz

(Robertson et al. 2017), these five — ruddy turnstone
(Arenaria interpres), Pacific golden plover (Pluvialis
fulva), sharp-tailed sandpiper (Calidris acuminata),
red-necked stint (Calidris ruficollis), and Asiatic
whimbrel (Numenius phaeopus) — are classified as
Secure Overseas. Of the remaining 20, all but two
(96%) are classified as threatened (Table 1).

Table 1. Number of New Zealand native wader species
classified as threatened.

Status Number of species
Nationally Critical 4
Nationally Endangered 1
Nationally Vulnerable 5
At Risk: Declining 2
At Risk: Recovering 2
Naturally Uncommon 4
Total 18

Population data for all but seven of these taxa,
i.e. Chatham Island oystercatcher (Haematopus
chathamensis), New Zealand shore plover (Thinornis
noveseelandiae), Auckland Island banded dotterel
(Charadrius bicinctus exilis), Antipodes Island snipe
(Coenocorypha aucklandica meinertzhagenae), Snares
Island snipe (Coenocorypha huegeli), Campbell Island
snipe (Coenocorypha aucklandica perseverance), and
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Chatham Island snipe (Coenocorypha pusilla), are
documented here (Riegen & Sagar 2020). With the
exception of shore plover, where some birds have
been translocated to islands close to mainland New
Zealand, these taxa are confined to off shore islands
and are excluded from the Birds New Zealand/
OSNZ count scheme which covers only mainland
New Zealand and Rakiura/Stewart Island.

The latest counts show that the numbers of most
species have declined since the 1983-1994 surveys.
Declines are particularly evident in the Northern
Hemisphere migrants with the numbers of some
species down by 50% or more. Some endemic
New Zealand species are also showing marked
declines. Following a steady increase since the
mid-20" century, South Island pied oystercatchers
(Haematopus finschi) are now declining by 5% per
year (Riegen & Sagar 2020).

A migrant species of particular concern is ruddy
turnstone, the third most numerous Arctic-breeding
species to occur in New Zealand, but about which
we know little (Melville et al. 2020). It is currently
classified as Non-resident Native: Migrant. While
the 2019 summer figure of 2,468 is considerably
higher than the previous three years when counts
averaged 1,654 birds, there has still been a 61%
decline between the two survey periods (1983-1994
and 2005-2019) (Riegen & Sagar 2020). Conklin et al.
(2014) considered the population using the EAAF to
be declining at a rate to justify upgrading the threat
ranking of this taxon.

Several species featured in this issue depend
on riverbed habitats in the eastern and central
South Island for breeding. Such areas are subject
to negative pressure from a range of factors,
including loss and degradation of habitat, flooding,
and predation. Walker & Monks (2020) report
on national changes in habitat occupancy by
wader species and show decreases in endemic
inland breeding species within their South Island
breeding ranges. Studies of wrybill productivity
in the Tasman and Tekapo rivers reported here, are
instructive as to the complexity of factors at work
in those environments. While predator trapping
was beneficial in one river it was less so in another.
Factors governing the distribution and changing
densities of mammalian predators in braided river
systems is limited and requires further research.
Also documented here is the importance of coastal
wetlands as flood refugia for species such as wrybill
(Crossland & Crutchley 2020).

A particularly welcome contribution here
concerns the status of banded dotterel (Charadrius
bicinctus) (O’'Donnell & Monks 2020). It occurs
throughout New Zealand, breeding in a range of
habitats, both coastal and inland, and dispersing
widely after breeding, including to Australia. Unlike

many waders that can be counted at high tide roost
sites, banded dotterels are less dependent on tidal
environments so assessing population trends for
this taxon is problematic. Estimates in the 1980s
put the population at 50,000, although Robertson
et al. (2017) revised the population estimate to
somewhere between 5,000 and 20,000 mature
individuals. Analysing counts on their braided
river breeding grounds throughout the country
from 1962 to 2017, and using nationwide winter
count data from 1984 to 2018 as an independent
measure to compare trends, O’Donnell & Monks
(2020) estimate the population at around 20,000, a
decline of over 50% since the 1980s.

Against this trend of overall declining
populations, is the status of northern New Zealand
dotterel. Dowding (2020), confirms both a marked
population increase and range expansion for this
taxon, allowing its status to change from At Risk
Declining to Recovering. It is the clear outcome
of management by agencies, community groups
and volunteers. However, the taxon remains
conservation dependent and without continuing
management, the population would once again
decline.

The New Zealand wader counts have made,
and continue to make, important contributions to
the monitoring of flyway populations (Studds et
al. 2017) and conservation threat assessments, both
nationally (Robertson et al. 2017) and internationally
(BirdLife International 2020).

New Zealand is a Contracting Party to the
Convention on Wetlands of International Importance
especially as Waterfowl Habitat, commonly known
as the Convention on Wetlands or the Ramsar
Convention. The convention includes two criteria
based on waterbird numbers for the identification
of wetlands of international importance:

Criterion 5: A wetland should be considered

internationally important if it regularly supports

20,000 or more waterbirds.

Criterion 6: A wetland should be considered

internationally important if it regularly supports

1% of the individuals of a population of one

species or subspecies of a waterbird.

Taking the data provided by Riegen & Sagar (2020)
and the flyway population estimates of Wetlands
International (2020) there are at least 12 sites in
New Zealand that meet the Criterion 6 population
threshold and are of international importance for
Arctic-breeding waders (Table 2). They include two
existing Ramsar sites, Firth of Thames, and Farewell
Spit. A further 22 major sites were identified as
internationally important for endemic waders by
Dowding & Moore (2006).



Table 2. Sites that support 1% or more of the East Asian-
AustralasianFlywaypopulationand thusareofinternational
importance under the Ramsar Convention on Wetlands.

a) Sites where >1,100 red knots were counted, on average,
during summer 2005-2019.

% of
Site No. counts Mean Population
est.

Summer
Manukau Harbour 15 9,580 8.70
Farewell Spit 15 8,184 7.44
Kaipara Harbour 15 6,908 6.28
Firth of Thames 15 3,257 2.96

b) Sites where >290 (1%) ruddy turnstones were counted,
on average, during summer 2005-2019.

% of
Site No. counts Mean Population
est.

Summer
Farewell Spit 15 333 1.11

¢) Sites where >1,300 (1%) baueri bar-tailed godwits
were counted, on average, during summer or winter
2005-2019.

% of
Site No. counts Mean Population
est.

Summer
Manukau Harbour 15 13,452 10.76
Farewell Spit 15 12,922 10.34
Kaipara Harbour 15 9,591 7.67
Firth of Thames 15 6,425 5.14
Tauranga Harbour 14 6,360 5.09
Tasman Bay 15 4,007 3.21
Rangaunu 9 2,996 2.40
g;i’;%arrei 14 2,738 219
Kawhia Harbour 15 2,535 2.03
Ohiwa Harbour 13 2,385 1.91
Golden Bay 15 2,227 1.78
fgf&f‘;enga 1 2,123 1.70

Introduction

589

Currently New Zealand has seven Ramsar
sites, five of which are internationally important
for at least one species of wader. It is unlikely
that the New Zealand government will progress
nomination of all remaining candidate sites in
the foreseeable future as there are other priorities
(Denyer & Robertson 2016); however, the fact that
these sites are of international importance needs to
be recognised by local government in their regional
policy statements that are required under Section 6
(c) of the Resource Management Act. Furthermore,
there is great scope for Birds New Zealand wader
count data to support conservation management
at local government level in the identification of
regionally important sites (McArthur & Lawson
2013; Schuckard & Melville 2013).

New Zealand policy makers are faced with
significant challenges: global climate change,
including sea level rise, coastal development,
rural land use changes, water quality, and spread
of invasive species and predator control being just
some of them. Data presented in this issue will
play a major role in informing environmental and
conservation decisions and setting research and
management priorities.
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Abstract: The results of biannual national wader counts done during winter (June-July) and early summer (November—
December) by the Ornithological Society of New Zealand (OSNZ)/Birds New Zealand from 2005 to 2019 are compared
with similar counts done in 1983 to 1994. Although the national wader counts continued 1995-2004 the coverage was
insufficient to enable comparable analyses; however, reference is made to some sites that were counted continuously
since 1983. At least 1,567 counts at 74 sites nationally resulted in 3,977,228 waders of 39 species being counted. The
numbers of most species have declined since the 1983-1994 surveys, particularly evident in the northern hemisphere
migrants, with the numbers of some species down by 50% or more. Such changes in numbers are likely to be a true
reflection of the declining populations rather than changes in the counting effort. Some native species are faring better,
mostly as a result of numerous community-led wader protection projects for northern New Zealand dotterels (Charadrius
obscurus aquilonius) and variable oystercatchers (Haematopus unicolor).
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INTRODUCTION

Coastal tidal flats are under increasing pressure
globally from human-induced development,
habitat loss, and pollution; no more so than on
the East Asian-Australasian Flyway (EAAF)
where, since the early 1980s, approximately 65%
of estuarine and tidal flat habitat in the Yellow
and Bohai Seas between China and the Korean
Peninsula have been lost to development (Murray
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*Correspondence: riegen@xtra.co.nz

et al. 2015). These East Asian tidal flats along with
those in Japan are essential for many Arctic and
sub-Arctic breeding waders on the EAAF, such as
the bar-tailed godwit (Limosa lapponica) and red
knot (Calidris canutus). Although there is now some
monitoring of waders in those countries on an
annual basis, estimating population sizes at those
sites is difficult because factors including turnover
rates (the rate at which birds arrive and depart
on migration) need to be considered. Therefore,
it is more useful to monitor numbers of waders
during the non-breeding season at sites where
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they regularly gather such as the harbours and
estuaries of New Zealand and Australia. Significant
population declines have occurred in most Arctic
and sub-Arctic breeding wader species (Studds et
al. 2017) and these are reflected in the New Zealand
counts. New Zealand breeding waders have in most
cases also suffered declines, the causes of which
are not yet fully understood, but nest predation,
habitat modification, and human disturbance are
all significant in these losses (Dowding & Murphy
1993).

In New Zealand, the National Wader Count
project was initiated in 1983 and continues to be
conducted with the aim of monitoring the long-
term trends in wader populations, rather than
total numbers. The counts are biannual with
winter counts (June-July) targeting overwintering
northern hemisphere migrants and NZ-breeding
species that have moved to coastal areas, and
summer counts (November-December) which
target northern hemisphere migrants and non-
breeding native species. The results of the
nationwide counts conducted 1983-1994 were
reported by Sagar et al. (1999) and patchy counts
1994-2003 by Southey (2009). The 2004 counts were
not completed nationwide; therefore, data from that
year are not included in this analysis, but for the
sake of completeness are included in Appendices 3
& 4. The 1983-2019 data have been used to update
population estimates, in environmental impact
assessments, Environment Court cases, and by
those undertaking research at a range of levels.

Here we present an analysis of the numbers and
distribution of waders in New Zealand during the
period 2005-2019 and compare them with those
for the period 1983-1994. For some locations, data
obtained back to 1960 have also been included
where appropriate.

STUDY AREA

There are at least 300 estuaries around the coast of
New Zealand and its offshore islands (McLay 1976).
Many are little more than rivermouths covering
just a few hectares but there are also very large
tidal harbours, such as the Kaipara Harbour at
947 km? and Manukau Harbour at 394 km? Whilst
most major sites were counted biannually, some
smaller estuaries were counted only occasionally.
Sites that were counted on at least two occasions
between 2005 and 2019 are shown in Figures 1 & 2
and Appendices 1 & 2. Chatham Islands are shown
but only one count was received from there (winter
2007). Fewer sites were counted during 2005-2019
than during the earlier period, but most sites not
counted were those that held very few waders in
1983-1994. Incidental counts from some of those
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Figure 1. North Island wader sites counted on two or
more occasions during wader count surveys 2005-2019. 1.
Parengarenga Harbour, 2. Houhora Harbour, 3. Rangaunu
Harbour, 4. Whangarei Harbour, 5. Ruakaka Estuary, 6.
Waipu Estuary, 7. Mangawhai Estuary, 8. Te Arai Canal,
9. Whangateau Estuary, 10. Kaipara Harbour, 11. Colville
Harbour, 12. Coromandel Harbour, 13. Whangapoua
Harbour, 14. Waitemata Harbour, 15. Tamaki Estuary, 16.
Manukau Harbour, 17. Clifton Rd - Whitford, 18. Tairua
Harbour, 19. Opoutere Sandspit, 20. Firth of Thames, 21.
Port Waikato, 22. Tauranga Harbour, 23. Maketu-Little
Waihi Estuary, 24. Ohiwa Harbour, 25. Raglan Harbour,
26. Aotea Harbour, 27. Kawhia Harbour, 28. Waupoua
Rivermouth, 29. Wherowhero Lagoon, 30. Mahia -
Maungawhio, 31. Ahuriri Estuary, 32. Waitangi Estuary,
33. Porangahau Estuary, 34. Manawatu Estuary, 35. Lake
Wairarapa.

sites recorded in eBird are outside the scope of this
analysis. The main harbours and count sites are
shown in Figures 1 & 2 but as many as 30 individual
roost sites may be counted within a single harbour
or estuary. Counts were made at over 300 different
roost sites on a regular basis.
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Figure 2. South Island wader sites counted on two or
more occasions during wader count surveys 2005-2019.
36. Farewell Spit, 37. Westhaven Inlet, 38. Golden Bay,
39. Tasman Bay, 40. Pelorus Sound, 41.Queen Charlotte
Sound, 42. Wairau Lagoon, 43. Lake Grassmere, 44.
Kaikoura Peninsula, 45. Orowaiti Estuary, 46. Okari
Estuary, 47. Waipara Estuary, 48. Ashley Estuary, 49.
Waimakariri & Brooklands Lagoon, 50. Travis Wetland,
51. Avon-Heathcote Estuary, 52. Lyttelton Harbour, 53.
Banks Peninsula, 54. Lake Forsyth, 55. Lake Ellesmere,
56. Coopers Lagoon, 57. Rakaia Rivermouth, 58.
Ashburton Rivermouth, 59. Rangitata Rivermouth, 60.
Spider Lagoon, 61. Opihi Rivermouth, 62. Washdyke
Lagoon, 63. Lake Ki-Wainono, 64. Karitane, 65. Blueskin
Bay, 66. Otago Harbour & Peninsula, 67. Catlins Lake
Estuary, 68. Waikawa Harbour, 69. Haldane Estuary, 70.
Fortrose Toetoes Estuary, 71. Awarua Bay, 72. New River
Estuary, 73. Riverton, 74. Chatham Islands 800km east of
Christchurch (52).

METHODS

Most counts were done during June-July (winter)
and November-December (summer) each year
2005-2019 with the major wader sites of Whangarei
Harbour, Kaipara Harbour, Manukau Harbour,
Firth of Thames, Farewell Spit, Tasman Bay and
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Golden Bay counted biannually from 2000, and so
some of these earlier results are also presented here.
In addition, biannual wader counts at Manukau
Harbour and Firth of Thames have been completed
since 1960 and some of those results are also
presented here.

The primary objective of the summer counts
was to record the migratory non-breeding northern
hemisphere waders, particularly bar-tailed godwit,
red knot, and ruddy turnstone (Arenaria interpres)
rather than look for rare vagrants. Not all migrants
may be back in New Zealand by the count dates
in November-December and some regions, in
particular Nelson, also counted waders in January-
February, when numbers were generally higher
(Schuckard et al. 2020). Attempts were made to
count all sites in both November and January in
the mid-2000s, but this was not sustained in most
areas. The Auckland regional sites of Manukau
Harbour, Kaipara Harbour, and Firth of Thames
were counted by up to 20 people on one day at
each site. It was difficult getting sufficient people to
undertake the counts during the January-February
holiday period, and so those regions now only
undertake the November-December counts.
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The objective of the winter counts was to record
New Zealand native waders, in particular South
Island pied oystercatcher (Haematopus finschi),
pied stilt (Himantopus himantopus), banded dotterel
(Charadrius bicinctus), and wrybill (Anarhynchus
frontalis), which generally gather in coastal areas
during the non-breeding season. Overwintering
northern hemisphere waders, which at that time of
year are usually young (immature) birds, were also
targeted.

The Ornithological Society of New Zealand
(OSNZ), also known as Birds New Zealand,
undertook the first biannual nationwide wader
survey 1983-1994 with the results published in
the special Wader Studies in New Zealand issue of
Notornis in 1999 (Sagar et al. 1999). After 1994, some
coastal OSNZ regions ceased counting waders on a
regular basis whilst others continued their winter
and summer counts each year. After several years,
some regions that had stopped counting resumed,
but it was not until 2005 that consistent national
coverage resumed at most of the larger coastal
wader sites. Some areas, particularly in the Far
North, were not always covered well, due to limited
personnel and logistical difficulties.

The counts, undertaken by teams consisting of
experienced volunteer observers, were organised by
regional coordinators and synchronised to minimise
errors resulting from movements of birds between
roost sites during a single high tide census. Counts
were carried out over a range of dates within the
specified months when regional organisers deemed
the tide heights and time to be the most suitable.
Organisers ensured that as many sites as possible
were counted on the same day. A number of factors,
including insufficient observers, unsuitable tides,
or unsuitable weather resulted in not all sites
within a region being counted on one day. Counts
at a particular estuary or harbour were completed
in one day where at all possible to minimise the risk
of over-counting or under-counting birds that had
moved.

In tidal areas, counts were made on the incoming
tide and up to the predicted high tide, when waders
congregate at known roosts and where they can
be more easily counted. Most of the major wader
roosts around New Zealand are now well known,
with many sites being visited regularly throughout
the year by birders, enabling organisers to make
changes to the count sites when necessary.

Counts were returned to the regional organisers,
who collated them before forwarding the totals
to the national coordinator. Brief summaries of
the annual counts were published in Birds New
Zealand magazine but without any analysis. There
are differences between observers in their ability to
count and identify waders and this will have caused
some errors in determining species totals; however,

analysis involving many sites combined should be
much more robust than analysis of count data from
individual sites (Hill et al. 1993). The same people
counted many of the sites each year, so they not
only knew the sites well, but their counting should
have been consistent. Standardisation of counts is
not possible due to the differences between roost
sites and no correction factors have been included.

Observers were asked to concentrate on
counting key wader species rather than searching
for rarities, so some rare species may have been
overlooked during censuses. Counts of rarities are
of little global significance for those species. Some
species were not counted comprehensively because
they also occur in areas other than regular wader
roost sites or are dispersed along coastlines. Species
particularly affected were New Zealand dotterel,
banded dotterel, wrybill (during the breeding
season only), spur-winged plover (Vanellus miles),
pied stilt, black stilt (Himantopus novaezelandiae),
and variable oystercatcher (Haematopus unicolor).
New Zealand dotterel post-breeding flock site
counts were undertaken in a separate study, which
provided a better indication of their numbers and
trends (Dowding 2020).

All data quoted from the 1983-1994 surveys are
from Sagar et al. (1999) and nomenclature follows
Gill et al. (2010) (Appendix 5).

Where population estimates are shown they
were calculated as the sum of the mean counts at all
sites visited between 2005 and 2019.

RESULTS & DISCUSSION

Effort

During the 15 years of this study, waders were
counted at hundreds of roost sites at a total of 71
regional sites in winter and 72 in summer. Of the
71 winter regional sites, 19 were counted 15 times,
29 were counted 10-14 times, 22 were counted 2-9
times, and one was counted once. Of the 72 summer
regional sites, 19 were counted 15 times, 31 were
counted 10-14 times, and 22 were counted 2-9
times in the 15 years. Appendices 1 & 2 show the
distribution of these sites listed from north to south
within Birds New Zealand regions.

Total number of waders

New Zealand breeding species

1.South Island pied oystercatcher (SIPO; Haematopus
finschi)

SIPO breed inland in the South Island although
some have bred on a few riverbeds of Hawke’s Bay
since the 1980s (Sagar 2013). From late December
they leave the breeding grounds and move to
the coasts (Fig. 3) with the majority migrating
northwards (Sagar et al. 1999). Winter counts ranged
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Table 1. Sites where a mean of >2,000 South Island pied oystercatcher were counted in winter and >500 in

summer 2005-2019; N/ A = not available.

Site No. Counts Mean SD Range Mean
1983-1994
Winter
Manukau Harbour 15 23,762 4,013 15,926-32,807 25,707
Kaipara Harbour 15 16,725 3,932 9,666-26,215 13,554
Firth of Thames 15 8,393 2,574 5,078-14,503 12,618
Farewell Spit 15 6,140 1,660 4,077-10,249 7,443
Golden Bay 15 4,546 2,116 1,538-8,308 3,052
Tasman Bay 15 3,947 1,252 1,285-6,091 N/A
Kawhia Harbour 15 2,717 983 1,422-5,233 N/A
Avon-Heathcote Estuary 14 2,567 922 1,359-4,726 3,006
Summer
Manukau Harbour 15 3,912 1,198 1,487-5,545 N/A
Kaipara Harbour 15 3,404 1,301 2,260-6,981 N/A
Golden Bay 15 1,881 652 1,167-3,553 N/A
Firth of Thames 15 1,441 539 873-3,025 N/A
Farewell Spit 15 1,420 309 1,062-1,948 N/A
Tasman Bay 15 961 330 558-1,594 N/A
Avon-Heathcote Estuary 14 790 330 475-1,048 N/A
Kawhia Harbour 15 601 219 162-1,025 N/A

from 62,392 (2013) to 90,012 (2007), and averaged
77,095. Numbers nationally have been declining
in recent years with 2011 being the last winter
count of over 80,000 (Table 2). Over the survey
period 74% on average were counted in the North
Island and 64% (48,880) of the national total were
in Auckland’s three key sites of Kaipara Harbour,
Manukau Harbour, and the Firth of Thames, with
the Manukau Harbour holding the largest number
in all but three years (Table 1). During the 1983-
1994 period the average North Island winter count
was 71% of the national total, slightly lower than
the current figure.

The SIPO population increased spectacularly
after 1940 when they became fully protected and
much South Island tussockland was converted
to pasture, mainly for sheep, and this created
large areas of suitable breeding habitat (Heather
& Robertson 2015). The estimated population in
1970-71 was 49,000 (Baker 1973) and by 1994 the
estimated population was over 112,000 (Sagar et al.
1999). Opystercatchers will breed in sheep pasture
but in recent years much of this land in Canterbury
and Southland has been converted to dairy
pasture where it is more difficult for them to breed
successfully (Sagar et al. 2000). This has probably
contributed to the decline in recent years, but they

remain New Zealand’s most numerous resident
wader.

The decline since the 1983-1994 survey has been
noticeable at some key winter sites particularly
Manukau Harbour and Firth of Thames, but with
an increased number on the Kaipara Harbour
(Table 1 shows some figures from 1983-94 for
comparison). However, there has been much better
coverage of the Kaipara Harbour during the current
survey period than during 1983-1994, with more
roosts detected and counted regularly and this
may have a bearing on the results. The Manukau
Harbour and Firth of Thames have been counted
more consistently since 1960 and showed rapid
increases between 1960 and the mid 1990s, with an
easing in numbers since then (Fig. 4). The overall
trend nationally since 2005 shows a decline of 1.2%
per year (Fig. 5). The summer average was around
17,000 SIPO remaining on estuarine habitats (Table
2). These are predominantly birds aged 1-3 years
old, with Auckland’s three key harbours holding
on average 53% of the national total. Based on
the winter count figures from the 71 regional sites
but excluding small sites for which data were not
available, we estimate the national population
in 2019 to be 79,186 birds rather than the 67,341
actually counted.
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Figure 3. Distribution and mean numbers of South Island pied oystercatcher during winter and summer 2005-2019.
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Figure 5. Winter counts of South Island pied oystercatcher in 2005-2019 with linear trendline. Lower than usual numbers
counted in the Manukau Harbour and Firth of Thames account for the low 2013 total.
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Figure 6. Distribution and mean numbers of variable oystercatcher during winter and summer 2005-2019.
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Figure 7. Winter counts of variable oystercatcher in 2005-2019 for the Nelson region with linear trendlines. Tasman Bay

(solid line), Golden Bay (dashed line) & Farewell Spit (dotted line).

Table 3. Sites where a mean of >100 variable oystercatcher were counted during winter and summer, 2005-2019.

Site No. Counts Mean SD Range

Winter
Tasman Bay 15 518 89 288-637
Ohiwa Harbour 11 226 109 0-367
Whangarei Harbour 15 205 95 40-325
Golden Bay 15 184 83 90-339
Tauranga Harbour 12 180 128 0-525
Maketu Estuary 11 167 82 10-308
Firth of Thames 15 148 45 73-261
Ruakaka & Waipu Estuaries 15 147 88 0-284
Farewell Spit 15 130 50 42-224
Manukau Harbour 15 127 44 52-189
Avon-Heathcote Estuary 15 117 43 50-218
Mangawhai Estuary 15 103 68 14-242

Summer
Tasman Bay 15 343 78 239-513
Whangarei Harbour 14 171 69 57-280
Ohiwa Harbour 13 169 56 112-296
Golden Bay 15 157 48 73-241
Maketu Estuary 12 139 55 41-264
Tauranga Harbour 14 134 60 0-218
Mangawhai Estuary 15 114 51 14-190
Kaipara Harbour 15 109 51 44-204
Firth of Thames 15 107 28 43-147
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Figure 8. Distribution and mean numbers of pied stilt during winter and summer 2005-2019.

2. Variable oystercatcher (Haematopus unicolor)

The variable oystercatcher is a New Zealand
endemic that breeds around much of the coast of
North and South Islands, and Stewart Island. Many
remain on territories throughout the year but there
are some notable winter flocking sites (Fig. 6; Table
3). Variable oystercatchers in northern New Zealand
have benefitted greatly from increased predator
control and protection of nesting sites where they
nest near New Zealand dotterels (Dowding &
Murphy 2001). However, this does not account for
the significant increases in the Tasman and Golden
Bays, and Farewell Spit where little predator control
is done on the coasts.

They are less numerous in the larger harbours,
preferring more open coasts (Heather & Robertson
2015) and small numbers sometimes associate with
roosting South Island pied oystercatchers. Many of
those that stay on territories in the winter are not
included in the wader counts, making estimating
the population more difficult. The winter counts in
1983-1994 ranged from 1,012 (1984) to 1,849 (1989)
with an average of 1,393 birds.

The winter counts in 2005-2019 ranged from
1,619 (2006) to 4,197 (2019) with an average of 2,802,
anincrease of 77% between the two periods. Itis also
worth noting that more coastal sites were covered
during the 1983-1994 period and had they all been
covered in the 2005-2019 period the increase would

have been even greater. In summer 2005-2019,
the range was 1,031 (2006) to 2,663 (2019) with an
average of 2,064 (Table 2). Most noticeable was the
increased sizes of wintering flocks in Tasman Bay
(288-616) with an average of 505. Ohiwa, Tauranga,
and Whangarei Harbours each recorded an average
of over 200 birds (Table 3). Only two sites, Waipu
and Mangawhai Estuaries, had an average of
over 100 during the 1983-1994 period, whereas
twelve sites averaged over 100 birds during the
2005-2019 survey period. Summer counts were
lower, as expected, during the breeding season. The
increases from 2005-2019 in the three Nelson areas
of Farewell Spit, Golden Bay and Tasman Bay are
shown in Figure 7. A population estimate has not
been considered due to lack of data from the many
smaller sites and extensive sections of coast that
variable oystercatcher inhabit.

3. Pied stilt (Himantopus himantopus)

Pied stilt breed throughout New Zealand except
Fiordland and are rare on Stewart and Chatham
Islands (Heather & Robertson 2015). They breed in
coastal and inland wetlands close to water, and in
wet paddocks (Pierce 1984). Birds that breed inland
generally move to coastal areas from December to
February and coastal breeders tend to be sedentary
(Heather & Robertson 2015). Pied stilt distribution
is shown in Figure 8.



602 Riegen & Sagar

Table 4. Sites with a mean of >500 pied stilt counted during winter and >300 during summer 2005-2019.

Site No. Counts Mean SD Range

Winter
Manukau Harbour 15 3,732 687 1,995-4,927
Kaipara Harbour 15 3,528 1,216 1,475-5,933
Firth of Thames 15 3,002 815 1,985-5,111
Lake Wairarapa 8 949 490 0-1,567
Tauranga Harbour 12 876 444 0-1,549
Lake Ellesmere 15 777 540 232-2,572
Ahuriri Estuary 15 624 261 215-1,049
Parengarenga Harbour 7 549 469 0-1,275
Tasman Bay 15 531 90 398-715

Summer
Lake Ellesmere 15 1,576 511 778-2,091
Firth of Thames 15 746 385 197-1,361
Lake Ki-Wainono 8 444 224 0-781
Manukau Harbour 15 379 193 117-802
Lake Wairarapa 10 359 165 0-585
Ahuriri Estuary 15 349 176 169-847

Because many birds that breed inland move to
coastal areas, winter counts may give a reasonable
estimate of the population size. The 1983-1994
survey estimated a minimum population of 28,000
birds. Because not all pied stilts move to areas
that were counted, Heather and Robertson (2015),
estimated the population at probably nearer 30,000
birds. The 1983-1994 winter counts ranged from
14,976 (1988) to 21,359 (1989) with an average of
17,971 birds. The winter counts in 2005-2019 ranged
from 13,009 (2009) to 19,596 (2011) with an average
of 15,841 birds (Table 2). This amounts to about 14%
fewer birds than in 1983-1994 and thus reduces the
population estimate from 28,000 in 1983-1994 to
24,000 in 2019.

The highest winter numbers were consistently
found in the Manukau Harbour, Kaipara Harbour,
and the Firth of Thames, which combined
accounted for 49-70% of each winter total count
(Table 4). The Manukau Harbour held the highest
number in 11 of the 15 years, the Kaipara Harbour
in three years, and the Firth of Thames once. Lake
Ellesmere and Tasman Bay were the South Island
strongholds for the species in winter and Lake
Ellesmere consistently held the highest number in
summer with 778-2,901 counted during the survey
period (Table 4).

The summer 2017 counts were anomalous with
the South Island total much higher than normal
and the North Island much lower. This is mostly
accounted for by the Lake Ellesmere count being

considerably higher and the Firth of Thames count
lower than expected.

The wide variation in numbers, particularly
at Parengarenga Harbour is, in part, due to the
difficulties of counting that site because access to
parts of the harbour is not always possible due to
lack of boats, high winds, or rough waters, (Detlef
Davies pers. comm.).

4. Black stilt (Himantopus novaezelandiae)

Whilst this species was covered during the
1983-1994 survey, during this latest survey they
were not counted at inland sites. Their numbers
are monitored closely on the breeding grounds by
the Department of Conservation and so we will
not cover them here except to say that during the
1990s several colour-banded Black Stilts were seen
annually during the winter at one or two locations
on the Kaipara Harbour (Adrian Riegen pers. obs.);
however, no banded birds have been seen there for
at least 10 years. Several unbanded hybrids were
seen at North Island sites on most censuses.

5. New Zealand dotterel (Charadrius obscurus)

Two subspecies of this endemic wader have
been described (Dowding 1994). The larger
southern New Zealand dotterel (C. o. obscurus)
(nationally critical) breeds on Stewart Island hill
tops and, in winter, regularly disperses to Paterson
Inlet and Mason Bay on Stewart Island, and to
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Figure 9. Distribution and mean numbers of New Zealand dotterel during winter and summer 2005-2019.

Awarua Bay, Southland (Dowding 2017). Southern
New Zealand dotterels reached a low of 62 birds in
1992, but responded well to management, and the
post-breeding population fluctuated between 240
and 290 birds from 2005 to 2013 (Dowding 2017).
However, since then there has been another decline
in the population to about 126 birds in 2016, with
perhaps only 30-40 breeding pairs (J. Dowding in
litt. 2016; BirdLife International 2018a). The reason
for this decline is still not entirely clear; however,
work is underway to increase the area of predator
control on the breeding grounds and to intensify
monitoring, which includes increasing the number
of birds banded, disease screening, nest monitoring,
and health checks. The most recent population
estimate is 170 birds, based on the 2019 winter flock
counts at Stewart Island and Southland, (Kevin
Carter, Department of Conservation, pers. comm.).
Only a portion of the southern population is
counted during the national wader censuses each
winter, mostly in Awarua Bay and other Southland
sites. A few individuals occasionally occurred as far
north as Farewell Spit (Fig. 9). Counts at Awarua
Bay ranged from nine (2015) to 96 (2007) with an
average of 64. Southern New Zealand dotterels are
very closely associated with Awarua Bay, and only

57 were counted at all other sites combined during
the whole survey period.

Northern New Zealand dotterel (C. 0. aquilonius)
occur mainly from Bay of Plenty and Waikato
northwards with major concentrations on the east
coasts of Coromandel, Auckland and Northland
(Heather & Robertson 2015). They are, however,
gradually moving south on both coasts (J. Dowding
pers. comm.). North Island counts were 221-761
during the 1983-1994 survey, and 309 (2005)
to 1,116 (2019) during the 2005-2019 surveys.
Winter counts at Mangawhai Estuary during this
study ranged from 66 (2008) to 203 (2017) with an
average of 137 compared to 23-55, average 38, in
the 1983-1994 survey. Kaipara Harbour winter
counts ranged from 58 (2017) to 260 (2019) with an
average of 122 compared to 3-64, average 32, in the
1983-1994 survey. Whangateau Harbour (Omaha)
was counted only seven times and ranged from 63
(2012) to 136 (2015) with an average of 92, compared
with 28-42 and an average of 38 in 1983-1994. These
three sites accounted for 46% of all birds counted
(Table 2 & Table 5). Although the Kaipara Harbour
covers >900 km* most dotterels were found at just
two sites, Wainui Inlet (South Head) and Big Sand
Island, Tapora.
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Table 5. Sites where a mean of >20 New Zealand dotterel were counted during winter 2005-2019.

Site No. Counts Mean SD Range

Winter Northern NZ
Mangawhai Estuary 15 137 47 66-203
Kaipara Harbour 15 122 59 58-260
Whangateau Harbour - Omaha 7 92 25 63-136
Ohiwa Harbour 11 63 24 25-94
Manukau Harbour 15 47 24 10-116
Whangapoua Harbour 7 46 35 4-88
Firth of Thames 15 41 18 18-77
Tauranga Harbour 12 39 15 10-58
Maketu Estuary 11 36 20 4-64
Ruakaka & Waipu Estuaries 15 27 19 0-63
Whangarei Harbour 15 21 18 0-64

Winter Southern NZ
Awarua Bay 15 59 26 0-96

Periodic post-breeding counts of northern New
Zealand dotterel are undertaken in April at major
post-breeding flocking sites (Dowding 2020). Some
counts were also completed during the breeding
season and a total of 2,075 northern New Zealand
dotterels were counted in the 2011 breeding season
census (Dowding 2017).

There is considerable variation between counts
at some sites — Whangarei Harbour, Ruakaka and
Waipu Estuaries, Whangapoua Harbour, Maketu
Estuary, and Ohiwa Harbour in particular — which
may be due to the timing of counts because by
June and early July (when counts are done) many

dotterels will have already moved to breeding sites
or flocks may have been missed in some years.

The northern population increased in recent
years thanks mainly to Department of Conservation,
Regional Councils, and community groups doing
intensive predator control and fencing off nesting
areas at many beaches. Pest eradication from some
islands (e.g. Motutapu) has also helped (Dowding
& Davis 2007).

6. Banded dotterel (Charadrius bicinctus)
Banded dotterel is a New Zealand breeding

Table 6. Sites where a mean of >100 banded dotterel were counted during winter 2005-2019.

Site No. Counts Mean SD Range

Winter
Farewell Spit 15 911 349 595-1,921
Lake Ellesmere 15 839 444 30-1,721
Kaipara Harbour 15 682 231 279-1,087
Manukau Harbour 15 562 276 147-1,076
Kawhia Harbour 15 445 112 185-653
Golden Bay 15 229 163 41-495
Firth of Thames 15 212 75 102-354
Whangateau Harbour - Omaha 7 210 44 138-279
Tauranga Harbour 12 186 188 0-628
Whangarei Harbour 15 185 188 2-564
Tasman Bay 15 175 83 43-317
Lake Wairarapa 8 171 124 42-412
Ohiwa Harbour 11 146 142 0-321
Aotea Harbour 15 127 119 0-358




36°S —

Winter
e 1-50
® 51-100
® 101-500
e @ 501-1.000
%
¢
[ ]
42°8 —
¢
[ ]
’ 200 km
o‘.. .

lél“’ﬁ 171°E l7tl°E 177°E
Figure 10. Distribution and mean numbers of banded
dotterel during winter 2005-2019.

endemic, breeding predominantly on braided
riverbeds on the east side of the North and South
Islands, and in a range of other habitats, including
sandy beaches (Heather & Robertson 2015).
From about January, after breeding, many move
northwards to coastal areas mainly in the North
Island (Fig. 10), but a significant portion of the
population that breeds in the inland South Island
migrates to southern Australia for the winter where
they are found from Cairns in Queensland to Perth
in Western Australia, and in Tasmania, with most
occurring from southeast Queensland to Tasmania
(Pierce 1999; Hansen et al. 2016). In the 1990s, the
population was estimated at around 50,000 birds,
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Figure 11. Distribution and mean numbers of black-
fronted dotterels during winter 2005-2019.

with about 30,000 migrating to Australia and 20,000
remaining in New Zealand each winter (Heather
& Robertson 1996; Pierce 1999) even though only
about 11,000 of the New Zealand birds were found
at count sites during the 1983-1994 survey because
many overwintered at inland sites that were not
counted (Sagar et al 1999).

Winter counts during the 2005-2019 survey
ranged from 4,443 (2013) to 7,365 (2011) with an
average of 5752 (Table 2), whereas the winter
counts for 1983-1994 ranged from 5,254 (1991) to
9,242 (1989) with an average of 7,882, a decline of
27% between the two survey periods. With much of
the population migrating to Australia each winter,

Table 7. Sites where a mean of >2.5 black-fronted dotterel were counted during winter 2005-2019.

Site No. Counts Mean SD Range
Winter
Ahuriri Estuary 15 42 46 0-166
Lake Wairarapa 8 25 31 0-85
Waitangi Estuary 15 3.9 9 0-32
Manukau Harbour 15 3.5 48 0-13
Wairau Lagoon 5 2.7 29 0-7
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estimating the current population is problematic.
Hansen et al. (2016) estimated a population of 19,000
with 12,300 visiting Australia each year and 6,400
remaining in New Zealand. If the estimated 20,000
remaining in New Zealand 1983-1994 (Heather
& Robertson 1996) is compared with the average
counted during that period (7,882), then only about
40% were counted during the winter surveys.
Therefore, if the average of 5,752 for 2005-2019
was only 40% of the true population, this would
suggest a New Zealand wintering population of
about 14,300 birds. The 1983-1994 counts included
many small estuaries not counted in 2005-2019
and many of those small sites hold small flocks
of banded dotterels. The Chatham Islands were
poorly covered each time, especially in 2005-2019
so including these sites would perhaps push the
national wintering estimate over 15,000.

The highest average counts in 2005-2019 were
at Farewell Spit (911), Lake Ellesmere (839), Kaipara
Harbour (682), and Manukau Harbour (562). The
top seven wintering sites were all counted 15 times
except for Kawhia Harbour (14), and they held
72% of the total count (Table 6). These sites all have
large areas of intertidal mud/sand flats or have
large muddy lake margins and include the three
Auckland harbours, Farewell Spit and Golden Bay.
Winter counts of banded dotterels at Lake Ellesmere
appear to be affected by the timing of counts, with
higher totals in late June and early July than in
early-mid June. This may indicate that birds have
returned from the North Island and Australia, and
so may not all be true over-wintering birds.

Large fluctuations in the counts at most sites
(Table 6), indicate that in some years flocks are
missed during the counts, when they may be in
paddocks away from the coastline; differences in
water levels at Lake Wairarapa affect the counts
(Robertson & Heather 1999), and counts at Lake
Ellesmere are probably affected in the same way.

7. Black-fronted dotterel (Elseyornis melanops)
Black-fronted dotterels breed throughout
Australia (Marchant & Higgins 1993) and since
arriving in New Zealand in the late 1950s they have
spread through mainly lowland eastern regions
from Auckland to Southland with their stronghold
being Hawke’s Bay and Wairarapa in the North
Island, and Canterbury and Otago in the South
Island (Heather & Robertson 2015). The population
has increased only slowly to perhaps around 3,000
birds (Armitage 2017); however, the vast majority
remain on, or close to, the rivers where they nest.
Lake Wairarapa and the Ahuriri and Waitangi
Estuaries in Hawke’s Bay held by far the majority
of birds counted in winter (Fig. 11), with an average
of 42 at Ahuriri Estuary, 25 at Lake Wairarapa, 3.9

Table 8. Distribution and mean numbers of wrybill during winter counts 2005-2019.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
4,042 6,135 4,597 4,612 4,941 4,686 5,237 3,629

2005

Winter Totals
North Island

5768 4,766 4,055 3,848 4,587

6,073 4,808

94
3,723

67 61 53 53 88 32 88
4,675 4,718 5,325

5835 4,827 4,102 4,018

81
5,022

15

104
6,239 4,612 4,614

54

158
6,077 4,966 4,096

South Island

National total

5,007 3,336

4,550

5765 4,435 4,348 4,824 5,246 4,389 3,717 3,807 4,396

5859 4,497 3,908

Auckland region total

913 954 924  96.1 942 970 899 909 906 918 958 964 94.1 89.6

96.5

Auckland region percentage of total

645 489 573 502 446 491 464 294 247 422 457 470 233 270

52.3

Manukau Harbour percentage of total

205 415 305 420 435 442 386 568 614 472 455 446 685 60.2

39.8

Firth of Thames percentage of total

850 904 878 922 881 933 8.0 8.2 8.1 84 912 916 918 872

92.2

Manukau & Firth combined percentage

of total
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Table 9. Sites where a mean of >10 wrybill were counted during winter 2005-2019. (*see correction in text).

Site No. Counts Mean SD Range

Winter
Firth of Thames 15 2,164 581 1,010-3,650
Manukau Harbour 15 2,142 793 1,008-3,573*
Kaipara Harbour 15 176 71 53-308
Tauranga Harbour 12 137 103 9-338
Porangahau Estuary 15 55 29 0-91
Tasman Bay 15 44 33 0-109
Whangarei Harbour 15 41 43 0-146
Waitemata Harbour 15 35 33 0-112
Manawatu Estuary 12 19 11 0-34

at Waitangi Estuary, and 3.5 Manukau Harbour. No
other sites averaged more than three birds (Table
7). Annual winter totals ranged from 2 (2010) to
203 (2006) with a mean of 84, and summer counts
ranged from 4 (2010) to 27 (2018) with a mean of
13.3 (Table 2).

8. Wrybill (Anarhynchus frontalis)
Wrybill breed on the braided rivers of Canterbury

‘c:.
Ly L
. e
365 — e
Winter " T
i
o 1-10 “
® 11-50 2 ..
® 51-100 -~
3905 @ 101-200

. 2,000+

42°8 —

200 km
—

168°E 171°E 174°E 177°E

Figure 12. Distribution and mean numbers of wrybill
during winter 2005-2019.

and Otago between August and January (Heather
& Robertson 2015). They start arriving in the non-
breeding sites around the Auckland region from the
last week of December, with numbers increasing
rapidly during January (Davies 1997). Very few
wrybill spend the non-breeding season in the South
Island, with the average count of just 59 birds in
2005-2019, compared to the North Island average of
4,800 (Table 2). The majority of wrybill were found
in the greater Auckland region during winter with
87.4% of the national average of 4,859 counted there
in 2005-2019 (Fig. 12; Table 8). Within the Auckland
region, the Manukau Harbour (43.5%) and the Firth
of Thames (45.6%) held on average 89.1% of the
national total (Table 8), up slightly from the 1983-
1994 average of 84.9%.

National winter counts ranged from 3,655
(2019) to 6,239 (2008). Two counts over 6,000 were
of concern because they were considerably higher
than counts in all other years. A high 2005 count
of 6,071 could be the result of movement between
sites and count dates, with Firth of Thames counted
on 12 June and Manukau Harbour counted 14 days
later on 26 June. Counts either side of the very
high 2008 count of 6,239 birds were 4,096 (2007)
and 4,612 (2009), which are more in line with usual
numbers. It is possible a Manukau Harbour flock
was double-counted because 1,400 were recorded
in the Upper Onehunga Harbour area and 1,350
at Mangere Sewage Ponds. The field sheets from
those two sites are not available to check on count
times, but it seems quite likely the flock moved the
2 km between the two sites. If the lower count is
discarded, the total 2008 count is reduced to 4,889,
which is reasonable given the national counts in
years before and after. Making this assumption,
the average for the 2005-2019 period would reduce
from 4,859 (Table 2) to 4,769 birds. This compares
with the average of 3,657 during the 1983-1994
period, an increase of around 33%. Improved
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Figure 13. Distribution and mean numbers of spur-winged plover during winter and summer 2005-2019.

0 A /\
o [ . /\
I A
: VAR WA —a VAWARN

Years

Figure 14. Total winter counts of spur-winged plover on Manukau Harbour from 1985, when they were first recorded,
to 2019, with a linear trendline.
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Table 10. Sites where a mean of >50 spur-winged plover were counted during winter and summer 2005-2019.

Site No. Counts Mean SD Range

Winter
Lake Ellesmere 15 435 289 56-1,143
Firth of Thames 15 273 160 109-742
Manukau Harbour 15 188 68 100-342
Kaipara Harbour 15 149 64 74-257
Lake Wairarapa 8 134 196 14-508
Lake Ki-Wainono 12 71 61 0-194
Ahuriri Estuary 15 58 92 10-359
Avon-Heathcote Estuary 15 52 20 0-92

Summer
Lake Ellesmere 15 208 170 67-785
Firth of Thames 15 156 104 59-501
Manukau Harbour 15 132 66 48-275
Kaipara Harbour 15 117 53 56-247
Lake Wairarapa 10 116 110 14-376
Lake Ki-Wainono 8 81 46 20-137
Ahuriri Estuary 15 76 75 0-306
Washdyke Lagoon 10 66 121 5-406
Wherowhero Lagoon 3 52 34 19-87

predator control and restoration of braided rivers in
the South Island are probably important factors in
this increase. Based on the winter count figures, and
correcting for regular count sites that were missed,
we estimate the population in 2019 to be 4,892 birds.

The top nine sites were counted 12 or more
times during winter, and with approximately 50
birds representing 1% of the world population, all
except the Manawatu Estuary are internationally
important for this species (Table 9). There is a
considerable range in count totals at some sites,
indicating perhaps that the flocks were not found,
particularly in the case of Whangarei Harbour,
Tauranga Harbour, and Tasman Bay.

Summer counts of wrybill were usually much
lower as most birds were on the breeding grounds
during the census periods, but their totals are
shown in Table 2 for completeness. The highest
summer counts were at Lake Ellesmere, which
ranged from 1 (2007, 2010, 2015) to 547 (2019). This
may reflect weather or river levels on the breeding
grounds, forcing breeding birds to abandon the
braided rivers either temporarily or for the season
(Crossland & Crutchley 2020).

9. Spur-winged plover (Vanellus miles)
Spur-winged plover breed in grassland and

riverbed habitats and are often gregarious when

not breeding, with flocks of hundreds gathering

on farmland or estuarine wetlands with short
vegetation (Heather & Robertson 2015). Because
many of these flocks occur well away from regular
wader count sites it is not possible to estimate the
national population size based on these counts. The
counts do, however, show expansion northward
(Fig. 13) and population increases as seen from
counts in the Manukau Harbour since 1985 when
they were first encountered during the surveys
(Fig. 14). North Island winter counts ranged from
525 (2007) to 1,732 (2015) with an average of 964.
South Island winter counts ranged from 518 (2006)
to 1,798 (2011) with an average of 1,064. Sites where
50 or more were counted are shown in Table 10.

Regular northern hemisphere migrants
1. Bar-tailed godwit (Limosa lapponica)

The bar-tailed godwit is by far the most
numerous northern hemisphere breeding wader to
visit New Zealand annually, with those migrating
to New Zealand and south-eastern Australia being
almost entirely of the subspecies baueri, which
breeds in Alaska. A few menzbieri, breeding in
northern Siberia and spending the non-breeding
season mainly in northern and Northwest
Australia, may also occur in New Zealand. The
menzbieri subspecies is identifiable in the field by
its whiter rump and lower back, which is most
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Figure 15. Distribution and mean numbers of bar-tailed godwit during summer and winter 2005-2019.

obvious when in breeding plumage and flying.
Little is known about the sub-species anadyrensis
breeding in Lowland Anadyr in eastern Siberia,
but it is likely they also occur in New Zealand in
small numbers (Tomkovich 2009). Bar-tailed godwit
are widely distributed around the whole of coastal
New Zealand with almost every estuary having at
least a few birds each summer (Fig. 15).

In 1993, the EAAF population of bar-tailed
godwit was estimated at 330,000 birds (Watkins
1993). However, Watkins (1993) suggested that
menzbieri was found in NW Australia, and the
Northern Territory and Queensland with around
145,000 birds and baueri in south and eastern
Australia and New Zealand with 115,000 birds.
Approximately 28% of the global population
of bar-tailed godwit uses the EAAF. There is
considerable concern that loss of intertidal stopover
habitat in the Yellow Sea region of East Asia is
driving population declines in shorebirds (Amano
et al. 2010; Yang et al. 2011; Murray et al. 2015).
Both the menzbieri and baueri populations have
apparently experienced serious declines (around
80% menzbieri and 30% baueri over three generations)
according to monitoring data from Australia and
New Zealand (Studds et al. 2017). Recent data
suggest that the baueri population may decline by

a further 44% within 10 years (Conklin et al. 2016).
Although we only cover the period 2005-2019, the
bar-tailed godwit count in November 2018 was the
lowest national count recorded at 65,420, since a
full nationwide summer census was undertaken in
1983. The winter 2018 and 2019 counts were also the
lowest on record since full surveys were undertaken
in 1984, with 5,216 and 5,116 birds respectively. In
October—November 2019, observers around New
Zealand reported an unusually high number of
juveniles and this is reflected in the higher count of
74,456 bar-tailed godwits in November 2019. The
2020 winter count reflected this increase with 12,813
counted, more than double the numbers counted in
the two previous winters.

Latest estimates put the EAAF population at
325,000 individuals in 2016 (Hansen et al. 2016),
which is similar to the 1993 estimate, but it is
now considered that the early estimate was very
conservative because new overwintering sites have
now been identified.

Attempts to better estimate the baueri
population were made in the 2019/2020 summer in
New Zealand and Australia, after an aerial survey
of bar-tailed godwits was undertaken in Alaska just
before southward migration in 2019. The Alaskan
figures and the special bar-tailed godwit counts



undertaken during February 2020 in New Zealand
and November 2019 and January-February 2020
in eastern Australia will provide a more accurate
population estimate. The February 2020 count in
New Zealand was 81,549 birds (Birds New Zealand
2020). This is 8.7% higher than the November-
December 2019 count of 74,456. The increase may
be partly due to late arrivals into New Zealand and
a more thorough count of flocks in the Far North
through aerial photography.

Annual summer counts in New Zealand
fluctuated widely during 2007-2019 when all
major New Zealand godwit sites were counted (the
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key site of Tauranga was not counted in 2006 and
Ohiwa Harbour was not counted in 2005 or 2006),
with totals ranging from 65,420 (2018) to 101,459
(2010) (Table 12). Twelve sites had a mean of >2,000
birds 2005-2019 (Table 11). The count of 101,459
in 2010 is a little puzzling and may have resulted
from overcounting because counts either side were
considerably lower at 84,499 (2009) and 90,599
(2011) (Table 12), but no individual site in 2010 had
an unusually high count.

The average bar-tailed godwit count in 1983-
1994 was 83,133 compared with 77,796 in 2005-
2019, a 6.4% decline. Over 60% of the birds (average

Table 11. Sites where a mean of >2,000 bar-tailed godwits were counted during summer and >150 during winter

2005-2019.

Site No. Counts Mean SD Range

Summer
Manukau Harbour 15 13,452 3,088  8,951-21,110
Kaipara Harbour 15 12,922 2,411  8,121-16,930
Farewell Spit 15 9,591 2,311  6,190-14,543
Firth of Thames 15 6,425 1,217 3,812-8,667
Tauranga Harbour 14 6,360 2,232 2,638-10,200
Tasman Bay 15 4,007 736 2,434-5,141
Rangaunu Harbour 9 2,996 694 1,570-3,850
Whangarei Harbour 14 2,738 1,108 1,100-5,301
Kawhia Harbour 15 2,535 1,042 1,107-4,353
Ohiwa Harbour 13 2,385 626 1,500-3,809
Golden Bay 15 2,227 541 1,134-2,995
Parengarenga Harbour 11 2,123 15 15-4,359

Winter
Manukau Harbour 15 2,049 649 788-3,441
Kaipara Harbour 15 1,713 916 369-3,622
Farewell Spit 15 1,692 451 776-2,477
Tauranga Harbour 12 888 483 260-1,908
Firth of Thames 15 559 241 264-1,035
Tasman Bay 15 478 218 130-819
Parengarenga Harbour 327 314 0-796
Rangaunu Harbour 291 204 28-593
Kawhia Harbour 15 286 175 120-806
Ohiwa Harbour 11 273 143 0-515
Whangarei Harbour 15 254 130 0472
Avon-Heathcote Estuary 15 216 95 0-410
Golden Bay 15 177 96 35-441
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Figure 16. Summer counts of bar-tailed godwit from 1960 to 2019 for Manukau Harbour (solid line) and Firth of Thames

(dashed line) with linear trendlines.

48,750) were recorded at just five sites, each
averaging >6,000 birds (Table 11). The Manukau
Harbour and Kaipara Harbour alternated in being
the top two sites in all years except for 2012, when
Farewell Spit edged out Kaipara Harbour.

The variation in counts at individual sites from
year to year is puzzling, because sightings of birds
with colour bands and engraved flags show bar-
tailed godwit to be extremely site faithful (A. Riegen
& P. Battley unpubl. data), and so this warrants
further investigation. Parengarenga Harbour is
often a challenging site to count because the birds
are particularly wary of humans and they can be
difficult to find or are missed completely, but there
does appear to have been a significant decline in
numbers there in recent years. Counts in 2007-2013
ranged from 2,200 to 4,062, but 2016-2019 ranged
from 255 to 1,650. Concern has been raised by the
Birds New Zealand regional representative in
the Far North about illegal hunting of bar-tailed
godwit in Parengarenga Harbour, Kowhai Beach,
and Rangaunu Harbour, and this may explain the
declining numbers (Leslie Feasey pers. comm.).

Whilst godwit numbers do show a downward
trend in New Zealand, it is less steep than other
migratory species. This may be due, in part, to the
baueri godwits only relying on the Yellow Sea once
a year during northward migration because they
make a non-stop flight south to New Zealand and
southeast Australia from Alaska (Gill et al. 2005)
whilst the menzbieri subspecies, which is declining

more rapidly, uses the Yellow Sea on both northward
and southward migration (Studds et al. 2017). Many
other wader species stopover around the Yellow Sea
on both the northward and southward migrations.
It is becoming clear from many studies, that the
Yellow Sea is critical for waders on migration and
the loss of about 65% of the mudflats between the
mid-1950s and early 2000s has had a serious effect
on their populations (Murray et al. 2015). It is likely
that this is currently the pinch point for many
wader species and the main reason for population
declines.

Winter numbers ranged from 5,116 (2019) to
14,095 (2012) (Table 12). Three sites had a winter
mean of >1,000 birds: Manukau Harbour, Kaipara
Harbour, and Farewell Spit. Tauranga Harbour,
Firth of Thames, and Tasman Bay averaged 500-800
birds each (Table 11).

The Firth of Thames and Manukau Harbour
have been counted each summer since 1960 and
constitute the longest continuous data set of any
wader species on the EAAF. They show numbers
varying considerably over the years; the Manukau
Harbour has shown no significant trend over the 60
years, but numbers declined by 34% at the Firth of
Thames over this period (Fig. 16).

2. Red knot (Calidris canutus)

The red knot is the second most numerous
northern hemisphere breeding wader species to
visit New Zealand annually. Those migrating
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Figure 17. Distribution and mean numbers of red knot during summer and winter 2005-2019.
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Firth of Thames (dashed line) and Farewell Spit (dashed and dotted line) with linear trendlines.



to New Zealand and southeastern Australia are
predominantly the subspecies rogersi, which breeds
in the Russian Far East, particularly Chukotka
(Tomkovich et al. 2013). It was considered that a few
of the subspecies canutus were also present in New
Zealand each year; however, a new subspecies,
piersmai, was described (Tomkovich 2001), which
breeds on the New Siberian Islands and is the
most numerous subspecies in NW Australia. In
full breeding plumage they can be separated from
rogersi in the field and it is now known that some
piersmai reach New Zealand each year and these
would have been those birds considered as canutus
in the 1980s and 1990s. The proportion of piersmai in
New Zealand has not been determined.

In 1993 the EAAF population of red knot was
estimated to be 255,000 birds (Watkins 1993) with
rogersi being the only subspecies recognised at
the time. That figure has been revised down to
around 110,000 (Rogers et al. 2010) and is probably
continuing to decline with habitat loss at stopover
sites in the Bohai Sea arm of the Yellow Sea being a
major contributing factor (Amano et al. 2010; Yang
et al. 2011). To date only one major staging site has
been found in East Asia, on the Luannan coast of
the Bohai Sea, where several tens of thousands are
counted annually (Rogers et al. 2010; Chris Hassell
pers. comm.). As we have seen, estimating wader
populations is very difficult, particularly when the
breeding ranges are remote, vast and rarely visited
by wader researchers, and in countries such as
Australia finding and counting all individuals of a
species is rarely possible with available resources.
A further problem is that often data used for
estimating populations are several, or even many,
years old.

During the 1983-1994 survey, red knot numbers
in New Zealand ranged from 33,054 (1993) to 67,367
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(1991) with a mean of 51,227 and, correcting for sites
not counted each year, the national population was
estimated to be a little over 58,500 birds.

Counts during the 2005-2019 period ranged
from 24,994 (2009) to 40,220 (2008) (Table 12) with a
mean of 32,080, a decline of 37.4% since 1983-1994.
Winter counts ranged from 987 (2014) to 3,691 (2006)
birds (Table 12).

Although the red knot is the second most
numerous wader species in New Zealand, they
occur in high numbers at only a few sites, chief
among these being Kaipara Harbour, Manukau
Harbour, Firth of Thames, and Farewell Spit (Fig.
17), which together accounted for 85% of the
average count each year. The decline in numbers on
the Kaipara Harbour, Manukau Harbour and Firth
of Thames over the extended period 2000-2019, but
an increase at Farewell Spit can be seen in Figure 18.
In the 1983-1994 period there were eight sites that
had averages of >1,000 red knots during summer
counts, compared to just four sites in this period
(Table 13) and only one site, Manukau Harbour,
averaged >1,000 in winter 2005-2019.

It is not clear from the data how well the
Manukau Harbour was counted in the 1960s
because red knots were recorded at only 1-2 roost
sites around the harbour, so although data exist
from 1960, Figure 19 only covers the 50-year period
1970-2019.

3. Ruddy turnstone (Arenaria interpres)

The ruddy turnstone breeding range is
circumpolar at high latitudes along coastal regions
of Scandinavia, Siberia, Alaska, Canada, and
Greenland. Their non-breeding range extends to
the coasts of all southern hemisphere landmasses
(Heather & Robertson 2015). The estimated EAAF
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Figure 19. Summer counts of red knots in 1970-2019 at Manukau Harbour (solid line) and Firth of Thames (dashed line)

with linear trendlines.
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Table 13. Sites where a mean of >500 red knot were counted during summer and >100 during winter 2005-2019.

Site No. Counts Mean SD Range

Summer
Manukau Harbour 15 9,580 1,676  6,477-12,560
Farewell Spit 15 8,184 2,408  3,490-12,416
Kaipara Harbour 15 6,908 2,719  3,189-11,683
Firth of Thames 15 3,257 1,501 1,210-6,180
Whangarei Harbour 14 828 604 19-2,100
Parengarenga Harbour 11 823 1,112 0-3,500
Tasman Bay 15 721 154 430-1,015
Rangaunu Harbour 9 533 510 0-1,650
Clifton Rd - Whitford 13 391 355 0-860

Winter
Manukau Harbour 15 1,181 614 210-2,278
Kaipara Harbour 15 282 294 10-1,109
Rangaunu Harbour 7 200 432 0-1,175
Firth of Thames 15 198 216 0-800
Farewell Spit 15 194 189 13-733

Table 14. Sites where a mean of >50 ruddy turnstones were counted during summer and >25 during winter 2005-2019.

Site No. Counts Mean SD Range

Summer
Farewell Spit 15 333 227 104-1,028
Manukau Harbour 15 265 81 120-412
Kaipara Harbour 15 255 113 86—466
Rangaunu Harbour 9 218 162 0-561
Parengarenga Harbour 11 194 176 0-627
Tasman Bay 15 119 48 33-182
Portland Island 1 113 0 113-113
Awarua Bay 15 81 47 12-200
Tauranga Harbour 14 62 72 0-182
Invercargill Estuary 15 58 42 0-150
Riverton 8 46 41 0-107

Winter
Farewell Spit 15 69 48 1-155
Manukau Harbour 15 63 39 14-140
Kaipara Harbour 15 48 27 7-91

Tasman Bay 15 21 24 0-68
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Figure 20. Distribution and mean numbers of ruddy turnstones during summer and winter 2005-2019.

population in 1993 was 28,000 (Watkins 1993).
Hansen et al. (2016) estimated the EAAF population
to be 30,000, not because there was real increase, but
because roosting sites were better known. The New
Zealand annual counts in 1983-1994 ranged from
2,394 to 5,915 birds, with an average 4,227 and an
estimated New Zealand population of 5,069 taking
into account sites missed in some years. Since
then, the ruddy turnstone population has declined
dramatically. The highest count in 20052019 was
2,468 in 2019 and the lowest was 921 in 2012, when
Parengarenga and Rangaunu Harbours were not
surveyed — each site usually averaged over 100
birds on summer censuses. The 2019 summer figure
is considerably higher than the previous three years
when countsranged from 1,497 to1,925and averaged
1,654 birds (Table 12). Even with the high count in
2019, there has still been a 61% decline between the
two survey periods (Table 12). They were rarely
found on the west coast of New Zealand, except
for Farewell Spit, preferring eastern harbours and
estuaries from Parengarenga to Invercargill, with
the largest concentrations being in the Far North,
Auckland, Nelson, and Southland regions (Fig. 20);
but, many use rocky wave platforms, including on
the Chatham and the Subantarctic Islands, and these
sites were not covered in these surveys. Because

ruddy turnstone are less reliant on mudflats and are
found in a wide range of coastal habitats it could
be expected that they would be less affected by loss
of habitat in the Yellow Sea, and so it is difficult to
determine what the problems are for this declining
species. Although the overall numbers in New
Zealand each summer have declined significantly,
numbers in the Manukau Harbour have remained
stable since counts began in 1960, but over the
same period numbers on the Firth of Thames have
declined dramatically (Fig. 21). During the 1983-
1994 period, 14 sites each held an average of 50 or
more ruddy turnstone, but this declined to 11 sites
in the summers of 2005-2019 (Table 14). Maximum
counts at most of those sites were much reduced
during this latest survey period.

4. Pacific golden plover (Pluvialis fulva)

The Pacific golden plover is the fourth most
numerous northern hemisphere-breeding wader
to visit New Zealand each summer from breeding
grounds in the Arctic and sub-Arctic of Siberia and
Alaska (Heather & Robertson 2015). They migrate
to South East Asia and Australasia on the EAAF
and had a flyway population estimated at 90,000
in 1993 (Watkins 1993). A more recent estimate of
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Figure 21. Summer counts of ruddy turnstone in 1960-2019 for Manukau Harbour (solid line) and Firth of Thames

(dashed line) with linear trendlines.

120,000 birds (Hansen et al. 2016) was as a result
of finding more sites with Pacific golden plovers
rather than an increase in the population. The total
global population was estimated at 190,000-250,000
in 2006 (BirdLife International 2018b). Due to its
widespread non-breeding distribution it is difficult
to determine whether the population is declining,
but the counts in New Zealand presented here
indicate a considerable decline at the extreme end
of their migration route.

Before 2019, there were no data on whether the
Pacific golden plovers that occur in New Zealand
were from breeding populations in Alaska, Siberia,
or both, or what their migration routes were.
However, in February 2019 three Pacific golden
plovers were each fitted with a GPS pinpoint
satellite tag at Pakorokoro Miranda in an attempt
to answer these questions and by early June 2019
two had reached Alaska via stopovers in Japan.
One appeared to be heading for Siberia before
turning east to cross the Bering Sea to Alaska
(Pakorokoro Miranda Naturalists’ Trust [PMNT]
unpubl. data). Although the three transmitters are no
longer working, one (JoJo) worked long enough to
be tracked from Alaska to Kiribati where it stayed
from 22 September to 25 October 2019, before
moving south to Tongatapu, transmitting from
there between 30 October and 19 November 2019. It
was seen back at Piikorokoro Miranda on 15 March
2020.

This is another species in marked decline, which
does not use the Yellow Sea both ways on migration,
and the small sample from Firth of Thames did not
use the Yellow Sea at all.

They are widespread on Pacific islands with

many of the birds overwintering there breeding in
Alaska (Marchant & Higgins 1993), and there is at
least one record of an Alaskan banded bird being
seen in New South Wales, Australia (Marchant &
Higgins 1993). The only information on their site
fidelity in New Zealand comes from three birds
fitted with white flags at Jordan’s Farm, Kaipara
Harbour, in February 2005 and observed there for
two subsequent summers (ACR unpubl. data), and
one with an engraved flag banded at Karaka on the
Manukau Harbour in February 2016 was seen there
in January 2017 (Tony Habraken pers. obs.).

Numbers in New Zealand during the summer
1983-1994 surveys ranged from 151 (1993) to 1,120
(1987), with an average of 466 birds. Considerably
fewer were counted during the 2005-2019 summer
survey period with counts ranging from 64 (2014) to
301 (2007), average of 181 (Table 12). This represents
a decline of around 60%, but not all favoured sites
were counted in the most recent survey period,
and counts at the most favoured sites varied
considerably from year to year. This may be due
to flocks being missed in some years if they were
roosting away from traditional roost sites on count
days. This was certainly the case on the Firth of
Thames November 2019 census, when only six
were counted but 30+ were seen in weeks either
side of the census day. Pacific golden plover are
rare during winter counts and were recorded only
18 times during the survey period with mostly just
one or two birds seen. The highest winter count was
eight on the Kaipara Harbour in June 2007.

Pacific golden plover are widespread in New
Zealand, occurring regularly from Parengarenga
Harbour in the north to Awarua Bay in the south



Table 15. Sites where a mean of >10 Pacific golden plover were counted during summer 2005-2019.
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Site

No. Counts

Mean

SD

Range

Summer
Lake Ellesmere
Kaipara Harbour
Firth of Thames
Maketu Estuary
Lake Wairarapa
Manukau Harbour
Invercargill Estuary

Ahuriri Estuary

15
15
15
12
10
15
15
10

28.7
28.5
23.3
18.8
15.0
13.9
12.1
10.9
10.7

225
21.1
20.7
27.9
8.8
13.1
19.9
5.0
9.6

0-80
0-82
0-52
0-91
0-27
044
0-69
1-16
2-37
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Figure 22. Distribution and mean numbers of Pacific
golden plover during summer 2005-2019.

(Fig. 22) with Kaipara Harbour, Firth of Thames,
and Lake Ellesmere being the only sites recording
a mean of >20 birds (Table 15). They inhabit
grasslands as much as tidal flats and are often seen
in the upper tidal flats and saltmarsh (Heather &
Robertson 2015), preferring to roost separately from
other waders, and so may have been overlooked in
some areas.

5. Red-necked stint (Calidris ruficollis)

Red-necked stint are restricted to the EAAF
breeding at high latitudes in Siberia and migrating
south to South East Asia, the Philippines, and
Australasia (Heather & Robertson 2015). During
the 1983-1994 survey they were the most numerous
wader on the EAAF with an estimated population
of 471,000 of which 353,000 reached Australia in
the non-breeding season (Watkins 1993). Those
figures have since declined to 315,000 and 270,000
respectively (BirdLife International 2016). The
IUCN status has subsequently risen from Least
Concern to Near Threatened. The justification for
this status change is due to monitoring data from
Australia and New Zealand showing a population
decline of 29% over three generations (Studds et
al. 2017). Further research is needed to ascertain
whether this is entirely due to a genuine global
decline or whether it can partly be accounted for by
a shift in the wintering range.

Hansen et al. (2016) estimated the red-necked
stint population based on three factors: direct
counts in Australasian non-breeding grounds
(282,882), extrapolated to 285,343 based on spatial
distribution, and 475,000 based on extrapolation of
breeding range and density.

During the 1983-1994 survey the top two sites
were Lake Ellesmere with a summer average of
68 and Awarua Bay with 27 birds. These two sites
were still the most important in 2005-2019 but with
summer averages of 29 and 20 respectively (Table
16). During summer 2005-2019 national totals
ranged from 24 (2017) to 202 (2007), with an average
of 93 birds (Table 12). Winter counts nationally
ranged from 2 (2017) to 73 (2007), with an average
of 15 birds. These compare to averages of 158
(summer) and 23 (winter) in the 1983-1994 survey,
indicating a decline of about 40% between survey
periods. Red-necked stint were found regularly
at only a few sites in New Zealand each summer
(Fig. 23).
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Table 17. Sites where a mean of >1 whimbrel were counted during summer 2005-2019.

Site No. Counts Mean SD Range

Summer
Manukau Harbour 15 6.8 5.2 0-16
Firth of Thames 15 6.0 8.1 0-22
Rangaunu Harbour 9 3.9 4.8 0-14
Kaipara Harbour 15 3.8 3.8 0-12
Parengarenga Harbour 11 3.7 8.5 0-25
Kawhia Harbour 15 1.8 48 0-18
Whangarei Harbour 14 1.7 3.6 0-13
Farewell Spit 15 1.5 20. 0-7
Ashley Estuary 14 1.4 1.7 0-6
Ohiwa Harbour 13 1.3 2.7 0-8

36°S —

Summer

e 01-1
® 2-5

® 6-10

39°5 — .

42°8 —

Lo ®

200 km
s

‘]6}‘2"!:' 171°E l7z‘l“E 177°E
Figure 24. Distribution and mean numbers of whimbrel
during summer 2005-2019.

6. Whimbrel (Numenius phaeopus)

It is possible that at least two subspecies of
whimbrel visit New Zealand annually (Heather
& Robertson 2015), the majority being Asiatic

whimbrel (N. p. variegatus) with a smaller number
of American whimbrel (N. p. hudsonicus) reported.
Identification can be problematic because American
whimbrel are usually identified in flight by their
darker rumps; however, the rumps of variegatus
are usually much lighter but can vary considerably
across their breeding range of eastern Siberia (Pavel
Tomkovich pers. comm.), and so identification based
simply on rump colour may not be sufficient to
conclusively identify hudsonicus. Consequently,
counts of both Asiatic and American whimbrels are
combined for this analysis.

Population estimates for whimbrel on the EAAF
were 40,000 (Watkins 1993) and 65,000, based on a
combination of direct counts, spatial extrapolation
and estimated breeding range and density (Hansen
et al. 2016).

Whimbrel can be elusive, are generally not
easy to approach because they will often fly at the
first sign of humans approaching and, like Pacific
golden plover, will generally roost separately from
other waders. Summer numbers during the 1983-
1994 survey ranged from 33 (1990) to 178 (1992),
with an average of 89 birds, and the largest single
flock being 53 at Parengarenga Harbour in 1992.
During the 2005-2019 survey, numbers ranged from
11 (2015) to 69 (2007), with an average of 31 birds
(Table 12), representing a >60% decline between
the two periods. The largest single flock counted
was 25 at Parengarenga Harbour in 2011, and only
five sites had a mean of >3 birds during summer
2005-2019 (Table 17). During the survey, four
whimbrel at Invercargill Estuary and Awarua Bay in
November 2019 were the only birds recorded south
of Christchurch (Table 17; Fig. 24). Winter counts of
whimbrel ranged from 1 (2009) to 27 (2005).
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Table 18. Sites where a mean of =1 curlew sandpiper were counted during summers 2005-2019.

Site No. Counts Mean SD Range
Summer
Lake Ellesmere 15 3.3 2.5 0-8
Manukau Harbour 15 2.3 2.7 0-7
Firth of Thames 15 1.2 2.1 0-6

36°S —

Summer

e 01-1 v
® 2-5 - e

39°S —

42°8 —

200 km
—

168°E 171°E 174°E 177°E

Figure 25. Distribution and mean numbers of curlew
sandpiper during summer 2005-2019.

7. Curlew sandpiper (Calidris ferruginea)

Curlew sandpiper breed in high Arctic Siberia
(Heather & Robertson 2015) and the EAAF
population estimate was 250,000 birds in 1993
(Watkins 1993) of which 188,000 were in Australia.
By 2016 the estimated number was down to 90,000
birds (Hansen et al. 2016), a 64% decline, and the
species is now classified as Near Threatened by
TUCN (BirdLife International 2018c).

Summer counts ranged from 2 (2017) to 17
(2007) with an average of 7.9 birds (Table 12). This
compares to the 1983-1994 survey when numbers
ranged from 29 (1989, 1990) to 136 (1992) with an
average of 75 birds and whilst never numerous in
New Zealand, this shows an 89% decline between
count periods.

Curlew sandpiper were recorded from
Parengarenga Harbour to Awarua Bay, but at just
ten sites during the survey period (Table 18; Fig.
25). A few are known to overwinter in New Zealand
with up to seven (2010) counted (Table 12).

8. Sharp-tailed sandpiper (Calidris acuminata)
Sharp-tailed sandpiper breed in high Arctic
of eastern Siberia (Heather & Robertson 2015)
and are generally confined to the EAAF, where
the population estimate was 166,000 birds in 1993
(Watkins 1993). A revised population estimate of

Table 19. Sites where an average of >1 sharp-tailed sandpiper were counted during summer 2005-2019.

Site No. Counts Mean SD Range

Summer
Lake Ellesmere 15 5.4 4.5 0-13
Firth of Thames 15 4.6 3.7 0-14
Ahuriri Estuary 15 1.8 3.9 0-15
Porangahau Estuary 15 1.6 2.6 0-8
Manukau Harbour 15 1.5 2.3 0-8
Lake Grassmere 11 1.5 2.5 0-7
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Figure 26. Distribution and mean numbers of sharp-tailed
sandpiper during summer 2005-2019.

85,000 in 2016 (Hansen et al. 2016) represented a
50% decline. The majority spend the non-breeding
season in Australia and New Guinea with small
and decreasing numbers reaching New Zealand
annually. As sharp-tailed sandpiper are not confined
to mudflat habitats on migration, they should be
more secure from the loss of intertidal habitat so
other factors must be affecting them.

Summer counts ranged from 3 (2014, 2015) to 60
(2005) and averaged 19 birds (Table 12), compared
to the 1983-1994 survey when numbers ranged
from 34 (1984) to 175 (1987) with an average of 68
birds, a decline of >70%.

Sharp-tailed sandpiper were recorded at 17 sites
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Figure 27. Distribution and mean numbers of eastern
curlew during summer 2005-2019.

from Parengarenga Harbour to Awarua Bay during
the summer survey periods (Table 19; Fig. 26).
Winter numbers have always been low, with none
recorded since 2011.

9. Eastern curlew (Numenius madagascariensis)
Eastern curlew are confined to the EAAF and
breed in Northeast Asia. The estimated population
was 21,000 birds in 1993 (Watkins 1993) with 19,000
in Australia during the non-breeding season. This
was reassessed in 2006 at 38,000 birds, (Wetlands
International 2006) and then 35,000 birds in 2016
(Hansen et al. 2016). These increases in the estimates

Table 20. Sites where =1 eastern curlew were counted during summer 2005-2019.

Site No. Counts Mean SD Range
Summer
Manukau Harbour 15 3.2 2.6 0-8
Ashley Estuary 14 1.4 1.2 04
Farewell Spit 15 1.2 2.1 0-8




are likely due to much better counting coverage of
birds in the non-breeding season rather than any
actual increase in the population. An analysis of
monitoring data collected from around Australia
and New Zealand (Studds et al. 2017), suggested
that the species has declined much more rapidly
than was previously thought; with an annual rate
of decline of approximately 5.2%, equating to a loss
of 81.7% over three generations.

During the 1983-1994 survey period, summer
count numbers ranged from 19 (1991) to 46 (1984),
with an average of 29 birds. During the 2005-2019
survey, summer numbers ranged from 3 (2014) to 18
(2006) and averaged 8.6 birds (Table 12) indicating a
70% decline. Eastern curlew were recorded at only
15 sites during the summer surveys (Fig. 27) and
at only seven of them on more than one occasion.
Only three sites had a mean of =1 bird (Table 20).
Once again the numbers are very low compared
to Australia, but with small populations it is much
easier to see population changes.

Winter counts during 1983-1994 ranged from
1 (1991) to 22 (1985) with an average of 7 birds,
compared to winter counts of from 0 to 3 birds
2005-2019 with an average of 1.3, an 80% decline
over the 1983-1994 period.

10. Terek sandpiper (Tringa cinerea)

The Terek sandpiper is included here as another
example of an Arctic breeding species that appears
to be in decline even though the EAAF population
in 1993 was estimated at 36,000 birds, based on
counts (Watkins 1993), but in 2016 it was revised
to 30,761 estimated from direct counts and other
data sources and then estimated at 50,000 based
on extrapolated counts (Hansen et al. 2016). This
has always been one of the least common wader
species to regularly visit New Zealand, but was
seen annually in small numbers. During the 1983-
1994 survey a total of 39 were counted with from
1-9 each year of the survey. During the 20052019
survey only nine were counted in total with the
highest count being three in 2005. Since 2007 only
five have been counted with the last ones being in
summer 2014 and 2019. This species is now rarely
encountered in New Zealand at any time of year.

CONCLUSION

This study shows that New Zealand estuaries
continue to support a large and varied population
of waders that changes seasonally, although
populations of all of the Arctic migrant species
occurring in New Zealand are in decline, some
seriously. Bar-tailed godwit may be an exception
because annual counts have fluctuated considerably
since the national wader counts began in 1983 and
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the mean from the 20052019 counts was only c. 6%
lower than in the 1983-1994 period; it is therefore
difficult to draw a conclusion about the status of
this species in New Zealand.

Although the loss of habitat at staging sites
in East Asia is a major contributing factor to the
decline of migratory wader populations, there are
probably other factors affecting these birds both
internationally and nationally. An example of this
was seen on the Firth of Thames in the summer of
2019/2020 when 80 red knot, three banded dotterel,
two bar-tailed godwit, one New Zealand dotterel,
and one wrybill were found sick and dying. The
red knots that were alive were taken into care
for rehabilitation and of the total, 18 died and 62
recovered (Mailee Stanbury, DOC Thames, pers.
comm.). It is likely many more were affected but
efforts to find them were hampered when travel
restrictions were introduced in New Zealand due
to the Covid-19 outbreak. The cause has not been
determined as yet but an algal bloom is a likely
contender, perhaps brought on by the hot summer
and runoff of nutrients from surrounding farmland.

Of the New Zealand breeding species, South
Island pied oystercatcher is still the most abundant,
even though its population has decreased since
the 1983-1994 survey. Winter counts of pied stilt
and banded dotterel are likely to underestimate
their total numbers, primarily because not all these
birds flock at estuaries and many banded dotterel
migrate to Australia after breeding. Although
variable oystercatcher and New Zealand dotterel
are not fully counted, both show significantly
increasing numbers at post-breeding sites that are
monitored regularly. Some of this is likely to be a
direct result of active protection afforded to them
at many beach-nesting sites, generally by local
community groups of volunteers, regional councils
and the Department of Conservation.

Significant proportions of the EAAF populations
of bar-tailed godwit, red knot, and ruddy turnstone
migrate to New Zealand estuaries after breeding,
and many pre-breeders remain for at least their first
northern summer following their arrival here. New
Zealand is at the extreme limit of the migration
routes for many Arctic species and apart from bar-
tailed godwit and red knot, only a small proportion
of the flyway populations of these species occur here
each year. As was the case during the 1983-1994
surveys, most waders still favour relatively few
sites, particularly the large harbours of the northern
North Island, Farewell Spit, Tasman Bay, Avon-
Heathcote Estuary, and Southland estuaries. Large
coastal lakes such as Wairarapa, Grassmere, and
Ellesmere, plus smaller estuaries such as Ahuriri,
Porangahau, and Manawatu supported as great a
variety of species butin smaller numbers. This study,
like the previous one, provides information about
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the extent to which waders use particular estuaries.
As such it provides important information required
to put in place effective conservation actions.
With continuing pressure on wader habitats along
the whole EAAF it is important that we continue
to monitor the native and migrant waders on an
annual basis into the future.
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Distribution and numbers of waders 633
Appendix 4. National summer counts November-December 2004.
g é =
& 5 5 & 5 T &
Sr E, fx Ex oo 0§ 53
=8 &5F E& =8 S g g g
Species '§ ',% g2 5 -,% g ﬁ £ g % @
Species Totals » T ] =T =T = = 0 =
red knot 41,944 11,081 191 4,000 9,771 6,382 430 147 9,942
sanderling 3 1 - - - - - - 2
curlew sandpiper 6 - - 3 - - - 3
sharp-tailed sandpiper 11 2 - - 3 5 - - 1
pectoral sandpiper 1 - - - 1 - - - -
red-necked stint 26 - - - 19 - - -
eastern curlew 17 2 - - 7 - - -
whimbrel 50 17 - - 6 13 1 - 13
bar-tailed godwit 47,249 13,953 214 3,000 12,972 3,434 1,731 1,485 10,460
black-tailed godwit 2 - - - 2 - - - -
grey-tailed tattler 1 - - - 1 - - - -
Terek sandpiper 1 - - - 1 - - - -
ruddy turnstone 1,064 317 25 - 245 19 71 - 387
variable oystercatcher 823 41 60 - 86 98 411 75 52
South Island pied oystercatcher 13,505 2,058 10 100 5,701 1,799 1,392 1,009 1,436
pied stilt 914 131 18 - 408 280 67 2 8
black stilt/hybrids 1 - - - - 1 - - -
Pacific golden plover 36 7 - - 13 8 - - 8
grey plover 1 1 - - - - - -
New Zealand dotterel 131 52 40 - 24 14 - - 1
banded dotterel 111 12 3 - 1 - 67 9 19
lesser sand plover 1 - - - 1 - - - -
greater sand plover 6 - - - 6 - - - -
wrybill 53 8 - - 4 41 - - -
black-fronted dotterel 1 - - - 1 - - - -
spur-winged plover 428 155 8 - 58 176 31 - -
Totals 106,386 27,838 569 7,00 29,334 12,270 4,201 2,727 22,347
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Appendix 5. List of all wader species recorded during the 2005-2019 survey period.
Nomenclature follows Gill et al. (2010).

Common Name

Scientific Name

red knot

great knot

sanderling

dunlin

curlew sandpiper
sharp-tailed sandpiper
pectoral sandpiper
red-necked stint

ruff

eastern curlew
whimbrel

bar-tailed godwit
black-tailed godwit
Hudsonian godwit
wandering tattler
grey-tailed tattler
common sandpiper
common greenshank
marsh sandpiper
Terek sandpiper
ruddy turnstone
red-necked phalarope
variable oystercatcher
South Island pied oystercatcher
Chatham Island pied oystercatcher
pied stilt

black stilt

Pacific golden plover
grey plover

New Zealand dotterel
semipalmated plover
banded dotterel
lesser sand plover
greater sand plover
oriental dotterel
wrybill

black-fronted dotterel
shore plover

spur-winged plover

Calidris canutus

Calidris tenuirostris
Calidris alba

Calidris alpina

Calidris ferruginea
Calidris acuminata
Calidris melanotos
Calidris ruficollis
Philomachus pugnax
Numenius madagascariensis
Numenius phaeopus
Limosa lapponica

Limosa limosa

Limosa haemastica

Tringa incana

Tringa brevipes

Tringa hypoleucos

Tringa nebularia

Tringa stagnatilis

Tringa cinerea

Arenaria interpres
Phalaropus lobatus
Haematopus unicolor
Haematopus finschi
Haematopus chathamensis
Himantopus himantopus
Himantopus novaezelandiae
Pluwialis fulva

Pluvialis squatarola
Charadrius obscurus
Charadrius semipalmatus
Charadrius bicinctus
Charadrius mongolus
Charadrius leschenaultii
Charadrius veredus
Anarhynchus frontalis
Elseyornis melanops
Thinornis novaeseelandiae

Vanellus miles
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Abstract: Co-ordinated counts of waders across New Zealand have been undertaken in November and June since 1983;
the consistent timing of counts aimed to reduce variation from the effect of seasonal changes in bird numbers. The
Australian Shorebird census and the wider Asian Waterbird Census, however, are conducted in January, making direct
comparison with the New Zealand counts potentially problematic, especially if an attempt is to be made to assess total
flyway populations. Since 1998 waders on Farewell Spit (40°30.5°S, 172°45E to 40°33.5'N 173°02°E) have been counted
in February as well as in November and June. Counts of bar-tailed godwit and ruddy turnstone were on average 20%
and 35% higher in February compared to November, respectively. Also, counts of the endemic migratory South Island
pied oystercatcher were 15% higher in February compared to June. The improvement of data for overall population
assessments is not only important for establishing trends of species but is also important for applying the 1% population
criterion for wader site assessments.
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INTRODUCTION

Nationwide co-ordinated counts of waders in New
Zealand started in 1983 in response to increasing
impacts of human activities on wader habitats and
a lack of information about wader populations
(Sagar et al. 1999). These counts, initiated by the
Ornithological Society of New Zealand (OSNZ),
now Birds New Zealand, aimed to determine, 1) the
numbers and distribution of waders occurring at
coastal sites throughout New Zealand, 2) seasonal
changes in the distribution of numbers of waders,
and 3) annual changes in the numbers of waders
(Sagar et al. 1999).

Two counts have been undertaken annually: a
count in November/early December (previously
called a ‘summer’ count but more correctly this
is a ‘spring’ count) and a ‘winter’ count in June/
early July (Sagar et al. 1999; Southey 2009; Riegen
& Sagar 2020). November ‘was accepted as being a
period when wader numbers appeared to be stable
in most localities’ (Sagar 1983), this being in line
with the timing of counts of the Manukau Harbour
and Firth of Thames (Veitch 1978), although it
was recognised that total numbers were greater in
January and February than November (Sagar et al.
1999). Subsequently Veitch (1999), having reviewed
monthly count data for the Firth of Thames over six
years, recommended that future counts should be
“as close as possible to the identified median dates
of previous counts: 25 June and 19 November’.
Whilst this was based on an extensive time series
of counts for the Firth of Thames, the question as
to whether this was generally applicable across the
country was not addressed.

The austral “spring’ count in New Zealand
(November/early December) is earlier than the
counts undertaken as part of the Asian Waterbird
Census (AWC) (including the Australian Shorebird
census). AWC was initiated in 1987 and includes
waders (Perennou et al. 1994). The AWC follows
the timing established in 1967 by the International
Waterfowl Research Bureau (IWRB) for surveys
initially targeted at Anatidae and coots (Fulica atra)
in the northern hemisphere — that census being
undertaken when birds in the Western Palearctic
have finished their migration and populations are
thought to be largely static (Atkinson-Wiles 1986).
The January AWC count coincides with the objective
to count trans-Equatorial migratory waders in
Australia and New Zealand during the middle of
their non-breeding season (between December and
February) when wader populations are thought to
be largely stable (Watkins 1993; Bamford et al. 2008;
Wilson et al. 2011). New Zealand wader counts
from November and June have been integrated in
the AWC since 1991 (Perennou & Mundkur 1992).
However, the disparity in timing of the November
counts versus January for the AWC raises questions

as to how well New Zealand count data may
contribute to overall assessments of East Asian-
Australasian Flyway (EAAF) populations.

The fact that the New Zealand wader census
includes endemic species, some of which are
migratory, as well as Arctic-breeding trans-
Equatorial migrants adds to the complexity in
determining their timing. An additional count in
February has been undertaken at Farewell Spit
(40°30.5°S, 172°45°E to 40°33.5°S, 173°02°E), Tasman
District, South Island since 1999. Farewell Spit
is an important site for both endemic and trans-
Equatorial migrant waders, holding some 6.5% of
the national wader population in June, 13.2% in
November and 10.2% in February (Schuckard &
Melville 2013). This paper compares three counts
(June, November, and February) undertaken over
21 years at Farewell Spit and considers potential
implications for the timing of future counts.

STUDY AREA AND METHODS

Farewell Spit is a ~30km long sand spit extending
eastwards from the northern tip of the South Island
of New Zealand (40°31'S, 172°45'E to 40°35'S,
173°04'E) (Petyt 1999). The north beach is narrow
and deeply shelving, but the southern area has tidal
flats extending in places up to c. 7 km which are
the main foraging area for shorebirds (Battley 1996;
Battley et al. 2005). Counts are made on high spring
tides when waders are pushed from the tidal flats
onto roosts in dune slacks and along the northern
ocean beach at several well-defined roost areas
along the length of the spit (Fig. 1). Farewell Spit
is counted over one or two days, dependent upon
the number of counters available. Counting usually
starts one hour before high tide and is finished
within two hours after high tide.

This study compares counts made in November
(1998-2018) and February (1999-2019) of three
trans-Equatorial ~migrants: bar-tailed godwit
(Limosa lapponica), red knot (Calidris canutus), and
ruddy turnstone (Arenaria interpres). To investigate
whether there are consistent differences in seasonal
bird counts over the time span of the survey, we
used ratios rather than absolute differences in
numbers to allow for annual variation in the overall
magnitude of the counts. The ratio (R) of the
November count to the following February count
for each year was calculated.

We also consider one endemic migrant: South
Island pied oystercatcher (Haematopus finschi). In
contrast to the trans-Equatorial migratory species,
most South Island pied oystercatchers are on the
breeding grounds during November and for this
species February counts (highest numbers passing
through on migration) were compared with the
June counts (non-breeding populations including
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Figure 1. Farewell Spit (40°30.5°S, 172°45°E to 40°33.5°S, 173°02°E) showing the five sections (separated by dark lines)
counted during the National Wader Count Scheme. Shaded areas represent the intertidal area of about 10,000 ha.

juveniles of the same year). Between 1998 and 2019,
the ratio (R,) of the February and June counts of the
same year was calculated.

RESULTS

Bar-tailed godwit

The mean number (and standard deviation) of
bar-tailed godwits was 9,652 + 2,776 in November
and 12,259 42,525 in February (Fig. 2). The February
counts are generally higher than those of the
preceding November count (mean of R, = 0.80
(SE 0.05), P < 0.05) (Table 1; Fig. 3 & 4).

Red knot

The mean number (and standard deviation) of red
knots was 7,755 + 2,563 in November and 8,293 +
1,945 in February (Fig. 2). There is no evidence that
the February counts are generally greater or lesser
than those of the preceding November count (mean
of R, = 0.97 (SE 0.08), P > 0.05) (Table 1; Fig. 3 & 4).

Ruddy turnstone

The mean number (and standard deviation) of
ruddy turnstones was 388 + 223 in November and
630 + 226 in February (Fig. 2). The February counts
are generally higher than those of the preceding
November count (mean of R, = 0.65 (SE 0.08),
P <0.05) (Table 1; Fig. 3 & 4).

South Island pied oystercatcher

The mean number (and standard deviation) of
South Island pied oystercatchers was 7,331 + 1,716
in February and 6,577 + 1,896 in June (Fig. 2). The
February counts are generally higher than those
in the subsequent June count (mean of R, = 1.15
(SE 0.06), P < 0.05) (Table 1; Fig. 3 & 4).

DISCUSSION

The Farewell Spit count data demonstrate that
numbers of both bar-tailed godwit and ruddy
turnstone are generally lower in November than in
February (20% and 35% respectively). This could
result from local movements within New Zealand,
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Figure 2. Bar-tailed godwit, red knot, ruddy turnstone numbers in November and February from 1998/99 to 2018/19
and South Island pied oystercatcher numbers in February and June from 1998/99 to 2018/19 at Farewell Spit.

Table 1. Farewell Spit summary statistics for count ratios of different species (SE — mean ratio associated standard
error, lower and upper limits of a 95% confidence interval of the mean).

Species Ratio Mean SE Lower Upper
Bar-tailed godwit Nov/Feb 0.80 0.05 0.71 0.90
Red knot Nov/Feb 0.97 0.08 0.81 1.14
Ruddy turnstone Nov /Feb 0.65 0.08 0.49 0.81
South Island pied oystercatcher Feb/Jun 1.15 0.06 1.02 1.27

new arrivals from overseas, or a combination of the
two.

New Zealand is at the end of the world’s longest
migration routes for a number of waders: bar-
tailed godwits of the subspecies baueri undertake
non-stop trans-oceanic flights of 8,000-12,000 km
(Gill et al. 2009; Battley et al. 2012), red knots of
the subspecies rogersi that occur in New Zealand
undertake single flights of >6,000 km (Tomkovich
et al. 2011), while ruddy turnstones may undertake
single stage flights of 7,500 km (Minton et al. 2011).
Whilst there is a growing body of information on
migration routes, there is still relatively little detail,
especially regarding the timing of migration, and
stopovers en route to final non-breeding grounds,
and movements within New Zealand before they

settle at a final destination for the Austral summer.

Alcorn et al. (1994) reviewed Australian count
dataand reported: ‘substantial numbers of bar-tailed
godwits departed from east coast sites November—
December, with smaller departures evident from
south-eastern coastal mudflats in the same period,
and from Gulf of St Vincent sites over a broader
period from October-January. Departures at this
time are most readily explained by movements of
a proportion of the eastern Australian population
to New Zealand in the November-December
period’. This is further supported by records of
individually marked birds moving from the east
coast of Australia to New Zealand (Minton et al.
2006; Battley et al. 2011; Birds New Zealand unpubl.
data).
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Based on count data, Alcorn et al. (1994)
suggested that ruddy turnstones continued moving
southwards down the east coast of Australia from
the time of arrival until February, and further noted:
‘the drop in numbers on south-east coastal mudflats
December-January indicates further southward
movement, perhaps to sites in the north-east coast of
Tasmania, or to New Zealand...”. Such observation
is supported by the data from Farewell Spit with
a significant higher number of birds recorded in
February compared to November.

There is thus evidence from eastern Australia to
support the hypothesis that both bar-tailed godwit
and ruddy turnstone migration to New Zealand
continues after November. If birds are still arriving
in New Zealand after the November count this
needs to be considered when attempts are being
made to determine flyway populations as there is
a risk that populations will be under-represented.
For example, birds that move to New Zealand from
Australia after the November count will be missed
in New Zealand but will have departed Australia
prior to their January count. Based on our Farewell
Spit data this appears to be possible with respect to
both bar-tailed godwit and ruddy turnstone.

Population monitoring of waders within the
EAAF is beset by logistical difficulties, particularly
a limited number of counters, and often large
geographical areas to cover. The Action Plan for
Conservation of Migratory Shorebirds in the East
Asian-Australasian  Flyway: 2001-2005 (Shorebird
Working Group 2011) included Action 11: Support
implementation of statistically robust methodologies
to monitor shorebird populations in priority countries
(Australia, New Zealand, and Japan). Subsequently,
a review of the Australian count data has found
them to be “of sufficiently high quality and spatial
coverage to permit robust analysis of shorebird
population trends across much of Australia’
(Clemens et al. 2012), and the New Zealand data
were similarly found to be sufficiently robust to
be incorporated into an assessment of population
trends (Studds et al. 2016).

The criteria for the identification of a ‘wetland
of international importance’ under the Ramsar
Wetland Convention, to which New Zealand is
a Party, includes: Criterion 6. A wetland should be
considered internationally important if it regularly
supports 1% of the individuals in a population of one
species or subspecies of waterbird. The East Asian-
Australasian Flyway Partnership Site Network
includes an additional criterion for a staging site:
A staging site should be considered internationally
important if it reqularly supports 0.25% of individuals
in a population of one species or subspecies of waterbirds
on migration.

For these criteria there is a need for the
development of flyway population estimates.

All population estimates to date (e.g. Bamford
et al. 2008; Conklin ef al. 2014; Hansen et al. 2016;
Wetlands International 2020) have had to draw data
from a wide range of sources, often from a time
period covering most of the non-breeding season
(e.g. November—March, Hansen et al. 2016), thereby
potentially risking double- or mis-counting. BirdLife
Australia’s National Shorebird Monitoring Program
aims for counts in mid-January but recognises that
this will not always be achievable and so will accept
any counts in the period 1 December to 28 February
(BirdLife Australia undated).

The most recent population estimates for
waders in the EAAF were compiled by Wetlands
International in 2012 (Wetlands International 2020).
The 10" Meeting of the Partners of the EAAFP, in
2018, decided to develop a ‘Conservation status
review of migratory waterbird populations for the
EAAFP’ (EAAFP 2018), which will support revision
and updating of Wetlands International’s Waterbird
Population Estimates.

The South Island pied oystercatcher is an
endemic migrant. February counts of South Island
pied oystercatcher at Farewell Spit are, on average,
15% higher than June counts. The higher numbers in
February relate to birds staging and moulting (Birds
New Zealand unpubl. data) before heading to non-
breeding areas, probably in the North Island. Of
six sites of international importance for the species
in the northern South Island, only two reach the
1% threshold during the June census but six sites
reach the threshold during the February census
(Schuckard & Melville 2013). This further highlights
the value of undertaking a February count.

Birds New Zealand faces logistic constraints
in undertaking more than a June and a November
wader count annually at a national level, although
one such survey for bar-tailed godwits has been
successfully completed (Schuckard et al. 2020).
This study, however, demonstrates the value
of undertaking a February count, especially if
attempts are to be made to assess total populations,
rather than just population trends, and use such
data to identify sites of national and international
importance.
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Abstract: Bar-tailed godwits (Limosa lapponica) were counted throughout New Zealand and on the east coast of Australia
during the 2019-2020 austral summer, in the first attempt to assess the total population of the subspecies baueri on the
southern hemisphere non-breeding grounds. Survey coverage in New Zealand was nationwide (158 sites surveyed);
surveys in Australia covered 314 sites between Great Sandy Strait in southern Queensland, and the Gulf St Vincent in
South Australia. Areas north of Great Sandy Strait were either partially counted or were not visited over this survey
period. Partial surveys were excluded from the survey results. The total number of godwits counted was 116,446. If
allowance is made for an additional ~10,000 birds expected to have been present in northern Queensland (based on
previous surveys), the total population of baueri in New Zealand and Australia would have been about 126,000. The 2019
breeding season was very successful, with the highest recorded number of juvenile birds since 2011 and 2012.
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INTRODUCTION

Bar-tailed godwits (Limosa lapponica baueri) breed
in coastal Alaska, USA (McCaffery & Gill 2001)
and spend the non-breeding season in the southern
hemisphere, principally in New Zealand and
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eastern Australia (Higgins & Davies 1996; Conklin
et al. 2014). The first population estimate for baueri
(330,000) was provided by Rose & Scott (1994),
but is confounded as it included birds breeding
in Russia that are currently recognised as Limosa
lapponica menzbieri (Portenko 1936) and those that
were subsequently separated as Limosa lapponica
anadyrensis (Engelmoer & Roselaar 1998). Since then
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there have been a number of updates and revisions
based on information from both staging grounds
in Alaska (Gill & McCaffery 1999; McCaffery et al.
2006) and the non-breeding grounds (Bamford et al.
2008; Hansen et al. 2016). Reported declines in non-
breeding populations (Studds et al. 2017) have been
used to extrapolate the total population (Conklin
et al. 2014; Wetlands International 2020) and assess
threat status (Garnett et al. 2011; Clemens et al. In
press).

The Ornithological Society of New Zealand
(now Birds New Zealand) initiated a national
wader census in 1983 (Sagar et al. 1999). Numbers
of bar-tailed godwits in New Zealand appear to
have declined over the past ~35 years (Melville
& Battley 2006), dropping from ~101,000 in 1983-
1993 (Sagar et al. 1999) to ~95,000 in 1994-2003
(Southey 2009), to ~78,000 in 2005-2019 (Riegen &
Sagar 2020). This is thought to be, at least in part,
associated with habitat loss and degradation in the
northward migration staging area in the Yellow
Sea (Studds et al. 2017, Murray et al. 2018). The
population processes associated with this overall
decline appear to be complex, since reduced annual
survival of marked birds suggests a greater rate of
decline than what has been recorded from census
results (Conklin et al. 2016).

The US Geological Survey was able to undertake
an aerial survey of post-breeding staging sites of
bar-tailed godwits in Alaska in August 2019 (D.R.
Ruthrauff unpubl. data) — the first complete survey
since 1997 (Gill & McCaffery 1999). This stimulated
an interest in New Zealand and Australia to
undertake a synchronised census during the
following non-breeding season to contribute to
a review of the total population of baueri (D.R.
Ruthrauff unpubl. data). This paper reports the
results of counts undertaken in New Zealand and
eastern Australia during the 2019-2020 austral
summer.

METHODS
Bar-tailed godwits were counted in New Zealand
and eastern Australia (Fig. 1).

New Zealand

Since 1983, nationwide biannual shorebird counts
in November and June have been undertaken by
members of the Ornithological Society of New
Zealand (OSNZ) and other volunteers. New
Zealand undertakes a national wader census in
November, but there is evidence that some bar-
tailed godwits apparently arrive in the country after
this (Schuckard et al. 2020). ‘Summer” wader counts
in Australia are made between 1 December and 28
February — ideally mid-January — and therefore,
Birds New Zealand organised an additional count
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Figure 1. Areas surveyed for bar-tailed godwits (Limosa
lapponica baueri) in New Zealand and Australia during the
2019-2020 austral summer.

of bar-tailed godwits focused on the period 8
to 14 February 2020, during a prolonged spring
tide series, to produce a more comparable trans-
Tasman data series. Priority sites for counting were
selected based on previous counts: ~97% of the
national population of bar-tailed godwit occurs
at 34 sites — 20 sites in the North Island and 14 in
the South Island. All priority sites were covered,
together with additional sites, thus ensuring that
no important sites were omitted from the census.
Counts were undertaken by experienced volunteers
familiar with the sites over high tide (generally 2
hours before to 2 hours after) when birds were
concentrated at roosts. As far as possible, counts in
larger wetlands with a number of high tide roosts
were coordinated between different sites to avoid
potential double-counting. Bar-tailed godwits in
New Zealand, in particular adults, are strongly
site faithful (Battley et al. 2011) reducing the risk of
movement between sites. Sites were usually visited
on foot, but the larger harbours in the Far North of
New Zealand were surveyed by helicopter from
which all roosting flocks were photographed and
subsequently counted (Feasey 2020). The survey
concentrated on bar-tailed godwits, but in many
instances, observers also counted other waders if
time permitted.

Southeastern Australia

In Australia (apart from Queensland), shorebirds
are counted as part of BirdLife Australia’s National
Shorebird Monitoring Program. In southeastern
Australia, all surveys are conducted biannually
(during the austral summer and winter) within
designated shorebird areas, as part of the National
Shorebird Monitoring Program (Hansen et al.
2018). Shorebird survey sites are based on mapped



shorebird areas from field experience extending
back several decades which correspond with the
non-breeding home range of a group of migratory
shorebirds (Clemens et al. 2014). Larger shorebird
areas are broken down into smaller count areas
to facilitate data collection. The summer count
period runs from 1 December to 28 February, with
the ideal count date being 15 January. Shorebird
count data are based on a single census of each
shorebird area undertaken within this timeframe.
All surveys are run by volunteers and based on
local knowledge. Count logistics for each shorebird
area are site specific. For instance, a small shorebird
area could be counted by one or two surveyors,
whereas a large shorebird area is usually counted
by a group of people. All smaller count areas within
a shorebird area are counted simultaneously. A
breakdown of all shorebird areas within Australia
can be accessed online at BirdLife Australia’s online
data portal birdata (https:/ /birdata.birdlife.org.au).
All waterbirds within a shorebird area are counted
during these censuses and bar-tailed godwit data
presented here are taken from the austral summer
2019/2020 count. Bar-tailed godwits were counted
at shorebird areas in New South Wales, Victoria,
Tasmania, and parts of South Australia, which cover
the known distribution for the Alaskan-breeding
population of baueri (Wilson et al. 2007). There
is overlap in South Australia between Alaskan-
breeding baueri and Siberian-breeding menzbieri. A
study of photographs of flying birds from South
Australia (M. Christie unpubl. data.) shows that in
Gulf St Vincent, where most of South Australia’s
bar-tailed godwits occur, about 50% are menzbieri.
There were a few records of menzbieri between
Gulf St Vincent and the Victorian border, where the
majority of godwits were baueri (M. Christie unpubl.
data.). For the purpose of this overview, all godwits
recorded in South Australia were considered to be
baueri — this, however, only relates to a few hundred
birds (Table 1).

Queensland

Wader counts in Queensland are undertaken by
members of the Queensland Wader Study Group
(QWSG) as part of an ongoing monthly count
program that began in 1992 (www.waders.org.
au). Each month, all waterbirds are systematically
counted by volunteers based on local knowledge.
Sites are visited at the same time by different
observers around high tide when birds are
concentrated at roost sites. Historically, 80% of
visits have been made within 2 hours of the time of
high tide (Wilson et al. 2011). During the 2019/2020
period, shorebird roost sites were counted at
Moreton Bay (49 sites) and Great Sandy Strait (23
sites). More details on the methodology of count
data collected as part of the National Shorebird
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Monitoring program and the QWSG database
can be found elsewhere (Gosbell & Clemens 2006;
Milton & Driscoll 2006; Wilson et al. 2011; Clemens
et al. 2012, 2014, 2016).

RESULTS

New Zealand

Counts were made between 5 and 23 February,
with 87% of the birds counted between 7 and 14
February 2020. A total of 81,549 bar-tailed godwits
were counted in New Zealand (Table 1): 71% in the
North Island and 29% in the South Island. A total
of 158 sites were visited by a total of 182 counters.
Of the visited sites, 116 sites had > 1 godwit and
21 sites recorded > 1,000 (Fig. 2) representing 75%
of the national population of godwits. Of the sites
with > 1,000 godwits 14 were in the North Island
and seven in the South Island.

Table 1. Numbers of bar-tailed godwits counted in New
Zealand and eastern Australia during austral summer
2019-2020.

Area Period of count Total number
Southeast Queensland January /February 22,675*#
New South Wales January / February 2,361
Victoria January /March 9,614
Tasmania January /February 5
South Australia January /February 242
New Zealand February 81,549
TOTAL 116,446

*Where more than one count was made at a site, the
maximum has been used.

# In addition to the bar-tailed godwits counted in
Queensland, it is thought that up to ~10,000 may have been
present at sites that were not counted — see Discussion.

Southeastern Australia

Counts were undertaken between 1 November
2019 and 12 March 2020, with 87% of birds counted
between 14 February and 12 March 2020. A total of
242 sites were visited, of which 40 held bar-tailed
godwits, totalling 12,222 individuals (Table 1; Fig.
3). Five coastal wetland complexes in Victoria (2)
and New South Wales (3), together supported a
total of 10,774 birds. The Corner Inlet wetlands
in Victoria held the largest number (9,122) of bar-
tailed godwits, including a single flock of 7,704
individuals. All shorebird areas known to support
important numbers of bar-tailed godwits in
southeast Australia were counted in the 2019-2020
season.
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Figure 2. Distribution of bar-tailed godwits (Limosa lapponica baueri) in New Zealand, February 2020.
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Southern Queensland

A total of 72 sites were fully covered during the
survey between 17 January and 23 February 2020 in
southern Queensland. The total count of bar-tailed
godwits for southern Queensland was 22,675 (Table
1; Fig. 3). Counts for other regions in Queensland
were not available or incomplete for early 2020 (see
Discussion).

DISCUSSION
This is the first time that an attempt has been made
to undertake a census of bar-tailed godwits at more-
or-less the same time in both New Zealand and
eastern Australia. The New Zealand and southeast
Australia counts were undertaken without
difficulty. However, some of the counts in northern
Queensland, which is known to host significant
numbers of bar-tailed godwits, were hindered by
logistical constraints that limited coverage. The
one important area that has not been part of any
recent fieldwork by QWSG is Shoalwater Bay
and Port Clinton, situated between Mackay and
Rockhampton within a major military training area,
and which is a designated Ramsar Site (Anon 2018).
Available additional information (PD unpubl.
data) has been collated in an attempt to estimate
the number of bar-tailed godwits that may have
been excluded from the actual Queensland counts
in early 2020. There is recent information (October
2019) for the Mackay region of approximately
2,900 godwits (accounting for about 10% of the
Queensland total). There are less recent counts of
godwits between Lucinda and the Burdekin River
estuary, and between the Fitzroy River mouth and
Rodd’s Peninsula indicating that these regions
usually account for some 5% and 8% of the total
Queensland godwit population respectively (Choi
et al. 2017). There is a range of miscellaneous
scattered sites spread widely to as far north as
Cairns with unknown godwit numbers (Pell &
Lawler 1996). Shoalwater Bay and Port Clinton can
host as many as 10% of the bar-tailed godwits in
Queensland (Driscoll 1996). No count was made
in the Gulf of Carpentaria where Driscoll (2014)
estimated 1,318 godwits in the Southeast Gulf in
2014. The godwits in this region are an unknown
mixture of menzbieri and baueri (PD & AR unpubl.
data); we have conservatively excluded birds in the
Southeast Gulf from the Queensland total for baueri.
It is estimated from earlier census work along
the Queensland coast that at least 10,000 godwits
may be missing from sites that were not visited
in the 2019-2020 season (PD unpubl. data). Thus,
although the actual count for Queensland was
22,675, the likely total is thought to be about 22,675
+ 10,000 = ~33,000, in which case the total baueri
population in New Zealand and Australia in early
2020 was about 126,000.

Despite the uncertainties regarding total
numbers in Queensland, this census is the most
complete one done to date and, in combination with
the 2019 Alaskan survey, provides a reasonably firm
baseline for an assessment of the current flyway
population (D.R. Ruthrauff unpubl. data).

Populations of bar-tailed godwits have declined
at most major sites across Eastern Australia (Wilson
et al. 2011; Cooper et al. 2012; Clemens et al. 2016).
The 116,446 baueri godwits counted in New Zealand
and Australia during the 20192020 austral summer
is lower than Wetland International’s (2020) current
estimate (133,000) derived from 2007-2009 data.
If the estimated ~10,000 birds that are thought to
have been missed from the Queensland surveys
are included, this brings the total close to the
current Wetlands International estimate. However,
this apparent concurrence should be treated with
caution. 2019 appears to have been a successful
breeding season with a high proportion of juveniles
present in New Zealand and Victoria, which is likely
to have increased the overall numbers. In the winter
(June/July) of 2020, 13,300 juveniles/immatures
were counted in New Zealand compared to 4,864 in
the winter of 2019 — this being the highest number of
juveniles/immatures since winter 2013 (Birds New
Zealand unpubl. data). Similarly, the winter count of
bar-tailed godwits in Corner Inlet (the main site for
the species in Victoria) was 3,801 (cf. 645 in 2019),
the highest winter count since 2006 (D.I. Rogers In
litt.).

McCaffery et al. (2006) cautioned that
interpretation of apparent populations trends of
baueri was problematic since there is ‘evidence for
large long-term fluctuations in godwits numbers’
over several decades. This was also indicated by
Conklin et al. (2016) who found apparent population
stability of baueri in New Zealand despite declining
adult survival. As such, a long-term declining trend
may still be occurring.

IUCN currently assess the global conservation
status of bar-tailed godwit as ‘Near Threatened’
(BirdLife International 2017). However, based on
substantial documented population declines and
projected further habitat loss of staging grounds
on northward migration in the Yellow Sea, Conklin
et al. (2014) considered that baueri qualified for
classification as ‘Vulnerable’ at the East Asian-
Australasian Flyway level. Although habitat loss
due to land claim has greatly reduced in China
(Melville 2018), the dramatic reduction of intertidal
benthic prey stocks since 2012 at the Yalujiang
National Nature Reserve, Liaoning, China, the
most important staging site for baueri (Choi et al.
2015), has significantly reduced available prey for
migrating godwits (Zhang et al. 2019) which could
be reducing adult survival and / or breeding success.

Robertson et al. (2017) list baueri as ‘At Risk —
Declining’ in New Zealand, and Garnett et al. (2011)



listed it as “Vulnerable’ in Australia — it is currently
being re-assessed (Clemens et al. In press.). The
Australian Commonwealth Environment Protection
and Biodiversity Act lists baueri as ‘Vulnerable’,
and this is also its status under state legislation in
Queensland and Western Australia; South Australia
lists bar-tailed godwit as ‘rare’, and there is no
state listing status for Victoria, New South Wales or
Tasmania (Department of the Environment 2020).

McCaffrey et al. (2006) noted the need for ‘a
special flyway-wide assessment of the status of
L. 1. baueri should be a conservation priority’ —
the present survey is an important contribution
towards achieving that goal.
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Notes on staging bar-tailed godwits (Limosa lapponica
baueri) at Ouvéa (Loyalty Islands, New Caledonia)
during southward migration in 2007
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Abstract: During southward migration from Alaska in 2006, a satellite-tracked female bar-tailed godwit (Limosa lapponica
baueri) encountered adverse weather and stayed between 19 September and about 28 September 2006 at Ouvéa (Loyalty
Islands, New Caledonia), where she apparently died. Ouvéa was visited between 27 September and 7 October 2007 to
look for godwits. A total of eight godwits was recorded of which one, thought to be an adult female, may have been a
dropout migrant. The remaining birds appeared to be immatures.

Schuckard, R.; Melville, D.S. 2020. Notes on staging bar-tailed godwits (Limosa lapponica baueri) at Ouvéa (Loyalty Islands,
New Caledonia) during southward migration in 2007. Notornis 67(4): 651-656.
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INTRODUCTION
Bar-tailed godwit (Limosa lapponica baueri) breeds in
coastal Alaska (McCaffery & Gill 2001) and spends
the non-breeding season mainly on the east coast of
Australia and in New Zealand (Higgins & Davies
1996). Northward migration takes place from late
February to late March with birds staging in the
Yellow Sea followed by migration to Alaska in late
April (Conklin et al. 2013). Most birds return to the
non-breeding areas between September and October
(Conklin et al. 2013). This southward migration
is the longest single non-stop flight ever recorded
for a species, 11,690 km from southwest Alaska to
northern New Zealand (Gill et al. 2009; Battley et al.
2012).

Between 2006 and 2010, ten birds were satellite-
tracked during southward migration between 30
August to 17 October (Gill et al. 2014). One of which
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(H4), did not reach the non-breeding grounds. H4, a
female, tagged on 9 June 2006 at Old Chevak, Alaska
(61.5279°N, 165.5786°W) departed on southward
migration on 10 September 2006. During her trip,
she encountered a rapidly developing cyclone in
the North Pacific (~35°N, 158°W) which caused her
progress to slow through an uncharacteristically
long fetch of headwinds (Gill et al. 2014). Her
last “in-flight” report came on 18 September 2006,
1,500 km east of Ouvéa, Loyalty Islands, New
Caledonia (20.6522°S, 166.5619°E). Between 18 and
19 September 2006, H4 turned west and flew to
Ouvéa, from where the transmitter reported on 19
September from the Mouli Bridge area (20.7006°S,
166.4708°E). To reach Ouvéa, she travelled 10,940
km over 9.2 days (Fig. 1) (Gill et al. 2009). After her
landfall, she stayed at Mouli Bridge for less than
two hours and then moved to the middle of the
island near Hwaadrila (Fig. 2); the last report from
H4 while she was still alive came from this area on
21 September 2006.
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Based on changes in body temperature recorded
by satellite transmitter, the bird probably died
between 21 and 28 September 2006 near Hwaadrila;
however, the transmitter (and/or carcass) was near
Lekiny (Fig. 2) for at least another three weeks
before the transmitter stopped working. It is
unknown how H4 ended up at Lekiny.

To get abetter understanding of the environment
where H4 occurred, and to investigate if godwits
use Ouvéa as a stop-over site, Schuckard visited
the island during the southward migration period
between 27 September and 7 October 2007.

.,.Hawaii

New Caledonia

¥
New,Z€aland

Figure 1. Southward migration route of bar-tailed godwit
H4 between 10 September 2006 and 18 September 2006.
Journey track ends at Ouvéa (see Fig. 2).

2055

HWAADRILA

206°s

2075
/h\ LEKINY
MOULI BRIDGE

| B B B B EEEN 1665:5 10065
|

Figure 2. Map of Ouvéa showing locations mentioned
in the text. Bar-tailed godwit H4 made landfall at Mouli
Bridge on 19 September 2006; moved to area near
Hwaadrila, reported 19-21 September 2006; last report
near Lekiny, apparently dead.

STUDY SITE

The west-facing beach, largely of coral sand, along
the lagoon side of Ouvéa island was explored from
various access points. The northern area could be
accessed up to a channel dividing Unyee Island,
part of the rim of atoll, from the main island (Fig. 2).
The environment around this channel is dominated
by sandy tidal flats and mangrove. Most of the
eastern, oceanic shores are dominated by hard
rocky outcrops of old coral. The only area where
shorebirds were recorded was near Mouli Bridge.
This connects the main island of Ouvéa to Mouli
Island, crossing a ~130 m channel at the northern
end of Lekiny Bay (Fig. 2). The Mouli Bridge area
was visited daily and the western beach near
Hwaadrila (coral sand beach) and Lekiny (inlet
bordered with old coral edges) infrequently.

Ouvéa has a tidal range of about 1.3 m, and at
low tide, an area of about 3,500m? of coarse, white,
coraline sand is exposed north of Mouli Bridge.
Superficial observations indicated that one third
of the tidal area had a dense infaunal community
of at least two species of worms. One polychaete
had agglutinated tubes, the other (c.f. Sipuncula)
created casts on the surface (estimated at about
69 casts per square metre). In Lekiny Bay there is
coarse hard coral and coral sand with no obvious
evidence of infauna that might be available as prey
for shorebirds. The beach near Hwaadrila is coral
sand with no evidence of infauna.

All individual godwits were photographed
and flight feather moult (Ginn & Melville 1983)
and abdominal profiles (Wiersma & Piersma
1995) were recorded. Bar-tailed godwits are
strongly sexually dimorphic with males usually
being noticeably smaller than females of the same
population, however there may be some overlap
between populations which may complicate sex
determination in the field (Conklin et al. 2011).
Nonetheless it was possible to assign a gender to
all birds observed. Weather data for Ouvéa were
recorded during the stay on the island.

RESULTS
Numbers of bar-tailed godwits and other shorebirds
(whimbrel Numenius phaeopus, Pacific golden plover
Pluvialis fulva, wandering tattler Tringa incana, and
crested tern Sterna bergii) recorded on each visit are
given in Table 1, together with information on tide
and weather conditions.

A total of eight godwits were recorded between
27 September and 7 October 2007: six of them north
of Mouli Bridge (Table 1). A male and female were
recorded on 4 October in Lekiny Bay, south east of
Mouli Bridge. No birds were recorded at Hwaadrila.
No other potential roosting and foraging sites for
bar-tailed godwits were identified on either Mouli
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Table 2. Primary moult and abdominal profile of individual bar-tailed godwits recorded at Ouvéa. (*It is possible that
BtG 2 dropped P3 from left and right wing and is same individual as BtG1.

BirdID P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Abdominal Bill Outer Outer Interrupted Wing
profile probing primary primaries moult covert

wear faded wear

BtGle 1 1 0 0 0 0O 0 0 0 0 25 - Slight  Slight - -

BtG2g 1 1 1 0 0 0 0 0 0 0 25 Yes Slight  Slight - -

BtG3¢ 0 0 0 0 0O O O O O 0 25 Yes - - - -

BtG4g 0 0 0 0 0O O O O O 0 25 Yes - - - -

BtG5¢ 5 5 0 0 0 0 0 0 0O 0 20 Yes i\’k’demte Strong Yes Slight
o very

BtG6¢ 0 0 0 0 0 0 0 0 0O 0 10 Yes - - - Very

BtG70 5 5 0 0 0 0 0 0 0 0 45 Yes ~ Moderate oo yes Sight
to very

BtG8s 5 5 0 0 0 0 0 0 0O 0 40 - i\’[‘)derate Strong Yes Slight
o very

or Ouvéa islands. Godwits were seen probing on
exposed tidal sand flats/in shallow water over
tidal sand flats (Table 2) at Mouli Bridge, but were
not seen ingesting big prey, despite the presence of
apparently suitable worms (Estrella et al. 2011).

The presence of six of the seven godwits
coincided with strong easterly winds (22-27
knots), and there was no relationship between their
occurrence and the state of tide. Birds apparently
departed within a day.

Two birds were in active primary moult having

dropped the inner two or three primaries with
slightly worn outer primaries and faded tips. Three
birds showed no primary moult. One of the latter
was the only female seen; the visible upper wing
coverts were very worn (Fig. 3). Three birds showed
interrupted primary moult, having replaced the
inner two primaries (Table 2, Fig. 4). The birds with
interrupted moult had moderately-very worn outer
primaries with strongly faded tips, whereas those
which had just started moult showed less wear and
fading.

Figure 3. Bar-tailed godwit BtG5 (left) with interrupted primary moult. BtG6, a thin female (right), with no moult;
a possible drop out migrant from Alaska — Ouvéa, 4 October 2007 (Photograph: R. Schuckard).



Figure 4. Bar-tailed godwit BtG7 with interrupted primary
moult, Inner two primaries replaced, fresh; outer primaries
moderate-very worn and faded — Ouvéa, 6 October 2007
(Photograph: R. Schuckard).

DISCUSSION
It is uncertain which subspecies of bar-tailed
godwits occurs in New Caledonia — H4 was baueri,
as were all the birds that were recorded in 2007.
However, Barré and Dutson (2000) give ‘Sib[eria]’
as the origin, suggesting that the birds are menzbieri.
It is possible that both forms may occur. Neither
baueri nor menzbieri undertake any primary moult
before departing the breeding grounds but initiate
primary moult shortly after arriving on the non-
breeding grounds in Australia and New Zealand
(Higgins & Davies 1996, McCaffery & Gill 2001);
baueri initiate primary moult 3-29 d (mean 15.7 d)
after arrival in New Zealand (Conklin & Battley
2012). Moult of the flight feathers of long-distance
migrants is usually delayed until they reach the
non-breeding grounds in the southern hemisphere
(Remisiewicz 2011), and thus the two birds seen
which had just started primary moult (BtG1 and
BtG2) are likely to have remained in New Caledonia
for some time, if not the entire non-breeding season.
Interrupted moult has not been recorded in
godwits in either Australia or New Zealand. The
worn and faded feathers of the birds in interrupted
moult suggest that either the feathers are older than
those of birds that are not in interrupted moult and /
or that the birds may have spent time in the tropics
where bright UV light would result in increased
fading/wear. It appears that some bar-tailed
godwits remain in New Caledonia over the Austral
winter with records from June (Macmillan 1938)
and July (Reid 2017). Such birds are most likely
immatures and would be expected to start moult
before returning adults, but such moult would be
most unlikely to be interrupted. Some bar-tailed
godwits staging on southward migration along the
Jiangsu coast, East China, undertake at least some
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moult of the primaries (Li ef al. 2015); an adult male
bird that appeared to be baueri was recorded with
interrupted moult, having replaced the inner three
primaries, in October 2019 (DSM unpubl. data).
It is not known where these birds spend the non-
breeding season.

Of the birds that were not in active moult,
abdominal profiles (Table 2) suggest that all were
carrying some fat and thus were unlikely to be
recent arrivals from Alaska, apart from BtG6 (Fig.
3) which was very thin; potentially it was a recent
arrival, and possibly a drop out migrant from
Alaska.

Age of first breeding in baueri is unconfirmed,
but McCaffery & Gill (2001) noted that birds spent
their ‘first, second and probably their third boreal
summers after fledging on the non-breeding
grounds’ and that ‘subadults [are] not known to
have partial northward migration’. Subsequently,
however, Battley (2007) reported several instances
of birds in their second year migrating at least as
far as East Asia, and one returned to Alaska. It is
possible that some birds in the southwest Pacific
may be immatures from Australasia that have
undertaken a partial northward migration.

Bar-tailed godwits are widespread throughout
much of the Pacific during southward migration
(Gill et al. 2005), and during the non-breeding
season are recorded throughout Micronesia and
Fiji, but becoming uncommon east of Samoa,
Niue, and the Hawaiian Islands (Pratt et al. 1989).
In New Caledonia, bar-tailed godwit is the third
commonest shorebird (after Pacific golden plover
and tattlers Tringa incanafbrevipes), being ‘fairly
common’ between October and April, with the
highest individual count being 26 birds (Barré &
Dutson 2000). Layard & Layard (1880) noted that
local people reported that ‘Uvéa [read: ‘Ouvéa’]
swarms with waders and waterfow!’; the first record
of bar-tailed godwit from the island was one on 14
February 1938 (Macmillan 1938). The 2007 records
are similar to ten earlier records (max 4) from
Ouvéa in October 2001 and two from Lifou, also
in the Loyalty Islands, between November 1999 to
September 2000 (Barré et al. 2006). Godwits are not
always occurring on the Loyalty Islands during the
migration period. No godwits were recorded from
Lifou (14-17 October) and Ouvéa (17-21 October)
over the 2019 season (Steve Wood pers. comm.).

While the occurrence of bar-tailed godwits in
New Caledonia is well established, much remains
to be learned about their ecology and to which
population(s) they belong.
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SHORT NOTE

Bar-tailed godwits (Limosa lapponica) crossing the Inland
Kaikoura Ranges, South Island, New Zealand
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56 Orchard Avenue, Enderley, Hamilton 3214, New Zealand
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Wildlife and Ecology Group, Massey University, Private Bag 11-222, Palmerston North, New Zealand

Bar-tailed godwits (Limosa lapponica) are widely
distributed around New Zealand and migrate
towards staging sites in East Asia in March (Conklin
& Battley 2011; Battley et al. 2012). Observations at
Farewell Spit and the Manawatu River Estuary,
and satellite-tracking from Golden Bay (Battley
1997; Conklin & Battley 2011; Battley et al. 2012)
indicate that birds on coasts adjacent to the Tasman
Sea head directly across the sea in a NW direction.
Six satellite-tracked godwits that were transmitting
when they departed from the Firth of Thames in
March 2007 or March 2020 headed up the east coast
of the North Island (PFB unpubl. data.). There are no
published data that indicate whether godwits from
the east coast of the South Island of New Zealand
take a coastal route when embarking on migration
or cross the mountain ranges to head directly to the
Tasman Sea.

On 13 March 1998, BLS was climbing Tapuae o
Uenuku (2,885 m), the highest peak in the Inland
Kaikoura Ranges (173'39'46”E, 41'59'45”S). Soon

Recetved 5 September 2019; accepted 3 September 2020
*Correspondence: bichsmiths@gmail.com

after having reached the peak, at around 1100 h
a group of approximately 20 bar-tailed godwits
was seen rapidly approaching the summit of
the mountain from the south. The day was clear,
cloudless, and windless as were the days before and
after. The birds passed about 20 m from the summit
at the same altitude and disappeared towards the
north. They were identified as godwits from their
form, colour and their extended beaks. BLS has
previously seen and identified godwits feeding
and in flight on several occasions at Piikorokoro/
Miranda and at other locations in New Zealand.
The date of this observation is consistent with
these birds being on migration, and the flock size is
also typical for godwits migrating from a smallish
population (e.g. the mean flock size at the Manawatu
River Estuary was 14 birds whereas it was 40 on
Farewell Spit: Battley 1997; Conklin & Battley 2011).
The timing of the observation, however, means
that we cannot be certain the birds were migrating.
Shorebirds tend to migrate in the late afternoon
(Piersma et al. 1990; Battley 1997) although they
can depart after dusk. If birds passing over the
Kaikoura Mountains at 1100 h were on migration,
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they had potentially been in flight for at least 12
hours, which would imply they had departed from
considerably further south. With a flight speed of
59 km.h'! on migration (Battley et al. 2012), they
could have departed from 600-700 km away, which
would mean the southernmost part of the South
Island. The only tracking data from that region are
of four birds from Otago tracked via geolocator; all
appeared to directly cross the South Island to the
Tasman Sea rather than move northwards along
the east coast (PFB and S. Lisovski, unpubl. data).
Another possibility is that the movement was a pre-
migratory short-distance shift from the Kaikoura
or Canterbury region to Tasman Bay. While a
colour-banding study around New Zealand found
few examples of birds potentially moving north
within New Zealand before migrating (Battley et al.
2011), detailed observations at the Manawatu River
Estuary (J.R. Conklin pers. comm.) show that some
individuals do appear there in March, having spent
the non-breeding season at a different site. A final
possibility, that the birds experienced unusually
good local wind conditions that prompted a
morning departure (Leyrer et al. 2009), seems less
likely given the calm conditions. Examination of the
NIWA Cliflo climate database (https:/ /cliflo.niwa.
co.nz) for records of 12 and 13 March 1998 for eight
station sites south of Tapuae o Uenuku and on the
eastern side of the South Island, all indicated fine
rainless days with light variable winds.

Regardless of the specific context of the flight,
this observation confirms that godwits will cross
mountain ranges in New Zealand. The only other
record of a bar-tailed godwit at high altitude in
New Zealand is that of Battley & Horn (2006) who
recorded the finding of a single dead bird on a snow
surface at 2,610 m on Mt Ruapehu in the central
North Island of New Zealand. From its appearances
it seemed that this bird had been on its southern
migration from the Northern Hemisphere towards
an area in New Zealand south of latitude 3928'S
when it perished.

The flight altitudes of bar-tailed godwits
migrating from New Zealand have not been
documented. Radar studies indicate that bar-
tailed godwits migrate over southern Sweden at
an average height of 2,223 m, and up to 2,806 m
(Alerstam & Gudmundsson 1999), and black-tailed
godwits (L. limosa) have been recorded at altitudes
of over 5,000 m during migration southwards over
western Africa (Senner et al. 2018). Senner et al. (2018)
suggested that migratory flight height of black-
tailed godwits appeared to be linked in context
to ground surface temperatures, wind assistance,
and topography. In the case of our observation at
Tapuae o Uenuku none of the foregoing appeared
to be relevant.
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INTRODUCTION

The ruddy turnstone (Arenaria interpres, hereafter
turnstone) is the third commonest Arctic-breeding
shorebird occurring in New Zealand, after bar-
tailed godwit (Limosa lapponica) and red knot
(Calidris canutus) (Riegen & Sagar 2020). Numbers of
turnstones in New Zealand during the non-breeding
season (Austral summer) have declined from about
5,000 in the early 1990s (Sagar et al. 1999) to some
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2,500 in the late 1990s/early 2000s (Southey 2009),
to 1,500 in the late 2000s (Riegen & Sagar 2020).
The reduction in numbers appears to be generally
consistent across the country.

Declines also have been recorded in Australia
(Wilson et al. 2011; Cooper et al. 2012; Minton et al.
2012; Britton & Hunter 2016; Clemens et al. 2016;
Rogers & Cox 2018), where Garnett et al. (2011) listed
turnstone as ‘Near Threatened’. Elsewhere in the
East Asian-Australasian Flyway (EAAF) turnstone
numbers are also thought to be in decline (Amano et
al. 2012), and the species was identified as a priority
species for conservation efforts by Conklin et al.
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(2014), who noted that ‘“The population using the
EAAF appears to be sufficiently declining to qualify
for Vulnerable status at the regional level (criterion
A2). However, lack of phenotypic differentiation
from other flyways suggests exchange of
individuals from other (possibly non-declining)
populations, and so a downgraded regional status
of Near Threatened has been recommended’.

Wetlands  International  (2020)  currently
estimates the EAAF population as 28,500 birds;
however, Hansen et al. (2016) suggest that the figure
should be 30,000. Since New Zealand supports
<25% of the flyway population for <50% of its
life-cycle its conservation status is not assessed by
the Department of Conservation, it simply being
categorised as a ‘migrant’ (Robertson et al. 2017).
BirdLife International (2020) notes the population
trend as ‘decreasing’, but currently lists turnstone
as ‘Least Concern’; this assessment however is
based on the total global population status.

Declines in populations of many shorebirds in
the EAAF are thought to be associated with habitat
loss and degradation in the Yellow Sea, where the
majority of the populations of many species stage on
migration (Studds et al. 2017). Conklin et al. (2014),
however, suggest that only some 1-20% of the EAAF
population stage in the Yellow Sea. Turnstones
marked with geolocators in Southeast Australia
mostly migrate northwards through Taiwan and the
mainland Chinese and Korean coasts making little
use of Japan (Minton et al. 2010a, 2011a; Zhao 2016)
- nonetheless large numbers of turnstones occur in
Japan on northward migration (Brazil 1991; Conklin
et al. 2014) and there are a considerable number of
re-sights of birds marked in Australia (Minton et al.
2011b). More use may be made of the Yellow Sea on
southward migration (Zhao 2016).

Some other non-breeding turnstone populations
are also reported to be declining, for example in
Namibia (Simmons et al. 2015) and South Africa
(Harebottle et al. 2006), whereas populations
in western Europe are increasing and those in
West Africa fluctuating, although some breeding
populations in Feno-Scandia are declining (van
Roomen et al. 2015). Turnstones in the West Atlantic
Flyway are also in decline; this appears to be at
least partly in response to reduced food supplies in
Delaware Bay (Niles ef al. 2009). Although there is a
high incidence of avian influenza in this population
(Krauss et al. 2010) this does not appear to result in
increased mortality (Maxted et al. 2012). The trend
of the Alaskan breeding population is unknown
(Andres et al. 2012), as is the non-breeding
population of the US Pacific islands (Engilis &
Naughton 2004).

Two subspecies of turnstone are currently
recognised by most authorities: A. i. morinella

breeds in northeast Alaska and across most of Arctic
Canada and winters from South Carolina south to
South central Chile and northern Argentina; while
A. i. interpres breeds from the northern Canadian
Arctic, across Arctic Eurasia to northwest Alaska,
and spends the non-breeding season on the coasts
of western Europe, Africa, south Asia, Australasia
and the Pacific Islands (Nettleship 2000; del Hoyo &
Collar 2014). Although the New Zealand Checklist
Committee (OSNZ) (2010) states that ‘both visit
Australasia’, giving Higgins & Davies (1996) as the
source, this is incorrect as they state: ‘Differences
in measurements between birds from Vic[toria]
and nw. Aust[ralia] indicate that populations
from se Aust[ralia] may come from different
areas of the breeding range than those from nw
Aust[ralia] (Houston & Barter 1990), but both sets
of measurements are consistent with nominate
interpres’. It thus seems likely that it is nominate
interpres that occurs in New Zealand. It should be
noted that Russian ornithologists usually regard the
form breeding in the eastern half of the Eurasian
Arctic to be of the form oahuensis (Portenko 1981;
Tomkovich & Serra 1999; Lappo et al. 2012), but this
taxon is not recognised by most other authorities
(Peters 1934; del Hoyo & Collar 2014).

Turnstones of the form interpres are widely
distributed through the Pacific during the non-
breeding season, occurring along all flyways
(Baker 1953, National Museum of Natural History
undated). Until recently knowledge of turnstone
movements in the East Asia-Pacific region was
largely based on Thompson’s (1973) study of 16,152
turnstones banded on the Pribilof Islands, Alaska
which suggested a generally clockwise migration
with birds moving south through the central Pacific
and returning north along the east coast of Asia.
Subsequently extensive deployment of geolocators
in Australia has provided much information on
movements of birds spending the non-breeding
season in Victoria, South Australia and King Island,
Tasmania (Minton et al. 2010a, 2011a, 2013; Zhao
2016; Gosbell et al. 2018).

The present paper summarises records of
movements of marked turnstones from and to New
Zealand.

METHODS

Relatively few turnstones have been marked in
New Zealand, the total to 1 June 2020 being 216
(Michelle Bradshaw, New Zealand National Bird
Banding Scheme, Department of Conservation pers.
comm.). Since 1996, 110 turnstones in the Auckland
region, North Island have been marked with a
geographic cohort plain white Darvic leg flag, and
three birds with white over green leg flags in the



Nelson region, South Island. Since 2009, a further
11 have been marked in the Auckland region
with a white flag bearing an engraved three letter
code allowing individual recognition. Individual
colour band combinations have been used since
2004 on 50 turnstones in the South Island (24 at
Motueka Sandspit, Tasman Bay and 26 at Awarua
Bay, Southland) and 16 in the North Island (12
at Parengarenga Harbour, Far North, three in
Manukau Harbour, Auckland and 1 at Manawatu
estuary).
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RESULTS

Movements to/from Asia

Up to 1 June 2020, there had been seven records of
individually marked turnstones banded in New
Zealand re-sighted in East Asia (Table 1) and 35
records of birds with a geographic cohort flag
(Appendix 1). There have been 35 records in New
Zealand of birds marked in Asia with geographic
cohort flags (Appendix 2). Birds marked in New
Zealand have been reported from Taiwan, South
Korea and Japan, and birds marked in Japan, South
Korea, and mainland China were reported from
New Zealand (Fig. 1).

Table 1. Records of ruddy turnstones individually-marked in New Zealand and re-sighted in Asia.

Re-sighting location Mark Date Banding location Date
South Korea
Aphaedo, Mokpo W2BYYY 10 May 2005 Karaka, Manukau Harbour, 12 Mar 2005
14 May 2005 North Island
Saemangeum W2BYWW 10 May 2008 Clark’s Bay, Manukau Harbour, 6 Jan 2007
North Island
Mokpo CMK 29 Apr 2017 Karaka, Manukau Harbour, 9 Apr 2016
30 Apr 2017 North Island
1 May 2017
2 May 2017
3 May 2017
Japan
Kitadaitou Is., Okinawa CSR 25 Mar 2018 Manukau Harbour, Auckland, 21 Feb 2015
North Island
China, Taiwan
Wanggong, Changhua County ~ W1BYWR 25 Apr 2009 Awarua Bay, Southland, 4 Nov 2006
27 Apr 2009  South Island
5 May 2009
3 May 2011
Han Pao, Changhua County W1BYRW 21 Apr 2011 Awarua Bay, Southland, 24 Oct 2010
South Island
Wanggong, Changhua County ~ WI1BYWB 3 May 2011 Awarua Bay, Southland, 4 Nov 2006
South Island

The repeat reports of WIBYWR on northward
migration in Taiwan in two years are notable as
this bird was also seen on southward migration in
Roebuck Bay, Australia (Table 3).

The only records of individually
identifiable turnstones from East Asia being
reported in New Zealand are two birds marked
on 17 April 2018 at Chongming Dongtan National
Nature Reserve, Shanghai, China which have been
photographed at Riverton Estuary, Southland on
20 February 2019 (one bird) and on 16 March 2020
(both birds).

The Asian records demonstrate that turnstones
spending the non-breeding season in New Zealand
may pass through East Asia on both northward and
southward migration.

Movements to/from Australia

There are 49 records of turnstones marked with
geographic cohort flags in Australia re-sighted in
New Zealand, with most occurring in the austral
summer, but one bird in June is likely to have
been an immature bird that did not migrate (Table
2). Australian-banded birds have been seen from
coastal sites throughout New Zealand (Fig. 2).
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Figure 1. Locations in East Asia where ruddy turnstones
marked in New Zealand have been recorded and/
or where ruddy turnstones have been marked and
subsequently seen in New Zealand. Upward triangle
— bird marked in New Zealand reported on northward
migration; downward triangle — bird marked in New
Zealand reported on southward migration; star — location
where a bird was marked that was subsequently reported
in New Zealand.

Six birds individually marked in Victoria,
one in South Australia and one on King Island,
Tasmania have been reported from New Zealand,
three being reported multiple times from the same
site in different years during the austral summer
(Appendix 3). This suggests a high degree of site
faithfulness, as has been found for non-breeding
turnstones elsewhere (Burton & Evans 1997; Pearce-
Higgins 2001), unless there is a food shortage in
which case birds may move (Burton et al. 2005).

There are eight records of turnstones marked
with a geographic cohort flag in the North Island

.O Parengarenga
2508 '@ O/Y Rangaunu

Kaipara
0,G,0Y @& ‘
 Miranda/Kaiaua
Manukau O @@0, G, OY, Y
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Figure 2. Locations where ruddy turnstones marked
in Australia have been re-sighted in New Zealand.
Letters refer to geographic cohort colour flags: G =
green (Queensland), O = orange (Victoria), Y = yellow
(Northwest Australia), O/Y = orange/yellow (South
Australia).

and re-sighted in Australia, five records from King
Island, Tasmania and three from Darwin, Northern
Territory (Appendix 4). Five individually marked
turnstones from Awarua Bay, Southland have been
reported from Australia (Table 3).

Table 2. Number of re-sight reports each month in New Zealand of ruddy turnstones marked with a geographic cohort

“_a

colour flag(s) in Australia. indicates no sightings.

] F M
NW Australia 1 1 -
Queensland 2 1 1
South Australia - 4 3
Victoria - 6 8

- _ - - - _ 2 -
- - - - - 1 - -
1 1 - - - 1 8
- - - - 1 3 3
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Table 3. Records of ruddy turnstones individually-marked in New Zealand and re-sighted in Australia

Marking location

Mark Marking

date

Age when Re-sighting date
banded

Re-sighting location

Awarua Bay, Southland

Awarua Bay, Southland

Awarua Bay, Southland

Awarua Bay, Southland
Awarua Bay, Southland
Awarua Bay, Southland

WIBYYW 4 Nov 2006

WIBYYY 4 Nov 2006

WIBYWR 4 Nov 2006
Auncertain® 24 Oct 2010**
4 Nov 2006
4 Nov 2006

B uncertain*

B uncertain*

2+

2+

2+

2+
2+
2+

15 Sep 2007
17 Sep 2007
3 Sep 2009
9 Sep 2009
11 Sep 2009

17 Aug 2010
8 Oct 2010

11 Sep 2014

12 Sep 2015

24 Aug 2016

25 Aug 2016

7 Oct 2017

29 Sep —10 Oct 2007
11 Sept 2009

6 Sep 2010

18 Mar 2015
5Sep 2019
23 Jun 2020

Roebuck Bay, NW Australia
Roebuck Bay, NW Australia
Roebuck Bay, NW Australia
Roebuck Bay, NW Australia
Roebuck Bay, NW Australia
Roebuck Bay, NW Australia

Roebuck Bay, NW Australia
Killarney Beach, Port Fairy, Victoria
Roebuck Bay, NW Australia
Roebuck Bay, NW Australia
Killarney Beach, Port Fairy, Victoria
Newecastle Beach, New South Wales
Killarney Beach, Port Fairy, Victoria
Roebuck Bay, NW Australia

Darwin, Northern Territory
Roebuck Bay, NW Australia
Broome, NW Australia

* Three records of birds with one band missing. The identity of these individuals remains uncertain, but at least two different

birds are involved. They were definitely marked at Awarua Bay.
** Probable banding date — uncertain as one band missing when re-sighted.

Figure 3. Ruddy turnstones at Awarua Bay, Southland. Left: bird marked at Port MacDonnell, South Australia.
Right: bird marked on King Island, Tasmania. For details see Appendix 3. (Photographs: Glenda Rees).

The re-sights of New Zealand-marked birds in
Australia (Figure 4) show that birds pass through
on both northward and southward migration
(Table 3). The records of WIBYYW are particularly
interesting as this bird was regularly reported
on southward migration from Roebuck Bay, NW

Australia, in five years but also twice from Victoria,
although not during the same migration season.
WIBYWR was also reported from Taiwan on
northward migration (Table 1). One bird that could
not be individually identified, seen at Broome on 23
June 2020 was at least 16 years old. The maximum
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time between banding and recovery for a turnstone
banded in Australia is 18 years and 7.4 months
(ABBBS Database 2020), that in Britain 20 years and
3 days (BTO2018), and in North America 16 years 11
months (US Geological Survey 2020). It is possible
that the Broome bird may have not migrated to the
breeding grounds due to old age.

One bird with multiple re-sights in Australia
(WIBYYW) was seen back at Awarua Bay on 22
October 2010. Additionally, three different birds,
but with only part of the colour band combination
remaining, have been recorded there. However,
there has been little re-sighting effort at Awarua
Bay, Southland and so the lack of re-sights does
not necessarily reflect an absence of birds. One
bird marked only with a metal band at Pakorokoro
Miranda, Firth of Thames, North Island on 28
October 1991, aged as an adult, was caught and
released at Moreton Bay, Queensland on 19
September 1993 and recaptured back at Pakorokoro
Miranda on 17 October 1993 (Riegen 1999) — this
is the only overseas movement of a metal banded
turnstone from New Zealand.

DISCUSSION

Data are limited, but it is clear that at least some
turnstones visiting New Zealand during the austral
summer are coming via East Asia, and Australia,
and that some northward migrating birds are also
passing through Australia on their way to Asia. It
remains unclear what movements are taking place
through the Pacific — the only record of a marked
bird is one with plumage dye from the Pribilof
Islands, Alaska which was seen in the North Island
in 1968 (date and locality unknown) (McKenzie
1968; Thompson 1973). Turnstones are widespread
across the South Pacific in the austral summer
(Stickney 1943; eBird 2020), with small numbers
occurring on the Kermadec Islands (Veitch et al.
2004). Three turnstones were seen flying south over
the sea ~623 km north-north-east of Cape Reinga
(New Zealand, 29.43°S, 175.70°E) on 27 November
1966 (Jenkins 1967) and a juvenile landed on a boat
~1,420 km north-north-east of Cape Reinga (22.20°S,
177.43°E) on 11 November 1970 and hitched a ride
to the Hauraki Gulf, near Tiritiri Matangi Island
(Jenkins 1971). A single turnstone was recorded
flying southeast (towards New Zealand) on 18
September 1982, ~935 km northwest of Cape Reinga

Darwin @
18°S — Roebuck Bay @ IL
28°S —
@ Newcastle
38°S — Port Fairy @ ;
U i
1,000 km -
;?.Awarua Bay
| | | | | |
122°E 132°E 142°E 152°E 162°E 172°E

Figure 4. Locations where ruddy turnstones marked at Awarua Bay, New Zealand have been recorded in Australia.



(27.75°S, 166.97°E; AMH and Tim Lovegrove unpubl.
data).

Whilst there is limited information on routes
used by turnstones when migrating to/from
New Zealand, there is a considerable body of
information for Australian turnstones from both
marking (Minton ef al. 2010b, 2011b) and the use
of geolocators (Minton et al. 2010a, 2011a; 2013;
Zhou 2016; Gosbell et al. 2018). Birds generally
migrate northwards along a relatively narrow front
to Taiwan, and then pass through the Yellow Sea
before moving to breeding grounds in the Russian
Far East. The southward migration shows more
variation, with some birds returning through East
Asia, while others pass through the central Pacific
(Minton et al. 2011a; Gosbell et al. 2018).

Geolocator tracked birds from Southeast
Australia occurred on breeding grounds from the
Gulf of Khatanga to the Gulf of Kolyma, Yakutia, and
the New Siberian Islands (Zhao 2016). Turnstones
marked in Japan have been reported from the
breeding grounds from Yakutia east to Magadan,
ie. further east than the Southeast Australian
birds (Biodiversity Center of Japan 2020), possibly
suggestive of different populations. Zhao (2016)
noted in relation to non-breeding populations
in Australia: ‘although belonging to one species
and wintering within a small geographic range,
populations can potentially be exposed to different
threats and thus require a population specific
conservation plan’.

Australian geolocator data also suggest
that turnstones are now migrating north earlier
than previously, and that there may now be less
birds staging in the Yellow Sea than formerly,
possibly in response to habitat reduction and
degradation (Zhao 2016). Numbers of turnstones
at Saemangeum, South Korea decreased markedly
following the closure of the reclamation seawall in
2006 (Moores et al. 2016). However, habitat loss due
to land claim has greatly reduced in China since
2018 (Melville 2018).

Trapping of turnstones for food has been
recorded previously in Tuvalu (Koch 1961) and for
sport on Nauru (Stephen 1936; Buden 2008), while
they were shot for food in Hawaii (Henshaw 1902).
It is unknown if trapping continues there and/
or elsewhere in the Pacific, but Pierce et al. (2012)
reported that turnstones were not taken on Tokelau.
Gallo-Cajiao et al. (2020) suggested that 285
turnstones were hunted in the mid-1980s to early
1990s in the three sites in the EAAF for which data
were available (Pattani Bay, Thailand; West Java,
Indonesia; Yangtze River delta, China), but current
levels are unknown. In addition to deliberate
harvesting turnstones are also caught accidentally
in fish/crab traps on the Chinese coast (Melville
et al. 2016), and possibly elsewhere. Turin & Watts
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(2016) suggested that the maximum number of
turnstones that could be harvested sustainably
(Potential Biological Removal) within the EAAF
was about 1,000 birds annually.

The current lack of detailed information about
the migratory routes used by turnstones spending
the non-breeding season in New Zealand is of
concern in light of the continuing decline in their
population (Riegen & Sagar 2020), the cause(s) of
which are unknown (Conklin et al. 2014). There is an
urgent need for a tracking study of the movements
of turnstones that spend the non-breeding season
in New Zealand to better understand their annual
migrations, in particular potential use of the Pacific
Flyway (Davidson & Gill 2008). This would assist
in identifying possible causes of population decline.
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Appendix 1. Records of ruddy turnstones marked in the Auckland region, New Zealand with a geographic cohort colour
flag (plain white) and re-sighted in Asia.

Re-sighting location Date

South Korea
Dongjin Estuary 5 Sep 1997
Mankyung Estuary 10 May 2001
Mokpo City 11 May 2003
Mokpo City 12 May 2003
Mokpo City 14 May 2005
Mokpo City 3 Apr 2006
Mokpo City 13 Apr 2006
Mokpo City 24 Apr 2006
Simpo, Saemangeum 2 May 2006
Mokpo City 3 May 2006
Mokpo City 5 May 2006
Mokpo City 10 May 2006
Mokpo City 15 May 2006
Mokpo City 18 Apr2007
Mokpo City 2 May 2007
Mokpo City 5 May 2007
Mokpo City 10 May 2007
Mokpo City 15 May 2007
Simpo, Saemangeum 30 Apr 2008
Hwaje, Saemangeum 20 May 2008
Mokpo City 4 Aug 2008
Mokpo City 22 Apr 2012

China, Taiwan
Han Pao, Changhua County 28 Aug 2008
Han Pao, Changhua County 5 Sep 2008
Dongsha Qundao (Pratas Reef) 21 Aug 2009
Han Pao, Changhua County 22 Aug 2009
Han Pao, Changhua County 24 Aug 2009
Han Pao, Changhua County 5 Sep 2009
Han Pao, Changhua County 9 Sep 2009
Han Pao, Changhua County 17 Sep 2009
Han Pao, Changhua County 21 Feb 2010
Han Pao, Changhua County 15 Aug 2010
Han Pao, Changhua County 15 Sep 2011
Han Pao, Changhua County 15 Aug 2015

Han Pao, Changhua County 3 Apr 2016
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Appendix 2. Records of ruddy turnstones marked in Asia with a geographic cohort colour flag combination and
re-sighted in New Zealand.

Banding location Re-sighting location Date
Japan
Northern Japan, Eastern Hokkaido Karaka, Manukau Harbour, North Island 24 Feb 2011
Clarks Bay, Manukau Harbour, North Island 29 Oct 2011
Karaka, Manukau Harbour, North Island 10 Mar 2012
Karaka, Manukau Harbour, North Island 22 Dec 2012
Farewell Spit, South Island 15 Feb 2014
Tokyo Bay /Miyagi Big Sand Island, Tapora, Kaipara Harbour, North Island 4 Mar 2006
Karaka, Manukau Harbour, North Island 13 Mar 2016
South Korea
South Korea Parengarenga Harbour, Far North, North Island 22 Sep 2002
South Korea Karaka, Manukau Harbour, North Island 8 Nov 2003
China

;:?Sin;:sgegzlsg}ii;aional New River estuary, Invercargill, South Island 21 Feb 2008
Karaka, Manukau Harbour 20 Oct 2013
11 Nov 2013
22 Dec 2013
2 Jan 2014
4Jan 2014

2 Feb 2014
16 Feb 2014
20 Oct 2014
2 Dec 2014
27 Dec 2014
26 Feb 2015
4 Apr 2015
26 Dec 2015
24 Jan 2016
13 Mar 2016
26 Mar 2016
18 Dec 2016
2 Jan 2017

1 Apr 2017
9 Apr 2017
14 Apr 2017
19 Nov 2017
21 Nov 2017
4 Feb 2018

1 Apr 2018
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Appendix 3. Records of ruddy turnstones individually-marked in Australia and re-sighted in New Zealand

Marking location

Mark Marking date Age when Re-sighting date Re-sighting location

banded

Flinders, West Head, Victoria

Killarney Beach, Port Fairy,
Victoria

Killarney Beach, Port Fairy,
Victoria

Barwon Heads, Victoria
Flinders, West Head, Victoria
Flinders, West Head, Victoria

Port MacDonnell, South
Australia

King Island, Tasmania *

ANY

YHS

YRZ

CMN
CMW
WRU

BEE

UAZ

20 Oct 2009

20 Oct 2013

26 Oct 2013

16 Apr 2010
1 Nov 2010
20 Sep 2015

22 Sep 2018

9 Dec 2018

2+

2+

2+

2+

1

11 Jan 2012
18 Feb 2012
10 Nov 2012
10 Mar 2013
29 Mar 2013
28 Dec 2013
11 Jan 2014
6 Apr 2014
2 Jan 2015
31 Mar 2015
5 Apr 2015
7 Nov 2015
5 Mar 2016

6 Apr 2014

1Jan 2015
7 Nov 2015
5 Mar 2016

15 Dec 2013
22 Dec 2013
2 Jan 2014

4 Jan 2014

2 Feb 2014
16 Feb 2014
26 Dec 2014
27 Dec 2014
7 Feb 2015
22 Feb 2015
26 Feb 2015
14 Mar 2015
29 Mar 2015
6 Apr 2015
31 Oct 2015
26 Dec 2015
10 Jan 2016
16 Jan 2016
13 Mar 2016
26 Mar 2016
1Jan 2017
18 Mar 2017
1 Apr 2017
14 Apr 2017
21 Nov 2017
2 Jan 2018
14 Jan 2018
4 Feb 2018

1 Apr 2018
9 Feb 2018
15 Dec 2019
26 Dec 2019

7 Mar 2011
7 Mar 2011
5 Nov 2016

15 Feb 2020

27 Jul 2019

Big Sand Island, Tapora,
Kaipara Harbour

Big Sand Island, Tapora,
Kaipara Harbour

Kidds, Karaka, Manukau
Harbour

Riverton Rocks, Southland
Invercargill, South Island

Avon-Heathcote,
Christchurch, South Island

Awarua Bay, South Island

Awarua Bay, South Island

* see Figure 3.
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Appendix 4. Records of ruddy turnstones marked in the Auckland region, North Island, New Zealand with a geographic
cohort colour flag and re-sighted in Australia.

Re-sighting date Re-sighting location

12 Mar 2008 North Bay, King Island, Tasmania

19 Nov 2008, 27 Mar 2009 Whalebone Beach, King Island, Tasmania
19 Mar 2010 Surprise Bay, King Island, Tasmania

29 Nov 2011 Sea Elephant River, King Island, Tasmania

5 Apr 2014, 28 Mar 2015, 29 Nov 2015 East Point, Darwin, Northern Territory
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SHORT NOTE

Seasonal use of farmland by shorebirds on the south
Kaipara, North Island, New Zealand

B. MICHAUX
PO Box 191, Kaukapakapa 0843, New Zealand

Ngapuke is a dry stock farm with approximately
150 hectares of harbour flats situated on the
southeastern shores of the Kaipara Harbour (Figure
1). It lies just to the south of Jordan’s Island, which
was one of the earliest and most important sites for
shorebird studies on the Kaipara (McKenzie 1978;
Riegen 1999). Farmland in this part of the harbour
provides roosting areas for shorebirds because there
are few suitable natural sites such as shell banks
or areas of exposed sand available in the southern
Kaipara at high tide. The present study is the result
of 50 visits to the farm at high tide between June
2015 and December 2019, during which numbers of
birds were recorded.

Table 1 shows the mean number of individuals
and mean number of shorebird species present
at the site during the year. There are inferred
seasonal patterns in both numbers and diversity
of shorebirds, which results from an interaction
between migration, behaviour, and seasonal
changes in soil-moisture conditions. Shorebirds
use the site primarily when the paddocks are wet
and they can feed as well as roost. The main prey
item of the larger species, such as South Island
pied oystercatcher (Haematopus finschi) and bar-
tailed godwit (Limosa lapponica), are earthworms

Recetved 24 April 2019; accepted 18 July 2019
Correspondence: bjmichaux@gmail.com
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Figure 1. Location of Ngapuke and other major roosting
sites in south Kaipara.
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Table 1. Average numbers of birds and species (range given in parentheses) observed each month (n = number of observations) during the period June 2015 to

December 2019 (n

50). Description of interaction between migration patterns and soil moisture conditions also shown.
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in dry summer months

Description

migrants
overlap

Birds observed feeding on wet paddocks

that birds probe for in the wet soil. Smaller species
such as banded dotterel (Charadrius bicinctus) feed
off the surface, presumably for a wide range of
invertebrates. Once the paddocks dry out, normally
between November and February, birds usually
(but not always) abandon the site as prey items are
no longer available. Peak numbers and diversity at
Ngapuke therefore occur during the late autumn,
winter and early spring when there is sufficient
rainfall to allow feeding.

Winter bird numbers are dominated by South
Island pied oystercatcher (Table 2) that breed on the
braided rivers and surrounding pastures east of the
main divide in the South Island and a few rivers
south from Hawkes Bay in the North Island, but
which disperse to coastal areas after breeding with
many wintering in the north (Sagar 2013). South
Island pied oystercatcher return to the Kaipara in
large numbers by January or February, although
they are usually only found in small numbers at
Ngapuke until April when there has been sufficient
rain to soften paddocks to allow feeding. Although
birds start to return southwards in late-June from
North Island sites such as the Firth of Thames,
significant numbers of birds can be present as late
as early October at Ngapuke. Whether these birds
are non-breeders or use breeding sites in the far
south of the South Island is uncertain. Internal
migrants found in smaller numbers during autumn
and winter include banded dotterel and wrybill
(Anarhynchus  frontalis). Other species present
during this period are local birds that form post-
breeding flocks, notably black swan (Cygnus
atratus), Canada goose (Branta canadensis), paradise
shelduck (Tadorna variegata), variable oystercatcher
(Haematopus unicolor), and pied stilt (Himantopus h.
leucocephalus). These flocks form after breeding is
completed and break up again as the birds pair up
in the spring in preparation for breeding. Pied stilts
start breeding as early as August, but the other flocks
break up in October and November, coincidental
with the departure of the internal migrants. Several
pairs of Pied stilts breed each season at the site.

At Ngapuke, both the maximum number of
individuals and maximum shorebird diversity
occur in October, with the main arrival of Arctic
migrants before significant migration south of
South Island pied oystercatcher or dispersal of
post-breeding flocks. Large numbers of bar-tailed
godwit (maximum 1,250) use the site to feed and
recover from their long journey from breeding
grounds in Alaska (Woodley 2012). Diversity at this
time is high as many species of Arctic waders can
be found at the site in small numbers (Appendix 1).
In some seasons there is also a secondary maximum
at Ngapuke in both numbers and diversity in early
autumn because of the overlap between departing
Arctic migrants and the arrival of internal migrants.
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Some species occupy the site at all times
of the year, notably white-faced heron (Egretta
novaehollandiae) and spur-winged plover (Vanellus
miles novaehollandiae). While spur-winged plover do
not form winter flocks as such, there is an increase
in the number of birds over the winter and those
observed at other times probably represent breeding
pairs and their offspring, although juveniles have
not been observed. The white-faced heron is the
only species that increases its numbers during the
dry summer period (Table 2), which may be related
to feeding opportunities as the paddocks become
infested with black field crickets (Teleogryllus
commodus) during these months.

The development of large tracts of farmland
through reclamation in the south Kaipara is a recent
development that has occurred during the last
100 years or so (Stevens 1956), and its utilisation
as a feeding resource by waders during high tide
when their inter-tidal feeding grounds are covered
shows an important behavioural flexibility. This
new resource allows Arctic migrants to feed almost
constantly on their return to New Zealand speeding
their recovery from their long return journey.
Newly arrived bar-tailed godwits can be observed
feeding vigorously during the early spring. This
resource is also important for South Island pied
oystercatcher as they prepare for breeding in
the spring. While the negative effects of human
population growth on roosting and feeding areas
of waders is well documented (e.g. Yang et al.
2011; Woodley 2012), the incidental positive effect
of farming in providing additional food sources
has not been discussed in a New Zealand context,
although studies highlighting the importance of
grasslands in providing secondary food resources
for overwintering waders have been reported for
the lapwing (Vanellus vanellus) and golden plover
(Pluvialis apricaria) in the UK (Townshend 1981;
Milsom et al. 1998), and for buff-breasted sandpiper
(Calidris subruficollis) and American golden plover
(Pluvialis dominica) in South America (Aldabe et al.
2018).
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Abstract: We analysed standardised estimates of local occupancy probability of 13 species of native wading birds,
terns and gulls (order Charadriiformes) derived from the New Zealand Ornithological Society’s national Atlas of Bird
Distribution collated in 1969-1979 and 1999-2004. We show systematic patterns in changes with taxonomic level of
endemism, breeding habitat (coastal or inland), and location (distance from the coast, road density, and degree of land
development for agriculture and forestry). The main changes were decreases in endemic inland breeding species within
their inland South Island breeding ranges, and increases in most coastal-breeding species and some inland-breeding
species around much of the coast, especially near urban centres in the North Island. Our results are consistent with both
intensive land use and predation contributing to widespread declines of inland-breeding species across inland South
Island. Potential causes of occupancy changes around the coast are less clear, and we offer some suggestions.
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INTRODUCTION

Birds in the order Charadriiformes that breed in
New Zealand are important and highly visible
components of the New Zealand avifauna. A
number of species are listed as threatened or at risk
(Robertson et al. 2017; Table 1). The group includes
terns and gulls (family Laridae) and waders (or
‘shorebirds’; suborder Charadrii).
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*Correspondence: walkers@landcareresearch.co.nz

Some species breed mainly or only on the
coast, including the endemic New Zealand dotterel
(Charadrius obscurus) and variable oystercatcher
(Haematopus — unicolor), and the non-endemic
native species New Zealand fairy tern (Sternula
nereis), Caspian tern (Hydroprogne caspia), white-
fronted tern (Sterna striata), red-billed gull (Larus
novaehollandiae), and southern black-backed gull (L.
dominicanus).
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Other species breed mainly in the inland South
Island, and of these only the pied stilt (Himantopus
himantopus) is non-endemic. Wrybill (Anarhynchus
frontalis, endemic at the genus level) and five
species-level endemics (kaki/black stilt Himantopus
novaezelandiae, black-billed gull Larus bulleri,
black-fronted tern Chlidonias albostriatus, banded
dotterel Charadrius bicinctus, and South Island pied
oystercatcher Haematopus finschi) breed mainly on
sparsely vegetated inland braided riverbeds and
outwash terraces, which formed in the Pleistocene.
Some populations of a few inland breeding species
remain and overwinter inland (Sagar & Geddes
1999; Sagar et al. 1999), but others migrate to feed
in coastal habitats around New Zealand, and, in the
case of some banded dotterel, on the coast of south
eastern Australia (Pierce 1999).

There is considerable variation in the
information available on trends in New Zealand’s
Charadriiformes. Waders have long been of
particular interest to ornithologists, and there are
long-term data from biannual counts at estuaries
(Sagar et al. 1999). Some rarer taxa, such as northern
and southern New Zealand dotterel (Dowding &
Davis 2007); New Zealand fairy tern (Hansen 2006);
and kaki/black stilt (Maloney & Murray 2001), are
comparatively well studied and have had formal
population recovery plans developed. In addition,
there are estimates of long-term population changes
for black-fronted tern (O’Donnell & Hoare 2011)
and black-billed gull (McClellan 2009; Mischler
2018) on braided rivers, and for red-billed gull
(Frost & Taylor 2018) on New Zealand coasts. These,
and long-term counts of waders, terns and gulls
on braided rivers (Spurr & Ledgard 2016, DOC,
unpubl. data), have been used to inform revisions
of the New Zealand Threat Classification System
(NZTCS) rankings. However, spatial information
that can assist in identifying national distribution
and population changes in most species is scarce.

Two atlases of bird distribution compiled by the
Ornithological Society of New Zealand (Bull et al.
1985; Robertson et al. 2007) are the only data sets
that have recorded the spatial distributions of bird
species across the whole nation. Field surveys for
the atlases were undertaken from September 1969
to December 1979, and from December 1999 to
November 2004, so these data potentially provide a
spatially explicit, nationally comprehensive, multi-
species, multi-decade (25-year) view of status and
trends. However, two aspects of the data have
complicated comparisons between the measurement
periods: the different spatial systems and locations
of the sampling units in the atlases (imperial versus
metric grid squares), and differences in the level of
detection effort applied across the nation between
and within the two different surveys. We have
recently addressed these complications and created
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a standardised set of data for native species from
the two atlases that allows robust comparisons of
their probabilities of occupancy in 2,155 10 x 10 km
grid squares across New Zealand over the 25-year
interval (Walker & Monks 2017, 2018).

In this paper we use these standardised data
to summarise, analyse and interpret spatial
changes in the local (square-wise) probabilities of
occupancy (‘local occupancy’) of the 13 species of
New Zealand-breeding waders, terns and gulls for
which we were able to derive national estimates.
We use a mixed-effects modelling approach to look
for systematic patterns in their changes over time in
relation to taxonomic level of endemism, breeding
habitat (coastal and inland), location (island and
distance from the coast), and degree of human
influence (road density, agricultural and forestry
conversion, and urbanisation), while accounting for
taxonomic relatedness among species and repeated
observations at the same location.

Taxonomiclevel ofendemismisastrongindicator
of long evolutionary history in New Zealand, and
of avian extinction and endangerment (McDowall
1969; Duncan & Blackburn 2004). Endemic species
often have behaviours that make them susceptible
to novel predators, and they may have lost traits
that enable adaptation to the environments and
changes associated with human settlement through
their insular evolutionary history. Therefore, our
first expectation was that endemic species would
be less likely than non-endemic species to show
a positive trend between measurement periods (a
negative interaction between measurement period
and level of endemism).

New Zealand’s coastline provides roost and
nest sites that may be less accessible (e.g. offshore
and on cliffs) to bird predators than the open
riverbed and outwash plain breeding habitats of
the inland South Island. We therefore predicted
that changes in local occupancy between 1969-1979
and 1999-2004 would differ between species that
breed on the coast and those breeding inland (a
positive interaction between measurement period
and coastal-breeding), and between the inland and
coastal habitats of species (a negative interaction
between measurement period, endemism, and
distance from the coast, given that we expect
greater susceptibility to predation in species with
higher levels of endemism and in more accessible
breeding habitats).

Modification and development of habitats such
as estuaries, beaches and inland outwash plains,
and greater disturbance of breeding, feeding and
roosting habitats, could have negative effects
on some species (e.g. some waders and braided
river birds; Sagar et al. 1999). However, human
habitation may have had positive effects on other
species. For example, non-endemic species such
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as southern black-backed gull are associated with
features such as wharves and rubbish tips (Heather
& Robertson 1996), and Sagar et al. (1999) reported a
‘remarkable’ increase in the number of South Island
pied oystercatchers counted in winter around
the highly developed Manukau Harbour and the
Firth of Thames between 1983 and 1994. Breeding
success near human habitation may in some cases
be assisted by predator control or eradication (e.g.
New Zealand dotterel; Neate et al. 2011; Ogden &
Dowding 2013). If human persecution has reduced
in recent decades, the recovery of persecuted species
(e.g. variable oystercatcher; Baker 1973) may also be
associated with areas of human settlement. Overall,
we expected that the effects of human settlement
on species populations could be either positive
or negative, depending on the characteristics and
history of the species.

We  hypothesised that intensive land
development has had an adverse effect on the local
occupancy of species that breed mainly inland in
the South Island. Populations of inland-breeding
species are threatened by a very wide suite of
mammalian and avian predators on their breeding
grounds; however, their breeding habitats have
also undergone considerable loss and modification
in recent decades through intensive agricultural
development, afforestation, modification of flow
regimes for irrigation and electricity generation, and
the spread of woody weeds (Weeks et al. 2013; Cruz
et al. 2013; Grove et al. 2015; O’'Donnell et al. 2016;
Peat et al. 2016). These changes may be important
drivers of declines. For example, Miskelly et al. (2008)
commented that for South Island pied oystercatcher,
Australasian pied stilt, banded dotterel, and black-
billed gull, ‘[t]he main causes for deterioration in
conservation status were thought to be changes in
land-use, particularly conversion of sheep farming
to dairy farming’. If land development has adverse
effects, we would expect decreases in occupancy
to have been greater in places with more intensive
agricultural development.

We use two sets of models to test these
expectations. We first fitted models of the local
occupancy of the thirteen most common bird
species together. We used an index of road density
to represent human transformation of the landscape
generally, and determined how its effects interacted
with time (between measurement periods),
endemism level, breeding group (mainly coastal- or
mainly inland-breeding), and geographic location
(distance from the coast). We then analysed the
local occupancy of the seven species that breed
mainly inland in the South Island, examining the
influence of two different and independent human
transformation effects (agricultural or forestry
development, and urbanisation).

METHODS

Data

Occupancy estimates for taxa

We derived standardised estimates of local

probabilities of occupancy (‘local occupancy’) across
New Zealand for extant native Charadriiform taxa
that were present at human settlement and still
occur and breed on New Zealand’s three main
islands (Table 1). Estimates were made for each of
2,155 10 x 10 km grid squares, in two measurement
periods (1969-1979 and 1999-2004), from data in
two national atlases of bird distribution compiled
by the Ornithological Society of New Zealand (Bull
et al. 1985; Robertson et al. 2007). The methods for
estimating local occupancy allowed probability of
detection to vary seasonally by including season
(spring, summer, autumn, or winter) as a covariate,
and are fully described by Walker and Monks
(2019).

We were unable to derive local occupancy
estimates for three taxa of interest because of their
extreme rarity. These taxa were non-endemic New
Zealand fairy tern, the endemic reintroduced shore
plover (Thinornis novaeseelandiae), and the recently
self-introduced black-fronted dotterel (Elseyornis
melanops). We did not consider the recently self-
introduced spur-winged plover (Vanellus miles, a
lapwing in the subfamily Vanellinae, first recorded
breeding in 1932; Heather & Robertson 1996) in this
study because it occupies general open-country
habitats and has a life history distinct from other
native species. We recognised three taxonomic
levels of endemism (non-endemic native, species-
level endemic, and genus-level endemic) and used
these as a proxy for the length of time that a species
has been isolated in New Zealand. Taxa were
classified as mainly coastal-breeding or mainly
inland-breeding based on distributions in early
spring (Table 1).

Geographic coverage and predictor variables

Our national grid (Fig. 1) omits all 10 x 10 km
grid squares not sampled in one or both atlases,
and excludes all squares covering more than 75%
water (coasts and large inland lakes). Each square
was assigned to either ‘North Island’ or ‘South
Island’. Near-shore islands were assigned to the
nearer of the two major islands, so that Stewart
Island squares are included in our definition of
‘South Island’. There are 1,083 North Island squares
and 1,072 South Island squares, which cover 88%
(99,510 km?) of the land in the North Island and
66% (99,630 km?) of the land in the South Island and
Stewart Island combined. The islands differ in their
taxa, environments and settlement histories, and
are analysed separately.
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Figure 1. Distribution across New Zealand of (a) relative road density, (b) relative level of urbanisation, and (c) percent

of square under crops, pasture or exotic forestry.

Using publicly available GIS surfaces, we
calculated for each grid square: i) road density (the
square root of the length of road centrelines' per unit
land area in km/km?); ii) distance from the coast
(the shortest distance from the square centre to the
coastline?); iii) degree of conversion to crop, pasture,
or exotic forestry plantation (CPEF; the percentage
of land in Land Cover Database [LCDB] classes
‘Short-rotation Cropland’, ‘Orchard Vineyard &
Other Perennial Crops’, ‘High Producing Exotic
Grassland’, “Exotic Forest’ or ‘Forest — Harvested’
in summer 2001/02; LCRIT 2015); iv) urbanisation
(the percentage of land covered by LCDB classes
“Urban parkland / open space’ and ‘Built-up area
[settlement]’) (Fig. 1). Continuous variables were
transformed so that they spanned similar scales and
centred on zero. Coefficients of correlation showed
that road density and CPEF were correlated (r
= 0.69 and 0.84 on the North and South Islands,
respectively), so these were not used together
as model predictors. Correlations between road
density, distance from the coast, and urbanisation
were relatively weak (r < 0.4).

thttps://data.linz.govt.nz/layer/50329-nz-road-
centrelines-topo-150k/ Accessed: 1 June 2016
2 https://data.linz.govt.nz/layer/258-nz-coastlines-

topo-150k/ Accessed: 1 June 2016

Analyses

Descriptive statistics

Range contraction is an important signal of likely
population decline (Caughley & Gunn 1996).
Average local occupancy across squares provides
an estimate of the proportion of the available
geographical range occupied by bird species, and
differences in those averages between measurement
periods are estimates of net geographical range
changes. We calculated the average and 95%
confidence limits of occupancy of each species
across its coastal and inland ranges on each island
by drawing 1,000 samples from the posterior
distributions of our estimates of local occupancy
in each time period. For this purpose, coastal and
inland squares were defined simply as those with
centre distances less than and greater than the
mean distance to the coast across all squares (c. 33
km), respectively. We also mapped average local
occupancy across the six mainly coastal-breeding
and seven mainly inland-breeding species of
Charadriiformes for which we had estimates on
each island.

Mixed-effects models

Local occupancy of 13 native wading bird, tern or
gull species (Table 1) were analysed in all-species
models fitted for each island. Logit-transformed
occupancy probability was fitted as a linear
function of the interaction between measurement
period, endemism (as a two-level factor: non-
endemic native or endemic), breeding habitat
(predominantly coastal or inland breeding), road
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Table 2. Average and upper and lower 95% confidence limits of local occupancy estimates (expressed as percentages) for
the 13 native taxa in our analyses (listed by common names, with italics indicating mainly inland-breeding taxa). The
table shows data for (a) all 2,155 10 x 10 km grid squares; (b) coastal squares (all those with centre distance from the coast
less than the mean of 33 km); and (c) inland squares (with centre distance from the coast greater than the mean) on each

island (North, South) and in each measurement period (Atlas 1 1969-1979, Atlas 2 1999-2004).

NORTH ISLAND SOUTH ISLAND
Atlas 1 Atlas 2 Atlas 1 Atlas 2
(a) ALL SQUARES
Caspian tern 13.6[12.1, 15.2] 17.1[163,17.9 5815, 6.6] 85(7.8,9.2]
New Zealand dotterel (S) 411[3.2,5.8] 3.9[3.5, 4.3 0310.2, 0.5] 0.5[0.3, 0.6]
Variable oystercatcher (S) 9.0[8.1,9.9] 15.1 [14.4,15.7 9.1[8.2,9.9] 12.0 [11.3, 12.7]

White-fronted tern
Red-billed gull

Southern black-backed gull
Black-billed gull (S)

Black stilt (S)

Black-fronted tern (S)
Wrybill (G)

Banded dotterel (S)

SI pied oystercatcher (S)

Australasian pied stilt

(b) COASTAL SQUARES
Caspian tern

New Zealand dotterel (S)
Variable oystercatcher (S)
White-fronted tern
Red-billed gull

Southern black-backed gull
Black-billed gull (S)

Black stilt (S)

Black-fronted tern (S)
Wrybill (G)

Banded dotterel (S)

SI pied oystercatcher (S)
Australasian pied stilt

(c) INLAND SQUARES
Caspian tern

New Zealand dotterel (S)
Variable oystercatcher (S)
White-fronted tern
Red-billed gull

Southern black-backed gull
Black-billed gull (S)

Black stilt (S)

Black-fronted tern (S)
Wrybill (G)

Banded dotterel (S)

SI pied oystercatcher (S)
Australasian pied stilt

13.3[12, 14.7]
21.0[19.9, 22.2]
41.8[40.7, 42.9]

2.6[2.3,29]
0.1[0.1,0.2]
0.3[0.2,0.5]
15[1.2,1.7]
5.9[5.4, 6.5]
4.0[3.5,4.5]
25.0 [24.1, 26]

17.2[15.3,19.2]
5.3[4.1,7.6]
11.9[10.9, 13.0]
17.0 [15.3, 18.6]
28.5[27.1,30.1]
48.0[46.9, 49.1]
2.7[2.4,3.1]
0.2[0.1,0.3]
0.4[0.3,0.5]
1.8[15,2.1]
6.7[6.2,7.3]
5.0[4.5,5.7]
27.8[26.8,28.9]

7.2 (6.0, 8.6]
2.0[1.3,3.1]
3.9[3.0,4.8]
7.0 [5.6, 8.4]
8.2(7.0,9.5]
31.2[29.6, 32.9]
2.3[1.9,2.7]
0.1[0.0, 0.2]
0.3[0.1, 0.4]
0.91[0.7, 1.3]
441[38,5.1]
2.2[1.6,2.7]
20.1[18.8,21.5]

1
]
]
15.0 [14.1, 16.0]
23.6[22.8,24.4]
46.5 [45.6, 47.5]
46[42,5.1]
0.2[0.1,0.3]
0.3[0.2,0.5]
1.6[1.4,1.9]
6.4[5.8,7.1]
9.5[9.0,9.9]
27.6[26.7,28.5]

23.0[22.1,24.0]
5.1[4.7,5.5]
21.7[20.8, 22.6]
20.5[19.3, 21.8]
33.8 [32.9, 34.8]
54.4[53.5, 55.5]
5.5 (5.0, 6.0]
0.2[0.1,0.3]
0.4[0.3,0.5]
2.1[1.8,2.3]
8.0[7.3,8.8]
13.0 [12.5, 13.6]
32.7[31.8,33.7]

6.7[5.8,7.8]
1.8[1.2,2.4]
3.6[2.7,4.5]
5.6 4.4, 6.8]
5.91[4.9,7.0]
32.9[31.4,34.6]
3.1[2.6,3.7]
0.2[0.1,0.3]
0.3[0.1,0.4]
0.9[0.6, 1.3]
3.6[3.0,4.4]
34[2.6,4.1]
18.6 [17.3,19.8]

11.2 [10, 12.5]
12.3[11.4, 13.2]
60.0 [58.8, 61.2]
21.9[21.0,22.9]

1.2[0.9, 1.7]
15.2[14.2, 16.5]
1.8[1.5,2.1]
16.4 [15.5,17.3]
35.3[33.1, 38.6]
18.7 [17.9, 19.6]

7.4[6.4,84]
0.5[0.3,0.7]
13.7 [12.4, 14.9]
16.4 [14.8, 18.0]
18.6 [17.5, 19.8]
60.8 [59.5, 62.1]
20.5[19.4, 21.6]
0.6 0.4, 0.8]
9.7[8.8,10.7]
1.2[1.0, 1.5]
13.7 [12.7, 14.7]
30.8 [28.7, 33.6]
18.0 [17.2,19.0]

3.9[3.2,4.8]
0.2[0.1,0.4]
3.8[3.0,4.7]
5.4[4.4,6.5]
5.1[4.2,6.1]
59.0 [57.6, 60.5]
23.7 [22.4, 25]
1.9[1.5,2.7]
21.4[19.9,23.2]
2.3[1.9,2.8]
19.5[18.3,20.8]
40,5 [38.0, 44.1]
19.5[18.4, 20.5]

12.2[11.3, 13.1]
149 [14.1,15.7]
60.2 [58.9, 61.4]
17.0 [15.9, 18.4]

13[11, 1.5]
16.8[15.1, 18.7]

1.7[1.4,2.1]
12.8 [11.7, 13.9]
32.9[31.6, 34.1]
17.4[16.6, 18.3]

109 [10.1, 11.7]

0.5[0.3,0.7]
19.6 [18.6, 20.6]
18.7 [17.5, 20.0]
23.7[22.7, 24.7]
64.5[63.2, 65.8]
17.7 [16.5,19.1]

0.7[0.5, 1.0]
14.0 [12.6, 15.6]

1.7 [1.4, 2.0]
12.4[11.3, 13.5]
33.1[31.7, 34.5]
19.5 [18.6, 20.5]

5.7
0.4

4.8, 6.5]
0.2,0.6]
3.5[2.8, 4.4]
48[3.7,59]
5.0[4.1, 6.0]
55.4[53.7, 57.2]
16.2[14.9, 17.7]
1.9 (1.6, 2.3]
19.9 [17.5, 22.6]
1.7[1.3,2.2]
132 [11.8, 14.7]
32.6[30.9, 34.1]
15.1[13.9, 16.3]
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density, and distance from the coast (fixed effects).
Each model included taxon and unique grid square
as random effects to address the non-independence
of repeated measures on the same taxon and in the
same location, respectively.

Our second model set (inland-breeding species
models) was fitted to test our prediction that local
occupancy of mainly inland breeding species
had been adversely affected by intensive land
development (rather than by density of human
occupation more generally, as indicated by
road density). We analysed patterns in (logit-
transformed) local occupancy of the seven species
of inland-breeding native wading bird, tern and
gull species only, on each island. Fixed effects were
measurement period, endemism level (three levels:
non-endemic native, species-level endemic, genus-
level endemic), percentage of land developed for
agriculture and forestry, and distance from the coast,
and their interactions. A fixed effect term for the
two-way interaction between measurement period
and urbanisation was also included, to determine
whether observed increases in counts of inland
breeding species in harbours near major centres of
urbanisation (Sagar et al. 1999) were corroborated
by local occupancy data.

We wused maximum-likelihood estimation
with function Imer in the lme4 library (Bates et
al. 2015) for R (R Development Core Team 2017)
to fit our models, and the effects library for R
(Fox & Hong 2009) to estimate fixed effects. Each
model for each island was fitted 1,000 times, with
each repetition using a different sample from the
posterior distribution of logit-transformed local
occupancy probability for each species. The median
and confidence limits of parameter estimates, and
fitted fixed effects were estimated across the 1,000
models. We considered that there is support for an
effect (i.e. it is statistically ‘significant’) when the
95% confidence intervals of parameter estimates
exclude zero. Fitted effects were back-transformed
to proportions and plotted.

We also fitted exploratory models, which
included a conditional spatial autoregression (CAR)
term as a random effect to account for correlation
between neighbouring squares. Many of these
models failed to converge (an indication that the
data do not fit the CAR model well). In those that did
converge, the spatial term did not materially alter
parameter estimates for fixed effects compared to
models fitted without the CAR term. Our approach
therefore ignores spatial autocorrelation.

RESULTS

Descriptive statistics

Most coastal-breeding taxa occupied higher
proportions of squares in the North Island than
in the South Island, especially in squares nearer
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the coast (i.e. centres <33 km from the nearest
coastline; Table 2a, b). The exception in this group
was southern black-backed gull, which was more
common in the South Island. The ranges occupied
by Caspian tern, variable oystercatcher, white-
fronted tern, red-billed gull, and southern black-
backed gull increased significantly (i.e. estimate
confidence limits do not overlap) between
measurement periods near the coast (Table 2b).
Variable oystercatcher showed the largest coastal
increase among coastal breeders (9.8% in the North
Island, 5.9% in the South), followed by southern
black-backed gull (6.4%, 3.7%), Caspian tern (5.8%,
3.5%), and red-billed gull (5.3%, 5.1%).

Five of the seven mainly inland-breeding
species occupied larger ranges in the South Island
than in the North Island and were most commonly
recorded in ‘inland’ South Island (i.e. square
centres >33 km from the coast; Table 2a, c). The two
exceptions were wrybill, which occurred in about
2% of coastal squares in the North Island (over-
wintering range) and inland South Island (breeding
range) squares in both measurement periods,
and Australasian pied stilt, which occurred most
commonly on the coast of the North Island. Local
occupancy of five inland-breeding species (black-
billed gull, black-fronted tern, banded dotterel,
South Island pied oystercatcher and Australasian
pied stilt) decreased significantly across the inland
squares in the South Island that are their principal
breeding habitat (Table 2c). The local occupancy of
black-billed gull also decreased significantly on the
South Island’s coast (Table 2b).

Some inland-breeding species increased in range
across squares near the coast. Black-billed gull,
banded dotterel, South Island pied oystercatcher
and Australasian pied stilt increased significantly
around the North Island coast, and black fronted
tern was more likely to occupy South Island coastal
squares in the second measurement period (Table
2b).

Maps of average square-wise local occupancy
of coastal-breeding species in the two measurement
periods show net increases in squares around most
of New Zealand’s coastline between 1969-1979 and
1999-2004 (Fig. 2a). These increases were generally
larger in the North Island, and were not evident
on the west coast of the South Island. Average
local occupancy across inland-breeding species
also increased on some parts of the coast (Fig. 2b),
but decreased across much of the inland southern
South Island (i.e. the Canterbury Plains, Central
Otago and Southland). Areas of moderately high
average local occupancy of inland-breeding species
were widespread across the southern interior South
Island in 1969-1979 (Fig. 2b). By 1999-2004, such
areas had become more geographically confined
and more centred on the upper Waitaki (Mackenzie)
basin, as a consequence of the inland range declines
of multiple species (Table 2c).
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a) COASTAL-BREEDING (n = 6)
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Figure 2. Average local occupancy (shades of grey) of (a) six mainly coastal-breeding and (b) seven mainly inland-
breeding species of Charadriiformes.



Mixed-effects models

Parameter estimates from our all-species models
are provided in Table 3, and we plot fitted effects
from the model along a horizontal axis of distance
from the coast (range 0 to 110 km) in Fig. 3.

In the North Island (Fig. 3 upper row) the
model showed that non-endemic species increased
overall between measurement periods while local
occupancy of endemic species decreased overall (a
negative measurement period: endemic interaction
in Table 3). Occupancy changes were also positive
overall on the coast, whereas they decreased inland
(negative measurement period: distance from coast
interaction). Increases in non-endemic species were

NON-ENDEMIC SPECIES

Low road density
0 km per km?

High road density
1,220 km per km?

0.8~ NORTH ISLAND

0.6

0.2

0.0

0.8~ SOUTH ISLAND

Local occupancy

0.6

0.4

0.0

On the coast Inland  On the coast

Inland On the coast
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significantly greater where road densities were
higher (positive measurement period: endemic:
road density interaction), and the greatest increases
were in coastal-breeding species in areas of high
road density (positive measurement period: road
density: coastal-breeding interaction). Fitted
estimates from the model indicate that the average
occupancy of non-endemic coastal-breeding species
increased from 38.7 [36.0, 41.5]% in 1969-1979
to 51.9 [49.1, 54.6]% in 1999-2004 on the densely
settled coasts (i.e. with high road density; Fig. 3),
while change in these species was negligible on
remote coasts with no roads (24.3 [21.6, 27.3]% to
25.3[22.5, 28.2]%).

ENDEMIC SPECIES

Low road density
0 km per km2

High road density
1,220 km per km?

Coastal-breeding

1969-1979
—+——— 1999-2004

Inland-breeding

" 1969-1979
———— 1999-2004

PO b e N R

Inland On the coast Inland

Figure 3. Fitted effects on local occupancy in six non-endemic and seven endemic species of New Zealand-breeding
Charadriiformes from models for the North and South Islands (upper and lower rows), showing the interacting effects
of endemism (left vs right quadrants of subplots), measurement period (open circles joined by solid lines for 1969-1979
and crosses joined by dashed lines for 1999-2004), coastal- or inland breeding habit (grey or black symbols and lines),
and realistic combinations of centre distance inland from the coast (0 to 110 km, horizontal axes) and road density (high
on the left vs low on the right). Hatched polygons show the 95% intervals of effects fitted in 1,000 models.

In the South Island, increases in non-endemic
coastal- and inland-breeding species in areas of
denser settlement contrasted with net decreases
in the local occupancy of endemic inland breeding
species in less settled squares between 1969-
1979 and 1999-2004 (Fig. 3, lower row). This
was reflected in a positive four-way interaction
between measurement period, endemism, road
density, and coastal breeding (Table 3). Decreases
in local occupancy across all species were greater
in inland squares (negative measurement period:

distance from coast interaction), and a net increase
in the local occupancy of coastal-breeding species
contrasted with a net decrease in inland-breeding
species (positive measurement period: coastal-
breeding interaction).

Effects fitted in our inland breeding species models
are plotted on gradients of agriculture and exotic
forestry development (Fig. 4a) and urbanisation
(Fig. 4b), and model parameter estimates are
provided in Table 4.
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The North Island model showed two clear effects

on inland-breeding species:

1. an increase between 1969-1979 and 1999-2004
in non-endemic Australasian pied stilt near the
coast (Fig. 4a) but not inland (a positive three-
way interaction between measurement period,
endemism level, and distance from the coast;
Fig. 4a)

2. an increase across all inland-breeding species
in more urbanised environments (a positive
measurement period: urbanisation interaction;
Fig. 4b).

(a) NORTH ISLAND

Changes in New Zealand breeding Charadriiformes 687

In the South Island model there was a positive
four-way interaction between measurement period,
endemism level, distance from the coast, and the
degree of agriculture and forestry development.
This interaction reflects that between 1969-1979 and
1999-2004 average fitted local occupancy of non-
endemic species in more-developed squares inland
(98% of land developed, 110 km from the coast)
fell from 88.0 [82.3, 92.6]% to 62.2 [50.2, 73.6]%,
and that of species-level endemics from 14.4 [11.4,
17.71% to 4.4 [3.4, 5.71%. Fitted effects suggest that
genus-level endemic wrybill was already almost

SOUTH ISLAND (b)

On the coast Inland On the coast Inland NORTH ISLAND SOUTH ISLAND
1 .
0" Recently self-introduced Al inland-breeding
Australasian pied stilt Measurement period Charadriiformes Measurement period
08
= 1969-1979 = 1969-1979
06 s 1999-2004 = 1999-2004
=
04 N 02
........... - —=
A\ o « =SS
o2 PO 02 -
00 001 JL .
.. "% Genus-level endemics Lowest Highest Lowest Highest
) + Banded dotterel DEGREE OF URBANISATION
@ 08~ « Black-fronted tern
3 « Black-billed gull
S o6+ Blackstit
° + South Island pied oystercatcher
T
Q
g o4
2
0.2 A
I
0.0
10
Order-level endemic
Wrybill
0g
06
04
0.2
00 - | - | L= - :
Lowest Highest  Lowest Highest Lowest Highest Lowest Highest

DEGREE OF AGRICULTURAL AND FORESTRY DEVELOPMENT

Figure 4. Fitted effects on local occupancy in seven inland-breeding Charadriiformes, from separate models fitted for
the North and South Islands. Hatched polygons are 95% intervals of fitted effects in bootstrapped models. (a) shows
interacting effects of time (solid lines for 1969-1979 and dashed lines for 1999-2004), endemism level (rows — the species
at each level are listed), geographical position (on the coast or inland, left and right columns), and degree of agricultural
and forestry development (horizontal axis); (b) shows interacting effects of time and degree of urbanisation. Hatched
polygons show the 95% intervals of effects fitted in 1,000 models.

absent from much-developed inland squares in
1969-1979 but nevertheless declined even further
(from 0.4 [0.2, 0.3]% to 0.1 [0.1, 0.3]%). Fitted local
occupancy decreases in completely undeveloped
inland squares were negligible in non-endemic
species (83.2 [78.3, 86.7]% to 85.3 [80.4, 89.0]%), but
significant in species-level (19.7 [17.6, 21.8]% to 11.8
[10.4, 13.3]%) and genus-level (1.2 [0.8, 1.8]% to
0.3 [0.2, 0.5]%) endemics. There was no significant
association between local occupancy changes
in inland-breeding species and more urbanised
environments in the South Island (Table 4, Fig. 4b).

DISCUSSION

The results confirmed our hypotheses that changes
in the local occupancy of Charadriiforme species
between 1969-1979 and 1999-2004 varied both with
characteristics of the species (endemism, breeding
location) and geographical factors (distance from the
coast, density of human occupation, and intensity
of land use). The main changes were a decrease in
the occupancy of endemic inland breeding wading
birds, terns, and gulls in their inland South Island
breeding ranges, and increases in the occupancy of
a number of coastal- and inland-breeding species
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Table 4. Median parameter estimates from North and South Island models of local occupancy of seven inland breeding
Charadriiforme species. Lower and upper 95% confidence limits (CL) represent the 95% intervals of estimates from 1,000
models, each fitted to a different sample from the posterior distribution of logit-transformed occupancy probability for
each species. Parameters are considered statistically significant when the 95% limits exclude zero, and these are shown

in bold.
NORTH ISLAND SOUTH ISLAND
Term Median Lower  Upper Median Lower Upper
estimate 95% CL 95% CL estimate 95% CL 95% CL

Intercept -3.75 -3.87 -3.62 —2.44 -2.55 -2.34
Measurement period 0.08 -0.06 0.24 0.00 -0.14 0.15
Endemism level -1.91 -2.16 -1.66 -3.36 -3.63 -3.13
Distance from coast -0.20 -0.25 -0.14 0.22 0.17 0.26
Agricultural/forestry conversion 0.14 0.08 0.20 0.28 0.23 0.32
Urbanisation 0.05 0.04 0.08 0.05 0.02 0.09
Measurement period: endemism level -0.94 -1.15 -0.72 -0.64 -0.92 -0.34
Measurement period: distance from coast -0.14 -0.22 -0.06 -0.23 -0.29 -0.18
Endemism level: distance from coast 0.00 -0.09 0.08 0.00 -0.08 0.08
Measurement period: agricultural / forestry ~0.03 ~011 0.06 0.08 0.01 0.15
conversion
Endemism level: agricultural/ forestry conversion -0.02 -0.11 0.08 -0.09 -0.19 0.02
Distance from coast: agricultural / forestry ~0.06 —o11 ~0.02 ~0.10 ~0.14 ~0.07
conversion
Measurement period: urbanisation 0.09 0.06 0.12 0.03 -0.02 0.07
?/Ieasurement period: endemism level: distance 0.15 0.05 0.26 0.08 ~0.02 0.18

rom coast
Measurement period: endeml.sm level: 20.07 ~0.20 0.05 ~017 ~0.30 ~0.04
agricultural/ forestry conversion
Measurement period: dlstanc_e from coast: 0.01 ~0.05 0.07 ~0.08 ~0.13 ~0.04
agricultural/ forestry conversion
Endemlsm level:. distance from coast: agricultural / Z0.04 “o11 0.02 ~0.05 ~0.12 0.02

orestry conversion
Measurement period: endemism level: distance 0.05 _0.04 0.14 0.13 0.04 0.23

from coast: agricultural / forestry conversion

around the coast, especially near urban centres in
the North Island.

In the 1970s many parts of inland South Island
supported breeding populations of multiple species
of inland-breeding wading birds, terns, and gulls.
The principal breeding habitats were braided
riverbeds, outwash terraces, and moraines, which
occur east of the Southern Alps, mostly from inland
Canterbury to Southland. These habitats are rare
internationally: most other unmodified examples
of these habitats occur in the extreme high-latitude
parts of Canada, Alaska, and Siberia, and braided
river reaches in the Himalayas and Andes are
typically highly modified (Gray & Harding 2007).
It seems likely that the combination of globally
unusual habitat and the absence of mammalian

predators enabled the evolution of an endemic
New Zealand fauna of ‘internal migrants’ with
specialised foraging and annual migration patterns.

Anumber of inland breeding species underwent
substantial range contractions across the inland
South Island between the 1970s and early 2000s.
This overall trend is consistent with results from a
number of studies on inland South Island braided
rivers throughout this 25-year period, which
identified local declines in breeding populations
of black-billed gull (McClellan 2009; but see Spurr
& Ledgard 2016 and Mischler 2018), black stilt
(Keedwell, Maloney et al. 2002; Keedwell, Sanders
et al. 2002), black-fronted tern (O’Donnell & Hoare
2011), and banded dotterel (Pierce 1999; Rebergen
et al. 1998; Keedwell & Sanders 2002), and across



multiple species including wrybill and Australasian
pied stilt (Maloney 1999; O’Donnell 2000; Sanders
& Maloney 2002; Spurr & Ledgard 2016). Declines
have been attributed to several interacting threats,
in particular predation by introduced mammals,
modification of braided riverbed habitats by weed
invasion, alterations in flow regimes (O’Donnell &
Moore 1983; Hughey 1985; Caruso 2006; McClellan
2009; Cruz et al. 2013), and loss of habitat to
development (Innes & Saunders 2012; Grove et al.
2015; Peat et al. 2016).

The rising threat status of some inland-breeding
species has been specifically linked to an expansion
in the cultivation and irrigation of key breeding
habitats on inland braided river margins and
outwash plains in recent decades (Miskelly et al.
2008). Our study supports this link by showing that
recent occupancy declines have been significantly
greater in inland squares that are more developed
for agriculture, cropping and forestry than in less-
developed inland squares. However, the patterns
also show continued (albeit slower) attrition of local
occupancy of endemic species in the less-developed
areas, where predation rather than habitat loss is
likely to be the main driver of declines. Therefore,
our results suggest that both management of
predators and protection of remaining breeding
habitats from agricultural conversion and weed
invasion are needed to sustain endemic inland-
breeding Charadriiforme species in the interior
South Island. Effective protection through predator
management has proven difficult and expensive
because of the large and diverse suite of predators
involved and rapid predator reinvasion when not
implemented at a landscape scale (Innes & Saunders
2012; O’'Donnell et al. 2016). It can be achieved
(O'Donnell & Hoare 2011; Cruz et al. 2013; Monks
et al. 2013; Spurr & Ledgard 2016), but can only
be successful if the breeding habitats themselves
remain available and suitable.

Occupancy of a number of coastal-breeding
Charadriiforme  species  increased  between
measurement periods on New Zealand's settled
coastlines and harbours, especially near North
Island urban centres. Most of the species that
increased are non-endemic, although the largest
species range increase was in endemic variable
oystercatcher. Increases in the geographical range
and local occupancy of red-billed gull are consistent
with a trend to ‘more, generally smaller, colonies’
since the mid-1960s indicated by breeding-colony
counts (Frost & Taylor 2018). Some species that
breed only (wrybill) or mainly (South Island pied
oystercatcher, banded dotterel) in inland South
Island habitats but overwinter on North Island
coasts showed occupancy declines in their breeding
habitats but increases in non-breeding coastal sites
(Table 2b,c). Changes in local occupancy of waders
derived from the Atlases were generally consistent
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with the trends recorded in the National Wader
Count scheme between 1983 and 1994 and reported
by Sagar et al. (1999).

We are not sure what explains the striking
increases in local occupancy associated with more
densely populated parts of the coastline. There are
a number of possibilities.

1. Increased numbers of human observers around
the coast and in cities (Robertson et al. 2007, pp.
20-21) might account for these increases, but
we think this is unlikely because our occupancy
models account for observer effort.

2. Habitat changes in coastal and harbour
environments may have favoured some species;
for example, through eutrophication increasing
the productivity of feeding environments.
This would be contrary to the concerns raised
by Sagar et al. (1999) that increasing habitat
loss and degradation of estuaries caused
by human settlement and encroachment,
drainage for agriculture, pollution, and fishing
and associated disturbance might be having
negative effects.

3. Alternatively, increases in local occupancy
might reflect increases in bird movement and
dispersal in response to increased disturbance
by growing numbers of people at shorebird
overwintering sites.

4. The trends may reflect recovery of some species
from earlier human persecution (e.g. variable
oystercatcher was widely shot as a ‘choice table
bird’ before 1940; Baker 1973).

5. Australasian pied stilt arrived from Australia
in the early 19* century (Heather & Robertson
1996) and may still be naturally expanding its
coastal range.

6. Some species may be adapting behaviourally
to human disturbance of various kinds, and
even to mammal predation. Non-endemic
species that have arrived in New Zealand more
recently in evolutionary time are more likely
than endemic species to have traits that confer
resilience to continental selection pressures,
or to retain the capability to adapt to human
settlement and highly transformed landscapes.
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Variable oystercatcher (Haematopus unicolor) pair (Photograph: Ian Southey).
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SHORT NOTE

Breeding of variable oystercatcher (Haematopus unicolor)
at the Port Waikato sandspit, North Island, New Zealand

ANDRIES BERGHUIS

Noordwijkweg 23, 9804 RA Noordhorn, The Netherlands

The variable oystercatcher (Haematopus unicolor)
is an endemic species breeding in coastal habitats
around New Zealand. Under national threat
rankings the species is listed as Recovering.
(Robertson et al. 2017). Variable oystercatchers have
been reported as scarce on the west coast of the
North Island between the Manawatu Estuary and
Auckland (Sagar et al. 1999). Most pairs breed on
sandy beaches and sandspits and are particularly
concentrated around the mouths of streams, rivers,
and estuaries (Dowding 2014).

The breeding biology of the species is outlined,
but there have been few detailed studies (Rowe
2008; Dowding 2014). This short note reports
observations on the breeding success of variable
oystercatchers at the Port Waikato sandspit, from
October 2017 to March 2018.

The sandspit is situated in the estuary of the
Waikato River (37°22'09”S, 174°42’11”E) on the
west coast of the North Island. The sandspit has a
shoreline that extends for 1,000-1,250 m consisting
of sandy beach on the western side and riverbank
on the east. The eastern side consists mainly of

Recetved 8 April 2020; accepted 26 June 2020
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bare sand with areas of shell, driftwood, and some
dead vegetation. There are also some small lightly
vegetated dunes. Part of the sandspit is fenced
during the breeding season, to protect birds against
human disturbance.

The population of variable oystercatchers was
followed during the breeding season, between 18
October 2017 and 4 March 2018. Observations were
usually made at intervals of one to two days. During
hightide on17, 21, and 24 November, the numbers of
pairs were counted while they were sitting near the
waterline, and their plumage was noted. Variable
oystercatcher plumage varies from a pied morph
to an entirely black morph, with an apparently
continuous range of intermediate ‘smudgy’ birds
(Dowding 2014). This made it possible to identify
six pairs of variable oystercatchers on the sandspit.
No fully pied phase variable oystercatcher was
recorded breeding in this study.

The nests were scrapes in the sand lined with
fragments of driftwood and sometimes also with a
clump of dead plant material. All, except one nest,
were situated in the north, north-east, or east part of
the sandspit, each with a clear view over the river.
The distance between the nests and the river (mean
waterline) varied between a minimum of 35 m (nest
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no. 6), and a maximum distance of 115 m (nest no. 10).

On the sandspit a total of 11 nesting attempts
were recorded, with four nests within and seven
nests outside the fenced area. Because of this the
fenced area was adjusted during the breeding
season, so that by the end of breeding nine nests
were within and two were outside the fenced area.

The first eggs were found on 20 October and
the last egg on 19 January. Most nests were found
in the second part of December (Fig. 1). Of the six
pairs that nested, five failed with the first clutch;
however, all laid a replacement clutch. From the 11
nest attempts seven were lost before hatching. Two
nest attempts were washed away by high tides, but
the cause of loss of the other five nests is unknown.
One nest with a 3-day old chick was washed out.
A total of 17 eggs were laid in the eleven nesting
attempts. Eggs are generally laid at 48-hour
intervals with a general range of 2-3 eggs (Heather
& Robertson 1996). Therefore, a nest found with 1
or 2 eggs was disregarded as the next visit could
not verify if the clutch was complete before being
lost. Using this criterion seven nest attempts could
be considered as complete clutches, with five nests
with two eggs and two nests with one egg, a total of
12 eggs and an average clutch size of 1.7 eggs (Table
1) in the completed clutches.

Number of nests

17-20 Oct
21-31 Oct
1-10 Nov
11-20 Nov
21-30 Nov
1-10 Dec

before 17 Oct

Hatching occurred in January. The first chick
hatched on 7 January and the last on 28 January.
Five chicks hatched, representing 42% of eggs from
completed clutches and 29% of all eggs laid. The
mean brood size of the completed clutches was 0.71
chicks/clutch. Two chicks fledged, this comprised
17% of eggs from completed clutches and 12% of
all eggs laid. The average rate of fledging was 0.29
birds/completed clutch. The breeding population
was six pairs, and so 0.33 birds/ pair fledged (Table 1).

Most pairs of variable oystercatcher breed on
sandy beaches and sandspits and are particularly
concentrated around the mouths of streams,
rivers, and estuaries. A total of 78% of the breeding
population breed on sandy beaches (Marchant and
Higgins 1993). In this type of habitat, densities at
some North Island sites can be high (Dowding 2014).
The 1,000-1,250 m-long Waikato River sandspit had
a total of six breeding pairs, a density of 10 birds/
km. According to Dowding (2014) high densities
(50-62 birds/km) are found on sandspits. Much
lower densities are found on rocky shores, such as
in the Marlborough Sounds, 0.49 birds/km, during
the period September to December 2006 (Bell 2010)
and Wellington Harbour, around 0.70 birds/km,
during the period September to January, 1986-1988
(Robertson 1992). These densities were recorded

11-20 Dec
21-31 Dec

1-10 Jan
11-20 Jan
21-31 Jan

1-10 Feb
11-20 Feb
20-28 Feb

Date

Figure 1. Nests laid per period from commencement of observations on 17 October. In most cases periods are ten days,

some periods are adjusted to fit the months.



Shortnote 695

Table 1. Summary of variable oystercatcher breeding success at Port Waikato sandspit.

Variable Value
Total nest attempts 11
Total eggs laid 17
Number of known complete clutches 7
Number of eggs in these complete clutches 12

Mean clutch size (eggs/complete clutch)

1.7 eggs/ complete clutch (range 1-2 eggs)

Number of eggs hatching 5

Mean brood size (chicks/complete clutch) 0.71 chicks/complete clutch
Number of young flown 2

Mean fledging (chicks flown/ pair) 0.33 chicks/pair

during annual census by boat, bicycle, or by foot.
The density of 10 birds/km at the Waikato
River is relatively low for a sandspit and is more
consistent with the density of breeding pairs (11
birds/km) found on rocky shores at Kaikoura
(Rowe 2008). These findings, at Waikato River and
Kaikoura, are consistent with the number of birds
indicated by Sagar et al., (1999), who recorded few
variable oystercatchers between the Manawatu
Estuary and Auckland and on the South Island.
Most eggs in this study were laid in the second
part of December. Eggs are laid in September—
February, mostly November-December, or earlier
in southern New Zealand (Heather & Robertson
1996). Also, according to Robertson et al. (2007)
most breeding birds are recorded during December.
Michaux (2013) reported a mean clutch size
from 16 nests of 2.0 eggs/ clutch, range 1-3 eggs at
Long Bay Regional Park and Okura Estuary,
Auckland, and Rowe (2008) reported a mean
clutch size from 30 complete nests of 2.4 eggs / clutch
(range = 1-3) at Kaikoura. At the Waikato sandspit
the mean clutch size was 1.7 eggs/ clutch, which is
lower than those reported by Michaux (2013) and
Rowe (2008). This difference might be explained
by the features of the breeding locations. In the
study by Michaux (2013) one breeding location
consisted of shell bank covered in low coastal scrub
with mangroves along an edge, and the other was
located on a rocky shore. The breeding locations
from Rowe (2008) consisted of rock outcrops with
stoney beaches in between.
Known to be a rocky shore specialist, (Marchant
& Higgins 1993) variable oystercatchers may be
able to forage more efficiently in rocky areas than in
soft substrate (Marchant & Higgins, 1993). Despite
this they still prefer sandy beaches as a breeding
location (Marchant & Higgins, 1993). This suggests
that a sandy beach might be more suitable as a
breeding location than as a foraging area, resulting
in insufficient food to lay a larger clutch.

Factors which influence the number of eggs laid
depend on food supply and predation risk. Most
waders incubate a maximum of four eggs: they are
not able to incubate more as they are not able to
keep them warm enough (van de Kam et al. 1999).
The assumption is that, although a bird in a poor
area is only able to raise one chick, they lay more
eggs because most eggs and chicks fail to hatch or
fledge (van de Kam et al. 1999).

There are few data published on hatching
success of variable oystercatchers (Rowe 2008). In
this study five chicks hatched from 12 eggs (42%) in
seven complete clutches; a mean brood size of 0.71
chick/clutch, which is similar to the mean brood
size of 0.77 chick/clutch recorded by Rowe (2008)
in Kaikoura.

Compared with Rowe (2008) and Hansen (2005)
the 0.29 chicks/pair that fledged in this study is
low, as they had respectively 0.37 and 0.40-0.54
chicks raised per complete nest. Loss of eggs and
chicks might be caused by three factors — human
disturbance, predation, and natural forces. Three
of the five nest with unknown cause of loss, were
found empty on Monday morning, which might
indicate that the observed increase in number of
human activities during the weekends disturbed
the birds. Birds forced to leave the nest for longer
periods increase the risk of predation of nests
(Dowding 2014). In this study no eggshell was
found in or near the nests, which makes it unclear
whether a land or avian predator took the eggs.
The Australian harrier (Circus approximans) and the
southern black-backed gull (Larus dominicanus) are
avian predators (Dowding 2014) both often seen
at the sandspit. Human disturbance also causes a
negative impact on foraging behaviour and time
available for foraging of the adult birds.

While a small part of the sandspit of Waikato
River was fenced, there was still a lot of human
disturbance. The fenced area was in the centre of
the spit so the public were still able to walk or drive
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around it, causing disturbance. Another problem
was that not all nests were within the fenced area.
Human disturbance was mainly caused by people
driving in the study area. Other disturbance
activities were horse-riding, (motorised) hang-
gliding, people walking with their dog, fishermen,
and people walking around to collect driftwood.

To raise the breeding success of variable
oystercatchers, it is necessary to reduce disturbance
caused by human activities. This can be achieved
by closing breeding/foraging areas to the public
and providing information signs about the birds
and the impacts of disturbance, and/or having
knowledgeable people on site. To get a better insight
in the influence of ground and avian predators,
nests can be monitored with the use of field trap-
cameras.
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The variable oystercatcher (Haematopus unicolor) is
considered to be mostly resident or sedentary, with
territories defended all year (Marchant & Higgins
1993). Heather & Robertson (2015) noted that the
breeding and wintering distributions of variable
oystercatchers were similar, but there was some
movement to estuaries outside the breeding season.

On27February 2012, CB and MNB saw a variable
oystercatcher marked with an engraved leg flag

Recetved 2 July 2020; accepted 11 July 2020
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(hereafter referred as AA6) near Portobello, Otago
Harbour (45.84°S, 170.66°E). The bird had been
banded on 30 January 2009 near McKee Reserve,
Ruby Bay, Tasman (41.22°S, 173.08°E) where it was
part of a roosting flock of non-breeding birds. The
straight-line distance between the banding and re-
sight locations is ~576 km (Fig. 1). AA6 was at least
three years old when banded (based on plumage
and bare part colours) and was in early primary
moult (moult score 6 out of 50; feather scoring after
Ginn & Melville 1983). The only other re-sighting
of this bird was on 2 May 2010, by DC at Mapua,
Tasman Bay, some 4.5 km from the banding site.
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Figure 1. Movements of marked variable oystercatchers.
Thick lines show the movements of two ‘adults’ from
Tasman Bay to Christchurch (AM2) and Dunedin (AA6,
this study); thin lines show reported movements of birds
which were described by Marchant & Higgins (1993) as
‘doubtful’.

A second bird (AM2) marked at Ruby Bay on 25
July 2015 (aged as ‘adult’ when banded - at least in
its 3 year) moved to the Avon-Heathcote Estuary,
Christchurch (43.55°S, 172.72°E, ~260 km) where it
was re-sighted by GB 11 times between 30 October
2015 and 10 August 2018. It was last recorded on 11
December 2018 at Gore Bay, Canterbury (42.862°S,
173.309°E), some 87 km northeast of Christchurch.

Marchant & Higgins (1993) noted that the
longest distance for a recovered dead variable
oystercatcher (age not given) was 119 km, and the
longest accepted re-sighting of a colour-banded live
bird (age not given) was 125 km; subsequently there
has been one recovery 146 km from the banding
site (New Zealand National Bird Banding Scheme
data). Dowding & Moore (2006) reported that most
re-sightings of colour banded birds were within 60
km of the banding site, which accords with Baker
(1974) who reported an average dispersal distance
of 36 km for 27 colour-banded ‘immature’ birds.

Baker (1974) also noted an ‘immature’ travelling 483
km from its natal site, and a bird banded as a chick
moving 570 km (Baker 1985); these records are not
in the New Zealand National Bird Banding Scheme
database. Recent re-sightings of birds colour-
banded as chicks at Kaikoura include records from
Golden Bay (215 km), and the Avon-Heathcote
Estuary, Christchurch (145 km) (Rowe 2019). One
colour-banded juvenile from Otago was reported
at the Avon-Heathcote (some 310 km) (Schweigman
2002). Marchant & Higgins (1993) also reported
several long-distance (>1,000 km) sight-records of
colour-banded birds (age not given), but these were
considered ‘doubtful’.

All the juvenile birds that moved from Kaikoura
and returned did so within 3.2 years (Rowe 2019).
Both birds that undertook long-distance movements
from Tasman Bay were at least in their third year of
life, but could have been older, when banded. Most
variable oystercatchers apparently do not start
breeding until five or six years old, or even older
(Dowding 2014), although breeding by younger
birds has been recorded (Cook et al. 2007). It is thus
possible that AA6 and AM2 may have dispersed
from natal areas and spent their immature years in
Tasman Bay before departing to explore breeding
opportunities elsewhere.

Four other variable oystercatchers were caught
at the same time as AA6. One has never been re-
sighted, but the other three were seen at the capture
site or adjacent coastal areas (within ~5 km) — one
(at least 3 years old when banded) for seven years,
and two for 11 years (one in its second year, the
other at least three years old, when banded); most
recently on 29 June 2020 (at which time they were
13 and at least 14 years old respectively). There is
no evidence of any of these birds recruiting into the
Tasman Bay breeding population.

Waimea Inlet/Tasman Bay appears to serve
as a nursery ground for variable oystercatchers,
as evidenced by the presence of juveniles from
Kaikoura (Rowe 2019), and the fact that the number
of juvenile birds present is greater than can be
accounted for by local breeding production (DSM,
WAC, DC unpubl. data).

Hockey et al. (2003) proposed that the African
black oystercatcher (H. mouquini) had a dichotomous
dispersal pattern, in which juveniles either stayed
within 150 km of their natal area or migrated 1,500
2,000 km to nursery grounds where they remained
until 2-3 years old, whereupon they returned to
their natal area. Subsequent study indicates that
juvenile African black oystercatchers disperse ‘to a
range of distances from a few to more than 2,000
km from natal sites’ (Rao et al. 2014). Juvenile
African black oystercatchers that undertake long-
distance dispersal move outside the breeding range
of the species and thus potentially benefit from the



absence of aggression and interference from adults
(Leseberg 2001).

It is now apparent that variable oystercatchers
also display a range of dispersal patterns, some
being local others long distance. However, there
would appear to be no advantage to long distance
movements similar to that postulated for African
black oystercatchers since variable oystercatchers
are generally distributed along the mainland coasts
of New Zealand (Robertson et al. 2010). Indeed,
Tasman Bay, in addition to being a nursery area,
supports a large breeding population of variable
oystercatchers (Moorhouse 2017, DSM unpubl.
data). However, at present it appears that there are
both sufficient foraging areas and roost sites which
are not occupied by territorial pairs where non-
breeding birds are able to congregate. The future
conservation management of nursery areas is of
national importance.

The population of variable oystercatchers is
increasing; Heather & Robertson (2015) suggest that
it has trebled since the 1970s. It will be of interest
to see whether movement patterns change if more
breeding territories are established and thus sites
where immature/non-breeding birds can forage
and roost undisturbed become scarcer and/or
whether there is an increase in the non-breeding
‘floater” population of birds waiting to acquire a
territory. Much remains to be learned regarding
dispersal and movements of variable oystercatchers
and the links between breeding populations.
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Variable oystercatcher (Haematopus unicolor) pair with chicks swimming (Photograph: Ian Southey).
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SHORT NOTE

Underwater swimming by chicks of the variable
oystercatcher (Haematopus unicolor) and the Chatham
Island oystercatcher (H. chathamensis)

JOHN E. DOWDING

PO Box 36-274, Merivale, Christchurch 8146, New Zealand

Chicks of a number of shorebird species worldwide
have been reported to dive and ‘fly’ (i.e. use their
wings for propulsion) underwater to avoid avian
predators or to escape capture by people. They
include oystercatchers (e.g. Tarr 1952; Morgan 1994;
Minton 2001), stilts and avocet (Sordahl 1982; Minton
2001), several sandpiper species (e.g. Dougall 2002;
Norman 2002; Blokhin 2004), and Pluvianus (Fry
1966). Many New Zealand shorebird chicks readily
take to nearby water and swim away on the surface
when in danger (see various species accounts in
Marchant & Higgins 1993), but there appear to be
no descriptions of underwater swimming. I report
here the use of the wings for underwater swimming
by chicks of the variable oystercatcher (Haematopus
unicolor, VOC) and Chatham Island oystercatcher
(H. chathamensis, CIO).

The VOC is a coastal species endemic to
New Zealand with a population of 5,000-6,000
individuals (Dowding 2017). VOC chicks were
reported to “dive and swim well” (Marchant &
Higgins 1993) but no details are given and there is
no citation. While catching chicks of this species for

Recetved 13 June 2018; accepted 29 June 2020
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banding, I have observed underwater swimming
on a number of occasions.

On 23 December 1993, I visited the mouth of
the Wade River, Auckland (36°39’S, 174°44’E) to
band a brood of three VOC chicks 35-40 days old
and not yet capable of flying. The chicks and their
parents were on a sandbar surrounded by water; as
I approached, all three chicks ran to the water and
swam out, remaining on the surface and propelling
themselves with their feet. The water was shallow
(c. 0.6-0.7 m), so I waded after one of the chicks.
When I was within about 1 m of it, it suddenly dived
to a depth of about 0.4-0.5 m, extending its wings as
it did so, and ‘flew’ away underwater. The water
was calm and clear and I was able to follow and
observe the chick easily at a distance of 1-2 m. The
wings were not fully extended and the synchronous
wingbeats were shallow, the action being very
similar to that described by Morgan (1994) for H.
bachmani chicks. The feet were stretched out behind
the body and were not used for propulsion. About
10 m from where it dived, the chick surfaced; I
reached to catch it and it dived and ‘flew’ away
underwater again. When it surfaced again I caught
it. Its two siblings both attempted to escape using
the same behaviour.
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AtHome Bay, Motuora Island (36°30’S, 174°47'E)
on 16 February 1998, I banded a brood of two VOC
chicks aged 27-28 days. As I approached, both ran
immediately to the water and paddled out on the
surface; when I followed, both dived and swam
underwater in the same manner described above.
Other examples of underwater swimming by large
VOC chicks have been seen during subsequent
banding operations, and in certain circumstances
the behaviour appears to be not uncommon.

The CIO is a threatened species endemic to
the Chatham Islands and numbering 300-350
individuals (Moore & Dowding 2017). While
banding chicks of this species, I have observed
underwater swimming on three occasions.

At Tioriori, Chatham Island (43°45’S, 176°41'W)
on 17 January 2002, a brood of three chicks aged 35
days all ran to the water when approached. They
paddled away on the surface until approached
closely, when they dived and swam underwater,
surfacing every 5-8 m. The action appeared
identical to that of VOC chicks, with the wings
not fully extended, shallow wingbeats, and the
feet stretched out behind the bird. On 27 January
2002, also at Tioriori, another brood of three chicks
aged 40 days (and close to fledging) were banded.
When chased, two of them took to the water, dived
and swam underwater in the same manner. On 22
January 2007 at Tupuangi Beach, Pitt Island (44°15’S,
176°10'W), two large chicks took to the water to
avoid capture, and dived and swam underwater
when approached.

Sordahl (1982) and Morgan (1994) considered
that underwater swimming was primarily a
technique for chicks (and occasionally compromised
or flightless adults) to avoid avian predators. An
observation at Wade River on 16 February 1996
is consistent with that suggestion. About 500
shorebirds were feeding on exposed sand flats at
low tide when a swamp harrier (Circus approximans)
flew over. A large VOC chick, aged 42 days and not
yet flying, ran quickly to the river channel nearby
and swam out on the surface. Shortly afterwards
the harrier stooped on the chick, which dived. The
chick’s parents immediately chased off the harrier
and the chick re-surfaced 6-8 m from where it had
dived.

Minton (2001) suggested that escape-diving and
underwater swimming are a ‘last-resort’ escape
measure, used only when capture appearsimminent.
My observations support that suggestion—when
catching chicks for banding, diving occurred only
once I was very close to them.

It seems likely that only older chicks, with
wings that are developed to the point where they
can provide adequate propulsion under water, will
show this behaviour (see Sordahl 1982). Two chicks
of H. bachmani observed by Morgan (1994) were

33-36 and 45-48 days old, although Calf (2002)
noted that chicks of H. moquini dive from about two
weeks (about 200 g). All the VOC and CIO chicks
noted above were four weeks old or more. At Wade
River on 25 November 1995, I banded a VOC chick
12 days old; its primaries had not yet emerged
and the standard wing measurement was 37 mm.
Although close to water, the chick made no attempt
to escape by swimming on that occasion, or when
aged 15 days (wing 44 mm), or at 19 days (wing 65
mm). On 6 December, when it was 23 days old and
weighed 294 g, the chick took to the water, dived
when pursued and swam 8-9 m underwater. At
that time the primaries were growing rapidly and
the wing measured 95 mm.

These observations extend the list of shorebird
species whose chicks try to avoid capture by escape-
diving and swimming underwater, and document
the occurrence of the behaviour in endemic New
Zealand species. Underwater swimming occurs in
a range of shorebird families, and is geographically
widespread, having been recorded in Europe,
Africa, North and South America, and Australasia at
least (see references). It may therefore be recorded in
other New Zealand shorebirds. However, given the
need for a body of water nearby, a chick with atleast
partly-developed wings, and (most importantly) its
capture imminent, it is perhaps not surprising that
underwater swimming has apparently not been
described here.

Interestingly, I have not seen the behaviour in
the course of banding many hundreds of northern
New Zealand dotterel (Charadrius obscurus
aquilonius) chicks; they regularly attempt to escape
by paddling away on the surface, but do not dive
when approached. I have so far found no records of
underwater swimming by any Charadrius species.
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Pied stilts (Himantopus himantopus) (Photograph: Ian Southey).
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SHORT NOTE

Longevity of pied stilt (Himantopus himantopus)

A (TONY) M. HABRAKEN*

329 Jericho Road, RD2, Pukekohe 2677, New Zealand

DAVID A. LAWRIE
52 Mill Road, RD2, Pukekohe 2677, New Zealand

In 1989 OSNZ began a national study of pied stilt
(Himantopus himantopus) to investigate seasonal
movements throughout New Zealand, aiming to
identify regional patterns between breeding and
wintering sites, and site and mate fidelity. All
birds captured received individual colour-band
combinations attached to their tibia (two colours
per tibia) and a single metal band on the tarsus.
Adults were captured on the nest and chicks
were caught as large free running chicks prior to
fledging. The last birds colour banded in the study
were in 1994, although two years later a further 10
were colour banded as part of a Junior Members
course. Sightings of banded birds in the Manukau
Harbour persisted through the mid-1990s falling
away to occasional sightings between 2000-2002.
This paper adds value to the original project and
new knowledge about the species.
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On 12 August 2010, AMH received an image of
a colour-banded pied stilt (Fig. 1) photographed
by lan Southey at the Karaka shell banks on the
southern shores of the Manukau Harbour. The
colour-band combination appeared to be WY-BG
(white over yellow on left tibia, blue over green
on right tibia), with a metal band on the right
tarsus. This combination was used on a juvenile
bird banded in the Whangamarino wetland off
Island Block Road (37.3085°S, 175.1121°E) on 20
October 1991 by AMH & DAL (AMH data base).
Remarkably the bird had not lost any of its four
colour-bands, though the colours were showing
signs of fading and or staining as would be expected
of an aged bird now late in its 18" year. The metal
band, partially obscured, appeared to be very worn.
On 24 June 2012, during the OSNZ wader census at
the Karaka shell banks DAL also sighted a colour
banded pied stilt reported as WY-BG, believed to be
the same bird as seen in August 2010.
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Figure 1. Pied stilt (Himantopus himantopus) at the Karaka shell banks on the southern shores of the Manukau Harbour.
The colour-band combination appeared to be WY-BG (white over yellow on left tibia, blue over green on right tibia), with

a metal band on the right tarsus (Photograph: Ian Southey).

Our experience from other colour banding
projects with bar-tailed godwit (Limosa lapponica),
red knot (Calidris canutus), and pied stilt, shows
that in all three species colour bands may be prone
to fading and/or staining over time. This is likely
caused by exposure to ultraviolet light, breaking
down the band colours, or from being in regular
contact with boggy wetland conditions where
high levels of leachates and oxides can occur,

leaving mineral deposit stains on the colour bands.
Given this possibility, the time lapse since the last
sightings of any colour-banded pied stilt, and that
birds banded in other regions of New Zealand have
been sighted in the Manukau Harbour previously,
it seemed prudent to investigate and eliminate, if
possible, any other potential band combinations to
help confirm the identity of this bird.



We found only three combinations using Y or W on
the left tibia.

e  YW-BG (Y-5159) banded as a chick at Tasman
Downs, South Island (43.9983°S, 170.2001°E, on
23 November 1989 by Christine Reed.

e  YY-BG (Y-7651) banded as an adult female at
Lindis River, South Island 44.8150°S, 169.4834°E
on 16 November 1990 by Margaret Child.

e  WY-BG (Y-5751) banded as a chick at Island
Block, Whangamarino on 20 October 1991 by
AMH & DAL.

Of the three combinations above, the only
confirmed sighting was WY-BG on 1 January 1993
at Conifer Grove, Manukau Harbour, 14 months
after banding. Five further sightings of a bird with
similar band combinations were recorded between
2000 and 2012. No re-sightings of the two South
Island birds (Lindis & Tasman Downs) have been
reported. Birds from the South Island as well as
elsewhere in the North Island have been recorded
on the Manukau Harbour during the non-breeding
season.

Although there had been no sightings of the two
South Island birds, we were able to scrutinise the
picture more closely in an attempt to eliminate any
of the three birds listed above. The metal band was
showing excessive wear and partially obscured by
vegetation (sarcocornia). However, it did reveal a
hyphen (part of the band inscription, separating the
size, denoted by a letter, from the serial numbers) in
front of the first digit which appeared tobe a7 ora5.
Both are the first numbers in the three combinations
listed above, so it was not possible to narrow the
identification down to only one bird.

We therefore suggest two possible scenarios for
longevity.

WY-BG

There being a single positive record of the
Whangamarino bird (WY-BG) after fledging means
that this bird survived at least 14 months, which
increases the chances of it surviving much longer.
It is also the younger of the two chicks with similar
combinations.
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YY-BG

That this bird was banded as an adult increases
the chances of its survival after banding. Though
there were no positive sightings on the wintering
grounds or return sightings from breeding grounds,
unconfirmed sightings of similar combinations in
the Manukau Harbour mean it cannot be excluded
from consideration here.

It appears that the bird photographed on 12
August 2010 lived to at least 7 July 2012. If it is
assumed to be WY-BG this would extend the age of
the bird to 20 years, 8 months, and 18 days, which
appears to be second longest record for the species.

Alternatively, if it is assumed to be YY-BG, it was
21 years, 7 months, 21 day since banding. Given
that pied stilt are able to breed in their 2™ year at the
earliest (AMH pers. obs.) this would increase the age
of this bird by two years, making it a minimum age
of 23 years, 7 months, 21 days extending the known
age for pied stilt by 1 year, 10 months, 7 days.

The oldest Australian record is a bird banded at
Roebuck Bay, Broome in May 1994 and recovered
at Roebuck Bay in February 2016, giving an age
of 21 years 8 months, 24 days. (ABBBS Database
2020). The longevity record for Europe is 12 years
2 months (Cramp & Simmons 1983). The age
range of the two birds discussed above would be
comparable to other wader species for longevity.
Just what proportion of the population reach this
age is not known, but this record does add new data
and knowledge for the species.
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Black stilt (Himantopus novaezelandiae) with pied stilt (Himantopus himantopus) flock with bar-tailed godwits (Limosa
lapponica) in background (Photograph: Brian Chudleigh).
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Abstract: Many species recovery programmes use pedigrees to understand the genetic ancestry of individuals to
inform conservation management. However, incorrect parentage assignment may limit the accuracy of these pedigrees
and subsequent management decisions. This is especially relevant for pedigrees that include wild individuals, where
misassignment may not only be attributed to human error, but also promiscuity (i.e. extra-pair parentage) or egg-dumping
(i.e. brood parasitism). Here, we evaluate pedigree accuracy in the socially monogamous and critically endangered kaki
(black stilt, Himantopus novaezelandiae) using microsatellite allele-exclusion analyses for 56 wild family groups across three
breeding seasons (2014-2016, n = 340). We identified 16 offspring where parentage was incorrectly assigned, representing
5.9% of all offspring. Of the 16 misassigned offspring, three can be attributed to non-kaki brood parasitism, one can be
assigned to human error, but others cannot be readily distinguished between non-monogamous mating behaviours
and human error. In the short term, we advise the continued use of microsatellites to identify misassigned offspring
in the kaki pedigree, and to verify non-kaki brood parasitism. We also recommend the Department of Conservation’s
Kakt Recovery Programme further evaluate the implications of pedigree error to the management of this critically
endangered taonga species.
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INTRODUCTION

For threatened species that have experienced
significant and sustained population decline,
genetic management can be paramount to
enhance recovery (Grueber ef al. 2019). Pedigrees,
or genealogical records amongst individuals in
a population, are an invaluable tool for genetic
management of highly threatened populations.
Pedigrees allow conservation practitioners to
track diversity over time and strategically pair or
translocate individuals to minimise inbreeding and
maximise genome-wide diversity (Farquharson
et al. 2017; Galla et al. 2020). While pedigrees are
commonly used to manage captive populations (i.e.
ex situ; Ballou et al. 2010), there are rare instances
where they are maintained for wild populations (i.e.
in situ; Pemberton 2008). Historically, pedigrees of
wild populations have relied on behavioural data
and field observations of social pairings to confirm
parentage (Keller & Waller 2002), but the accuracy
of these wild pedigrees can be compromised
when parents are incorrectly assigned to putative
offspring.

Incorrectparentageassignmentfor pedigreescan
be attributed to either human error or unexpected
and undetected mating behaviour. Human error
can include misidentification of individuals in
the field (e.g. misread coloured leg bands, or
dropped leg bands in birds; Milligan et al. 2003) or
transcription errors (Oliehoek & Bijma 2009). For
example, a recent molecular study in Attwater’s
prairie-chicken (Tympanuchus cupido attwateri)
found a 4.1% pedigree error rate attributable to
human error in the pedigree of captive individuals
(Hammerly et al. 2016). In addition to human
error, undetected and non-monogamous mating
behaviour can also affect the pedigree of wild
individuals, as breeding pairs are not confined in
separate enclosures. Numerous genetic studies in
birds show that social mates may not be the genetic
parents of their putative offspring due to brood
parasitism or extra-pair parentage (Firth ef al. 2015).
Avian brood parasitism is defined by laying one’s
eggs in the nest of another individual and providing
no additional parental investment (Davies 2000).
Using this reproductive strategy, the donor parents
outsource the cost of rearing their offspring to the
recipient parents. Some bird species, such as the
cuckoo finch (Anomalospiza imberbis), are obligate
brood parasites, reproducing only through laying
their eggs in the nests of other species (Sorenson &
Payne 2002). Others, such as some species of stilts
(Himantopus spp.), participate in facultative brood
parasitism by laying eggs in the nests of others
while also tending their own nests (Yom-Tov 1980;
Overbeek et al. 2017). Extra-pair parentage occurs
when one, or both individuals, mate with another
outside of a socially monogamous pairing (Petrie
& Kempenaers 1998), resulting in a discrepancy

between one parent of the nest and their putative
offspring. This can include extra-pair paternity
(Westneat et al. 2003) where the social father is not
the genetic father of offspring, and quasi-parasitism
(Petrzelkova et al. 2015) where the social mother
is not the genetic parent of offspring. Extra-pair
parentage is common in socially monogamous
birds such as the Eurasian magpie (Pica pica;
Birkhead & Biggins 1987; Westneat et al. 1990;
Davies 2000) and the reed bunting (Emberiza
schoeniclus), where extra-pair paternity rates run as
high as 55% (Griffith et al. 2002). In Aotearoa New
Zealand, the tui (Prosthemadera novaeseelandiae) is
an excellent example of extra pair paternity, with
extra pair offspring accounting for 57% of all young
(Wells et al. 2015). With potential for promiscuous
breeding behaviour in the wild, it is inadvisable
to ascertain parentage for wild pedigrees based on
field observations alone.

One species whose management benefits
from a pedigree of captive and wild individuals
is the critically endangered kaki, or black stilt
(Himantopus novaezelandiae, Figure 1). Kaki were
previously found on both the North and South
Islands of Aotearoa, but experienced significant
decline in the 19" and 20" centuries through the
impact of non-native mammalian predators and
habitat loss (Reed & Murray 1993). As of April 2020,
the contemporary breeding population of kaki
consists of 169 wild adults that are largely confined
to Te Manahuna/ the Mackenzie Basin (Department
of Conservation, pers. comm.). The Department of
Conservation (DOC) initiated the Kaki Recovery
Programme in the early 1980’s to enhance recovery
efforts for the species; management practices to
date include predator control, intensive monitoring
of wild birds, management of hybridisation with
poaka/ pied stilts (H. himantopus leucocephalus), and
a conservation breeding and rearing programme
(Maloney & Murray 2001). In an effort to reduce
predation of eggs and young chicks in the wild, eggs
are collected from wild nests, artificially incubated,
and captive reared by hand before individuals
are banded and released back into the wild as
juveniles or sub-adults (van Heezik et al. 2005).
For captive breeding, kaki are strategically paired
in captivity (2-7 pairs) to minimise inbreeding
and maximise diversity (Galla et al. 2020). A recent
study investigating relatedness estimates in captive
and wild kaki showed that pedigree- and genomic-
based relatedness coefficients and subsequent
pairing recommendations correlate significantly
with one another (Galla et al. 2020). While this strong
correlation provides confidence in the kaki pedigree,
a small number of individuals showed unexpected
discrepancies between pedigree- and genomic-
based relatedness. Thus, a rigorous investigation
of the accuracy of the pedigree, specifically for
offspring of wild pairs, is warranted.



Figure 1. An adult kaki in the Tasman Valley of
Te Manahuna (Photograph: Liz Brown).

The kaki pedigree is generally assumed to
be accurate for wild individuals, as kaki are
identifiable through unique coloured leg bands,
intensively monitored, and socially monogamous.
However, a 2017 study using microsatellite markers
and phenotypic data revealed the first evidence
for brood parasitism in kaki from “non-kaki’ stilts
(i.e. poaka, or kaki-poaka hybrids; Overbeek et al.
2017). These birds were easily identified as being
atypical, as they displayed pale plumage compared
to other kaki of the same age. In recent breeding
seasons, the Kaki Recovery Programme has also
kept lists of uncertainty in the pedigree that may be
the result of human error. For example, in 2018, two
chicks from two different clutches were recorded
having dropped leg bands overnight in the same
brooder box (Department of Conservation, pers.
comm.). To verify which chicks belonged to putative
wild parents, microsatellites were amplified across
unknown individuals, their siblings, and possible
parents to assign them to their putative parent
group.

While these practices can be used to identify
pedigree discrepancies that are the result of known
human error and non-kaki brood parasitism, the
programme has not examined whether all wild
offspring are correctly assigned to their putative
parents. In this study, we examine the accuracy
of the pedigree of wild kaki over three breeding
seasons (2014-2016) using eight microsatellite
markers and allele-exclusion analyses to identify
Mendelian irregularities between putative parents
and offspring. While these eight microsatellite
markers cannot rule out false negatives (i.e. birds
that appear to be the offspring of social — but not
genetic — parents, as a result of shared common
alleles), they do provide an opportunity to exclude

Genetic validation of the kaki pedigree 711

putative parentage, which can reveal minimal
pedigree error rates and inform best practice for
managing the kaki pedigree moving forward.

MATERIALS AND METHODS

Genetic material sourcing and sampling

Animal ethics approval has been granted by DOC
(permit number AEC 283). Since 1998, DOC has
collected blood feathers from all juvenile kaki
that have passed through the captive rearing and
breeding programmes as a part of routine health
checks. These feathers have been maintained in a
-20°C freezer at the University of Canterbury since
collection, and were used for this study. Samples
chosen for analysis include all wild offspring from
the 2014 (n = 20 families, 105 individuals), 2015
(n = 15 families, 56 individuals), and 2016 (n = 21
families, 112 individuals) breeding seasons that
survived to banding age (25-35 days old) and their
putative parents, as listed in the kaki pedigree
(Galla et al. 2020). We only included offspring that
survived to at least banding age in these analyses,
as feather collections have traditionally included
these individuals.

DNA extraction and microsatellite genotyping
Feather tips were placed into Eppendorf tubes
using sterilized forceps and scissors. Initially, DNA
was extracted using the Invitrogen™ PureLinkTM
Genomic DNA Mini Kit (Thermo Fisher Scientific)
following manufacturer instructions. However, a
chelex method was found to be more efficient and
produced equal or higher concentrations of DNA
for kaki, and was used to extract the remaining
samples in this study. Briefly, feather tips were
suspended in 200 L of a 5% Bio-Rad Chelex-100®
chelating resin solution in PCR grade water with
20 L of 20 mg/mL proteinase K. This solution
was incubated at 56°C for 12 hours. For elution, the
supernatant (~200 uL) was combined with 50 uL
of TE buffer. Extraction success was verified using
a NanoDrop™ 1000 Spectrophotometer (Thermo
Fisher Scientific).

Eight microsatellite loci (BS2, BS9, BS12, BS13,
BS21, BS27, BS40, BSdi7) originally described by
Steeves et al. (2008) for use in Himantopus spp. were
used in this study. Null alleles were not reported for
these loci when they were originally described and
none have been detected in the 12 years they have
been in use. Seven of the eight loci used in this study
are tetra-mers, which means that stutter patterns
are readily resolved. The remaining locus (di7) is
a di-mer; while the stutter patterns for this locus
are more complex, they are also well-characterised.
PCR amplifications for these loci were performed as
described in Steeves et al. (2008). To verify successful
PCR amplification, a subset of PCR products and
negative controls were run on a 1.4% agarose gel
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stained with Invitrogen SYBR® Safe Gel Stain at
90V for 45 minutes. For genotyping, 0.5 uL of PCR
products were added to 0.3 uL of GeneScanTM 500
LIZ® size standard (Applied Biosystems) and 11.7
uL of formamide. Samples were run on an ABI 3130x1
Genetic Analyzer (Applied Biosystems) and allele
sizes were scored by eye using GENEMARKER v.
2.4 (SoftGenetics, State College PA, USA).

In instances of Mendelian mismatch (see
below), mismatching parents and offspring were
re-extracted and genotyped if extra feather samples
for individuals were available. A genotyping error
rate was calculated by dividing the number of
corrected alleles by those that were available for
comparison. The programme GENALEX v. 6.5
(Peakall & Smouse 2006; Smous & Peakall 2012)
was used to calculate allele size, allele frequency,
observed heterozygosity (H,), and expected
heterozygosity (H,) at each microsatellite locus.
Tests for linkage disequilibrium and deviations
from Hardy-Weinberg equilibrium in kaki can be
found elsewhere (Steeves et al. 2008; 2010).

Allele-exclusion analyses

Allele calls for offspring were checked against
putative parents using allele-exclusion, a common
method for examining parentage in both natural
and experimental populations (Zhang et al
1994; Maudet et al. 2002; Manel et al. 2005). This
approach identifies mismatched putative parents
and offspring through irregularities in Mendelian
inheritance (Vandeputte et al. 2006). Mismatches
were counted only when putative parents and
offspring did not match at >1 allele, to account
for potential random mutations (Ellegren 2000).
All mismatched offspring were checked across
field notes from the Kaki Recovery Programme, to
consider whether atypical behaviour (e.g. abnormal
nesting behaviour) or human error (e.g. note taking
errors) could add context to mismatches. To test
whether mismatched offspring were assigned as
kaki or non-kaki, we implemented the Bayesian
clustering algorithm in STRUCTURE v. 234
(Pritchard et al. 2000, as per Steeves et al. 2010) for
all mismatched offspring to estimate assignment to
kaki or non-kaki clusters. If assignment probabilities
were <95% to the kaki cluster, offspring were
identified as non-kaki and a 291bp fragment of the
mitochondrial cytochrome b gene was sequenced
as per Steeves et al. (2010) to verify the maternal
haplotypes for these individuals.

RESULTS

For each of the 340 individuals sampled (56 family
groups across the 2014-2016 breeding seasons),
genotypes were obtained for at least seven of the
eight microsatellite loci (data available at https:/ /
github.com/sgalla32/Kaki_Microsatellites). There

Table 1. Descriptive statistics for microsatellites used
to validate the kaki pedigree, including allele size (base
pairs), allele frequency, observed heterozygosity (H,)), and
expected heterozygosity (H,).

Locus Allele Size Allele Frequency H H

(o] E
121 0.001
125 0.001
2 132 0.231 0.616  0.647
136 0.438
140 0.329
115 0.003
119 0.128
9 127 0.409 0.665  0.632
131 0.428
139 0.032
245 0.821
249 0.119
12 23 0.054 0.327  0.308
257 0.001
267 0.003
288 0.001
175 0.536
13 187 0.460 0.491  0.502
195 0.004
229 0.335
21 233 0.167 0.796  0.732
237 0.294
241 0.205
188 0.001
192 0.001
27 200 0.700 0.534  0.465
204 0.171
208 0.126
132 0.698
40 140 0249 0.451  0.448
145 0.052
150 0.001
190 0.033
192 0.001
di7 194 0.001 0.609  0.591
208 0.119
210 0.558
214 0.287




was an observed range of 3—6 alleles per locus, with
average observed heterozygosity (H, = 0.56 + 0.14)
being slightly higher than expected %eterozygosity
(H, = 0.54 + 0.14; Table 1). Of the 52 individuals
that were re-extracted and genotyped, 4.66% of 751
alleles were corrected.

Across the 56 family groups studied, nine had
offspring with alleles that could not be attributed
to one or both of their putative parents (n = 16
offspring, or 5.9% of offspring studied; Figure 2).
In the 2014 breeding season, three family groups
showed Mendelian mismatches between putative
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Figure 2. Wild families with offspring excluded by allele-
exclusion, including offspring that assign as kaki (A) and
non-kaki (B). A) Each offspring is represented by a row
with bi-coloured boxes to represent maternal (yellow/
top) and paternal (green/bottom) allelic contribution at
each locus. Black boxes indicate alleles that could not be
attributed to a parent. Boxes with black/gray diagonals
indicate mismatch, but insufficient diversity to determine
maternal or paternal exclusion. B) Red boxes indicate
alleles typical of kaki (all parental alleles), and blue boxes
indicate alleles typical of non-kaki (i.e. poaka or kaki x
poaka hybrids).
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parents and offspring, including family groups
with DOC identifiers 14/08, 14/09, and 14/13. The
offspring from family group 14/08 were collected
in two clutches from the wild, and all surviving
offspring from both clutches have alleles at three
loci that do not correspond with putative parents.
While some of these mismatched alleles (i.e. loci
2 and 9) cannot be attributed to the mother, other
mismatched alleles (i.e. loci 12 and 21) do not have
sufficient diversity amongst the putative parents to
specify which parent is mismatched. All surviving
offspring from family group 14/09 mismatch the
putative father at loci 2 and 21. Kaki conservation
practitioners described another male in the area
with similar leg bands who paired with the putative
mother in subsequent breeding seasons and has
alleles that match these offspring; therefore, this
mismatch for family group 14/09 is likely the result
of human error (i.e. field misobservation). For
family group 14/13, one of six offspring (from two
clutches) does not match putative parents at loci 2
and 21, with alleles at locus 2 not attributable to the
father, and locus 21 having insufficient diversity
amongst the putative parents to specify which
parent is mismatched.

During the 2015 breeding season, there were
four family groups that showed alleles that did
not correspond between parents and offspring,
including family groups with DOC identifiers
15/01, 15/04, 15/06, and 15/10. All four offspring
from family group 15/01 have alleles that mismatch
the mother (loci 9, 21, and di7) or loci that have
insufficient diversity amongst putative parents to
specify which parent is mismatched (loci 21, 27, 40,
di7). In family group 15/04, one of four offspring
mismatches one or both putative parents across
loci 9, 21, 27, and di7. For family group 15/06,
one individual out of six mismatches from one or
both parents across loci 2, 9, 13, 21, 40, and di7. For
family group 15/10, one individual mismatches
both parents across loci 2, 9, and di7.

During the 2016 breeding season, there were two
family groups with alleles which were mismatched
from putative parents: family groups 16/09 and
16/18. For family group 16/09, one individual had
alleles that are typical for poaka (Steeves ef al. 2010)
and do not assign to either parent. This individual
was noted as being atypical prior to analyses, as
it was collected only three days after its clutch
mates, but hatched a full 10 days later. In family
group 16/18, both mismatched individuals were
identified as being atypical, as one of their clutches
had 5 eggs, as opposed to the typical 4 egg clutch
in kaki (Pierce 2013), and their plumage was paler
than other juveniles their age. Both pale individuals
from family group 16/18 were found to have alleles
typical of poaka (Steeves et al. 2010) that could not
be attributed to either parent.

For all mismatched individuals, the only birds
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that did not assign as kaki using STRUCTURE
Bayesian clustering analyses were individuals from
the 2016 breeding season (assignment probabilities
to kaki cluster = 0.21-0.70) from family groups
16/09 and 16/18. Mitochondrial cytochrome b for
these individuals assign to poaka (node A), as per
Steeves et al. 2010 (GenBank Accession number:
HQO007646).

DISCUSSION

This study is the first to evaluate the kaki pedigree
over multiple breeding seasons using genetic
markers. Across the 20142016 breeding seasons,
59% of offspring mismatched with putative
parents, including three offspring attributed to non-
kaki brood parasitism and two readily explained
by human error. These results reinforce current
practice to screen atypical kaki nests and suspected
introduction of human error to the pedigree,
using the methods described here. This study
also reveals an opportunity to discuss the factors
driving mismatch (see below) and management
ramifications of previously unidentifiable error that
exists in the kaki pedigree.

Three offspring from the 2016 breeding season
displayed microsatellite alleles and mitochondrial
sequences typical of poaka that did not correspond
to either putative parent. The risk of human error
for these misassigned offspring is low, as all eggs
collected from the wild for the past 15 years are
exclusively gathered from intensively-monitored
kaki nests (i.e. all black birds, otherwise known
as node J; Steeves et al. 2010). Therefore, this
genetic data provides strong evidence for ongoing
brood parasitism, or egg-dumping, from non-
kaki into kaki nests, as described in Overbeek et
al. (2017). However, unlike Overbeek et al. (2017)
where suspected egg-dumped individuals were
identified by having pale plumage, the egg-
dumped individuals from the study here were also
identified as they came from nests with atypical
life history traits for kaki (i.e. being in clutch of >
4 eggs, or hatching asynchronously with clutch
mates). To avoid incorporation of non-kaki into
the pedigree and to ensure conservation rearing
resources are allocated to kaki only, these combined
results indicate that the Kaki Recovery Programme
should exclude individuals with atypical plumage
or inconsistent life history traits.

Our results also indicate one family group
whose mismatched alleles are most easily explained
by human error. In family group 2014/09, both
offspring have alleles that do not match the
recorded father, but do match those of another
male recorded in the same area with a similar
leg band combination. In addition, the putative
mother nested with the latter male in subsequent
seasons. Human error is an issue identified in many

pedigrees (e.g. dairy cattle Bos taurus, Visscher et
al. 2002; Attwater’s prairie-chicken; Hammerly et
al. 2016; see also Oliehoek & Bijma 2009). This is
particularly salient for pedigrees that include wild
individuals, where identification can be hampered
by leg band misidentification (leg bands are stained,
or difficult to observe when birds are wading; e.g.
Milligan et al. 2003) and when leg bands are dropped
due to wear (e.g. Allen et al. 2019). To minimise
pedigree error that can result from misidentification
or transcription issues, we recommend the Kakt
Recovery Programme continue to maintain lists of
possible human error, periodically screen affected
birds accordingly using the approach outlined here,
and consider other identification techniques that
may reduce error at the nest (e.g. radio frequency
identification, or RFID tags; Bonter & Bridge 2011).

Excluding the five offspring readily explained
by non-kakibrood parasitism and human error, only
4.1% of offspring studied here have alleles that do
notmatch putative parents and are left unexplained.
Although we cannot rule out human error as being
the cause for these discrepancies, some offspring
have alleles that are suggestive of extra-pair
paternity or intraspecific brood parasitism, which
has been described in other wild shorebirds (Order:
Charadriiformes). This includes Kentish plovers
(Charadrius alexandrinus) where extra-pair paternity
rates are 3.9% (Kiipper et al. 2004) and common
sandpipers (Actitis hypoleucos) where extra-pair
paternity and intraspecific brood parasitism rates
are as high as 15.7% (Mee et al. 2004). Research
in shorebirds suggests that promiscuous mating
behaviour may be more prevalent in social pairs
that are closely related as a tactic to avoid negative
fitness consequences associated with inbreeding
(Blomgqvist et al. 2002). This scenario resonates with
kaki, as the population has experienced inbreeding
after a substantial bottleneck (Hagen et al. 2011).
Other studies suggest that promiscuous mating
behaviour and brood parasitism is associated
with higher nest densities (Westneat & Sherman
1997). Much of the written behaviour traits
described for kaki have been recorded after the
population experienced significant decline (i.e. <
200 individuals; Pierce 1984). Therefore, biologists
do not know how kaki behaviour may change when
they reach higher densities. As the population
recovers, comprehensive sampling including all
putative parents, combined with an analysis using
thousands of single nucleotide polymorphisms,
would provide the resolution needed to discern and
determine the extent of extra-pair paternity and
intraspecific brood parasitism as breeding tactics in
kaki.

After examining the explanations for these
parentage assignment mismatches, this study has
identified a low percentage of error (5.9%) in the
kaki pedigree. Given that a simulation study across



domesticated mammals (i.e. cattle; sheep Ouis aries;
and horse Equus ferus) indicates that pedigree error
rates >15% could hamper conservation efforts using
a mean kinship approach (Oliehoek & Bijma 2009),
we consider the utility of the kaki pedigree for
conservation genetic management remains high.
However, simulation studies tailored to the life
history traits of critically endangered species like
kaki are likely to provide more informative cut-
offs to enable the retention of maximum genome-
wide diversity (Galla et al. 2020). Should these
simulations reveal that even low pedigree error
rates inhibit species recovery, the accuracy of the
kaki pedigree could be further improved using
high resolution single-nucleotide polymorphisms
(e.g. Flanagan & Jones 2019). Thus, we recommend
the Kaki Recovery Programme further evaluate the
implications of pedigree error for the conservation
management of this critically endangered taonga
species. Beyond kaki, this study highlights
the importance of using genetic and genomic
technologies to evaluate pedigrees of intensively
managed species to better inform conservation
management.
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Changes in the number and distribution of northern New
Zealand dotterels (Charadrius obscurus aquilonius): results
of four censuses undertaken between 1989 and 2011

JOHN E. DOWDING
DM Consultants, PO Box 36-274, Merivale, Christchurch 8146, New Zealand

Abstract: This paper presents the results of four censuses of the northern New Zealand dotterel population undertaken
between 1989 and 2011. During that period, the population increased by roughly 50%, from about 1,320 to about 2,130
birds. Most birds (85%) were in the northern part of the North Island (Northland, Auckland, and Coromandel Peninsula),
but the taxon is expanding its range southwards on both the west and east coasts. On the east coast, a few pairs are now
breeding close to Cook Strait. Population trends varied between regions, and almost all of the overall increase was a
result of increases on the east coast. The highest rates of increase were on the Auckland east coast and on Coromandel
Peninsula, probably because the intensity of management has been highest in those regions. In the Auckland urban
area, birds now routinely breed inland, mainly on grass or bare earth; elsewhere, the taxon is almost entirely coastal.
The proportion of birds on the west coast has fallen over the past 50 years, and about 85% of the taxon is now found
on the east coast. If the overall increase in numbers has continued at the same rate since 2011, there would be about
2,600 birds in 2020. The size of the population and its rate of increase justify the recent down-listing of the subspecies
to a threat ranking of At Risk (Recovering), but it remains Conservation Dependent. The recovery programme has been
highly successful, and most management of the taxon is now undertaken by community groups, regional councils,
and volunteers. Continuing threats include predation, flooding of nests, and disturbance during breeding; in future,
continuing coastal development and increased recreational activity will probably degrade habitat further, particularly
on the east coast, and climate change will have a range of impacts.

Dowding, J.E. 2020. Changes in the number and distribution of northern New Zealand dotterels (Charadrius obscurus
aquilonius): results of four censuses undertaken between 1989 and 2011. Notornis 67(4): 717-728.
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INTRODUCTION
The New Zealand dotterel (Charadrius obscurus,
NZD) is a large, endemic plover. There are two

(and probably in some parts of the lower North
Island), but for about the past century breeding is
thought to have been confined to Stewart Island

subspecies (Dowding 1994); these were raised
to species level by del Hoyo et al. (2014), but this
change has not yet been adopted in New Zealand.
The southern New Zealand dotterel (C. o. obscurus)
formerly bred inland throughout the South Island
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(Dowding 1999).

The northern New Zealand dotterel (C. o.
aquilonius, NNZD, Figure 1) breeds along the
North Island coastline. Its range before the end of
the 19" century is not clear, but in the 20" century
and until about 1950 its breeding range was
apparently confined to northern areas, from North
Cape south to the Waikato coast in the west and
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southern Coromandel Peninsula in the east (e.g.
Falla 1940; Oliver 1955; Williams 1963), including
some northern offshore islands. Fleming (1947)
recorded a pair on territory at Tairua, Coromandel
Peninsula, in September 1946, and noted “the last
is apparently the southernmost record on the east
coast of the North Island in late years”. Records
in Classified Summarised Notes (CSN) of Notornis
from 1951-1960 and in Edgar (1969) show that the
species expanded eastwards and colonised the Bay
of Plenty coastline during the 1950s. By the 1960s,
it was well-established as far east as Whale Island
and Rurima Rocks, with a few birds reported
around East Cape, and occasional sightings, mostly
of single birds, in the southern North Island (Edgar
1969).

There are no early estimates of numbers, but
Buller (1888) described the species as “nowhere very
plentiful”, and the population may never have been
large. The first attempt at a population estimate
was in the late 1960s (Edgar 1969), and recorded
a total of 1,114 individuals; the author considered
this an underestimate, and acknowledged the
limitations of an estimate based on data gathered
over a number of years. Reed (1981) recorded 1,024
individuals and noted that “Allowing for birds
missed from counting and areas not surveyed, the
population appears fairly static”.

At unmanaged sites, annual adult survival
is high, averaging 0.920 (JED, unpubl. data), but
breeding success is typically low (Dowding 2006;
Dowding & Davis 2007) and modelling shows
that the NNZD population would decline by
about 1% per year without any management (JED,
unpubl. data). The main threats are predation (of all
life stages, by mammalian and avian predators),
flooding of nests by big tides and storm surges, and
disturbance during breeding (Dowding & Davis
2007). Effective management of the taxon began
at Opoutere, Coromandel Peninsula, in 1986; the
management prescription currently in use addresses
the main threats and has been refined over time (see
Dowding 2006; Dowding & Davis 2007). It is now in
place at many breeding sites.

The fact that the population was small and
breeding success was low in many areas prompted
a national census in 1989, undertaken as a joint
exercise between the Ornithological Society of
New Zealand (OSNZ) and the Department of
Conservation (DOC) (OSNZ news 51: 7). A repeat
was scheduled for October 1996 (Dowding 1993),
followed by two further censuses at 7-8 years
intervals.

This paper presents the results of four censuses
of the NNZD population undertaken in 1989, 1996,
2004, and 2011. It also draws on other material to
document the changes in numbers and distribution
of the taxon over about the past 50 years. The

census period also coincided with the time
when management of NNZD began and became
increasingly widespread; the censuses therefore
provided an opportunity to assess the effectiveness
of management on a broad scale. In addition, the
data collected on population size and rate of change
have also allowed an informed determination of the
threat ranking of the taxon.

Figure 1. Adult northern New Zealand dotterel (C. o.
aquilonius) at Mimiha Stream, Bay of Plenty, October 2013
(Photograph: J.E. Dowding).

METHODS

Counts were conducted at sites known to have
NNZD from past records, and in other suitable
habitat, such as sandy beaches, sandspits, stream
and river mouths, and shell banks and sandbars
in estuaries (see Dowding & Moore 2006). The
coastline was divided into regions (see Figure 2
and Appendix 1), normally with one OSNZ and
one DOC coordinator in each region. Several
months before each census, regional coordinators
assigned counters to sites and distributed written
instructions and recording sheets.

Censuses were conducted in October, when
NNZD numbers are at an annual minimum
(normally, no chicks will have fledged by then),
and breeding adults are sedentary. This timing was
chosen to optimise for minimal movement between
sites, and so reduce the number of birds missed or
double-counted. A core weekend was chosen for
each census, based on suitable tide heights and
times of day. Almost all counts were completed
within a week of the core weekend. Counts were
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Figure 2. Map of the North Island showing the
counting regions for northern New Zealand dotterels
(C. o. aquilonius). Exact boundaries between regions are
identified in Appendix 1.

carried out on foot, and nearly all were made within
2 hours of high water to ensure that off-duty and
non-breeding birds foraging in nearby inter-tidal
areas were not missed. Details of location, date,
time, and observer contact details were noted
on each record sheet, along with the number of
NNZD counted. Unfledged chicks were sometimes
recorded, but were not included in the counts.
Regional coordinators collated local recording
sheets and checked them for missed sites or results
that were unexpected. Copies of sheets were
forwarded to the author, who collated the regional
results, checked again for missing or anomalous
results, and analysed the data. Counts were entered
into MS Excel spreadsheets for storage and analysis.
If a site was missed, or if counts from a site were
much lower or higher than expected from previous
data, a follow-up visit was undertaken as soon
as practicable. When it was not possible to visit
(or re-visit) a site, an estimate was used; this was
either the count from the previous census or the most
recent breeding season count available, whichever
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was more recent. In a very few cases (probably less
than five in any census), access through private
property to potential habitat was refused.

These counts were attempts at a complete
census (Dowding & Greene 2012), but given the
resources available and the extent of coastline
involved it is inevitable that a few birds will have
been missed. In addition, there were occasional
circumstances that may have affected some regional
results. In 1989 in Northland, counters were limited,
and some sites were therefore not checked within 2
hrs of high water, or within the allocated two-week
survey period. Some sites were also checked in poor
weather conditions. As a result, the 1989 Northland
count is thought to be an underestimate. In October
2004, some long stretches of beach in Northland
East were searched by quad bike and yielded much
lower counts than expected; re-counts of those areas
on foot in October 2005 gave higher counts, which
were substituted in the final totals. In October 2011,
the dates planned for the census coincided with the
MV Rena oil spill in the Bay of Plenty; some census
counters assisted with the spill response, and as
a result sites in some regions were counted 2 or 4
weeks later than planned.

It should be noted that the number of sites
surveyed increased with each census, mainly
because as the population grew birds were
discovered at new sites between censuses, and those
sites were then added to the regional list of sites.
The gross totals for each census are a minimum
estimate of the population size at that date, but rates
of change between them will not be comparable as
it is not known whether sites not checked in earlier
censuses had birds at that time. Rates of change
between consecutive pairs of censuses are therefore
presented as percentage changes in gross totals and
in ‘comparison’ totals (i.e. totals from only the sites
counted in both censuses of a consecutive pair).
Because some sites not checked in the earlier census
of each pair may have had birds then, the actual
rates of change will lie somewhere between the
gross changes and the comparison changes.

In addition to the data collected during the
censuses, material from other sources was used;
this included counts from Edgar (1969) and Reed
(1981), records from CSN, records posted on eBird
New Zealand, iNaturalist NZ, BirdingNZ.net, and
personal communications to the author.

RESULTS

Changes in numbers, 1989-2011

Regional counts, east coast and west coast counts,
and total counts from the four censuses are shown
in Appendix 2. Figure 3 shows the changes in total
numbers of birds counted between 1989 and 2011,
and in numbers on the east and west coasts. The
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east coast had a large majority of the total count
in all censuses. It is also clear that the increase in
total numbers is almost entirely due to increases
on the east coast, with numbers on the west coast
remaining roughly static. The percentage increases
(gross and comparison) between consecutive
censuses are shown in Table 1. Using rates of
increase mid-way between gross and comparison
values suggests that the population increased by
49.3% between 1989 and 2011.
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Figure 3. Numbers of northern New Zealand dotterels
(C. 0. aquilonius) counted in total and on the east and west
coasts during the four censuses, 1989-2011.

Counts from the east coast regions are shown in
Figure 4. Counts in Northland East have fluctuated;
the 1989 count is thought to be an underestimate
(see Methods) and the overall trend is not clear,
with neither a consistent decline nor increase. There
have been major increases in Auckland East and
Coromandel Peninsula (based on gross counts,
the latter population increased by 254% between
1989 and 2011), and the two regions between them
accounted for 74% of the total (gross) increase
between 2004 and 2011. The largest increase in a
region as a proportion of the total population was
also in Coromandel, which increased from 9.7% of
the population in 1989 to 21.3% in 2011. In the Bay
of Plenty, there was a slightly lower count in 1996
(for unknown reasons), but overall, the population
in this region changed very little during the census
period. The population south of East Cape was
increasing but still relatively small in 2011, and has
increased further in range and numbers since then
(see below).
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Figure 4. Numbers of northern New Zealand dotterels
(C. 0. aquilonius) counted in east coast regions, 1989-2011.
NLE=Northland East, COR=Coromandel Peninsula
(dashed line), AKE=Auckland East, BOP=Bay of Plenty,
EHW=East Cape-Hawke’s Bay-Wairarapa. The 1989 count
in NLE is probably an underestimate (see Methods).

Counts from the west coast regions are shown
in Figure 5. Counts in Northland West declined
gradually between 1989 and 2011, and a comparison
of the distribution atlases (Bull et al. 1985; Robertson
et al. 2007) shows a widening gap in the local
population between the Hokianga and Kaipara
Harbours. The sudden increase in Auckland West
between 1996 and 2004 was almost certainly due
mainly to a larger area at South Kaipara Head
being added to the search area from 2004 and more
birds being found there. There was relatively little
change in numbers at that site between 2004 and
2011. Numbers in Waikato declined between 1989
and 2004, but there was a slight increase in 2011
(Appendix 2) and numbers have increased further
since then (see below). Numbers in Taranaki were
low during the census period. Edgar (1969) noted
two sightings, each of a single bird, in 1967 and 1968.
Single birds seen at Pungaereere Stream, Rahotu,
in late 1988 and in early 1989 were described as
“the first records for these parts for years” (CSN
Notornis 37: 211). Numbers were in single figures
throughout the census period (Appendix 2), and
only 2 breeding sites were recorded. Numbers and
range have increased in the region since 2011 (see
below).

The Northland, Auckland, and Coromandel
Peninsula regions remain the strongholds for the
taxon, with 85.5% of the birds counted in October
2011 between them.
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Figure 5. Numbers of northern New Zealand dotterels
(C. o. aquilonius) counted in west coast regions, 1989—
2011. NLW=Northland West, AKW=Auckland West,
WAI=Waikato, TKI=Taranaki.

Changes in distribution, 1989-2011

The proportion of birds on the west and east coasts
has changed steadily (Figure 6). Including counts
from Edgar (1969) and Reed (1981), the percentage
of the total population recorded on the west coast
fell from 38% to 15% in the c. 43 years between the
late 1960s and 2011, with a corresponding rise from
62% to 85% on the east coast.
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Figure 6. Change in the proportion of northern New
Zealand dotterels (C. 0. aquilonius) counted on the east and
west coasts of the North Island between 1967 and 2011.
Points for 1967 and 1980 were derived from Edgar (1969)
and Reed (1981) respectively; other data were from this
study.
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The main change in distribution since 1989 has
been the expansion of range southwards on the
east coast. Small numbers of NNZD were recorded
south of East Cape in the late 1980s (e.g. CSN 38:
293) and breeding was first recorded in the region
in 1990 (Foreman 1991). The region was included
in censuses from 1996 onwards. By 1996, birds were
breeding at a minimum of eight sites between East
Cape and Waikawa/Portland Island. By 2004, a
few pairs were breeding in the area around Cape
Kidnappers and by 2011, birds were recorded at
Porangahau, with one pair at Riversdale Beach,
Wairarapa.

In spite of this large and relatively rapid
extension to the breeding range (from East Cape to
Riversdale Beach between about 1990 and 2011), the
birds in this area were still few and thinly spread,
and accounted for only 4% of the total population
in 2011. The number of birds and breeding sites in
southern Hawke’s Bay and Wairarapa has continued
to increase since the 2011 census (see below).

Changes outside the core range since 2011

Waikato

The number of managed sites in Waikato has
increased gradually in recent years, and the
population is growing slowly. In 2011, 24 birds were
counted in the region; by the 2017/18 season, at
least 40 birds were present between Port Waikato
and Marokopa (K. Opie & M. Lellman pers. comm.).

Taranaki

The population has also increased in Taranaki since
the census period. In the October 2011 census, eight
birds were counted and two breeding sites were
known in the region. Since then, management has
begun at several sites. During the 2017/18 season,
there were estimated to be at least 25 birds, with a
minimum of eight pairs breeding at six locations (E.
Roberts, Taranaki Regional Council pers. comm.).

Manawatu-Wellington

There have been occasional records, mostly of
single birds, between Whanganui and Wellington.
Two birds (almost certainly a female-female pair)
attempted to breed at Waikanae Estuary in 2017,
and in 2018/19 a male-female pair fledged 2
chicks there (http://www.birdingnz.net/forum/
viewtopic.php?f=9&t=7228).

Hawke’s Bay-Wairarapa

While much coastline in this region was colonised
between 1996 and 2011, big gaps in distribution were
evident, e.g. in 2004 and 2011, there were apparently
no breeding sites between Waikawa/Portland
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Island and Ocean Beach, Cape Kidnappers, in spite
of apparently suitable habitat being present. Since
2011, unpublished observations have recorded
birds at an increasing number of sites in the region,
particularly south of Cape Kidnappers. By the
2017/18 season, breeding had been confirmed at a
minimum of 10 sites between Cape Kidnappers and
Cook Strait. A pair was present at Riversdale Beach
as early as spring 2009, but it is not clear whether
they were breeding at that time (A. Rebergen,
Royal Forest & Bird Protection Society, pers. comm.);
breeding was confirmed there in 2012 (R. Smith,
Greater Wellington Regional Council, pers. comm.).
At the time of writing, the southernmost breeding
site. known was at the Pahaoa River mouth at
41.3969°S (N. McArthur, Wildlife Management
International, pers. comm.), about 45 km north-east
of Cape Palliser.

Change in habitat use in the Auckland region

In most parts of its range the NNZD is strictly
coastal, and typically breeds on sandy beaches, sand
spits, and shell banks (Dowding & Davis 2007).
Inland breeding was recorded at a few locations in
the late 1990s/early 2000s (e.g. the Waihi gold mine
tailings dam 5-6 km inland, and at Kaitaia airport
about 10 km inland) but this was very unusual.

A notable change in habitat use occurred in the
Auckland region during the census period, with
a steady increase in pairs breeding away from
beaches on grass or bare earth on golf courses,
parks, motorway verges, race-track grounds, and
construction sites. Distances inland ranged from
100 m to many kilometres, for example Albany
Megacentre and Alexandra Park (both about 4 km
from the coast), and Pukekohe race-track (about
17 km). If inland breeding is defined as birds that
nest more than 100 m inland from the nearest beach
or HW mark, about 11% of birds in the Auckland
region (west and east coasts combined) were inland
breeders in 2011. This marked change in habitat use
was not detected in other regions over the census
period.

DISCUSSION

These four censuses were attempts at total counts of
the population. Given the very large area surveyed,
and the limitations described above (see Methods)
all the requirements of a total count could not be
met rigorously. However, the NNZD is an easily-
identified and highly visible bird that lives in open
habitat, and counts were conducted over a limited
period during the breeding season when movement
is minimal. Importantly, a thorough knowledge of
the distribution of the taxon has built up over recent
decades, both from these censuses and from many
other records gathered before and between them. A

very high proportion of the known or suitable habitat
of the taxon was therefore surveyed, particularly in
2004 and 2011. In spite of the limitations identified,
the two most recent counts are believed to be very
close to complete and to provide a good estimate of
the population size.

Changes in numbers

In spite of the difficulty of comparing results from
the different censuses, the comparison counts (which
are almost certain to be minimum estimates of
change) strongly suggest that the NNZD population
increased substantially in numbers between 1989
and 2011. There was however considerable regional
variation (Figures 4 and 5), with little or no increase
in numbers in some regions and slow declines in
two west coast regions.

The long-term goal in the 2007 recovery plan
was for a population of at least 2,200 NNZD by
the year 2030 (Dowding & Davis 2007). If the rate
of increase in the population has remained the
same as that between 2004 and 2011 (and using a
value midway between the gross and comparison
increases for that period), the population in 2020
would number about 2,600 birds. This suggests that
the 2030 recovery plan target has almost certainly
been well exceeded already, largely because of
the rapid increases in the Auckland East and
Coromandel regions.

Those increases occurred in the areas that had
by far the highest proportions of their populations
managed during the census period. In Auckland
East, this was partly because of extensive
management of NNZD in Regional Parks by
Auckland Council supported by volunteers, partly
because of the activities of community groups with
access to a large pool of volunteers in the region
and, at a few sites, because NNZD benefited from
management of New Zealand fairy terns (Sternula
nereis davisae, NZFT) by DOC. On Coromandel
Peninsula, sponsorship from 1995 to 2015 funded
management of a very high proportion of the
regional population, with volunteer ‘minders’
undertaking the management and DOC staff
providing coordination, materials, and advice
(Dowding 2006). That management was very
effective at raising breeding success over a wide
area (Dowding 2006).

Numbers fell gradually on the Northland west
coast during the census period (Figure 5), and there
appeared to be some loss of range, contrary to Goal
4.2.1 of the recovery plan (Dowding & Davis 2007).
Management is required in this area to prevent
further loss of range. As noted above, the sudden
increase in numbers in Auckland West (Figure 5)
was probably largely due to an increase in the search
area at South Kaipara Head from 2004 onwards.



However, it was probably assisted by the onset of
management for NZFT at that site in 1998 (Hansen
2006). Early in the census period, Waikato was the
region of greatest concern; the local population
was very small and declining (Appendix 2), and
without management extirpation seemed possible
(Dowding & Moore 2006). Management began in
the region during the census period, and there was
a small increase in the population between 2004 and
2011. That increase appears to have continued since
2011, but a census of the region in the near future
would be useful to assess numbers and distribution.

Figure 7. Newly-hatched chick and eggs of northern New
Zealand dotterel (C. o. aquilonius) at Pig Bay, Motutapu
Island, November 2010 (Photograph: J.E. Dowding).

Threat ranking

In 2012, the NNZD was ranked Threatened
(Nationally Vulnerable) (Robertson et al. 2013). The
overall rate of increase in the population between
2004 and 2011 was at least 16.7% (Table 1). Given
the size of the population, and a mean generation
time of about nine years (JED, unpubl. data), the
taxon no longer meets the Nationally Vulnerable
threshold of a stable population (£10%) over three
generations (Townsend et al. 2008). The current
ranking of At Risk (Recovering) (Robertson et al.
2017) is therefore appropriate, but the taxon still
has the Qualifier Conservation Dependent, i.e.
“likely to move to a higher threat category if current
management ceases” (Townsend et al. 2008). Under
IUCN criteria, the NNZD is currently classified as
Near Threatened (BirdLife International 2018).

Changes in distribution

Mid-20t century records are consistent in suggesting
that until about 1950, the breeding range was
limited to the northern North Island, and extended
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Table 1. Percentage changes in the numbers of northern
New Zealand dotterels (C. o. aquilonius) counted between
consecutive censuses. Comparison totals are the totals
from only the sites counted in both censuses of each
consecutive pair (see Methods).

1989-1996 1996-2004 20042011

Changes in gross +10.3 +18.2 +23.7
totals (%)
Changes in +3.4 +14.1 +16.7

comparison totals (%)

as far south as Coromandel Peninsula on the east
coast (e.g. Oliver 1955). NNZD expanded into
the Bay of Plenty in the 1950s (see Introduction),
and colonised the area south of East Cape from
about 1990 (Foreman 1991). During and after the
census period, that southward range expansion
continued into Hawke’s Bay and Wairarapa. As
long as management continues, there is no reason
to believe that the range expansion on both west
and east coasts will not continue. The main gap in
breeding distribution in the North Island now is the
coastline between Whanganui and Wellington; this
could be colonised by birds from either Taranaki or
Wairarapa or both.

To date, almost all NZD seen on the South
Island coast are known (through banding) or
thought (because of plumage differences) to be C. o.
obscurus from Stewart Island (Dowding & Murphy
1993; Dowding & Moore 2006). However, given
the proximity of Pahaoa and Waikanae to Cook
Strait, and the known dispersal ability of juvenile
NNZD (Dowding & Moore 2006), it would not
be surprising if birds from the North Island were
found breeding in the northern South Island in the
near future. A single bird seen and photographed at
Ashley Estuary (about 25 km north of Christchurch)
in August 2016 was, based on plumage, probably
a NNZD (http://www.birdingnz.net/forum/
viewtopic.php?f=9&t=6024&p=29775).

There has been a change in the proportions of
the population on the west and east coasts over
the past 40-50 years (Figure 7). That change was
already under way from the 1960s, well before
management of NNZD began. The reasons for the
change are not clear, but it may be that west coast
beaches provide less-favourable breeding habitat
for NNZD. Black sand beaches can become very
hot in summer, winds are typically stronger and on-
shore, and in some areas the tides are bigger than on
the east coast. These factors may result in breeding
success of unmanaged populations being lower on
average on the west coast than on the east coast.

A question that arises is whether the bias in
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distribution of managed sites (which are nearly all
on the east coast) has also contributed to the change
in the relative proportions of the population on the
two coasts. That suggestion is supported by the
difference in growth rates of the west and east coast
populations (Appendix 2); based on changes in the
gross totals, the west coast population increased
by 6.7% between 1989 and 2011, while the east
coast population increased by 77.1% during the
same period (the comparison totals show a similar
difference). Dispersal of juveniles from the east coast
to the west could also influence the proportions of
the population on the two coasts, but such dispersal
occurs infrequently; about 93% of chicks banded on
the east coast bred on that coast (Dowding 2001).

NZD appear to have been present in Hawke’s
Bay in the late 19" century. Robson (1883) recorded
an “Eastern Golden Plover’ nesting on Waikawa/
Portland Island, but this was almost certainly a
New Zealand dotterel (Falla 1936). Hamilton (1885)
also noted that the species occurred in the Petane
district, between the Tutaekuri and Mohaka Rivers.
Brathwaite (1955) commented that he knew of “no
recent occurrences anywhere along this coast”. This
raises the possibility that NZD were extirpated from
Hawke’s Bay in the late 19" or early 20" century,
only to re-colonise about a century later.

Future censuses

The four censuses undertaken to date have
provided valuable information on national and
regional population sizes and trends, and on
changes in distribution. Keeping to the 7-8 years
census cycle (Dowding & Davis 2007, section
5.1.2) suggests the next North Island-wide census
should have occurred in October 2018 or 2019. At
some sites, particularly in the intensively managed
regions of Auckland East and Coromandel (e.g.
at Omaha Spit and Opoutere), the number of
breeding pairs did not increase during the latter
part of the 1989-2011 census period, in spite of
continuing overall increases in the same regional
populations. This suggests those sites may be at or
near carrying capacity. However, new sites continue
to be occupied, and there is nothing to suggest that
the overall increase has slowed markedly since
2011. In particular, the rate of increase appears very
unlikely to have fallen enough to change the taxon’s
threat classification at the next threat ranking round
in 2020 or 2021. As long as current management
continues, the taxon appears to be secure and is
likely to continue increasing in numbers and range.
Given the results of the four censuses presented
here, and considering the very substantial resources
needed to undertake a North Island-wide census, it
is probably now appropriate to extend the interval
between censuses.

A useful alternative in the short term would be
to undertake a partial census, south of Port Waikato
on the west coast and south of Gisborne on the
east coast. This would provide information on the
current population size and effectiveness of recent
management in Waikato, and on the continuing
expansion of range by NNZD into Taranaki and
down the Hawke’s Bay-Wairarapa coast since 2011.

Inland breeding
There are a number of possible reasons for the
increase in inland breeding in the Auckland region.
Most urban beaches in Auckland are severely
degraded as habitat for NNZD by residential
development causing narrowing of the beach and
a loss of dunes, ‘hardening’ of parts of the coastline
with structures such as stone walls and revetments,
heavy recreational use of beaches by people and
dogs, and by the presence of high densities of
domestic animals (particularly cats and dogs)
roaming from nearby houses. There has also been a
rapid increase in the number of NNZD in the region
(Figure 4), resulting in greater pressure on existing
coastal sites. These factors, in combination with the
availability of habitat away from the coast, have
probably been responsible for the observed shift
in habitat use. The taxon’s ability to breed inland
readily is perhaps not surprising, given that C. o.
obscurus always breeds inland (Dowding 1999).
Birds breeding inland may face different or
additional threats to coastal breeders, such as
mowing of grassed areas used for nesting, an
increased risk of crushing of nests by machinery
and people on construction sites, and differences in
predator guilds. Research on the relative survival
and breeding success of inland and coastal birds
would be useful. In addition, birds breeding on
beaches normally show very high inter-annual site-
fidelity (Dowding & Chamberlin 1991), whereas
inland birds, particularly those that breed on bare
earth or construction sites, may lose those sites when
they become developed (or heavily vegetated), and
their site-fidelity is often short-lived. A number of
inland breeding sites were found in the Auckland
region between 2005 and 2010, but they had been
developed or were overgrown by the October 2011
census and birds were no longer present.

Impact of management

The 1989-2011 census period coincided closely
with the time during which management of NNZD
began and gradually became more widespread.
This is a taxon that can be managed successfully by
the community, using a management prescription
that has been shown to increase productivity (Wills
et al. 2003; Dowding 2006). Natal dispersal distances



of NNZD are relatively short, with 93% of birds
breeding within 70 km of their natal site (Dowding
& Moore 2006), so the benefits of management will
be largely evident within the same region. The rapid
increase in numbers documented here in the two
regions with the highest proportion of pairs under
management provides compelling evidence for the
effectiveness of the management prescription at a
regional scale, and over more than two decades.
The number of sites being managed nationwide
increased throughout the census period, and it
appears that the overall rates of growth increased
between censuses as well (Table 1 and Figure 3);
this is also consistent with the suggestion that
management has been effective at increasing the
size of the population.

Islands free of mammalian predators have been
important in the conservation of many threatened
bird species in New Zealand. However, predator-
free islands have probably played only a minor
role in the recovery of the NNZD population. The
2011 census data suggest that only about 5% of the
total population inhabits predator-free islands, in
part because many of them have little or no typical
breeding habitat, such as sandy beaches. In addition,
productivity on these islands is still affected by
other threats, including avian predators and loss of
nests to flooding. It therefore seems likely that the
widespread and effective management undertaken
on the mainland during the period of the censuses
will have largely swamped the contribution of the
small NNZD populations breeding on islands free
of mammals.

Early in the census period, much of the
management of NNZD was undertaken by DOC.
Increasingly, other agencies and groups have
become involved, and almost all management is
now undertaken by community groups, interested
individuals, and regional councils supported by
volunteers.

With many native bird taxa continuing to
decline (Robertson et al. 2017), particularly on the
mainland, the significant increase in the NNZD
population over the census period is a notable
conservation success story: the number of birds in
the population increased by about 50%, there was a
large overall increase in range, recovery plan goals
were met early, and the taxon is no longer classified
as Threatened. It is important to note however
that the NNZD remains Conservation Dependent,
and management needs to be maintained in core
areas, increased in some areas on the west coast,
and established at sites in newly-colonised regions.
Unfortunately, the demise of the New Zealand
Dotterel Recovery Group in 2006 and the expiry
of the recovery plan in 2014 mean that specialist
overview and up-to-date guidance for these and
other tasks relating to the taxon are now lacking.
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The future

In the longer term, sufficient habitat of suitable
quality needs to be protected to sustain the
growing population. About 81% of the global
NNZD population in 2011 was on the east coast
between Cape Reinga and East Cape. Much of this
coastline is experiencing increasing development,
and increasing levels of recreational use. Both have
the potential to degrade dotterel habitat, and long-
term protection of key breeding, flocking, roosting,
and feeding sites will be required (Dowding 2006;
Dowding & Davis 2007). In addition, climate change
is bringing rising sea levels and a higher frequency
of storm events (e.g. McGlone & Walker 2011), and
these are likely to have direct and indirect negative
impacts on coastal bird species (Lundquist ef al.
2011), including the NNZD.
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Appendix 1. Northern New Zealand dotterel (C. 0. aquilonius) count regions during censuses, 1989-2011.

Count region (abbreviation) Regional limits

Taranaki (TKI) Whanganui River mouth north to and incl. Awakino
Waikato (WAI) Waikawau River north to and incl. Port Waikato

Auckland west coast (AKW)  Karioitahi to Kaipara Entrance, incl. Manukau Harbour and south Kaipara Harbour
(north to and incl. Okahukura Peninsula)

Northland west coast (NLW)  Northern Kaipara Harbour and from Kaipara Entrance north to Cape Reinga

Northland east coast (NLE) From Cape Reinga east and south to and incl. Mangawhai Wildlife Refuge, incl.
Cavalli Islands and islands in the Bay of Islands

Auckland east coast (AKE) Southern boundary of Mangawhai Wildlife Refuge to Waitakaruru, incl. Great Barrier
Island and inner Hauraki Gulf islands

Coromandel Peninsula (COR) Piako River, Firth of Thames to Orokawa Bay, incl. Great Mercury and Slipper Islands

Bay of Plenty (BOP) North end of Waihi Beach to East Cape, incl. Whale Island and Rurima Rocks

East Cape-Hawke's Bay Waiapu River to Baring Head, incl. Waikawa/Portland Island
Wairarapa (EHW)

Appendix 2. Regional, west coast, east coast, and total counts of northern New Zealand dotterels (C. o. aquilonius) from
the four censuses undertaken between 1989 and 2011, and regional and west coast-east coast percentages of the total
count in 2011. NC=not counted.

Region 1989 1996 2004 2011 % of total in 2011
Northland West 179 155 156 149 7.0
Auckland West 64 58 120 138 6.5
Waikato 55 28 18 24 1.1
Taranaki 1 2 4 8 04
West coast totals 299 243 298 319 15.0
Northland East 504 617 583 643 30.2
Auckland East 204 247 313 440 20.6
Coromandel Peninsula 128 176 278 453 21.3
Bay of Plenty 187 151 189 190 8.9
East Cape-Hawke’s Bay—Wairarapa NC 24 62 86 4.0
East coast totals 1,023 1,215 1,425 1,812 85.0

North Island totals 1,322 1,458 1,723 2,131 100.0
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SHORT NOTE

Record of a southern New Zealand dotterel
(Charadrius o. obscurus) in the northern North Island

JOHN E. DOWDING

DM Consultants, PO Box 36-274, Merivale, Christchurch 8146, New Zealand

The New Zealand dotterel (Charadrius obscurus,
NZD) is an endemic plover that includes two
subspecies (Dowding 1994a; Checklist Committee
2010). The northern New Zealand dotterel (C. o.
aquilonius, NNZD) breeds around much of the
coastline of the North Island, but is most common
in northern and eastern areas (Dowding 2020).
The southern New Zealand dotterel (C. o. obscurus,
SNZD) formerly bred inland throughout the South
Island, and probably in a few inland parts of the
lower North Island, but for about the past century
breeding has been confined to Stewart Island
(Dowding 1999).

The two subspecies were raised to species level
by del Hoyo et al. (2014), based on the (largely
morphological) criteria developed by Tobias et
al. (2010). The broad application of those criteria
for species delimitation has been controversial,
however (e.g. Remsen 2016). In this case, I note that
the total separation score of 7 is borderline (and
some of the individual scores debatable), and the
split was described as “tentative and provisional”; it
was also recognised that the two current taxa could

Recetved 21 May 2020; accepted 11 June 2020
*Correspondence: jdowding@xtra.co.nz

represent the surviving extremes of an earlier cline
(del Hoyo et al. 2014). A study by Barth et al. (2013)
suggested little genetic variation between the two
groups and appeared to support subspecies status.
The most recent New Zealand checklist is 10 years
old (and recognised the two groups as subspecies)
(Checklist Committee 2010), but I note that the
elevation to species has not been adopted by the
New Zealand threat ranking scheme (Robertson
et al. 2017), nor by the most recent eBird / Clements
Checklist (Clements et al. 2019). Until further
data are available or the New Zealand Checklist
Committee makes a deliberation on the matter, I
continue to recognise the taxa at subspecies level.

The SNZD population is small (estimated at 173
individuals in autumn 2020; K. Carter, Department
of Conservation, pers. comm.), and under the
New Zealand threat ranking scheme the taxon
is currently classified as Threatened (Nationally
Critical) (Robertson et al. 2017). SNZDs, including
banded juveniles, are seen occasionally around
the South Island coastline (Dowding & Murphy
1993; Dowding & Moore 2006), but none have been
reported from the North Island. This note records
sightings of a banded SNZD in the Waitemata
Harbour, Auckland, well outside the known range
of the subspecies.
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As part of research on SNZDs on Stewart
Island in the early 1990s, birds were individually
colour-banded to assess survival and determine
movement patterns (Dowding & Murphy 1993). On
25 December 1991, a bird was banded OWB-M (D-
148019) on the ridge immediately south of Blaikies
Hill, Stewart Island (47.0599°S, 167.8406°E). At the
time, adult mortality was very high, especially
that of males, probably because they incubate
at night and are more vulnerable to nocturnal
mammalian predators (Dowding & Murphy 2001).
A severe gender imbalance had developed in the
population, and female-female pairs were forming
(Dowding 1994b). OWB-M was a member of such a
female-female pair, and at the time of banding was
defending a 5-egg nest (the normal male-female
clutch is three). Its mate was also banded (ROB-M,
D-148020) on the same day, but was never seen
again. OWB-M was not seen on visits to its breeding
territory on Blaikies South Ridge in October
and December 1992, nor at the Mason Bay post-
breeding flock in February 1993. The next sighting
after banding was at the post-breeding flock site at
Mason Bay, Stewart Island (46.9292°S, 167.7745°E),
on 24 March 1993.

On 18 July 1993, I was checking a small group
of NNZD for bands on the shell banks on the
southeastern side of Shoal Bay, Waitemata Harbour,
in Auckland (36.8111°S, 174.7699°E). With four
NNZD was a bird that was clearly much darker than
the others and was carrying the colour combination
OWB-M. No combinations have been duplicated
between the northern and southern populations, so
this can only have been the bird banded at Blaikies
South Ridge. It was subsequently seen in Shoal Bay
on 25 July, 21 August, 1 September, and 3 September.
The straight-line distance (measured on Google
Earth) between the last sighting on Stewart Island
(the Mason Bay flock site) and Shoal Bay is 1,264
km, and the elapsed time between the sightings was
116 days.

On 3 September 1993, I took several photographs
of the bird on slide film. A scan of one of these slides
is shown in Figure 1, cropped but not otherwise
altered. The SNZD is nearer the camera (with its
bands clearly visible), with a typical NNZD behind
it. This may be the only known example of a live
individual of each subspecies being recorded on
a single image, and therefore comparable under
the same conditions of lighting and exposure.
In separating the subspecies, Dowding (1994a)
commented on the much darker dorsal plumage of
SNZD, and in this respect the difference between
the two individuals in Figure 1 is strikingly obvious.

OWB-M was not seen in Shoal Bay after 3
September in 1993, but it was seen there again on 4
June 1994, and that was the last sighting. Whether
it returned to Stewart Island during the 1993/94

Figure 1. Southern New Zealand dotterel (C. o. obscurus)
OWB-M (foreground) and an unbanded northern
New Zealand dotterel (C. o. aquilonius) (rear). Shoal
Bay, Waitemata Harbour, Auckland, 3 September 1993
(Photograph: J.E. Dowding).

breeding season is unknown, but it was not seen
at the Mason Bay post-breeding flock site in late
March 1994.

The most likely reason for this highly unusual
movement was a search for a potential mate, due to
the apparent loss of ROB-M and the acute shortage
of adult male birds on Stewart Island at the time. As
noted by Dowding & Chamberlin (1991) for NNZD,
breeding adults are normally highly faithful to
their breeding and flocking sites, and unusual
movements away from those are often associated
with mate-loss or divorce.

Opverlap between the subspecies of NZD is now
increasingly likely. The present report appears to be
the only known case of a SNZD in the North Island
in recent years, although there are regular reports of
low numbers of them in the northern South Island,
particularly from the Nelson region (Dowding &
Murphy 1993; Dowding & Moore 2006). However,
NNZD have expanded their range southward in
recent years, and are now breeding within about 50
km of Cook Strait (Dowding 2020).

NZD are known to cross water barriers regularly,
for example the c. 16 km between Coromandel
Peninsula and Great Barrier Island (Ogden &
Dowding 2013), and the 25-30 km across Foveaux
Strait (Dowding & Murphy 1993). In combination



with the present record, those cases suggest that
Cook Strait (at ¢. 25 km) is not a major barrier
and there is therefore no obvious reason why the
expansion of NNZD will not continue across it.
More regular overlap between the ranges of the
subspecies in the northern South Island thus seems
likely, but whether there will be inter-breeding in
the zone of overlap is much less certain. First, most
of the banded SNZD seen in the northern South
Island have been juveniles (Dowding & Murphy
1993; Dowding & Moore 2006). Second, the two taxa
use very different breeding habitats, with SNZD
currently breeding inland on subalpine hill-tops on
Stewart Island, and NNZD breeding almost entirely
on (or near) coastal beaches (Dowding 1994a, 2020).
This difference in breeding habitats could result in
reproductive isolation, even when the ranges of the
subspecies overlap.
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Banded dotterel (Charadrius bicinctus bicinctus) (Photograph: Glenda Rees).
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Distribution, long term population trends and conservation
status of banded dotterels (Charadrius bicinctus bicinctus)
on braided rivers in New Zealand
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JOANNE M. MONKS
Biodiversity Group, Department of Conservation, PO Box 5244, Dunedin 9058, New Zealand

Abstract: Banded dotterels (taturiwhatu, Charadrius bicinctus bicinctus) are small plovers inhabiting New Zealand’s
braided rivers, estuaries, seashores, and open country. They are considered Nationally Vulnerable under national threat
listing criteria, but with uncertainty around the trend estimation. We collated and reviewed counts of banded dotterels
on their braided river breeding grounds from throughout the country, 1962-2017, to describe their distribution, assess
population trends, estimate rates of population change, and assess the appropriateness of the threat status given to this
species. We also used nationwide winter count data for banded dotterels from 1984 to 2018 as an independent measure
to compare trends. Banded dotterel counts were recorded for 119 braided and shingle river reaches, mostly in the South
Island (87%) with far fewer rivers in the North Island (13%). The sum of banded dotterel counts was 12,730 birds when
tallying the most recent counts/river. Although they were most widespread in the South Island, particularly Canterbury,
the majority (>50%) of dotterels counted on the most recent surveys were from just 10 (8%) rivers with the largest
single concentrations on three Hawkes Bay rivers. Counts suitable for long-term trend analysis were only available for
South Island sites. Widespread declines in banded dotterel count indices were recorded. The weighted mean annual
rate of change across 33 South Island rivers was -3.7% p.a. (per annum), which equates to a 52.3% decline over 20 years
(~3 generations). We also detected a negative trend in dotterel numbers based on national winter count data, but of a
smaller magnitude (-1.4% p.a., equating to a 25% decline over 20 years). However, trends in Australia, where c¢. 60% of
banded dotterels over-winter, are unknown. In contrast, a significant population increase was measured on the Hakatere
Reach of the South Ashburton River, which has intensive, sustained predator control, and several predator trapping
initiatives on other braided rivers and coastal areas indicate declines can be reversed with management if applied
at an extensive landscape scale. Banded dotterels are subject to a wide range of threats including very high levels of
predation by invasive predators, human disturbance on breeding grounds, and habitat loss and degradation. Using
the precautionary principle, the rates of decline on South Island braided rivers confirm the classification of Nationally
Vulnerable using the NZ Threat Classification system. However, results suggest that the IUCN threat status for banded
dotterel should be reclassified from Least Concern to Endangered.

O’Donnell, C.EJ.; Monks, J.M. 2020. Distribution, long term population trends and conservation status of banded
dotterels (Charadrius bicinctus bicinctus) on braided rivers in New Zealand. Notornis 67(4): 733-753.
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INTRODUCTION Wading birds are often highly threatened,

The conservation and management of wading
birds has received considerable attention globally
in recent years (Kushlan 1997; Nebel et al. 2008).
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particularly by habitat loss, disturbance, harvesting,
and invasive species (e.g. Carney & Sydeman 1999;
Kingsford 2000; Dowding & Murphy 2001; Martin
et al. 2015; Peng et al. 2017).

In New Zealand, braided rivers are the primary
breeding habitat for several threatened wading
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birds. Braided rivers form extensive riverine habitats
occurring widely in New Zealand, especially in
the South Island and in Hawkes Bay region of the
North Island, often from head water rivers in the
mountains to lagoons and estuaries on the coast.
These rivers are characterised by ever changing
flowing channels and islands, and associated spring
creeks, and adjacent flood plain terraces (Gray &
Harding 2007). Collectively, braided rivers cover
>250,000 ha and there are more than 300 rivers with
braided stretches that support unique communities
of plants and animals (O'Donnell et al. 2016).
Despite their number, braided rivers of the type
found in New Zealand are considered naturally
rare threatened ecosystems (Williams et al. 2007;
Holdaway et al. 2012). They provide habitat for
more than 80 aquatic bird species of which about 20
wetland species are characteristic of braided rivers
and are found widely on them (O’'Donnell & Moore
1983). Several braided river birds are threatened, e.g.
kaki/black stilt (Himantopus novaezelandiae), black-
fronted tern (Chlidonias albostriata), black-billed gull
(Larus bulleri), wrybill (Anarhynchus frontalis), South
Island pied oystercatcher (Haematopus finschi), and
banded dotterel (taturiwhatu, Charadrius bicinctus
bicinctus) (Robertson et al. 2017).

The conservation status of one species
characteristic of braided rivers, the banded dotterel,
is uncertain. Banded dotterels occur throughout
New Zealand, primarily breeding on sandy and
shingle coastal beaches and dunes, inland shingle
riverbeds, undeveloped drylands, on open alluvial
flats, and occasionally on herbfields on mountain
tops (Robertson et al. 2007). Formerly, they
commonly bred on lightly vegetated alluvial flats in
many parts of the country before these habitats were
largely converted to farmland (Stead 1927; Oliver
1955). The main contemporary nesting habitats of
banded dotterels are on braided rivers, primarily
throughout the South Island (O’Donnell & Moore
1983; Maloney 1999), but also on braided rivers and
coastal areas in parts of the North Island, notably in
the Hawkes Bay (Parrish 1988; McArthur et al. 2015;
McArthur & Ray 2018). Banded dotterels generally
feed on the open shingle beds and higher terraces
on braided rivers, with areas free of vegetation
providing optimal habitat (Robertson et al. 1983).

The banded dotterel’s conservation status has
been assessed as ‘Least Concern’ by the IUCN
(BirdLife International 2016). BirdLife International
(2016) acknowledged that the population trend is
not known, but stated the population is not believed
to be decreasing sufficiently rapidly to approach
the thresholds under the population trend criterion
(>30% decline over ten years or three generations
— the threshold for classification as threatened).
However, banded dotterels are currently classified
as threatened (Nationally Vulnerable) in the NZ

Threat Classification System; that is, the population
(mature individuals) has been estimated at 5,000—
20,000 birds with a predicted population decline of
30-70% over the next three generations (Robertson
et al. 2017). This classification was also accorded a
‘Data Poor’ qualifier, reflecting the difficulties in
obtaining national estimates of population size and
obtaining robust estimates of population trend.

Banded dotterels are migratory at a range of
scales (Pierce 1999). Their movement patterns
include sedentary lifestyles, through to intra-
regional, national and trans-Tasman scales. It
has been estimated that 60% of birds migrate to
Australia each year (Heather & Robertson 2015),
although the source of these migrants is primarily
inland regions of the South Island, particularly
the Mackenzie Basin (Pierce 1999). Thus, banded
dotterels may also be subject to a wide range of
potential threats away from their breeding grounds,
including degradation of wintering habitats, land
use intensification and threats along their flyways
and at migration staging points.

Concerns have been raised recently about the
declining conservation status of many riverine and
wetland birds, including black-fronted terns and
black-billed gulls as the effects of these threatening
processes continue to be felt (O’'Donnell & Hoare
2011; McClellan & Smith 2015; Robertson et al. 2013,
2017). Thus, itis timely to review current population
trends of banded dotterels. Braided river species
including banded dotterels are threatened by a
combination of factors on their breeding grounds,
particularly predation by introduced mammalian
predators and native avian predators (Rebergen
et al. 1998; Sanders & Maloney 2002; Steffens ef al.
2012; Schlesselmann et al. 2018), weed invasion,
water and gravel abstraction, and dams, resulting in
significant habitat loss. In addition, flood protection
and other river control works are changing habitat
characteristics, and disturbance from human
recreational activities on rivers such as jetboating,
four-wheel driving and fishing threaten nest and
chick survival (O’'Donnell et al. 2016).

Although there are generally low numbers of
rats (Rattus spp.) on braided rivers, predation by
invasive mammalian predators is still the most
obvious direct threat, with high levels of nest loss
(>50%) particularly attributed to cats (Felis catus),
stoats (Mustela erminea), ferrets (M. furo), and
hedgehogs (Erinaceus europaeus) (Bomford 1988;
Rebergen et al. 1998; Keedwell 2002; Sanders &
Maloney 2002; Norbury & Heyward 2007). Predator
control, to increase productivity and survival of
braided river birds, has been trialled using a range
of standard trapping techniques on several rivers
at a range of spatial and temporal scales (Keedwell
et al. 2002). However, the effectiveness of control
to date has been equivocal (Cruz et al. 2013) and



confounded by the effects of natural flooding
events. Research is needed to determine the most
effective control strategies to reduce predation rates
on banded dotterels and other braided river species
(O’Donnell et al. 2016).

The objectives of this study are to: (1) collate
banded dotterel counts from all discoverable data
sources on braided rivers across New Zealand;
(2) assess whether population trends are apparent
in standardised counts of banded dotterels from
surveys of braided river beds (1962 to 2017) and New
Zealand winter counts (1984-2018); (3) determine
whether the few predator control initiatives on
braided rivers result in increases in banded dotterel
numbers; and (4) use these data to estimate rates of
population change and assess the appropriateness
of the threat status given to this species.

METHODS

Sources of counts

We collated counts of banded dotterels from braided
river bird surveys undertaken between 1962 and
2017 from as many sources as we could find (n =
119 rivers, Appendix 1). Most counts came from
unpublished sources, often from the New Zealand
Wildlife Service and Department of Conservation
(DOC) file reports and from counts undertaken by
community groups and organisations, e.g. Ashley-
Rakahuri River Care group, Ornithological Society
of New Zealand (OSNZ), Royal Forest and Bird
Protection Society.

We also collated nationwide counts from
banded dotterel overwintering locations provided
by OSNZ for the period 1984 to 2018. Most banded
dotterels, including those that nest on braided
rivers, congregate on coastal habitats in the non-
breeding season in both New Zealand and Australia
(Pierce 1989, 1999). In New Zealand, mid-winter
counts of waders, which include banded dotterels,
have been counted at >250 sites around the coast by
the OSNZ (Sagar et al. 1999), although these have
been standardised to the c. 65 sites that support the
bulk of waders since 1994 (Southey 2009).

Braided river counting method

Counts were undertaken using a standardised
walk-through index method conducted on the
riverbed breeding grounds during spring between
late October and early December (when nesting was
at a peak, birds were territorial and numbers most
stable). Counts followed the general method of
O’Donnell & Moore (1983), where all wetland birds
seen on a braided river, or on representative reaches
of a river, were counted simultaneously. Counts
usually occurred on a single day, although on
longer rivers counts sometimes spanned 2-3 days. A
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group of observers spread themselves evenly across
the riverbed so the whole width was covered and
walked down stream at the same pace, counting
all birds seen as they passed them, and remaining
in a line perpendicular to the flow of the river
throughout the survey. The full width of riverbed
encompassing all potential riverbed habitats was
counted. Binoculars were used to identify and
count birds accurately. Rules to minimise potential
double counting were used. For example: (1) birds
were only counted when the observers passed
them; the only exception was if a bird(s) flew off the
river in front of the observer without circling back,
(2) hand signals or radios were used to tell other
observers on the line that a particular bird had
been recorded as it passed up stream, and (3) one
or two people were delegated to record the tally for
bird colonies, in consultation with other members
of the team. All-terrain vehicles or farm bikes
were used along the margins of several small, dry
riverbeds, and on large-flow rivers, jet boats and
rafts were used to cross river channels to obtain full
coverage. Rivers were generally surveyed in 10-20
km sections with different groups of observers
counting simultaneously.

These counts are ‘indices of relative abundance’
because not all birds that use a river are present
at one time, there is variation in numbers present
through spring and summer, and there is imperfect
detection of birds on a count, e.g. not all birds will
be visible — birds sheltering behind vegetation
might go undetected or there may be variability
in skills of observers. The surveys are based on the
assumptions that the total number of birds counted
is representative of the total minimum population
using the river, that birds are not double counted,
and that observer skills do not vary significantly
over time. Indices are likely to be more accurate
on smaller rivers because the whole river profile is
easier to sample. Measurement error is minimised
to an extent by using skilled observers and
standardised count protocols. Few attempts have
been made to measure variability using repeat
counts, although in a few instances there has been
relatively little variability in those that have been
conducted at the peak of the breeding season
(Robertson et al. 1983; Robertson et al. 1984; Sanders
2000; Boffa Miskell Ltd. 2006).

Braided river counts used in trend analyses

We identified surveys that had been repeated at
least four times (to allow trend analysis) in relatively
standardised ways and generally covered the same
riverbed reaches resulting in a subset of 33 rivers
that could be used in our trend analyses (Table 1).
Counts were excluded from analyses if they: (1)
sampled markedly different stretches of river on



736 ODonnell & Monks

Table 1. Banded dotterel statistics from rivers in which four or more counts were conducted in the period 1962 to 2017
(n = 33). Entries are ordered by annual rate of change in dotterel counts. Rivers in bold type indicate that P-values are

significant at P < 0.05.
River count  comrol  ofchange(y)  SEC mvae P
Eglinton 15 Yes 4.0 3.2 1.246 0.213
Godley 530 Partial 14 1.6 0.916 0.359
Waimakariri (upper) 308 Partial 14 12 1.100 0.271
Ashburton (Hakatere Reach) 144 Partial 14 0.6 2.253 0.024
Hunter 107 No 1.0 1.1 0.986 0.324
Ashley 210 Partial 0.7 1.0 0.695 0.487
Dart 129 Partial 0.4 0.8 0.510 0.610
Waimakariri (lower) 318 No 0.2 1.5 0.161 0.872
Tasman 661 Partial 0.2 1.2 0.162 0.871
Buller 14 No -0.1 2.8 -0.030 0.976
Rangitata (lower) 95 No -0.6 1.7 -0.365 0.715
Waiau 241 No -0.6 1.1 -0.591 0.555
Macaulay 105 Partial -0.7 14 -0.514 0.608
Rakaia (lower) 224 No -0.8 1.3 -0.640 0.522
Makarora 78 No -1.0 0.7 -1.373 0.170
Tekapo 361 Partial -1.5 0.6 -2.519 0.012
Rakaia (upper) 383 No -1.6 12 -1.340 0.180
Ohau (lower) 123 Partial -2.1 0.7 -2.970 0.003
Ashburton (south below gorge) 302 No -2.1 0.6 -3.260 0.001
Hurunui 203 No 24 1.2 -1.947 0.052
Cass 427 Partial -2.5 1.0 -2.462 0.014
Ahuriri 302 Partial -2.7 0.8 -3.551 <0.001
Opihi 15 No -3.1 14 -2.232 0.026
Waipara 43 No -3.3 22 -1.457 0.145
Rangitata (upper) 479 No -3.5 2.0 -1.725 0.085
Matukituki 100 No -3.8 1.4 -2.679 0.007
Hakataramea 115 No -3.9 1.9 -1.964 0.050
Orari 19 No -3.9 1.0 -3.689 <0.001
Pukaki 57 No -4.1 0.9 -4.544 <0.001
Waitaki 128 No -6.0 1.2 -4.737 <0.001
Matakitaki 35 No -7.4 25 -2.864 0.004
North Ashburton 47 No -8.5 1.6 -5.045 <0.001
Ohau (upper) 27 No -8.7 1.0 -8.097 <0.001

each survey; (2) represented only small proportions
of the potential available nesting habitat on the
rivers; or (3) represented a compilation of surveys
spanning more than a week from different reaches.

Metadata
We collated river-scale variables for each river that
we predicted may influence either the number

of dotterels present or their population trends:
presence of predator control, river flow size, flow
modification and exotic weed cover. These factors
potentially affect habitat area and quality and
whether birds are subject of high or low predation
pressure (Rebergen et al. 1998; O’'Donnell & Hoare
2011).

Each river was classed as having no sustained
predator control, partial predator control, or



complete (sustained) predator control across the
river reach. Predator control has been undertaken
on rivers to varying degrees. Only the Eglinton
River has had intensive sustained control since
counting began (O'Donnell et al. 2017). Three rivers
now have sustained predator control, but not for
the full time series of counts. The Ashley River
and Hakatere Reach of the South Ashburton above
the gorge (both partial) have only had sustained
predator control since 2003 (Spurr & Ledgard 2016;
Author’s unpubl. data). The Tasman River was
coded as Partial Control because the original four
counts were in years with no control, but there has
been sustained predator control since. Other rivers
have occasional partial control. The Dart River
(upper river only; both sides of valley) and upper
Waimakariri River (north side of river) have been
subject to partial but ongoing predator control in
extensive adjacent habitats (forests and grasslands)
since the early 1990s (Dilks et al. 1996; Lawrence &
O’Donrnell 1999; Elliott & Suggate 2007). Several
other rivers have had partial control over sections,
although intermittently, for example, some years
stretches of the Ahuriri, Cass, Tekapo, lower Ohau,
Godley and Macauley Rivers were trapped (e.g.
Keedwell et al. 2002).

We also recorded river flows, because higher
flows reduce the probability of predators venturing
onto islands (Pickerell et al. 2014; Schlesselmann
et al. 2018). Mean river flow was categorised as
low’ = <10 m*7, ‘medium’ = 10-29 m’7, ‘high’ =
30-99 m’ or ‘very high’ = 2100 m® (provided
by Environment Canterbury, the Otago Regional
Council and Environment Southland). Presence of
flow modification (yes/no) was recorded if flows
had been interrupted by damming, or if major
water abstraction occurred. Percentage riverbed
vegetation cover was the area of riparian willows,
scrub (e.g. yellow lupin [Lupinus arboreus]) and
tussock intersecting with river polygons from the
New Zealand Land Cover Database Version 1 (from
Wilson 2001).

Analysis
We undertook a meta-analysis of counts from all
rivers in the final dataset, largely because counts
from individual rivers had many gaps in their time
series, counts were irregular, and rivers are unlikely
to be independent because banded dotterels may
move between rivers. This is a common approach
for detecting trends from multiple sites over time
(Marsh & Trenham 2008; O’'Donnell & Hoare 2011).
We used a generalised linear model to investigate
potential influences of site (river) and time (year,
using 1989 as the reference point for intercepts based
on the midpoint of the data — “year89’) as predictor
variables on banded dotterel counts (the response
variable). The model was parameterised so that
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a slope is given for each river. Models were fitted
with a negative binomial distribution to account for
over-dispersion in the data. We estimated an overall
annual rate of change for banded dotterels in the
final data set by weighting the estimated rate of
change for each river (from the negative binomial
generalised linear model) by the mean count.

For the two rivers where sustained predator
control was introduced part way through the
dotterel monitoring period and five or more counts
were undertaken before and after implementation of
predator control (Hakatere Reach South Ashburton
above gorge, Ashley), we explored trends further
by running separate linear models for the periods
before and after predator control. In these models,
dotterel counts were the response variable and time
(year) was the predictor variable.

We used rate of change estimates for each river
from the negative binomial generalised linear
model as the basis for exploring the relationship
between trends in banded dotterel counts (as the
response variable) and potential predictors using
an ANOVA. Predictor variables included were
predator control (yes and partial, or no), exotic
vegetation cover (%), flow size (low, moderate, or
high), and flow modification (yes or no).

We also tested whether our predicted rates
of population change on breeding grounds were
reflected on wintering grounds of banded dotterels
across New Zealand. We evaluated whether these
winter dotterel counts changed over the period
1984-2018 using a linear model.

Statistical analyses were undertaken using the
statistical programme ‘R Studio’ (version 1.1.423; R
Studio, Inc., 2018). We checked that models met the
assumptions for each test.

RESULTS

Population size and distribution

We found banded dotterel counts from 119 braided
and shingle river reaches (n = 453 counts; 3,240
km total), mostly in the South Island (103 rivers,
87%; of which 52% were in Canterbury, 13% in
Southland, 8% each in Marlborough and Otago, 7%
on the West Coast, and 1% Nelson). Far fewer were
in the North Island (16 rivers; 12 in Wellington, 4
in Hawkes Bay; Appendix 1). The sums of banded
dotterel counts were 12,730 birds when tallying the
most recent counts/river and 19,329 birds when
tallying the maximum counts recorded per river
(Appendix 1). However, rivers were rarely counted
simultaneously, and the ages of the earliest and
most recent counts were highly variable per river, so
these tallies are unlikely to reflect total population
size. Some rivers had not been surveyed since the
late 1970s, while others have been surveyed as late
as 2017 (Fig. 1).
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Figure 1. Frequency of occurrence of most recent banded dotterel counts on braided rivers used in the data set,

summarised by year of last count.

Although banded dotterels were most
widespread in the South Island, particularly
Canterbury, the largest single concentration of
birds was on the three Hawkes Bay rivers (a total
of 2,851 birds counted on most recent counts).
Overall, the majority (>50%) of dotterels counted
on the most recent surveys were from just 10 (8%)
rivers (Ngaruroro — 1,193, Wairau — 1,178, Tukituki
- 1,064, Godley - 705, Rakaia — 660, Rangitata — 534,
Tutaekuri — 509, Tasman — 741, Oreti — 416, Cass —
412). Densities (mean = 4.5 + 7.5 SD birds/km) of
banded dotterels were also highly variable, ranging
from 0.05/km (North Branch, Ashburton River
to a maximum of 43/km; upper Rangitata River)
(Appendix 1).

Population trends

Rivers for which four or more breeding season
counts were conducted were included in analyses
(n = 33; South Island rivers only). These spanned
the interval 1962 to 2017. Number of counts ranged
from 4-27 (mean = 9.7). Estimated rates of change
in banded dotterel counts on these 33 rivers ranged
from 4 to -8.7% p.a. (Table 1; Fig. 2a-d). A significant
positive trend was detected for only one river, the
Hakatere Reach of the South Ashburton River
above the gorge where sustained, comprehensive

predator control was implemented in 2003 (Fig. 3).
In contrast, we detected a significant negative trend
for 13 of the 33 rivers, none of which had sustained
predator control (Table 1). After weighting
estimates for the number of dotterels on each river,
we estimate that the overall annual rate of change
for South Island dotterels is -3.7% p.a. This equates
to a 52.3% decline over 20 years (~3 generations).

For the two rivers where sustained predator
control was introduced part way through the
dotterel monitoring period, on the Hakatere Reach,
of the Ashburton River there was no significant
trend in the period 1981 to 1999 prior to the
implementation of predator control (¢, = -1.233, P
= 0.243), but dotterel counts increased in the period
2004 to 2017 following commencement of predator
control (t, = 2.964, P = 0.012) (Fig. 3). In the period
1980 to 2002, dotterels on the Ashley River were
declining rapidly (t, = -4.852, P = 0.017); whereas
post control numbers stabilised in the period 2003
to 2017 (tl =1.470, P = 0.165) (Fig.3).

Despite indications that predator control may
improve trends in banded dotterels, particularly on
the Hakatere Reach of the Ashburton River (Table
1; above), our analysis of predictors of dotterel
trends across all rivers did not detect a significant
correlation with predator control (F1,27 = 0.078, P
= 0.782). Similarly, we found a lack of significant
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correlation between dotterel trends and other
predictors tested (% exotic vegetation cover F,,,
= 1.611, P = 0.215; flow size F,, = 0.088, P = 0.916;
flow modification F1,27 =1.254, P = 0.273). However,
weak patterns were detected in the data with
trends being slightly more positive with predator
control, a lower proportion of exotic vegetation and
unmodified flow (Fig. 4).

Total banded dotterel counts on wintering
grounds in New Zealand declined by an estimated
72 birds per annum during the period 1984 to 2018
(t, = -4.548, P < 0.001; Fig. 5). Using this model to
extrapolate over the next 20 years predicts that
banded dotterel would decline by 25% (-1.4% p.a.)
over the next three generations at the current rate
of decrease.

DISCUSSION

Trends in banded dotterel numbers

Our trend analysis indicates widespread steady
declines in numbers of banded dotterels breeding
on braided rivers in the South Island over the last c.
50 years. Similar trend data were unavailable from
North Island rivers, so we cannot say if similar
rates of decline occur there. Few counts in our full
sample of 119 rivers were specifically undertaken
to monitor long-term trends in numbers of banded
dotterels, rather they were often initiated as an
inventory of the species composition and relative
significance of sites (O’'Donnell & Moore 1983).
Carrying out surveys of braided rivers is complex,
difficult, and weather- and observer-dependent,
particularly on large rivers, so it is rarely possible
to conduct regular and simultaneous counts across
all rivers (O'Donnell & Hoare 2011). However,
compared to colonial breeding braided river birds,
banded dotterels show high nest site fidelity (Pierce
1989) so movement of birds between rivers from
year to year is less likely to influence variability
in counts than for colonial breeders such as black-
fronted terns (Schlesselmann et al. 2020).

The occurrence of continued declines is not
surprising given the large number of anthropogenic
threats faced by banded dotterels, particularly on
their breeding grounds (O'Donnell et al. 2016), and
the consistently high predation rates by introduced
mammals recorded in all studies undertaken to date
(particularly from cats, mustelids, and hedgehogs;
Hughey 1985a; Bomford 1988; Rebergen et al. 1998;
Keedwell 2002; Sanders & Maloney 2002; McEntee
2007; Norbury & Heyward 2007).

Rates of dotterel decline on individual rivers
were variable, which likely reflect the history of
modification, predator history, seasonal flood
history, and annual extent of weeds. Banded
dotterel populations on large flow braided rivers
are also likely to be more resilient to decline than on
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smaller rivers, so may decline at lower rates than on
smaller rivers as was the case for black-fronted terns
(O’Donnell & Hoare 2011), primarily as predation
rates are buffered by high river flows.

Although predation is a major cause of decline,
the likely reason for lack of an overall relationship
between dotterel trends and the presence of predator
control reflects the relatively few examples of
comprehensive predator control on rivers, that also
have adequate dotterel monitoring or a long time
series of counts. While many rivers have partial and
patchy implementation of predator control, often
biased towards catching a subset of predators or
only controlling them for short periods, if the whole
predator guild is not targeted simultaneously, and
immigration of new predators is not limited from
all directions, predation rates will likely remain
high (Cruz et al. 2013). In addition, efficacy of
predator control interacts with other factors. For
example, predator numbers are influenced by
the abundance of rabbit prey in the surrounding
catchment (Norbury 2001). In addition, effects
of exotic vegetation cover and flow modification
on dotterel trends are likely confounded with
the distribution and abundance of predators on
braided rivers. Vegetated islands increase cover for
predators, but high river flows limit the probability
of predators being on islands in braided rivers,
so flow reduction and increased vegetation cover
will increase probability of predation (Pickerell et
al. 2014; Schlesselmann et al. 2018). Thus, if flows
are not maintained, or predator removal does
not occur simultaneously with weed control,
the benefits of predator control may be reduced
markedly. In addition, if the full predator guild is
not targeted, mammalian predators that prey on
nests early in the breeding season may simply be
replaced by avian predators, whose influence is
high later in the breeding season, at least for black-
fronted terns (Schlesselmann et al. 2018). The only
long-term example of effective predator control for
banded dotterels comes from the Hakatere Reach
in the upper Ashburton River. This programme
focuses on controlling all predators, including
cats and common brushtail possums (Trichosurus
vulpecula) and removing a large black-backed gull
(Larus dominicanus) colony that appeared following
conversion of tussock grasslands to pasture in the
wider area. This programme has seen a tripling
of dotterel numbers over c. 15 years, suggesting
that effective control programmes focussed on the
whole predator guild can recover banded dotterel
populations. In addition to predation, significant
habitat loss through conversion of river terrace
edges of braided river floodplains to farming is still
ongoing (Grove et al. 2015). These terraces are prime
breeding habitats for banded dotterels (Robertson
et al. 1983; Robertson et al. 1984). Disturbance by
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humans, particularly in 4WD vehicles, but also by
people simply walking and crushing nests is also
an ongoing issue (Kearvell 2011; O’Donnell et al.
2016) so a wide range of conservation actions will
be required if populations are to be secured. In
addition to direct threats on braided river breeding
grounds, banded dotterels are subject to numerous
additional pressures on post-breeding flocking
sites, wintering grounds and at migration staging
points.

We suggest the inferences from our study,
which focus on South Island braided river breeding
grounds, can be applied broadly to the whole
national banded dotterel population. The highest
concentrations of banded dotterels breed on shingle
rivers, and they also breed in coastal areas, open
country, and alpine areas, where contemporary
concentrationsappear toberelatively low (Robertson
et al. 2007). Threats to breeding, particularly from
predation and disturbance by humans, their pets,
and their vehicles in coastal habitats are well
documented (Kearvell 2011; A. Howard pers.
comm.; M. Brady pers. comm.). Concentrations in
alpine areas now appear to be absent, except for a
relatively small concentration of c. 100-150 birds on
the alpine tops of Stewart Island. Habitat loss and
disturbance can be equally seen in other coastal
and inland breeding, post-breeding and staging
habitats and are likely on wintering grounds in both
New Zealand and Australia. Threats to banded
dotterels are likely to get worse in the future as
existing pressures intensify, migrating networks
become more fragmented and new threats emerge
(e.g. wind turbines along flyways; climate change
affecting habitat suitability, Death ef al. 2016).

Population size

The national population size of banded dotterels
is unknown. Earlier estimates of 40,000-60,000
birds in the 1980s (with c. 30,000 reaching Australia
each winter; Hughey et al. 1986; Pierce 1999) were
not based on a full population census. Historical,
simultaneous winter counts of sites across New
Zealand and the eastern seaboard of Australia
only counted c. 11,000-12,000 birds (Marchant &
Higgins 1993; Sagar et al. 1999), although Pierce
(1988) showed that some counts in Australia were
likely considerable underestimates. Regardless of
the accuracy of these estimates, they are now c. 35
years old, yet the estimate of c. 50,000 birds persists
in the literature. Robertson et al. (2017) revised
the population estimate for banded dotterels to
between 5,000 and 20,000 mature individuals
(excluding juveniles). This estimate seems more
realistic, although more likely to be at the higher
end of the estimate, based on the inferences derived
from our trend analyses. If our inference of 3.7%

rate of decline/year is universal across unmanaged
sites over the breeding range, it is likely that the
overall population has more than halved since the
estimates of the 1980s.

Caution should be used when interpreting
national counts, which are notoriously variable
because numbers of observers and number of sites
surveyed each year varies, and many significant
sites are so large that it is easy to miss flocks (e.g.
Te Waihora/Lake Ellesmere covers 20,000 ha with
58 km of shoreline and 3,500 ha of saltmarshes).
Therefore, it is difficult to assess the accuracy of
the national trend computed. However, trend
counts have now been undertaken for 35 years
in a relatively standardised way and trends from
the annual national winter wader count appear
to confirm a trend for substantial decline in the
banded dotterel population albeit at a lower rate
of decline (c. 1.4% p.a.) compared to braided rivers.
Although some count locations have been dropped
and the sites counted have been standardised to
c. 65 since 1995, the number of banded dotterels
at sites excluded was small and the error likely to
be insignificant compared with counting errors
at large estuaries (Sagar et al. 1999). In addition,
Southey (2009) analysed trends for a subset sites
that had been counted consistently throughout the
time series and found a decline of 16% between
1984-1994 and 1994-2003 sampling periods.

Population trends at Australian wintering
grounds require investigation. Given that most
migrant dotterels to Australia come from the inland
parts of southern braided rivers (Pierce 1999),
population trends there may reflect the higher
rates of decline recorded on rivers in this study
compared to trends reflected in the resident New
Zealand population.

Conservation status

If we apply the precautionary principle toidentifying
the conservation status of banded dotterels and use
the rates of decline inferred for the South Island
braided river banded dotterel populations from this
study, then the TUCN conservation status should
be reclassified from Least Concern to Endangered.
Generation time in banded dotterels has been
estimated at 6-7 years (Robertson et al. 2013). The
weighted mean annual rate of change from this
study was -3.7% p.a., which equates to a 52.3%
decline over 20 years (~3 generations). Banded
dotterels would fulfil criterion A2 (IUCN 2012),
indicating an observed, estimated, inferred or
suspected population size reduction of =50% over
the last 10 years or three generations, whichever is
the longer, where the reduction or its causes may
not have ceased OR may not be understood OR may
not be reversible, based on (and specifying) any of



(a) to (e) under A1. This classification is based on
(a) direct observation (declines) (b) an index of
abundance appropriate to the taxon (this study), (c)
a decline in area of occupancy, extent of occurrence
and/or quality of habitat (i.e. decadal reductions in
occupancy recorded by Walker & Monks 2018), (d)
ongoing reductions in habitat quality (O’'Donnell
et al. 2016) and (e) the effects of introduced taxa,
hybridisation, pathogens, pollutants, competitors,
or parasites, in this case a wide range of introduced
mammalian predators that cause very high egg and
chick losses (30-70%; see references above).

While the rates of decline we predict are high,
they do not warrant changing the conservation
status under the New Zealand Threat Classification
system (NZTCS), which has different thresholds
to the IUCN (Townsend et al. 2008). The current
NZTCS classification is Nationally Vulnerable,
D (1/1), 5,000-20,000 mature individuals, with a
predicted decline of 30-70% over three generations.

Conservation status classifications are all
sensitive to estimates of generation time and data
are not available to accurately estimate generation
time of banded dotterels. While generation time
in banded dotterels has been estimated at 6-7
years (Robertson et al. 2013), Pierce (2013) gives a
maximum age of 12 years whereas Keedwell (2004)
states 20 years is the maximum. However, these
estimates of generation times are likely lower than
expected in natural populations that do not suffer
from predator induced reductions in adult survival.
There appear to be few published generation times
in plovers, with a maximum generation time of
12.9 years recorded (Weston et al. 2004). However,
generation time is not necessarily related to size of
the bird, as some of the longest living waders are
among the smallest (Colwell 2010). If generation
time in banded dotterels is longer, then the rate of
decline may be worse than that estimated here.

Conclusions

Our data support earlier assertions that banded
dotterels are in decline (Sagar et al. 1999; Southey
2009), and this decline has likely been occurring for
many decades. The population seems to have been
very much higher in the 1940s (by many thousands;
Fleming & Stidolph 1951; Southey 2009). Our
prediction of an average rate of decline of 3.7% p.a.
on South Island braided rivers suggests an urgent
need for comprehensive conservation management
plans to be implemented across the range of banded
dotterel if population recovery is to be achieved.
Such urgency has also been recorded for other
birds that have their primary breeding grounds
on braided rivers, such as kaki/black stilt, black-
fronted tern, and black-billed gull (Keedwell et al.
2002; O’Donnell & Hoare 2011; McClellan & Smith
2015). Our analyses suggest rates of decline are
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variableamongsites, likely reflecting detection error,
differing predation pressure and habitat quality.
However, banded dotterels have excellent recovery
potential if threatening factors are removed,
particularly as they breed at 1-year old, have the
capacity to lay more than one clutch per breeding
season and are relatively long-lived (Keedwell
2004). Strong recovery on the upper Ashburton
River shows that recovery is possible within a
relatively short time if comprehensive management
is maintained and several local predator control
operations in coastal areas show early promise
(e.g. coastal Wellington & Wairarapa), as they have
for New Zealand dotterels (Charadrius obscurus
aquilonius) in the northern North Island (e.g. Wills
et al. 2003). Management should not only focus on
their breeding grounds but also along their flyways
and at the winter habitat networks where a range of
anthropogenic threats may be of equal importance.
It would be prudent to undertake management
as a series of adaptive management experiments,
which include regular, standardised monitoring of
responses of banded dotterel numbers.
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