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INTRODUCTION
Although widespread and apparently numerous 
around New Zealand, red-billed gulls (tarāpunga, 
Larus [Chroicocephalus] novaehollandiae scopulinus) 
are currently assigned as ‘At Risk–Declining’ in 
the New Zealand Threat Classification System 
(Robertson et al. 2021). Frost & Taylor (2018) 
recorded about 28,000 nests from a nationwide 

survey in 2015, and concluded that there has been 
a likely one-third decrease through 50 years from 
the estimated 40,000 nests since the only previous 
comprehensive survey by Gurr & Kinsky (1965).

Contrary to the nation-wide trend of decline, 
red-billed gull nest numbers increased at Otago, 
south-eastern South Island, at an average annual 
increase of 6–10% through 20 years from 1992 to 
2011 (Perriman & Lalas 2012). In particular, this 
increase at Otago corresponded to the decrease 
350–500 km further northeast at Kaikoura,  



82 Lalas et al

the location with the largest number of nests on 
South Island. Red-billed gulls are highly philopatric: 
for 10,851 chicks banded at Kaikoura and later 
found breeding, 99% nested at or within 25 km of 
Kaikoura (Mills et al. 2008). Perriman & Lalas (2012) 
found only one marked individual from Kaikoura 
breeding at Otago. They concluded that the 
paucity of breeding red-billed gulls from Kaikoura 
indicated that the concomitant population increase 
at Otago and decrease at Kaikoura was not caused 
by a southward emigration of birds from Kaikoura.

We have continued the annual counts of red-
billed gull nests at Otago begun by Perriman & 
Lalas (2012). In 2020, we sought additional help 
to find any previously unknown nesting locations 
through the development of a citizen science 
project to encourage the wider community to share 
information about where the gulls are nesting. 
Citizen science, where the wider community is 
engaged in various aspects of the scientific process 
(Bonney et al. 2009), is a well know practice among 
the birding community and has contributed to much 
of our knowledge of avian species distributions 
(Sullivan et al. 2014). 

Here we update trends for Otago and compare 
and contrast trends among locations within this 
region. Frost & Taylor (2018) made two major 
recommendations for the future monitoring of red-
billed gulls: nation-wide trends could be deduced 
from monitoring several representative locations; 
and census data should be entered into a central 
repository. We report the outcomes from Otago 
for the selection of an appropriate representative 
location, and review the value of engaging with the 
wider community to detect previously-unknown 
nesting locations.

METHODS
Annual counts of red-billed gull nests at Otago 
begun by Perriman & Lalas (2012) for 2007 to 2010 
were continued through the 10 years from 2011 to 
2020. Our annual survey area encompassed a linear 
distance of about 200 km of the Otago coast from 
Waitaki River, the Otago regional boundary with 
Canterbury, south to Nugget Point (Fig. 1). Not 
all nesting locations were surveyed every year. 
Consequently, we concentrated our assessment of 
trends on the three years with reliable nest counts 
for the entire coast: for 2011 from data presented 
in Perriman & Lalas (2011); for 2015 from data 
collected by Chris Lalas and Lyndon Perriman and 
presented in Frost & Taylor (2018); and for 2020, the 
most recent survey year.

Red-billed gulls are colonial breeders but 
the number of nesting locations depends on 
the designation of minimum distance between 
neighbouring groups of nests. Frost & Taylor (2018) 

did not address this issue in their recent assessment 
of the status of red-billed gulls. Instead, they 
applied four terms: ‘sites’, ‘locations’, ‘colonies’ 
and ‘aggregations’. They designated locations with 
<500 nests as ‘colonies’ but designated locations 
with ≥500 nests as ‘breeding aggregations’ because 
these largest numbers could consist of several 
closely-spaced ‘colonies’. To keep things simple 
we followed Perriman & Lalas (2012) and used 
‘location’ as the only spatial term: at Otago we 
allocated nests to the nearest named location, with 
neighbouring nesting locations at least 1 km apart.

We made nest counts from land, sea or air using 
eye, binoculars, spotter scope or photographs, 
with most counts were made from land. Counts 
from a small boat were done from the vicinity of 
Doctors Point south along Otago Peninsula to Te 
Wharekaiwi (Fig. 1). Our surveys in 2020 included 
a flight on 20 November 2020 from St Clair south 
to Makati (Chaslands Mistake), the Otago regional 
boundary with Southland (Fig. 1). This survey 
provided our only accurate assessment of nest 
numbers along a linear distance of about 40 km of 
the Otago coast south of Nugget Point.

Figure 1. Maps of South Island, New Zealand, and the 
Otago coast from Moeraki to Dunedin showing locations 
mentioned in the text. The Otago coast extends about 250 
km from Waitaki River to Makati (Chaslands Mistake).
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Nest counts were allocated to the calendar year 
of the start of the breeding season. We attempted 
to time annual nest counts to coincide with 
maximum nest numbers by following breeding 
activity at Taiaroa Head and at Katiki Point. 
Survey dates typically ranged from 20 November 
to 10 December and were restricted to one count 
per location with nearby locations counted on the 
same day. The stage of breeding during the nest 
count at each location typically ranged from adults 
sitting tight on nests (presumably on eggs) to chicks 
aged up to 2–3 weeks. Values for annual counts 
at each location were presented as a best estimate 
bounded by a (non-statistical) likely range in an 
attempt to account for imprecision and ambiguity 
in counts. Consequently, the values we present as 
best estimates for nest numbers are approximations 
rather than exact numbers.

In mid 2020, a citizen science project was 
created by the Otago Peninsula Trust’s education 
team at the Royal Albatross Centre and funded 
by the Otago Participatory Science Platform 
(http://scienceintoaction.nz/current-projects/). 
The purpose of this project, entitled Red-billed 
Gulls—love them or lose them, was to involve the 
wider community in caring for and gathering 
data that could help inform population size and 
management of the species at Otago. This project 
was promoted through a range of media (public 
talks, newspaper and newsletter articles, social 
media, posters) and the wider community was 
asked to report sightings of red-billed gulls nesting 
to inform our understanding about current and 
historic nesting locations. People were encouraged 
to share their observations through personal 
discussions, email, or to upload photographs to 
the Red-billed Gull Nests in Otago website, a ‘project’ 
we created on iNaturalist (https://inaturalist.nz/
projects/red-billed-gull-nests-in-otago). iNaturalist, 
a citizen science platform for identification and 
recording of biodiversity, was promoted over eBird 
as it caters for species-specific projects and is used 
by a broad range of people. eBird, although well 
known to avid birders, is not as well-known and 
typically is used for site-specific multispecies bird 
counts. We reviewed entries for red-billed gulls at 
Otago from both eBird and iNaturalist for evidence 
of nesting. We downloaded and analysed records 
for red-billed gulls at Otago on 4 June 2021 from 
the eBird website (http://ebird.org/media/catalog
?taxonCode=silgul2&mediaType=p&regionCode
=NZ-OTA&q=Silver%20Gull) and on 24 June 2021 
from the iNaturalist website (https://inaturalist.
nz/observations?order=asc&order_by=observed_
on&place_id=6839&subview=table&taxon_
id=144507). After the completion of our analyses 
we added photos of breeding locations in Otago for 
2020 in the Red-billed Gull Nests in Otago iNaturalist 
project website.

Our calculations for temporal trends in nest 
numbers followed Perriman & Lalas (2012). Trends 
were derived from exponential curves of best fit in 
the form Nt ∝ eλt (where Nt = number of nests in year 
t, and λ = average annual exponential rate), and 
presented as average annual arithmetic rates = eλ-1.

RESULTS
Trends in nest numbers at Otago
The best estimate for total number of red-billed gull 
nests from Waitaki River to Nugget Point dropped 
from 4,898 in 2011 to 4,611 in 2015 then rose to 5,957 
in 2020 (Table 1). Nest numbers increased by 22% 
(=[5,957–4,898]/4,898) overall through the 10 years 
2011–2020, an annual increase of 2.2%. We surveyed 
the Otago coast south of Nugget Point only in 2020 
and found red-billed gulls nesting at two locations: 
False Islet with 27 nests and Frances Pillars, Tautuku 
Peninsula, with 30 nests (Fig. 1). Consequently, the 
5,957 nests documented in Table 1 account for 99% 
of the Otago total 6,014 nests in 2020.

The number of locations at Otago with at least 
1,000 nests increased from one in 2011, Taiaroa Head 
(at the mouth of Otago Harbour) with 2,423 nests, 
to three in 2020: Taiaroa Head with 2,800 nests, 
Katiki Point with 1,315 nests, and Otago Yacht Club 
Marina (in the Dunedin metropolitan area at the 
head of Otago Harbour, 19 km southwest of Taiaroa 
Head) with 1,250 nests. The likelihood of predation 
by introduced mammals has been mitigated by 
trapping at each of these three most important sites. 
Predator control at Taiaroa Head by Department of 
Conservation and at Katiki Point by Penguin Rescue 
and Te Rūnanga o Mōeraki were instigated before 
gulls began breeding there (Perriman & Lalas 2012). 
In contrast, predator control at Otago Yacht Club 
Marina by Dunedin City Council was instigated in 
2017, several years after gulls began breeding there 
(Aalbert Renergan, pers. comm.).

The distribution and abundance of red-billed 
gull nests at Otago displayed two major changes 
since 2011, with both more distinct through the 
most recent five years. First was an increased 
numbers of nests concentrated into fewer locations. 
Here gulls nested at 19 locations in 2011 and in 
2015, with respective averages of 258 and 243 nests 
per location. Nesting subsequently reduced to 10 
locations by 2020 with more than doubling in the 
average size to 596 nests per location (Table 1). The 
most dramatic change was the initiation and rapid 
increase in nests at Otago Yacht Club Marina, most 
likely beginning in 2010 with eight nests on a boat 
(Benson 2010), and rising by 2020 to 1,250 nests, 
practically all on a breakwater.

The second major change was a northward 
movement in both the relative and absolute 
abundance of red-billed gull nests at Otago from 
Waitaki River to Nugget Point. The proportion of 
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nests in North Otago (nests from Waitaki River 
to Doctors Point) rose from 21% (=1,029/4,898) in 
2011 to 28% (=1,680/5,957) in 2020; the proportion 
of nests in the vicinity of Dunedin and Otago 
Peninsula (nests from Taiaroa Head to Black 
Head) rose from 68% (=3,349/4,898) in 2011 to 70% 
(=4,198/5,957) in 2020; but the proportion of nests 
in the vicinity of Nugget Point (mainland and islets 
at Nugget Point and islets at nearby Tirohanga) 

fell from 11% (=520/4,698) in 2011 to 1% (=79/5,957) 
in 2020. The corresponding nest numbers and 
average annual changes in nest numbers through 
the 10 years 2011–2020 were for North Otago an 
increase from 1,029 to 1,680 nests at 5.6% annually; 
for the vicinity of Dunedin and Otago Peninsula an 
increase from 3,349 to 4,198 nests at 2.5% annually; 
and for Nugget Point a dramatic decrease from 520 
to 79 nests at 18.9% annually.

Lalas et al

Table 1. Locations and best estimates for annual numbers for red-billed gull nests at Otago from Waitaki River to 
Nugget Point for 2011 (updated from Perriman & Lalas 2012), 2015 (updated from Perriman & Lalas data in Frost 
& Taylor 2018) and 2020 (this study); and the maximum best estimate recorded for each location through the  
14 consecutive breeding seasons from 2007 to 2020.

Location
Calendar year (start of breeding season)

2011 2015 2020 Maximum Year
Waitaki River at river mouth 116 0 0 936 2019
Waitaki River 4–5 km from mouth 105 0 0 721 2018
Oamaru Harbour 0 150 0 239 2017
Oamaru town, on buildings 0 0 250 250 2018–20
Kakanui, north end 0 0 48 48 2020
Maukiekie Island 49 0 42 49 2011
Katiki Point 317 535 1,315 1,315 2020
Shag Point 274 304 0 502 2012
Hawksbury Lagoon 25* 25* 25 25 2020
Karitane Peninsula 21 6 0 152 2007
Karitane Beach islets 114 39 0 114 2011
Doctors Point 8 25 0 38 2017
Taiaroa Head 2,423 2,145 2,800 2,863 2019
Onekapua 0 120 0 120 2015
Rerewahine Point 0 120 0 120 2015
O te Ukuuku Tuku 153 60 0 208 2007
Te Wharekaiwi 0 0 0 15 2018
Otago Yacht Club Marina 20* 250* 1250 1,250 2020
Wharekakahu Island 50 0 0 80 2007
Gull Rocks and Harakeke Point 50 18 120 120 2020
Maori Head and Bird Island 15 26 0 499 2007
Lawyers Head 238 274 19 306 2010
St Clair cliff and islet 120 30 0 120 2011
Black Head 280 10 9 420 2018
Tirohanga islets 0 1 79 180 2018
Nugget Point mainland and islets 520 473 0 520 2011
Total number of nests: Best estimate 4,898 4,611 5,957
Range Not done 4,252–5,298 5,373–6,751
Total number of breeding locations 19 19 10
Average number of nests per location 258 243 596

*Not counted: these entries are interpolated from earlier and/or later counts (see text).
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Inconsistencies in use of locations
We found that use of red-billed gull nesting 
locations could vary unpredictably, a feature best 
indicated by three examples from North Otago 
(Table 1). First, discontinuous use of locations—we 
did not find any nests at Waitaki River in our 2015 or 
2020 surveys but recorded up to almost 1,000 nests 
in intervening years on shingle islands at the river 
mouth and/or 4–5 km upstream. Here an absence of 
nesting in some years might be related to high water 
flow. Second, creation of new locations—prior to 
2015 we did not record any nesting along the about 
55 km of coast between Waitaki River and Moeraki: 
our first record for nesting here was at Oamaru 
Harbour in 2015 where nesting was abandoned 
after only three years; all nesting since 2018 has 
been about 1 km away on buildings in the town 
centre (our only records for nesting on buildings). 
Third, abandonment of established locations—
the large increase in nest numbers at Katiki Point 
between 2015 and 2020 coincided with the decrease 
and subsequent cessation of nesting 9 km further 
south at Shag Point. Our first record for nesting at 
Shag Point was 274 nests in 2011 (Perriman & Lalas 
2012), numbers peaked in 2012 with 502 nests, with 
the last record in 2018 with six nests (Table 1).

Contribution from citizen science
From the eBird website we verified nesting by red-
billed gulls at Otago in 44 records from six locations, 
with records spread through all 11 years from 2010 
to 2020. Taiaroa Head (around the Royal Albatross 
Centre, a major tourist destination) predominated 
with 38 records of nesting, followed by two records 
for Katiki Point and one record for each of the other 
four locations: Oamaru Harbour, Kakanui, Shag 
Point, and Black Head. From the iNaturalist website 
we verified nesting by red-billed gulls at Otago in 
48 records from four locations, with records spread 
through 12 of the 17 years from 2004 to 2020. 
Taiaroa Head again predominated with 41 records 
of nesting, followed by five records for Katiki Point 
and one record for each of the other two locations; 
Lawyers Head and Nugget Point. Our Red-billed 
Gull Nests in Otago project on iNaturalist failed to 
raise a substantial response: there were only four 
entries of which three were trial entries by us. None 
of the records from eBird or iNaturalist provided 
nest numbers.

Only one record downloaded from eBird or 
iNaturalist was not already accounted for in our 
data for the 14 consecutive years from 2007 to 2020: 
Robin Corcoran depicted red-billed gulls nesting 
at Shag Point on 27 October 2010 (http://ebird.org/
checklist/S49839254) but these must have deserted 
because we (CL) recorded none nesting there during 
our North Otago census day on 12 November 2010. 
Consequently, our record for initiation of nesting 

at Shag Point in 2011 (Perriman & Lalas 2012) is 
one year late. We have one other definitive record 
for red-billed gulls deserting nests here. Two years 
later during our North Otago census day on 25 
November 2012 we recorded a total of 491 nests 
in four groups at Shag Point. Subsequently, on 5 
December 2012 we recorded partial desertion (one 
group of 71 nests) at Shag Point and the creation of 
a new group of about 20 nests 9 km further north at 
Katiki Point.

Discussions with the wider community during 
2020 revealed two nesting locations at Otago 
previously unknown to us. One location was 
relatively small: Aalbert Renergen (Dunedin City 
Council) reported about 25 nests for Hawkesbury 
Lagoon Table 1). The other location, Otago Yacht 
Club Marina with 1,250 nests, turned out to the be 
the third largest number of nests in Otago in 2020 
(Table 1). Although the presence of the birds was well 
known to the yacht club members, they regarded 
them as a pest and had no idea anyone might be 
interested in recording the number of nests. Input 
from others improved the accuracy of the records 
for two other locations in 2020: Tom Waterhouse 
(Department of Conservation) for Oamaru, where 
red-billed gulls have been nesting on buildings 
since 2018, and Francesca Cunninghame (Forest & 
Bird) for Harakeke Point (Table 1). 

Precision in records of nest counts
Perriman & Lalas (2012) recorded only exact 
numbers, the best estimates, for red-billed gull 
nests from Waitaki River to Nugget Point in 2011. 
We recorded nest numbers for the subsequent two 
surveys in 2015 and 2020 not only as best estimates 
but also as likely ranges for each location. The 
best estimate of 4,611 nests in 2015 was bounded 
by a likely range from 4,252 to 5,298 nests (Table 
1). This equated to a range from 8% less (=[4,252-
4,611]/4,611) to 15% more (=[5,298-4,611]/4,611) 
than the best estimate. The best estimate of 5,957 
nests in 2020 was bounded by a likely range from 
5,373 to 6,751 nests (Table 1). This equated to a range 
from 10% less to 13% more than the best estimate. 
Here the lower likely limit of 5,373 nests for 2020 
was only slightly higher than the upper likely limit 
of 5,298 nests for 2015, and could indicate that the 
number of nests did not increase substantially from 
2015 to 2020.

The accuracy of our pre-2020 records in Table 
1 was further lessened because we had to guess at 
nest numbers for Hawksbury Lagoon and Otago 
Yacht Club Marina, the two nesting locations 
previously unknown to us. For Hawksbury Lagoon 
we entered a best estimate of 25 nests (range 19–29) 
from photos and descriptions by Aalbert Renergen 
for 2020. We retained this best estimate of 25 nests 
for the backdated entries for 2011 and 2015 but 
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broadened the range to 0–50 nests. Following 
advice from Otago Yacht Club members we were 
able to trace the first record of nesting here to a 
report in the local newspaper (Otago Daily Times)—
eight nests on a boat moored at the Otago Yacht 
Club Marina in 2010 (Benson 2010). From this we 
guessed at 20 nests for the next year, 2011. From 
a photo and descriptions by Aalbert Renergen 
for 2017 we concluded that nest numbers had 
about tripled in the three years from 2017 to 2020. 
Extrapolating this trend back two years from 2017, 
we settled on a best estimate of 250 nests for 2015 
(Table 1) and went broad with a range of 50–500.

Dispersion of nests within locations
The three locations with the largest number of red-
billed gull nests at Otago in 2020, Taiaroa Head, 
Katiki Point and Otago Yacht Club Marina, showed 
the greatest differences in dispersion of nests. Nests 
at Taiaroa Head (best estimate 2,800, range 2,615–
2,995) were spread through about 2.5 ha (roughly a 
square with 150 m sides) in 22 distinct groups that 
varied in size from three (range 3–4) to 602 (range 
560–645) nests. Nests at Katiki Point (best estimate 
1,315, range 1,076–1,554) were divided into two 
groups; 539 (range 444–634) were spread through 
0.2 ha along about 150 m of the west side of the 
mainland, and separated by about 150 m from 776 
(range 632–920) nests on a 0.3 ha islet 30 m off the 
southern tip of the mainland. Nests at Otago Yacht 
Club Marina (best estimate 1,250, range 1,171–
1,490) were separated between 1,220 (range 1,156–
1,430) along the outer 280 m of the 350 m southern 
breakwater bordering the 3.2 ha marina, and 10 
(range 5–30) on posts and 20 (range 10–30) on 2–3 
boats within the marina.

DISCUSSION
The trend of increase in red-billed gull nest 
numbers at Otago documented by Perriman & 
Lalas (2012) has continued but the average annual 
rate of increase has dropped from 6–10% for 1992 
to 2011 (Perriman & Lalas 2012) to 2% for 2011 to 
2020. Locations from Waitaki River south to Nugget 
Point totalled 5,957 nests in 2020. This accounted 
for 99% of the entire Otago regional total of 6,014 
nests for the linear distance of about 250 km from 
Waitaki River to Makati (Chaslands Mistake). 
Recent patterns of change in nest numbers differed 
within the region, with North Otago increasing at 
an average 5.6% annually to 1,680 nests in 2020; the 
vicinity of Dunedin and Otago Peninsula increasing 
at an average 2.5% annually to 4,198 nests in 2020; 
but, further south, the vicinity of Nugget Point 
decreasing at an average 19.8% annually to 79  
nests in 2020.

The continued increase in red-billed gull nests 
at Otago contrasts with the overall nation-wide 

decline in New Zealand reported by Frost & Taylor 
(2018). Comparisons of trends within and between 
locations are complicated by likely incompatibilities 
in use of terms. Following Perriman & Lalas (2012), 
we separated nesting locations by applying a 
nominal spacing of at least 1 km between locations. 
In contrast, Frost & Taylor (2018) did not apply 
a spatial factor and instead regarded nesting 
locations (or sites) either as individual colonies 
or aggregations of colonies. These ambiguities 
preclude detailed comparisons but one trend is 
clear—the number of locations/colonies with >1,000 
red-billed gull nests at Otago tripled from one of six 
nation-wide in 2015 (Frost & Taylor 2018) to three 
by 2020.

The importance of citizen science was 
exemplified by public input leading to our 
embarrassing discovery of substantial nesting by 
red-billed gulls at a previously undocumented 
location. Here in Otago Harbour at Otago Yacht 
Club Marina, within the Dunedin city metropolitan 
area, 1,250 nests were hiding in plain sight and 
accounted for 21% of the Otago total. As observed 
in other studies (Ward et al. 2015), the citizen science 
data proved to be useful to complement existing 
data sets and filling in data gaps when other 
surveys are absent. As scientists often concentrate 
their biodiversity survey efforts in natural habitats 
(Martin et al. 2012), it was interesting to note that 
the two nesting locations we missed were in urban 
settings, highlighting where the contribution of 
citizen science may be most valuable (Sánchez-
Clavijo et al. 2021).

We found that personal communication was 
more effective than the on-line platforms for 
gathering information from the public. This in 
part was due to our unfamiliarity with the specific 
iNaturalist ‘project’ function to record nesting 
locations of red-billed gulls in Otago. For for a 
‘project’ to be effective, participants need to know 
it exists (Kirchhoff et al. 2021) and so we plan to 
increase awareness with more-targetted promotion 
through media. The lack of engagement in the 
‘project’ function may also reflect the observation 
that participants are less likely to engage with more 
complex and lengthy data collection and entry 
protocols (Davis et al. 2019). Feedback through the 
‘journal’ function on iNaturalist has been shown 
to be an effective way to keep project participants 
updated about the results of a project (Kirchhoff et 
al. 2021) and so we plan to implement this in the 
future. Uploading of the data to iNaturalist ensures 
open access to both scientists and citizen scientists, 
a critical component to the success of citizen science 
projects (Bonney et al. 2009).

Two features of chronological trends among 
red-billed gull nesting locations at Otago precluded 
meaningful intra-regional or inter-regional 
comparisons among individual locations. First, 
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our records dating back to 1992 (Perriman & Lalas 
2012) indicate that few if any locations are used 
consistently each year. Second, through recent years 
the increasing number of nests have condensed 
into fewer locations, thus inflating the growth rate 
at locations with the largest number of nests. Frost 
& Taylor (2018) recommended that nation-wide 
trends for the red-billed gull population could be 
deduced from monitoring several representative 
locations. Unfortunately, the lack of consistency in 
trends among locations means that Otago lacks this 
shortcut. Instead, for Otago we recommend using 
total nest numbers from Waitaki River to Nugget 
Point (99% of Otago total nests) for inter-regional 
comparisons.

Predation by introduced mammals has been 
considered a major cause for the decline in red-
billed gulls nation-wide (Frost & Taylor 2018), 
and more specifically for the decline at Kaikoura 
beginning in 1994 (Mills et al. 2018), and both 
studies emphasised the importance of predator 
control. Predation has not been a major problem at 
Otago since control measures were implemented 
at the important nesting locations but this alone 
is unlikely to account for increases at Otago 
coinciding with decreases further north. Frost & 
Taylor (2018) attributed the greatest contribution 
towards the nation-wide decline in red-billed 
gulls since the 1960s to massive decreases in nest 
numbers at Three Kings Islands and Mokohunau 
Islands off northern North Island. Both these island 
groups now lack predatory mammals: none were 
introduced to Three Kings Islands (Bellingham 
et al. 2010) and Mokonau Islands only had kiore 
(Rattus exulans), with the last eradicated 30 years 
ago (McFadden & Greene 1994). Consequently 
these northern declines in nest numbers cannot be 
attributed to predation.

The recent update for the conservation status 
of New Zealand birds added ‘Climate Impact’ as 
a potential cause for decreases in populations and 
allocated this as the only qualifier for the national 
population decline in red-billed gulls (Robertson 
et al. 2021). Perriman & Lalas (2012) found that 
increases at Otago coincided with changes in the 
marine environment and so continued monitoring 
of red-billed gulls here may prove worthwhile as a 
test for the effect of climate change on New Zealand 
seabirds.
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Abstract: The description of the long-tailed cuckoo’s (Eudynamys taitensis) egg was uncertain until the 1930s. Edgar 
Stead published evidence in 1936 that it was white with darker (red-brown or purplish) speckles, and therefore mimetic 
in colour and pattern (as well as size) to the eggs of many small song-birds in New Zealand. In reviewing eggs in 
museum collections, I find that only one (Auckland Museum LB8968) is certainly long-tailed cuckoo, and only eight 
other eggs are “probable” (with another eight “possible”). Average dimensions of the nine most likely eggs are 24.1 
x 17.4 mm. Field observations of long-tailed cuckoo nestlings, or dependent fledglings receiving food, mostly involve 
whiteheads, yellowheads, and brown creepers (all in the genus Mohoua, Mohouidae), the principal biological hosts. 
There are single credible reports of a long-tailed cuckoo nestling being raised in a nest of South Island robin (Petroica; 
1880s), silvereye (Zosterops; 1946, plus a vague record from the 1980s), and fantail (Rhipidura; 1963). The scarcity of 
evidence for non-mohouid hosts, despite the great increase in ornithological field-work since 1963, suggests that use 
of secondary hosts is extremely rare. Seven other New Zealand song-birds have been cited as hosts of the long-tailed 
cuckoo, but all reports lack evidence of a cuckoo nestling being raised by the species concerned.
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INTRODUCTION
The migratory long-tailed cuckoo (koekoea, 
Eudynamys taitensis Cuculidae: Cuculinae) occurs 
seasonally on tropical and temperate islands of the 
south-west Pacific in a fan-shaped range extending 
some 11,000 km from west to east (Gill & Hauber 
2012) and about 7,000 km from north to south. 
However, it breeds only in the far south of the range 
(New Zealand) where it parasitises principally the 
three species of Mohoua (Family Mohouidae), i.e. 
whitehead (M. albicilla) in the North Island, and in 

the South Island, yellowhead (M. ochrocephala), and 
brown creeper (M. novaeseelandiae) (Higgins 1999).

The breeding of the long-tailed cuckoo remains 
poorly known. The events attending laying, 
hatching, nestling development, and eviction of 
eggs or nest-mates, are either unknown or have 
been seen and described at very few nests. This is 
mainly because the mohouid hosts nest in dense 
forest and scrub. In these habitats, systematic 
study of nesting is difficult and passing bird-
watchers seldom find nests casually. The best 
information on the cuckoo’s breeding comes from 
Elliott (1990), who collected important incidental 
notes on parasitism during a study of yellowheads. 
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However, only six of 95 yellowhead nests were 
parasitised, and observations were restricted by 
the nests being in cavities and often in tall trees. An 
enquiry to the Nest Record Scheme in November 
2021 revealed that there were no records for long-
tailed cuckoo.

Bad luck has perpetuated our ignorance of long-
tailed cuckoos, because two studies that might 
have shone light on parasitism did not. In the most 
detailed study of brown creepers (Cunningham 
1985), 52 nests were observed near Kaikoura during 
1979–1982, but long-tailed cuckoos were absent or 
rare in the area (Hunt & Gill 1979; Powlesland 1979) 
and so no parasitism was reported. In a study of 
whiteheads on Little Barrier Island during 1984–
1989 (McLean & Gill 1988; Gill & McLean 1992), 
72 nests were found in low-elevation areas in the 
southwest of the island. Unfortunately, none of 
these nests was parasitised despite whiteheads 
being seen feeding long-tailed cuckoo fledglings 
at higher elevations in the same summers (McLean 
1988).

Long-tailed cuckoo eggs are rare in museum 
collections. Egg collections in New Zealand 
museums are fairly small, comprising c. 11,000 eggs 
or clutches of local and foreign species as against 
30,000 study-skins (Gill 2006). Egg collections 
are low-quality for New Zealand native birds, 
containing many isolated eggs or partial clutches 
salvaged from nests that failed. The best New 
Zealand egg material was assembled by a handful 
of private collectors whose collections have now, 
thankfully, passed into public ownership. The 
Edgar Stead collection (Canterbury Museum) 
contains seven probable or possible long-tailed 
cuckoo eggs. At Auckland Museum, two small 
collections, those of J.C. McLean (Gill & Taylor 
2010) and G.A. Buddle (Gill & Taylor 2012) contain 
no long-tailed cuckoo eggs. Even in the Stead 
collection there is no instance of an entire host 
clutch, with an interposed long-tailed cuckoo egg, 
having been collected. We do not yet have an image 
of a host clutch containing the parasite’s egg (unless 
we photograph Egg 21 and the two eggs found with 
it – see Results).

There are literature records, reviewed by 
Cunningham (1949) and McLean (1988), suggesting 
that the long-tailed cuckoo has hosts in passerine 
families other than the Mohouidae. Brooker & 
Brooker (1989) used the term “biological host” for a 
successful host species for which there are multiple, 
independent records of parasitism involving more 
than one observer, more than one location, and 
more than one year. Records of parasitism may 
be egg records, nestling records (including those 
followed through to fledging) and records of 
fledglings being fed.

One aim of this study was to again re-assess 
the evidence for the long-tailed cuckoo’s hosts. 

The cuckoo is believed to have a mimetic egg, 
i.e. whitish with dark (usually reddish-brown) 
speckling (Stead 1936), which is a good match for 
the eggs of many New Zealand native song-birds. 
Another aim of the study was to re-examine the 
evidence for what the cuckoo’s egg looks like, 
and in doing that make an inventory of museum 
specimens.

METHODS
I searched the literature to trace back to their earliest 
sources all records of host species and eggs of the 
long-tailed cuckoo. To locate long-tailed cuckoo 
eggs in museum collections I searched on-line 
catalogues or made enquiries to museum curators. 
I visited collections to examine all such eggs in 
New Zealand museums. I listed in chronological 
order the more detailed published descriptions 
of eggs reported to belong to long-tailed cuckoos 
(including obvious mis-identifications). They are 
given consecutive numbers to form a catalogue. 
I have incorporated into this list the long-tailed 
cuckoo eggs preserved in museum collections 
at Auckland War Memorial Museum (AIM), 
Museum of New Zealand Te Papa Tongarewa 
(NMNZ, Wellington), Canterbury Museum (CMC, 
Christchurch) and The Natural History Museum 
(BMNH, Tring, United Kingdom). Many of the likely 
long-tailed cuckoo eggs that Stead (1936) examined 
and described, were collected or obtained by him, 
and several of his descriptions of individual eggs 
now cross-reference to CMC specimens. Where a 
museum egg did not have a published description 
or measurement, I have given these here from my 
own examination (measurements with vernier 
callipers).

As far as I can tell, there are no long-tailed 
cuckoo eggs at Otago Museum (Dunedin), or at 
the principal natural history museums in Sydney 
(Australian Museum), Melbourne (Museum 
Victoria), New York (American Museum of Natural 
History), Washington D.C. (National Museum 
of Natural History) or Paris (Muséum National 
d’Histoire Naturelle). It seems unlikely that any 
genuine long-tailed cuckoo eggs are held overseas.

The early writers on New Zealand ornithology 
often reported second-hand accounts of bird 
observations from correspondents. Some of 
these early reports were imprecise, inaccurate, or 
unlikely to be true. Bogert (1937) credited Stead 
(1936) with the first credible descriptions of the 
eggs of the long-tailed cuckoo and considered 
previous accounts erroneous. I have annotated each 
egg in the following list as “rejected”, “possible”, 
“probable” or “certain” in terms of its likelihood 
of belonging to a long-tailed cuckoo. “Rejected” 
eggs seem obviously wrong for long-tailed cuckoo. 
“Possible” is for eggs without good information to 
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support such an attribution (e.g. evidence for the 
identity of the nest-maker and details of laying). 
“Probable” is where the visual appearance of 
the egg seems right for long-tailed cuckoo and 
the nesting observations or circumstances add 
plausibility. The only “certain” egg was recovered 
from the oviduct of a dead cuckoo.

RESULTS
Catalogue of putative long-tailed cuckoo eggs
The following list shows that of eggs ascribed to 
long-tailed cuckoo, eight are possible (Eggs 12–14, 
16–20), eight are probable (Eggs 7–11, 15, 21, 22) and 
only one is certain (Egg 23).

Eggs 1 & 2. Ramsay (1865) gave one description 
common to two eggs he had, one from a bellbird 
(Anthornis melanura) nest and one from a New 
Zealand fantail (Rhipidura fuliginosa) nest. They 
were “of a pale yellowish salmon-colour, freckled 
indistinctly with marks of a deeper hue” and “10 
lines long by 7½ lines broad” (21.2 x 15.9 mm). 
Accuracy must have suffered if one description 
and set of measurements could apply to two eggs. 
The dimensions seem too small for the cuckoo. 
REJECTED.

Egg 3. Buller (1873: 76; 1888, 1:131) received an egg 
“some years ago” from Rev. R. Taylor (Wanganui; 
no host species stated) who had obtained it from 
someone else. It was “almost spherical in shape, 
with a slightly rough or granulate surface” and “of 
a pale buff or yellowish-brown colour”. It measured 
1·25 inches long by 1·15 inches broad (31.8 x 29.2 
mm), and was “now in the Colonial Museum”, 
Wellington (NMNZ; currently missing). Buller 
(1873: 76) admitted that the “authenticity cannot be 
considered quite certain”. Potts (1885) referred to 
the same egg. It seems too big to be a long-tailed 
cuckoo’s and is the wrong colour; Stead (1936) 
thought it was probably a pullet’s egg. REJECTED. 

Egg 4. Buller (1888, 1:131) referred to an egg in 
Canterbury Museum (currently missing) from 
a grey warbler (Gerygone igata) nest (Oamaru, Mr 
Smith, Nov. 1885) that “corresponds exactly with 
mine”, i.e. Egg 3, “except that it is slightly narrower”. 
REJECTED.

Egg 5. Nehrkorn (1879) reported an egg in the 
Godeffroy Museum (Hamburg, Germany) from 
Mr. Kleinschmidt (no locality). It measured 35 x 
21 mm, and was very shiny, olive-brown, with a 
wreath of black-smeared spots at the blunt end, 
and pear-shaped. Finsch (1901) clarified that this 

egg was from Fiji, which makes it unlikely to be a 
long-tailed cuckoo’s. Timmermann (1931) corrected 
the size to 32.9 x 20.5 mm and the location to Viti 
Levu. REJECTED.

Egg 6. Oates & Reid (1903) listed an egg in BMNH 
(1902.10.25.502) from the collection of W. Radcliffe 
Saunders. They described it as “spherical in shape, 
rough in texture, and pale buff in colour”. Oates 
& Reid gave the size as 1.1 x 0.85 inches (27.9 x 
21.6 mm). Schönwetter (1964) considered this to 
be a dwarf egg of the domestic chicken and gave 
the dimensions as 25.3 x 21.4 mm. I examined the 
egg at Tring (2011) and confirmed Schönwetter’s 
measurements. The egg is marked “From Potts 
colln. 91” indicating its New Zealand origin from 
T.H. Potts. REJECTED.

Egg 7. Fulton (1904) received a nest of the tomtit 
(Petroica macrocephala), containing four fresh eggs, 
collected in the Milford–Te Anau area by the Ross 
brothers. Three eggs were small (0.75 x 0.55 inches 
= 19.1 x 14.0 mm), and tomtit eggs are about 18 x 15 
mm (Heather & Robertson 1996). The fourth, which 
Fulton surmised to be a long-tailed cuckoo’s, was 
larger (0.94 x 0.7 inches = 23.9 x 17.8 mm). It was 
“white with purplish-brown speckles, becoming 
thicker and darker at the larger end” and “ovoido-
elliptical” in shape. Stead (1936) accepted this 
record. PROBABLE.

Egg 8. Stead (1936) found an egg in a deserted 
whitehead nest (Silverstream; 19 Sep. 1909) that he 
suspected was a long-tailed cuckoo’s. The “ground-
colour was creamy white with purplish brown 
markings more thickly distributed at the larger 
end”. It was measured by Stead: 23.5 x 17.0 mm. 
CMC AV4991 (Stead no. 234d). PROBABLE.

Egg 9. CMC AV4988 (Stead no. 234h); white with 
reddish-brown blotches concentrated at the blunter 
end; Kapiti Island; coll. A.S. Wilkinson 1936 from 
a whitehead nest. Part of the shell is missing but 
the egg is still measurable at about 25 x 17 mm. 
PROBABLE.

Egg 10. Stead (1936) observed a brown creeper 
nest with two eggs (Jacky Lee Island, off Stewart 
Island); “last year” = Dec. 1932. One egg (19.5 x 15.0 
mm; CMC AV4496, Stead no. 284c) was assumed to 
be a creeper’s. Brown creeper eggs are about 18.5 x 
14 mm (Heather & Robertson 1996). The other egg 
(22.8 x 17.5 mm; coll. 16 Dec. 1932) was assumed to 
be a long-tailed cuckoo’s; this is CMC AV4993 (Stead 
no. 234a). The latter was “creamy white in ground-
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colour with purplish brown markings – more 
numerous at the larger end and with underlying 
markings of grey”. PROBABLE.

Egg 11. Stead (1936) found a deserted brown 
creeper nest with one egg when in February (= 
Feb. 1933) he re-visited Jacky Lee Island. The egg 
(23.5 x 17.0 mm) was assumed to be a long-tailed 
cuckoo’s. It was similar in colouring to Egg 10, but 
the “creamy tint of its ground colour was slightly 
more pronounced”. CMC AV4994 (Stead no. 234e). 
PROBABLE.

Egg 12. CMC AV4990 (Stead no. 234g); white with 
reddish-brown and grey blotches concentrated at 
the blunter end; “Dunedin Museum”; 24.1 x 17.8 
mm. Identity of source nest not recorded. Little 
observational information to support its identity. 
POSSIBLE.

Egg 13. CMC AV4989 (Stead no. 234f); similar colour 
to Egg 12; Dunedin; coll. A. Portman; 22.5 x 18.0 
mm. From a European greenfinch (Carduelis chloris) 
nest. Stead (1936) reported three cuckoo eggs that 
Mr Portman obtained in a Dunedin gully, two 
from song thrush (Turdus philomelos) nests and one 
from a greenfinch nest. Greenfinch eggs are about 
22 x 14.5 mm (Heather & Robertson 1996). Little 
observational information to support its identity. 
POSSIBLE.

Egg 14. CMC AV4992 (Stead no. 234b); cream with 
red-brown speckles; no data; 26.3 x 16.9 mm. No 
observational information to support its identity. 
POSSIBLE.

Egg 15. Cunningham (1949) described an egg 
from a deserted silvereye (Zosterops lateralis) nest 
(Wairarapa) as “very pale pink in ground colour, 
slightly darker at the larger end, thickly blotched 
at that end and more sparingly at the smaller end, 
with purplish brown; size, 24 x 17.8 mm”. Silvereye 
eggs are immaculate pale blue and about 17.5 x 13 
mm (Heather & Robertson 1996), so a larger, spotted 
egg in a silvereye’s nest could well be a long-tailed 
cuckoo’s. PROBABLE.

Egg 16. Stidolph (1949) gave measurements of an 
egg from a deserted silvereye nest (Wairarapa) 
as 23.7 x 18.0 mm (no description of colour and 
pattern). Although Stidolph was a trusted observer, 
he provided little observational information on the 
nest or egg to support their identities. This was a 
different egg from Egg 15 (further details given 
under ‘Secondary hosts’ below). POSSIBLE.

Egg 17. CMC AV17568; shape rounded, background 
colour pinkish with red-brown speckles and 
blotches concentrated at the blunter end; Kokiri, 
Westland; coll. J.G. Penniket Jan. 1958; 20.8 x 16.9 
mm (reported as Jan. 1957 in Anon. 1958: 199). Found 
addled in abandoned tomtit nest with fragments 
of tomtit eggshell “thinner, glossier white, spots 
greyer and browner” (CMC label). Tomtit eggs are 
18 x 15 mm (Heather & Robertson 1996), so this egg 
is not much bigger. POSSIBLE.

Egg 18. NMNZ OR7258; white with reddish-brown 
speckles; no data; 23.2 x 17.6 mm. No observational 
information to support its identity. POSSIBLE.

Egg 19. NMNZ OR11260; white with reddish-brown 
speckles; York Bay, Wellington; coll. P.J.H. Purvis 
26 Nov. 1964; 22.4 x 17.3 mm. No observational 
information to support its identity. POSSIBLE.

Egg 20. CMC AV25598; white with a slight blue-
green tinge, grey and red-brown blotches and 
speckles concentrated at the blunter end; no data; 
Robin Francis-Smith colln., pres. 1971; 23.1 x 15.7 
mm. No observational information to support its 
identity. POSSIBLE.

Egg 21. NMNZ OR17353; pale, speckled with 
red-brown, particularly towards the blunter end; 
Orongorongo Valley, Wellington; coll. P.C. Bull 
16 Feb. 1973; 25.0 x 17.5 mm. From an abandoned 
whitehead nest containing three eggs. The other 
two eggs, presumed to be whitehead’s, were also 
collected. One is pale beige-pink without spots; 
19.4 x 14.8 mm. The other is pale without evident 
markings; damaged, but c. 21 mm long. Whitehead 
eggs are about 20 x 15 mm (Heather & Robertson 
1996). PROBABLE.

Egg 22. AIM LB864; white with brown and grey 
speckles spread over most of the egg; Urewera; coll. 
2 Feb. 1978; 24.2 x 18.0 mm (Fig. 1). From a whitehead 
nest; identified by S.M. Reed. PROBABLE.

Egg 23. AIM LB8968; white with small brown 
speckles mostly towards the blunter end; East 
Coast, North Island; no collector or date (but 
before May 1998); 25.0 x 16.6 mm. I removed this 
egg from the oviduct of an adult long-tailed cuckoo 
during dissection (spread wing of this female 
preserved as LB8981). The bird was received frozen 
and unlabelled in April 1998 from the East Coast 
Conservancy, Department of Conservation. The 
abdomen had been torn open during collision-
trauma or predation. I checked the gonads for 
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sexing and discovered the egg in the oviduct, 
cracked on one side along the long axis. After 
cleaning and drying the egg I stabilised it by 
gluing the broken edges with a stiff solution of 
Paraloid B-72 dissolved in acetone. This egg seems 
pale and poorly spotted, likely because its time in 
the oviduct was insufficient for full pigmentation. 
One end is very pointed. It is currently the only 
long-tailed cuckoo’s egg whose identity is beyond 
doubt (Fig. 2). CERTAIN. 

General description and size of eggs
Stead (1936), who saw many long-tailed cuckoo 
eggs while they were fresh, summed up their 
appearance as “ground colour white, tinted with 
cream or creamy pink, freely spotted and streaked 
with purplish-brown and having underlying 
spots of grey, the markings being larger and more 
numerous at the larger end”. He described the egg 
as having a thick, hard shell and a surface that is 
smooth and slightly lustrous.

In his text, Stead (1936) gave measurements of 
three presumed long-tailed cuckoo eggs (Eggs 8, 
10 and 11) in the course of describing them. Eggs 
8 and 11 had the same dimensions. He summed 
up at the end by giving measurements of four eggs. 
Unfortunately, things do not match up. Egg 8 or 
11 is given only once (why not twice, making five 
eggs?). Egg 10’s length and width are listed, but 
measurements for two other eggs are unexplained 
and not previously mentioned. There may be errors 
in this final listing, so, to be conservative, I have 
attributed only three egg measurements to Stead 
(1936), as given in his text describing each egg.

The nine probable or certain long-tailed 
cuckoo eggs (Eggs 7–11, 15 and 21–23) have a mean 
length of 24.1 mm (sd = 0.78, range = 22.8–25.0), 
and a mean width of 17.4 mm (sd = 0.48, range = 
16.6–18.0). Figure 3 plots the dimensions of these 
eggs alongside the approximate values for eggs 
of known and potential hosts. The cuckoo eggs 
cluster tightly with similar dimensions. Long-
tailed cuckoo eggs are close in size to those of the 
yellowhead and South Island robin, but larger than 
those of the whitehead and brown creeper. They 
are much larger than silvereye or fantail eggs.

Principal hosts
There is good evidence for the three species of 
Mohoua being regular “biological hosts” (as used by 
Brooker & Brooker 1989) of the long-tailed cuckoo. 
This evidence includes the feeding of nestling 
cuckoos. Observations of the feeding of fledgling 
cuckoos do not prove parasitism (discussed further 
below). However, parasitism is the most likely 
explanation when fledgling feeding by the three 
mohouids is seen, and such records reinforce the 
conclusion that parasitism of these species is the 
norm throughout New Zealand.

Long-tailed cuckoo eggs

Figure 1. A probable egg of the long-tailed cuckoo taken 
from a whitehead’s nest. Egg 22 (AIM LB864); 24.2 x 18.0 
mm. Photo: B. Gill.

Figure 2. An undoubted egg of the long-tailed cuckoo 
removed from the oviduct of an adult during dissection. 
Egg 23 (AIM LB8968); 25.0 x 16.6 mm. This egg probably 
had insufficient time in the oviduct to develop full 
spotting. Photo: B. Gill.

Figure 
3. Length and width (mm) of nine probable or certain eggs of long‐tailed cuckoos 
(black diamonds;  see  text). Two  eggs have  the  same dimensions  so only  eight 
symbols  show. The approximate  sizes  (from Heather & Robertson 1996) of  the 
eggs of known and potential hosts are shown: fantail (Fan), silvereye (Sil), brown 
creeper (BC), whitehead (WH), yellowhead (YH), and South Island robin (SIR).
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Figure 3. Length and width (mm) of nine probable or 
certain eggs of long-tailed cuckoos (black diamonds; see 
text). Two eggs have the same dimensions so only eight 
symbols show. The approximate sizes (from Heather & 
Robertson 1996) of the eggs of known and potential hosts 
are shown: fantail (Fan), silvereye (Sil), brown creeper 
(BC), whitehead (WH), yellowhead (YH), and South 
Island robin (SIR).
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Whitehead
Fulton (1904: 141) had a third-hand report of a 
cuckoo nestling in a whitehead’s nest. Wilkinson 
(1927) stated that on Kapiti Island the whitehead 
was the “principal victim” of the long-tailed cuckoo 
and the only species seen feeding the parasite. 
In February 1925 he had climbed to a whitehead 
nest and found “a young Long-tailed Cuckoo the 
sole occupant, and even at this early stage nearly 
filling the nest” (Wilkinson 1927). Again on Kapiti, 
a whitehead nest with a long-tailed cuckoo nestling 
as the sole occupant was observed during 16 days in 
January 1936 until it fledged (Wilkinson & Stidolph 
1947). Wilkinson & Wilkinson (1952) provided two 
photographs of a well-feathered cuckoo being fed 
in the nest by a whitehead on Kapiti (one of these 
images was also reproduced in Oliver 1955: 540). 
On Little Barrier Island in three summers (1984–
1987), McLean (1988) found one late-term cuckoo 
nestling and 16 cuckoo fledglings. All were fed 
by whiteheads, showing that this species is the 
principal host on the island. A fledgling cuckoo 
was being fed by whiteheads at Mt Climie, Upper 
Hutt, in April 1991 (Taylor & Parrish 1992), and at 
Boundary Stream, Hawkes Bay, in February 2003 
(Parrish 2006).

Yellowhead
Fulton (1904: 141) had a report from R. Riddle of 
Orepuki (Southland) of a young long-tailed cuckoo 
in a yellowhead’s nest. Elliott (1990) provided 
details of parasitism at six yellowhead nests at 
Knobs Flat, Eglinton Valley, Fiordland.

Brown creeper
R. Riddle of Orepuki sent a report to Fulton (1904: 
141) of a brown creeper feeding a young long-tailed 
cuckoo. Edgar Stead and Robert Wilson visited 
Jacky Lee Island, off Stewart Island, in December 
1932 (Wilson 1959), where brown creepers and 
long-tailed cuckoos were common. Wilson found 
a creeper nest containing a “half fledged” cuckoo 
being fed by creepers (Stead 1936; Wilson 1959). 
One of them found a brown creeper’s nest with 
two eggs, one of which (Egg 10) they considered 
to be a long-tailed cuckoo’s. The eggs were being 
incubated but were soon deserted with the clutch 
remaining at two. In February 1933, Stead (1936) 
was on the island again and found a deserted 
brown creeper’s nest with one egg (Egg 11) that he 
considered to be a cuckoo’s from the similarity in 
size and colouring to Egg 10.

In March 1978, Paddy Latham saw a juvenile 
long-tailed cuckoo being fed by a pair of brown 
creepers at Franz Josef (Sibson 1978). In January 
1988, Ralph Powlesland watched two long-tailed 
cuckoo fledglings, each at a separate location 

on Codfish Island, being fed by brown creepers 
(McLean 1988; R.G. Powlesland, pers. comm. to 
BJG Nov. 2021). In February 1991, Colin O’Donnell 
saw three separate cuckoo fledglings being fed by 
brown creepers (and another by yellowheads) at 
Knobs Flat (O’Donnell & West 1992).

Secondary hosts
For three other species there is credible evidence 
that nestling long-tailed cuckoos were once or 
twice seen in nests, but no case gave evidence of 
the species raising the cuckoo to fledging and 
independence. These species cannot be considered 
biological hosts. The records are from the 1880s, 
1946 and 1963, with an additional vague report 
from before 1988.

New Zealand fantail
Ramsay (1865) reported that a Mr Huntley in 
December 1862 forwarded him a fantail nest, 
probably from Wellington, containing four fantail 
eggs and an egg said to belong to a long-tailed 
cuckoo. We might discount this dubious record 
had not Roberts (1963) published a stunning 
monochrome photograph that he took at Pye’s Pa 
Bush, near Tauranga, showing a fantail feeding 
a long-tailed cuckoo nestling in what is clearly a 
typical fantail nest. The fantail, presumably with 
food in its bill, is advancing towards the open gape 
of the chick. The cuckoo nestling is well-feathered, 
at least two-thirds of the way through its nestling 
period, and shows the pale dorsal spots typical of 
an immature long-tailed cuckoo. The gape is much 
larger than a fantail chick’s would be. The cuckoo 
fills the nest and appears to be the sole occupant. 
Unfortunately, Roberts, who perhaps visited the 
nest only once, provided no details beyond the 
photo caption.

South Island robin
Buller (1888, 1:131) reported observations by W.W. 
Smith of an “undoubted case” of an egg of the long-
tailed cuckoo being hatched out by a South Island 
robin Petroica australis. On 29 October (no year or 
locality given) the nest had two eggs, and four 
eggs on 31 October. On 3 November, Smith found 
an “egg of Eudynamis taitensis placed among the 
rest” making five eggs. By 24 November, all eggs 
had hatched, the young cuckoo was “of enormous 
size compared to its mates” and one robin chick 
was dead. Smith’s observation on 2 December was 
that the cuckoo “will soon be too large for the nest, 
and already has to lie on top of the young Robins”. 
On 9 December, Smith removed two robin chicks 
leaving one, which the next day was nearly ready 
to fly. On 11 December, Smith placed mesh over the 
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nest through which the chicks could be fed. On 15 
December, he released the robin chick and brought 
the cuckoo home (“now in fine plumages, spotted 
with white or greyish white on a brown ground”), 
where he fed it but it was dead by 22 December. 
This nest was under close observation, and we 
have to accept that Smith, a well-known naturalist, 
correctly identified the cuckoo chick. However, it is 
suspicious that the cuckoo did not evict the robins 
to be raised alone.

Stead (1936) and Wilson (1959) reported finding 
what they considered to be a long-tailed cuckoo’s 
egg in a robin nest on Jacky Lee Island, Stewart 
Island, in December 1932. It was the only egg in 
the nest, and disappeared next day, so the evidence  
is weak.

Silvereye
On 5 January 1946, Cunningham (1949) found 
a speckled egg (Egg 15) that he believed to be a 
long-tailed cuckoo’s in a deserted silvereye nest 
at Kiriwhakapapa, in the Tararua foothills north 
of Masterton. On 27 February 1949, at the same 
location, Mrs Stidolph found an old silvereye nest 
from a previous season containing a supposed 
long-tailed cuckoo’s egg (Egg 16; Stidolph 1949). 
Neither account described the nest, or stated 
whether any pale blue silvereye eggs were also 
present, information that could have corroborated 
the identification. 

Stidolph (1949) had visited the same locality on 
20 January 1946, when his wife found a silvereye’s 
nest containing “a large chick, with the eyes just 
opening, of a long-tailed cuckoo”. It had “a yellow 
gape, dark feathers were appearing on the back 
and yellowish ones on the sides of the underparts”. 
Stidolph removed the chick for examination but 
made no comment on the beak, legs or tail. He noted 
that “the adult” silvereyes were “in attendance” 
(i.e. in the vicinity?) and uttered the alarm note, 
but he did not stand back to confirm that silvereyes 
were bringing food to the nestling. At the next 
inspection, seven days later, before the chick 
would have been old enough to fledge, the nest was 
empty. (This did not surprise Stidolph because he 
felt it impossible that a silvereye’s delicate cradle-
like nest, suspended at the rim, could ever take 
the weight of a fully grown long-tailed cuckoo 
nestling.) If it really was a long-tailed cuckoo 
chick, then it is possible that it merely occupied 
an atypical whitehead nest, the species being 
present at the location though “somewhat scarce”. 
Whiteheads can build atypical nests “suspended 
from light twigs, after the habit of the Silvereye” 
(see Plate 2 of Buddle 1951). However, Stidolph was 
a trusted observer and we must accept his record 
as credible.

P. Harper reported to McLean (1988) an 
observation of a long-tailed cuckoo nestling 
being raised by silvereyes in the Waikato, but no 
corroborating details were given.

Unlikely hosts
Records of the following species as successful hosts 
are dubious. They involve putative cuckoo eggs 
laid or thought to have been laid in nests, but they 
give no firm evidence of a cuckoo egg hatching, 
or a cuckoo nestling being raised, in the nests 
concerned.

Grey warbler
The long-tailed cuckoo plate in the second edition 
of Buller’s A History of the Birds of New Zealand (1888) 
shows a grey warbler feeding the cuckoo fledgling. 
At this time the warbler was thought to be host 
to long-tailed cuckoos (“as many witnesses can 
testify”), as well as to shining cuckoos, but Buller 
gave no strong evidence for parasitism by the 
former. Potts (1885) cited observations of fledglings 
being fed by grey warblers in Canterbury. Mr W.W. 
Smith, at Oamaru in November 1885, took an egg 
(Egg 4) thought to be a long-tailed cuckoo’s from a 
grey warbler’s nest (Buller 1888, 1:131), but this egg 
was plain and spherical, so not likely to be a long-
tailed cuckoo’s.

Andersen (1926) reported that a Mr Overton of 
Otago saw a long-tailed cuckoo lay an egg on the 
ground and carry it in its beak to place it in a grey 
warbler’s nest. This is not credible since where the 
act of egg deposition has been seen in other parasitic 
cuckoos the female typically sits on the nest to lay 
(e.g. Wyllie 1981: 124). St Paul (1976) claimed to have 
seen two grey warblers “by the Wanganui River” 
bringing food to a big long-tailed cuckoo nestling. 
He did not confirm that it was in a grey warbler’s 
nest – it could have been a case of passing warblers 
feeding a chick in another species’ nest.

Moncrieff (1949), defending her inclusion (in 
Moncrieff 1948) of grey warbler as a long-tailed 
cuckoo host, wanted to keep an open mind on the 
subject. Fulton (1904), Stidolph (1949), and Oliver 
(1955) thought that records of grey warblers hosting 
long-tailed cuckoos were mistaken.

Bellbird
Ramsay (1865) was given a batch of birds’ nests 
and eggs by Mr R. Huntley of Wellington. These 
included an egg said to be a long-tailed cuckoo’s 
taken from the nest of a bellbird, a species that 
Ramsay believed was “frequently the foster-parent 
of the Long-tailed Cuckoo”. Fulton (1904) thought it 
“probable” that the bellbird is parasitised because 
it chases and harries the long-tailed cuckoo.
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Tui
Higgins (1999) cited a cuckoo’s egg being found 
in a tui’s nest (Prosthemadera novaeseelandiae) but I 
cannot trace the original report. 

Tomtit
Fulton (1904) had a letter from Mr J.C. Buckland 
(November 1903) stating that a Mr Westenra of 
Akaroa found a nearly fledged long-tailed cuckoo 
in a tomtit’s nest, but this third-hand observation 
lacks corroborating detail on how the nest was 
identified (McLean 1988). Fulton received a tomtit 
nest from Fiordland with four fresh eggs, one of 
which was larger and thought by Fulton to be a 
long-tailed cuckoo’s (Egg 7). J. Penniket also found 
a supposed cuckoo’s egg (Egg 17) in an abandoned 
tomtit nest at Kokiri, Westland, in January 1957 
(Anon. 1958: 199). These last two egg records are 
possible or probable but not firmly established. 

Song thrush
Smith (1931) stated that eggs of the long-tailed 
cuckoo have “occurred in the nest of the English 
Thrush” but gave no details. Stead (1936) saw 
two eggs collected from two song thrush nests 
by A. Portman, of Ravensbourne, Dunedin. Stead 
considered them to be long-tailed cuckoo eggs 
based on their size, colour, and pattern being 
similar to that of long-tailed cuckoo eggs Stead 
had seen. These eggs have not been found in any 
museum collection.

House sparrow
Kinsky (1957) saw a long-tailed cuckoo visit a house 
sparrow (Passer domesticus) nest on Kapiti Island in 
January 1957, pushing its head and half its body into 
the nest for “a short while”. The nest was checked 
and contained four eggs, “three of them normal 
sparrow’s eggs and the fourth somewhat smaller 
and lighter in colour”. Next day the nest contained 
five eggs, “four normal sparrow eggs and the 
mysterious egg of the day before”. Kinsky believed 
the latter to be a cuckoo’s egg from its size and 
colour and because atypical lighter sparrow eggs 
are usually the last egg laid, not the penultimate. 
This record seems unlikely, not least because 
sparrow eggs are about 22 x 16 mm (Heather 
& Robertson 1996) and the cuckoo’s egg would 
be bigger than this, not smaller. McLean (1988) 
credited P. Jenkins with an account of a long-tailed 
cuckoo laying in a house sparrow’s nest on Kapiti 
Island. This may be the same Kinsky observation, 
whose paper McLean did not cite, rather than a 
second such record on the same island.

European greenfinch
Stead (1936) saw an egg (Egg 13) collected from a 
greenfinch nest by A. Portman, of Ravensbourne, 
Dunedin, that Stead considered was a long-tailed 
cuckoo egg. The identity was based on its size, 
colour, and pattern being similar to that of other 
presumed long-tailed cuckoo eggs seen by Stead.

Unparasitised species feeding cuckoo fledglings
Nestlings and fledglings of parasitic cuckoos in 
general, with their large size (relative to hosts), 
large gape and noisy begging, can represent a 
super-stimulus to passing birds of any species (e.g. 
Davies 2000: 80–81). The mobility of dependent 
fledgling cuckoos within the host territory puts 
them in the path of many other birds. It seems 
that unconnected birds, even of species that are 
never parasitised, may get diverted to feeding the 
begging cuckoo fledgling if they pass by while 
carrying food intended for their own offspring.

On Little Barrier Island in 1982, McLean (1982) 
saw a group of three whiteheads feeding two long-
tailed cuckoo fledglings. The assumption here is 
that two adjacent whitehead groups, each with a 
cuckoo fledgling as a result of parasitism, merged 
briefly and one group accidentally “adopted” the 
second cuckoo ending up with two to feed. It shows 
the effect of the super-stimulus operating within a 
parasitised species. McLean (1988), while following 
long-tailed cuckoo fledglings on Little Barrier 
Island, saw them begging to passing stitchbirds 
(Notiomystis cincta), tui, bellbirds and red-crowned 
parakeets (Cyanoramphus novaezelandiae), species 
that are unlikely to be parasitised.

It is unsurprising that there are many records 
of long-tailed cuckoo fledglings being fed by a 
diversity of species. These observations of course 
are not proof that the species concerned was 
parasitised. New Zealand pigeon. R. Riddle 
(of Southland) saw this species (Hemiphaga 
novaeseelandiae) feeding a fledgling cuckoo (Fulton 
1904: 141), an improbable record (Oliver 1955) given 
that the cuckoo is an insectivore and the pigeon a 
herbivore. Grey warbler. Cases of grey warblers 
feeding long-tailed cuckoos were reported by Potts 
(1874: 148, 1885: 477) and Buller (1888). Oliver (1955: 
540) mentions grey warblers feeding a long-tailed 
cuckoo on the ground. Tui. Alfred Reynolds of 
Riverton reported to Fulton (1904: 141) a tui feeding 
a “young cuckoo”. This was considered improbable 
by Oliver (1955). Tomtit. J.C. Buckland (of Akaroa) 
reported to Fulton (1904) a fledgling long-tailed 
cuckoo being fed by a tomtit. North Island robin. 
On Little Barrier Island a fledgling cuckoo “was fed 
by a female Robin [Petroica longipes] at least twice” 
(McLean 1986, 1988). South Island robin. R. Riddle 
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(of Southland) reported a fledgling long-tailed 
cuckoo being fed by this species (Fulton 1904: 141).

DISCUSSION
Good evidence establishes the whitehead, 
yellowhead, and brown creeper as principal 
biological hosts of the long-tailed cuckoo. It 
makes evolutionary sense for this cuckoo to be a 
specialist brood-parasite of mohouid passerines. 
The mohouids form an endemic family (Aidala 
et al. 2013) and their association with a brood-
parasite endemic to New Zealand (in terms of 
breeding) at the specific, or perhaps even generic 
level (as Urodynamis; Payne 2005), suggests a long 
co-evolutionary relationship (Fleming 1982). This 
brood-parasitic interaction is likely to be older than 
that between the shining cuckoo (Chrysococcyx 
lucidus), which is only subspecifically endemic to 
New Zealand, and its hosts the grey warbler and 
Chatham Island warbler (Gerygone albofrontata), 
which are New Zealand endemics at just the 
species level.

There is evidence from a very few nests that 
long-tailed cuckoo nestlings can be reared by 
South Island robins (1880s), silvereyes (1946), and 
fantails (1963), but the use of secondary hosts is 
extremely rare. In the past 60 years there has been 
a big upsurge in professional field-work on song-
birds throughout New Zealand, and an increase 
in amateur bird-watching. Yet there are no reports 
during this time of long-tailed cuckoos parasitising 
species other than mohouids, except for a poorly 
documented silvereye record (c. 1980s; McLean 
1988).

The Roberts photograph (1963) seems to give 
evidence that fantails can raise a long-tailed cuckoo 
nestling to an advanced stage of development. 
Assuming that fantails can also raise the cuckoo 
fledgling to independence one wonders why the 
cuckoo does not parasitise fantails regularly across 
the country. That they do not implies that the 
association is suboptimal in some way. It might be, 
for example, that the cuckoo’s egg, so much bigger 
than the fantail’s (Fig. 3), is frequently rejected.

The survey of eggs in museum collections 
revealed one certain long-tailed cuckoo egg and 
16 that are probable or possible. None has been 
collected in the field since 1978 (Egg 22, Fig. 1). A 
useful next step would be to settle the identities 
of the uncertain eggs from DNA extracted by 
a minimally destructive method. Stead’s (1936) 
general description of the colour and pattern of the 
long-tailed cuckoo’s egg is still accurate.
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The detection, breeding behaviour, and use of mangroves 
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Abstract: This study assessed how tall mangroves were used by a pair of banded rails with dependent young during 
three breeding seasons and the intervening periods. Banded rails were territorial and resident all year, raised their 
young under the mangrove canopy predominantly in dense pneumatophores, and sub-canopy seedlings and saplings. 
Foraging rails did not follow the tide as it covered and uncovered the flats. Young less than 20 days old were left in 
cover and delivered food. Young then followed parents as they strolled throughout the site, swam, flew short distances, 
and climbed mangroves. Rails bathed in and drank saline water and ate worms and crabs. The dependence period of 
broods was 45–49 days, and in one season, a young bird stayed within the natal site until it was 59 days old.
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INTRODUCTION
Banded rail (Gallirallus philippensis assimilis) is 
frequently cited as a volant relative of the weka 
(Gallirallus australis) and used in morphological 
and physiological comparisons between flightless 
and flighted forms (McNab 1994; Lamb 2004). The 
Gallirallus group of rails is thought to colonise 
offshore islands repeatedly and evolve flightless 
forms (Livezey 2003; Kirchman 2009, 2012; 
Garcia-R et al. 2017). Flightlessness evolves where 
genetic changes produce morphologies that can be 
selected for and confer physiological and ecological 
advantage (McNab 1994; Kirchman 2009; Shen et 
al. 2009; Sackton et al. 2019). However, flightless 

Gallirallus species have frequently died out when 
people have colonised islands (Kirchman 2012; 
Sayol et al. 2020), while flighted rails have remained, 
or established, including the Gallirallus philippensis 
group on Tonga (Kirchman & Steadman 2005).  
In New Zealand, humans and a suit of human-
assisted introduced mammalian predators have 
reduced the distribution of weka (Beauchamp 
et al. 1999; King 2017) and banded rails (Guthrie-
Smith 1925; Elliott 1983). However, it is unclear 
why flighted banded rails are now more habitat 
constrained than flightless weka (Bull et al. 1985; 
Beauchamp et al. 1999) and why saltmarsh and 
mangrove forests (Avicennia marina australasica) 
comprise the remaining habitats of most of  
the New Zealand banded rail population 
(Bellingham 2013). 
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 Historically, banded rails utilised the 
widespread terrestrial wetland habitats in New 
Zealand (Guthrie Smith 1925; Oliver 1955; Turbott 
1967). However, during the 1930s, rail distribution 
declined (Oliver 1955), and by the 1970s, the 
mainland population was predominantly restricted 
to coastal wetlands in Golden Bay, South Island, 
and coastal wetlands, especially mangroves, in the 
North Island (Bull et al. 1985). Nevertheless, banded 
rails continued to use terrestrial habitats on Aotea/
Great Barrier Island, where mustelids are absent.

Observing banded rails in mangrove forests is 
difficult because New Zealand mangrove forests 
can be structurally complex (Lundquist et al. 2017), 
and banded rails are cautious and cryptic, and 
blend into tall (15 cm high) pneumatophores or 
patches of mangrove seedlings and saplings. The 
actual level of use of mangroves by rails has not 
been determined (Morrisey et al. 2010; Boffa Miskell 
Ltd 2017), but Botha (2011) found that mangroves 
had up to three times the footprint density of 
saltmarshes at Ohiwa Estuary. Banded rail home 
ranges are estimated to be 1.5 ha per pair in Nelson 
saltmarshes (Elliott 1983) and up to 4 ha per pair in 
mangroves (Bellingham 2013).

The breeding biology of banded rails is well 
known until the week after chicks leave the nest 
(Elliott 1983). Banded rails use grassed sites for 
nesting, incubate from the last laid egg, and the egg 
hatching is synchronous. The young leave the nest 
within 24 hours, and brood nests are used (Elliott 
1983). Chicks feed independently at 5–7 days old in 
saltmarsh and when they are also provided with 
supplementary food (Dunlop 1970; Elliott 1983). 
After that time, there are anecdotal records about 
the biology of the chicks and parents but no detail 
on parental care and relationships with habitat use 
(Dunlop 1970). 

Dunlop (1970) identified six call types 
associated with pair communication, breeding and 
territorial defence. A “sharp squeak, kuk/chik, coo, 
coo-aw-oo-ooaw” was used for warning, post-chase 
advertisement and chick communication, and 
partner/chick location, respectively. Dunlop (1970) 
also described sharp squeaks repeated at 15–20 
seconds associated with walking as a “mating call”. 
Other studies have described a low pitched and 
potentially angry growly coo, a grunt given during 
nest defence and explosive hisses from adults when 
chicks are chased (Marchant & Higgins 1993). 
Downy chicks also peep and are communicated 
with by soft cooing by parents (Dunlop 1970). 

Year-round breeding takes place in the tropics 
(Robinson 1994; Tarburton 2018), and seasonal 
breeding occurs in temperate climates (Dunlop 
1970; Marchant & Higgins 1993), with an estimated 
two clutches per year in Nelson, New Zealand 
(Elliott 1983). One pair in Samoa hatched on average 
4.2 (range 3–5, n = 5) chicks per clutch, of which 

1.3 (range 1–3) fledged (Robinson 1994). Eviction of 
these broods averaged 44 days (range 34–63 days; 
Robinson 1994). At Little Goat Island, Pumicestone 
Channel, Queensland, Australia, pairs were seen 
with 1–6 young (n = 12) per clutch when young 
appeared at 2–21 days old (Dunlop 1970). At Nelson, 
New Zealand, one clutch became independent at 29 
days after both parents died (Elliott 1983). 

Infrequently, a group or pair of rails living in 
mangroves is more tolerant of humans than others. 
For example, during 2005 and 2006, walkers often 
saw a bird at the boardwalk behind the public 
baths in central Whangarei (AJB unpubl. data). At 
Sandspit, near Warkworth, during 2013–2021, 2–14 
rails foraged within 10 metres of the mangrove 
margin after long-term predator control occurred 
around the mangroves (AJB unpubl. data). From 
late 2015, a more tolerant pair lived around the 
Limeburners Creek boardwalk.

In this paper, I provide information on the 
habitat use by this pair and developing banded 
rail chicks, the parental behaviour and care of 
those young, and the calling of both the adults 
and young during three breeding attempts and 
intervening periods.

METHODS
Study Area
This study took place near Whangarei sewerage 
ponds (Fig. 1), beside a 186 m long boardwalk in 
mangroves at mid-Limeburners Creek, Kioreroa 
Road (35.745⁰S, 174.322⁰E). The Limeburners Creek 
boardwalk extended from the southern section 
of the rest area to the stream margin over a tidal 
flat occupied by eight-metre-tall c. 60–80-year-old 
mangroves (Fig. 2). Much of the open understory 
was covered with 0.1–0.15 m high pneumatophores 
and seedlings up to 0.2 m tall in winter, and 
visibility was 15–50 m. Beside the creek, part 
of the tidal flats bed was up to 0.3 m higher and 
was covered in 0.5–2.0 m sapling and seedling 
mangroves. The visibility within these mangrove 
seedlings and saplings was 2–7 metres. The tidal 
flats were covered and re-exposed about 1–2 hours 
before and after high tide via channels west of the 
boardwalk (Fig. 2). The raised tidal flat margin 
along the creek remained exposed during the 
lowest high tides (2.3 m chart datum at Marsden 
Point) and was heavily holed with tunnelling 
mud crab (Helice crassa) burrows. The inner 
margin between the boardwalk entrances also 
contained dense seedling and saplings (Fig. 2C). 
In addition, there were two small (c. 100 m2) areas 
with oioi (Leptocarpus similis), one on the western 
margin near the road and the other between the 
boardwalk entrances. The remaining creek banks 
were planted with low native shrubland and flax 
(Phormium tenax) and included the weed pampas 
(Cortaderia selloana).
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Chick out of sight Peep Peep or silence
Chick late foraging with 
parents

Part wavering call but 
more limited #

Wavering calls constant when 
near parents

Chick close contact 
defence

Loud coo* growl # growl repeated grrrrh

* Dunlop 1970, not heard in this study, #, see Fig 3.

Figure  1. The  location  of  banded  rail  breeding  and  survey  sites  in Whangarei 
Harbour, New Zealand. 
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Figure 2. The habitat and location at first detection of adult banded rails at Limeburners Creek, Whangarei. A) during 
young dependency 2018–19; B) after young dependency; C) during young dependency 2019–20; D) during young 
dependency in 2020–21. Filled squares are where birds were first seen, and filled dots are where birds were first heard. 
Open squares are where birds of the southern pair were seen, and open dots heard in November 2020. In C, the ++ 
regions show the extent of the sapling understory.
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Survey method
I visited the Limeburner Creek boardwalk and 
neighbouring sediment ponds (Fig. 2) at least 
weekly from 10 October 2015. I walked the 
boardwalk at <2 km/hr, 1–8 times per survey, 
stopped at all corners and searched out to 50 m 
using Nikon 8x20 binoculars. Banded rails were 
only detected ten times in 145 single-pass surveys 
until November 2018. Then, after chicks were 
seen on 5 November 2018, I increased the number 
of times the boardwalk and pond margins were 
checked to 2–6 times each survey.
  In the 2018–19 parental care period, surveys 
occurred when the mangrove-covered flats were 
submerged by the tide when the young rails were 
15, 31, 33, 35, 42, 43, 44, and 45 days old (Table 1). All 
other surveys occurred when the mudflats were 
exposing, exposed, or covering.

I noted the location of detection, the duration 
of observation, the routes undertaken by the birds, 
the number of birds present, the behaviours of 
adults and young, the food items eaten, and the 
calls given. I also recorded the calls from birds 
when they were 3–10 metres from the boardwalk 
on an Olympus Linear PCM recorder LS-10 and the 
characteristics of the calls were assessed on Raven 
Lite (Charif et al. 2010). 

I visited the site 29 times each year to record 
the behaviour and calls given after young fledged 
and until moult commenced (until the 28 February 
2019 and 24 March 2020) to determine if there were 
further breeding attempts (post-breeding period). 
This time was chosen because a pair and two half-
grown young were seen near the boardwalk on 28 
March 2016 (AJB unpubl. data). I also visited the site 
19 times between 1 April 2019 and 31 August 2019 
and 18 times between 19 April 2020 and 28 August 
2020 (non-breeding period) to assess whether the 
site was permanently occupied. 

The chicks were aged using the presence/
absence of an egg tooth, colour of downy plumage 
and size (Dunlop 1970), and chick mobility and 
behaviour. Notes were kept on the plumage of the 
first young as they developed and used to check 
later clutches. The larger adult was assumed to be 
the male (Marchant & Higgins 1993).

RESULTS
Detection and habitat
Rail parents with 4, 1, and 3 young were seen from 
the Limeburners Creek boardwalk during 22, 
29, and 16 days of the parental care period in the 
2018–19, 2019–20, and 2020–21 seasons, respectively 
(Table 1). When detected, a pair was present with 
the young 26 times and one parent 23 times. The 
only time I saw three adults with young was on 
a territorial boundary where all three birds were 

calling because a weasel (Mustela nivalis vulgaris) 
was c. 5 m from them.

Rails were detected significantly more often 
than not during the chick dependency periods (χ² 
= 16.50, df. = 1, P < 0.001, n = 83) and before moult 
started at 1 March 2019 and 3 February 2020 (χ² = 
5.76, df. =1, P < 0.025, n = 34). However, during the 
two non-breeding period rails were equally likely 
to be detected or missed (χ² =0.017, df. = 1, P < 0.01, 
n = 61). 

The average time to detection of the breeding 
birds with chicks 21–50 days old during the 2018–
2019 breeding season (mean = 10.4 minutes, SD = 
9.65, n = 21) did not differ from that in the 2019–2020 
season (mean = 14.1 minutes, SD = 14.3, n = 36; t = 
-1.03, df. = 55, P = 0.31). During the three parental 
care periods banded rails were first seen or heard in 
similar proportions (χ² = 7.89, df. =5, P > 0.05, n = 65); 
however, rails were initially located significantly 
more often in saplings (χ² = 11.88, df. =5, P < 0.05, 
n = 65) until I learned how to approach the birds 
without unduly disturbing them. Consequently, 
when first seen in the open, parents continued 
activity without apparent distress (n = 11, 41%), but 
also gave the warning squeak when near young (n 
= 10, 37%) or when they entered the sapling margins 
(n = 4, 14%), or when they returned to sites where 
young were resting and I was present (n = 2, 7%).

Parental care when young were 1–20 days old
It was difficult to find rails when they had young 
that were less than 20 days old. In 2018–19 chicks 
were only seen once, on 5 November 2018 at 1650h 
(Table 1). Then, four small black downy chicks 
were seen. They were assumed to be 1–2 days 
old due to their size, the presence of egg teeth on 
their bills, and their stumbling walking when led 
by a parent eight metres into saplings. The chicks 
were fed three times on crabs and brooded for 12 
minutes. The other parent gave a warning squeak, 
disappeared into saplings and circled back in 
silence to the brooding bird, and the family moved 
into the mangrove saplings.

On 21 December 2019, I saw a chick beside a 
preening adult in saplings. The chick was downy 
grey-black with no egg tooth. The parent remained 
silent and only moved when the chick exposed 
itself. The chick followed the parent and swam 
a five-metre water gap that the parent had flown 
over. The parents and chick had not been located 
during five visits to the site after the predicted 
hatch date (Table 1). The chick was only seen three 
times in the remaining first 20 days and was left in 
saplings and fed by parents. Adults walked past me 
in the open in silence but then gave many warning 
squeaks as they entered the saplings. They also 
gave low volume chit and communication calls 
during movements. 

Beauchamp
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Three 2-day-old chicks were seen with parents 
on 22 October 2020 (Table 1) and seven subsequent 
occasions. Both parents generally raised the chicks 
in silence but gave very soft communication calls 
(purr) when the chicks were two and 18 days old. 
Rails left chicks in three sunny hiding spots in 
dense saplings or fallen logs, and delivered food 
to them from within the surrounding c. 20 m. The 
chicks were brooded/covered by the female on day 
seven when disturbed in open habitat, and while 
the male attempted to lure me away from them, 
giving warning squeaks. At other times the male 
moved throughout the territory, only gave single 
warning squeaks to indicate threats (n = 3). These 
calls were not responded to by female or chicks. 
At 17 days old, the chicks ran to cover when they 
heard steps or other people on the boardwalk and 
without any calling by parents. The chicks were 
not following foraging parents when they were all 
lost to either a weasel or an extreme rainfall and 
hail event when between 18 and 20 days old.

Parental care days 21–50 days old
Parents and young were more visible when young 
exceeded 21 days old (Table 2). At this time, young 
rails were still downy-grey, but the wing over-
coverts were visible. Then, parents and young 
always walked while foraging and often covered 
20 or more metres a minute. Young moved behind 
and within 1–3 m of feeding parents and fed 
from the parent’s bill and on food that the parent 
dropped. Adults gave soft calls, and occasionally 
low amplitude warning grunts when they passed 
within 10 m of me (Fig. 3C). Foraging was most 
often from within the mangrove sapling area and 
its margins (Fig. 2) and only once targeted the tidal 
margin of the covering flats. When chicks were 
inactive, adults foraged up to 50 m from them 
within the sapling area. Young started to forage for 
themselves at 21–23 days old, and from day 42, the 
young fed over 20 metres from parents (Table 2).

Banded rail in mangroves

Table 2. The timing of behaviours by parent and juvenile banded rails in two breeding periods at Limeburners Creek, 
Whangarei. Records in brackets are less certain due to a lack of sightings in the period specified.

Activity Juvenile age (day)
2018–2019 2019–2020

Chick brooding 2 not seen
Juveniles started to feed alone 23 21
Juveniles swam between sites 31, 43 12, 33
Juveniles last fed by adults 25 36
Juveniles started foraging independently 23 21
Juveniles started wing flap and dash 21 15
Juveniles climbed mangroves 31, 32, 33 not seen
Juveniles gave last peep calls 43 42
Juveniles gave wavering calls 21–43 15–42
Juveniles deliberately drinking seawater not noted 21–50
Juveniles last foraged with adults 43 44
Juveniles last interacted with adults 46–(49) 45
Juveniles last foraged at natal site 50 59
Juveniles tail flicking started 25 30
Juveniles gave chit-it call not heard (50)–54
Juvenile gave warning squeak not heard (57)–59
Adult gave food calls 21–34 13–34
Adult lead away display and soft calling ends 21 16
Adult gave close deep distress calls not heard 15–21
Adult chased young not seen 45
Adult climbed mangroves 21, 33 not seen
Adult swam in the creek channel 21, 31 not seen
Adult courtship chase and feeding not seen 51, 52
Adult territorial activity southern boundary not seen 45–58
Adult flying in the understory 21, 25 12, 33, 42, 48
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Adults and young bathed in seawater on the 
incoming tide (n = 7) and deliberately drank 
seawater (n = 6). In the 2018–19 breeding season, 
when young were 31 and 33 days old, adults and 
young climbed six-metre-high mangroves, and 
when young were 31 and 43 days old, they swam 
along the mangrove creek margin. Each time, the 
young swam with their head, upper back and tail 
out of the water, while the parents swam with a 
third of their body above the water. On day 33, the 
family of rails remained in the outer mangroves 
and called there until half an hour after sunset. 

Young rails jumped while flapping their wings 
over the outer drainage channels when they were 
25 days old. Wing-stretching showed that the 
remiges were c. 80–90% of total length at 37 days old. 

In 2018–19, four young rails were last seen with 
parents when 27 days old and when young foraged 
predominantly independently of parents. Then, 
from 31–47 days old, only two young were seen 
with parents. In 2019–20, only one chick was seen 
with parents, and from 45–59 days old, it remained 
in the natal area with little interaction with its 
parents (Table 2).

Young at 47 days old, had a red-brown nape and 
grey front band and resembled small adult weka. 
Then, from 52 days old, the upper unbanded breast 
developed light bars and the pale orange-brown 
patch typical of independent young rails. By day 
59, the nape cap became a light rusty colour on the 
margin, and the wings appeared fully developed. 
The mid proximal upper mandible changed from 
dark grey to maroon grey at 37 days old to reddish-
brown at 59 days old.

Beauchamp

I assumed the parents of all three clutches were 
the same because of their tameness, consistent 
use of the same areas between seasons (Fig. 2), 
consistent number and size of young seen during 
the season, and the location of sites of territorial 
defence. However, I did not see the parents or 
young of the third clutch after 10 November 2020, 
during what should have been the remaining 
dependency period of these young (from 20–50 
days old; n = 9 surveys, Table 1).

Foraging and food use
Mud crabs were the most sought-after food, and 
rails ate 18 of them during eight surveys. Crabs 
were the only food item that rails ran to catch, and 
were caught on exposed mudflats and within the 
water in the stream channel. When young were less 
than 15-days-old parents took crabs to dry areas 
and broken them up for the chicks. After this, crabs 
were given whole to young.

Worms were the principal food item consumed. 
Chicks and juveniles ate 44 worms during 13 
surveys. Adult’s raised worms in their bills in situ 
so that the following young could catch up and take 
them at adult’s side. Adults always carried worms 
to <20 day-old young, and sometimes carried 
worms over 50 m to sites where older young were 
resting (n = 5). 

When the 2019–20 juvenile was 52 days old, it 
searched with an open bill in dirty shallow water-
filled pools for worms and appeared to be using 
its tongue for detection. Small items, likely snails, 
were also taken by adults and the juvenile from 
the tide-moistened bases of mangrove trunks and 
boardwalk supports.

Call use by adults and young
Adults gave four long-distance call types as part of 
territorial defence, pair and chick communication 
(Tables 3 & 4). There was also an additional call 
syllable cheo (not recorded, likely the coo aw oo oow, 
Dunlop 1970) given throughout the year before 
multiple repeat chit calling.

During parental care, the most frequent call 
was a single warning squeak which carried at least 
120 m (Tables 3 & 4; Fig. 3F). The squeak was given 
when I was detected on-site but had not first located 
the birds, when I moved erratically near the adults, 
and when adults entered dense saplings after they 
were previously seen in the open. This call was only 
responded to three times by the partner, and then 
with communication and chit-it calls (Fig. 3A & B). 
The warning squeak never resulted in young rails 
running or freezing. Groups of warning squeaks 
repeated at c. 0.3–30 second intervals also occurred 
after territorial disputes and when a weasel was 

Figure 3. Spectrogram of  the calls given by banded rails at Limeburners Creek. 
A,  communication  call;  B,  chit‐it;  C,  close  warning  grunt  call;  D,  chick  later 
wavering  call;  E,  chick  out  of  site  peep call;  F, Warning  call;  and  G,  rapid 
territorial calls. 

22

Figure 3. Spectrogram of the calls given by banded rails 
at Limeburners Creek. A, communication call; B, chit-it; 
C, close warning grunt call; D, chick later wavering call; 
E, chick out of site peep call; F, Warning call; and G, rapid 
territorial calls. 
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nearby. These calls continued for up to 25 minutes 
after I left the immediate vicinity.

Groups of communication calls were given 
every c. 1–5 seconds when pairs were together 
in dense saplings (Fig. 3A; Table 3), and while 
pairs were separated when each tending part of 
the brood. These calls ceased when the pair re-
established visual contact (when the young were 1, 
23, and 33 days old).

The only other adult call that carried more than 
30 m was a chit-it call (Fig. 3B; Table 3). This call 
was given by a separated parent trying to locate 
its partner and young, or as a response to warning 
squeak calls from neighbours or partners. 

Parents gave repeated soft contact calls every 
few seconds when walking with older young. A 
short-range food call (increasing frequency geer) 
was given by adults when presenting food, and 
a parent gave a guik call every second as it swam 
in front of two 31-day-old young to the shoreline. 

Warning grunt calls (Fig. 3C) were also given by 
the adult when feeding juveniles 3–10 metres from 
me beside the boardwalk (Table 2).

From 15 days old, young gave a call like the 
wavering jerky end of dependence period calls 
of weka (Fig. 3D; Table 2; Table 5), initially only 
when presented with food by parents, and then 
from days 21–34 continuously when parents were 
present. Louder peeps were given by young while 
foraging with adults (Fig. 3E). These calls carried 
over 50 metres and were given almost continuously 
along with parental communication calls as rails 
fed in dense saplings.

Calls used in response to a neighbour calling and 
territorial behaviour
The boardwalk pair only responded seven times (n 
= 227 surveys) to the immediate calls by neighbours 
between 25 November 2018 and 18 February 2021. 

Table 3. Number of banded rail calls groups where the activity could be assigned at Limeburners Creek, Whangarei. 
Danger nearby, included people and dogs on the boardwalk and mustelids. Response to other stimulus, included other 
bird species distress calls, emergency services alarms, heavy truck breaking.

 Warning squeak Communications call Chit-it calls Territorial calls
Activity Pair  

contact
Danger  
nearby

Response to 
other stimulus

Pair  
contact

Young 
contract

Post  
defence

Pair  
contact

Young 
contact

Post  
defence

Physical 
conflict

Vocal 
defence

Incubation 0 0 0 0 0 1 1 0 1 1 0
Parental care 2 25 10 13 10 4 8 17 2 2 4
Breeding season  
lacking young

2 5 6 8 0 7 7 1 7 1 7

Non-breeding  
period

0 0 2 4 0 2 2 0 3 0 6

Table 4. Presence of calls types (% of surveys) given by banded rail adults during the breeding season where 
dependent young were present at that site, where dependent young were absent during the breeding season, and in the  
non-breeding period at Limeburners Creek, Whangarei. January 2019 – October 2020. n = number of surveys.   

 Surveys calls types heard (%) Surveys lacking calls (%)
 Warning 

Squeak
Communication 

calls
Chit &

chi-it
Territorial 

calls
Rails not 
detected

Rails seen but 
not calling

Surveys 
(n)

Breeding season  
1 September – 31 March
Incubation 0 8 17 8 67 0 12
Young <20 days old 37 9 23 11 34 9 35
Young ≥21–50 days old 38 22 27 3 19 9 64
Other times 14 19 19 10 41 9 80

Overall breeding season 25 17 22 8 34 8 191
Non-breeding season  
1 April – 31 August 8 17 14 17 44 8 36
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Table 5. Calls used by banded rails and weka during equivalent activities 

Activity Banded rail call Weka call
Territorial defence “Chi-dik”, ‘kuk” “cick”* chit, chit-it # Booming doon-doon-doon repeated
Pair or individual spacing A rapidly repeating group of  

communication calls #
Spacing call duet, coo-eet, repeated up to 
40 times

Warning calls Kuk *, or high intensity and  
modulating high pitched squeak #

Kuk, Squeak often repeated multiple times 
where dependent young are present

Partner close contact calling soft coo or communications calls # Contact call and boom and soft uh
Nest and breeding reediness Guttural rising Urrrrrrr repeated Guttural rising Urrrrrrr repeated
Chick leading Soft coo*, chit-it, guik repeated and 

adult to chick food call
put-put-put call

Adult to chick food calling Chit* and food call uuurha Food call rising uuurha 
Chick out of sight Peep Peep or silence
Chick late foraging with parents # Wavering calls constant when near 

parents

Chick close contact defence Loud coo* growl # growl repeated grrrrh
 
* Dunlop 1970, not heard in this study, #, see Fig 3.

Two of these responses were associated with police 
sirens, one to a drone flying over the site and 
three with close conflict on the western boundary  
(Fig. 2D). 

In the post-breeding period between 20 January 
2020 and 9 March 2020, there was considerable 
activity in the western margin of the home range. 
This activity included call groups, with six or 
more combined communication call or chit notes 
repeated together three to a second (territorial calls; 
Fig. 3G) before and after chases. The behaviour was 
indicative of a boundary dispute but may have also 
included a pair challenge, because it was associated 
with courtship feeding and a courtship chase.

No pair duet or individual calling took place at 
dawn or the early evening through the year.

DISCUSSION
Most data collected in this study derive from 
observations of three broods with the same parents, 
so may not represent how all banded rails behave 
within mangroves. The other breeding pair present 
in the 2020–21 season, only occupied saplings. 

This study showed that banded rails were 
generally secretive and extremely mobile ground-
based foragers. There was little leaf litter under 
mangroves, so foraging was predominantly 
undertaken by investigating under objects, 
probing at objects, fishing about in small puddles 
or dashing at visible food items. Some foraging 
occurred within the water of the creek margin, but 
most foraging was from the exposed mangrove 

forest floor. Banded rails delivered worms and 
crabs to young. The territories were submerged 
twice a day by the tide and were always moist. 
There was no apparent competition for food 
resources on the mangrove forest floor with 
New Zealand kingfishers (Todiramphus sanctus), 
Eurasian blackbirds (Turdus merula), song thrush 
(Turdus philomelos), or mallards/grey ducks (Anus 
platyrhynchos/superciliosa). Rats (Rattus norvegicus) 
emerged from hollow standing mangrove trunks 
in the late evenings.

Food appeared to be abundant. Banded rails 
did not follow the flush or ebbing tide or were 
pressed for foraging areas or time. Rails were first 
detected near the creek margin 30 or more minutes 
after tidal-flat exposure. Up to one metre long 
short-finned eels (Anguilla australis) were always 
near the head of newly advancing flushing tides 
and could have been a predation issue for young 
rail chicks (McDowall 1990). Adult rails generally 
flew over drains and channels and only swam 
when chicks could not fly or would not see where 
adults hand flown. On most occasions, adults and 
young moved inland in advance of the tide.
 The noisiest and potentially the riskiest time for 
banded rail young at Limeburners Creek was when 
they were 18–43 days old, when they could not fly, 
and communication between young and parents 
lasted up to 80% of the time. Similar long periods of 
noisy calling occurred between parents and young 
during the hour before sunset at Awaroa River (75–
77% of the time) on 9 and 12 February 2019 (AJB 
unpubl. data). Five of the eight young I followed at 
Limeburners Creek disappeared during this time. 

Beauchamp
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The appearance of a weasel in the mangroves 
two days before the loss of the chicks and adults in 
2020–21, suggests that predation was the cause. It is 
likely that the two young that disappeared in early 
December 2018, at 27 days old, died; because young 
of this age were still dependent on some parental 
feeding, and independent young would still have 
been expected to be within the parental territory.

Banded rails, like weka, had specific locations 
where they left chicks while they foraged for food. 
All of these sites were near or within logs or dense 
sapling cover. During the first 20 days, the pair 
foraged within 20 metres of young and carried 
food to them instead of calling them from cover. 
The male roamed more widely and only called 
when there was another person on the boardwalk 
or to locate the female if she had moved chicks 
on. The female answered these calls with a single 
communication call. Unlike weka, banded rails did 
not call when they met after separation, and there 
were no equivalents of the territorial boom or the 
spacing call (Table 5, Beauchamp 1987), which are 
used in pair greetings and to define ownership 
of space (Beauchamp 1987; Beauchamp &  
Chambers 2000).

At Limeburners Creek, the banded rails used a 
similar group of calls during pair communication 
and territorial defence to those described in 
Queensland (G. p. mellori, Dunlop 1970). These 
included the “kuk” or “chik” calls, which like the chit 
and chit-it calls in my study were associated with 
keeping other rails away, partner communication 
and boundary defence (Table 5). In addition, 
banded rails used a call, like the distant food calls 
and breeding readiness calls in weka (Table 5), 
while breaking up crabs near chicks (Dunlop 1970). 
Dunlop (1970) also described the sharp squeak, 
given every 15–20 seconds, as associated with mate 
finding and warning of an unexpected factor. This 
description appears to cover both the warning 
squeak and the communication calls. Rails in both 
areas gave calls that started with a burst of squeaks 
up to three a second and then slowed to 20 or more 
seconds apart. Calls like this occurred during and 
after territorial defence. 

Dunlop (1970) reported that the single squeak 
given when birds were surprised was a directed 
warning call to the group, not the partner alone, and 
seldom induced a response. The banded rail young 
in my study did not appear to treat this call as an 
indication of imminent danger. Multiple repeated 
warning squeaks and communication calls 
occurred when the weasel was present, but chicks 
only moved when the parents sort cover. Similar 
warning squeaks and multiple communication 
calls occurred on 20 November, 12 December, 22 
December 2019, and 7 & 28 February, 9 March, 
and 28 August 2020 at adjoining banded rail 

sites, but chick presence was only confirmed once  
(AJB unpubl. data). The lack of any speedy reaction 
to predators is considered a reason for losses in 
other rail populations (Bunin & Jamieson 1995). 

In contrast, North Island weka (G. a. greyi) often 
gave similar harsh warning squeaks, once when 
surprised, but multiple times when dependent 
young were present but frequently up to 100 m 
away. This call was also occasionally taken up 
by nearby non-paired weka and pairs with and 
without young (AJB unpubl. data). Young between 
3–41 days old ran and occasionally hid. However, 
the South Island weka (G. a. australis) and those of 
a mixed population on Kapiti Island (Beauchamp 
1987; Trewick et al. 2017) very occasionally gave this 
call when weka were surprised, and seldom gave 
it when they had dependent young unless those 
young were hiding a few metres away (Marchant 
& Higgins 1993). This call was never taken up by 
neighbouring pairs (AJB unpubl. data).
 The study indicated that adult banded rails also 
reduced their vulnerability by reducing actions 
that would make them visible. For example, no 
banded rails foraged on the margin of the oxidation 
ponds in daylight. Also, rails foraged within 6–10 
metres of cover at Sandspit where mammalian 
predator control was present (AJB unpubl. data), and 
at Ohiwa Harbour when it was not (Botha 2011).

Most of the calls described by Dunlop (1970) 
in Queensland, Australia, were given by New 
Zealand banded rails and appeared to have similar 
functions. However, in both populations there was 
no equivalent to the loud spacing calls, or mate 
finding calls of weka which are often heard in the 
evenings (Table 5; Beauchamp 1987, 1997). There 
was calling that would allow predators to find 
banded rails within the mangroves. However, this 
calling appears to be of less than that described 
for other populations of banded rails (Lachish & 
Goldizen 2004) and the related terrestrial Roviana 
Rail (Gallirallus roviane; Kirchman 2012) that give 
lengthy territorial calls (Frank Lambert, XC404084. 
Accessible at www.xeno-canto.org/404084.).

In conclusion, banded rails in New Zealand 
are vulnerable to nest and chick predation from 
introduced rats and mustelids in saltmarsh and 
swamp habitats (Guthrie-Smith 1925; Elliott 
1983). Even when predator control occurs, banded 
rails tend to stay within 10 m of cover. There 
is limited competition for the resources under 
mangroves, and banded rails can use mangroves 
because they can drink saline water, eat saline 
foods, and utilise a habitat with predictable food 
supplies. In mangroves, rails have limited calling 
behaviour that may further reduce the attention of 
mammalian predators near that habitat, especially 
outside of the time that young are between 18 and 
43 days old.

Banded rail in mangroves
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Eleven bones of the South Island takahe (Porphyrio 
hochstetteri), seven representing a minimum of 
two adults and four from an immature bird, were 
excavated from the Pyramid Valley lake bed deposit 
(42º 58′ 22.54″S, 172º 35′ 50.12″E), near Waikari in 
the north-eastern South Island. Their presence in 
the deposit has been used as evidence that the big, 
flightless rail inhabited, or at least could inhabit, the 
lowland mixed forest/shrubland that surrounded 
the lake (Worthy & Holdaway 1996; Holdaway & 
Worthy 1997). This interpretation conflicts with 
the general view that the takahe is a relict glacial 
grassland specialist (Mills et al. 1984).

However, the undated presence of a species in a 
site whose environmental context may have changed 
with time does little to define that species’ habitat 
preference(s). Takahe were among a minimum of 46 
species of bird, whose habitat requirements ranged 
from forest to shrubland, grassland, wetlands, 
and open water, recovered from Pyramid Valley 
during excavations conducted periodically from 
the late 1930s to 1972 (Holdaway & Worthy 1997; 
Holdaway 2015). Until recently, radiocarbon ages 
had been measured on only the four species of 
extinct moa (Aves: Dinornithiformes) from the 
site (Allentoft et al. 2014; Holdaway et al. 2014). 
Without radiocarbon ages, even the relative dates 

of individuals are unknown because of the crude 
excavation methods, the fluidity of the sediments, 
and the lack of records of the recovery depths for 
the non-moa avifauna. The uncertainties of the 
chronology of species presence and an assumption 
of stasis in the vegetation make interpretations of 
when and in what habitat(s) the Pyramid Valley 
takahe may have lived difficult at best.

Radiocarbon ages on individuals are crucial 
because they allow species’ occurrences to be 
referenced directly to their ambient vegetation. 
To provide a baseline for interpretation of habitat 
of takahe in the area around Pyramid Valley, I 
submitted bone samples from three individuals 
from the site — two adults, Av5922 (1.07 g), and 
Av15039 (0.41 g) (both from right femora), and 
the one juvenile, Av6041 (0.31 g) (tip of immature 
mandible) — for high precision accelerator mass 
spectrometry (AMS) radiocarbon analysis to the 
14 Chrono Laboratory, Queen’s University, Belfast, 
UK. The samples were chosen to avoid features 
of potential morphological interest. Collagen was 
extracted using a method based on that of Brown 
et al. (1988) but using a Vivaspin® filter cleaning 
method introduced by Bronk Ramsey et al. (2004). 
The conventional radiocarbon ages were calibrated 
to calendar date ranges via OxCal4.4, referenced 
to the SHCal20 curve (Hogg et al. 2020). The 
radiocarbon ages on the Waikari Cave and Takahe 
Tomo takahe (Table 1) were measured by the Rafter 
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Radiocarbon Laboratory (now of GNS Science). 
All ages are reported by that laboratory according 
to the 1977 agreement on Radiocarbon Reporting 
Conventions (Stuiver & Polach 1977).

The radiocarbon age of 2,054 ± 29 14C years 
before present (BP) (UBA42953) was measured on 
one of the adults (Av15039, Table 1). Unfortunately, 
insufficient bone gelatin was recovered from the 
other adult’s (Av5922) sample for measurement. 
As noted before (Holdaway & Worthy 1997), the 
immature bird confirms that takahe had bred at or 
very near the site: its radiocarbon age of 1,680 ± 26 
14C years BP (UBA42952, Table 1) means that it lived 
400 years after the adult (350–500 years taking the 
extreme upper and lower errors of both calibrated 
dates (Table 1)).

Only one other radiocarbon age on a takahe 
from the eastern South Island has been published. 
This was on an individual recovered from Waikari 
Cave, a small cavern at the south-eastern edge of 
the Hawarden Basin, North Canterbury, and 12.34 
km east of Pyramid Valley. The Waikari Cave 
takahe was, at c. 3,700 calendar years BP (Table 
1), also of Holocene age, but almost twice as old 

as those at Pyramid Valley (Table 1). The Waikari 
Cave fossil fauna included taxa with widely 
different habitats, from forest (e.g. New Zealand 
pigeon, Hemiphaga novaeseelandiae); South Island 
saddleback, Philesturnus carunculatus; South Island 
kokako, Callaeas cinerea) to shrubland/grassland 
(e.g., New Zealand quail, Coturnix novaezelandiae), 
and small shore and water birds (e.g., shore plover, 
Thinornis novaeseelandiae; New Zealand dabchick 
(Poliocephalus rufopectus) (Worthy & Holdaway 
1996). Of the other radiocarbon ages for birds from 
Waikari Cave, two (NZ1723, NZ4166) can be ignored 
as they were measured on mixed bulk samples of 
small bones (Worthy & Holdaway 1996). However, 
an AMS age of 3,837 ± 71 14C years BP (NZA4613) on 
an extinct coot (Fulica prisca) (Worthy & Holdaway 
1996) from Waikari Cave is almost indistinguishable 
from that on the takahe.

As none of other species from the site has been 
radiocarbon dated, they cannot be employed as 
indicators of the local habitat(s) available to the 
takahe. The variety of species (Worthy & Holdaway 
1996) and their range of body sizes suggests that 
the deposit is an accumulation of the prey remains 

Table 1. Details of available conventional radiocarbon ages (CRA) on South Island takahe (Porphyrio hochstetteri), with 
calibrated (SHCal20 terrestrial calibration curve, Hogg et al. [2020]) mean and median dates Before Present (BP, 1950 CE), 
Before Common Era/Common Era (BCE/CE), and confidence intervals for the calibrated dates of the Pyramid Valley 
individuals. Av, Canterbury Museum accession number; S, Te Papa Tongarewa Museum of New Zealand accession 
number. Age, bird’s estimated ontogenetic age at death. SD, standard deviation of radiocarbon measurement. δ13C, 
carbon stable isotope ratio used in calibrating measurement. Radiocarbon age sources: NZA, Rafter Radiocarbon 
Laboratory, GNS Science, Lower Hutt, New Zealand; UBA, 14Chrono laboratory, Queen’s University, Belfast, United 
Kingdom. References: W & H, Worthy & Holdaway (1996); W, Worthy (1997).

Calibrated dates BP
Site Age Museum no. 14C Lab no. CRA SD δ13C Mean SD Median Source
Pyramid Valley Imm Av6041 UBA42952 1,680 26 -20.5 1,533 41 1,540 This paper
Pyramid Valley Ad Av15039 UBA42953 2,054 29 -22.6 1,963 37 1,960 This paper
Pyramid Valley Ad Av5922 UBA42954 Failed - - - - - This paper
Waikari Cave ? S33717 NZA4612 3,480 100 -21.93 3,708 135 3,705 W & H (1996)
Takahe Tomo ? S334493/ S33495 NZA6970 12,210 110 -20.5 14,154 246 14,108 W (1997)

Calibrated dates BCE/CE
Site Museum no. 14C Lab no. CRA SD Mean SD Median
Pyramid Valley Imm Av6041 UBA42952 1,680 26 - 417 CE 41 410 CE
Pyramid Valley Ad Av15039 UBA42953 2,054 29 - 14 BCE 37 11 BCE
Waikari Cave ? S33717 NZA4612 3,480 100 - 1759 BCE 135 1756 BCE

Short note

Confidence intervals for Pyramid Valley radiocarbon ages
BP BCE/CE

14C age no. CRA SD 68.3% 95.4% 68.3% 95.4%

UBA42952 Imm 1680 26 1,583–1,518 1,589–1,452 (91.0%); 
1,444–1,427 (4.4%) 368–432 CE 362–498 (91.0%);

507–523 (4.4%)

UBA42953 Ad 2054 29 2,004–1,983 (19.9%);
1,975–1,927 (48.4%)

2,043–2,030 (2.4%);
2,017–1,888 (93.1%)

55–34 BCE (19.9%);
26 BCE–23 CE (48.4%)

94–81 BCE (2.4%);
68 BCE – 63 CE (93.1%)
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of either or both the extinct harrier (Circus eylesi) 
and extinct laughing owl (Sceloglaux albifacies). 
The smaller birds could have been captured some 
distance from the site and might not reflect the 
vegetation near at hand occupied by larger species 
such as takahe, which are unlikely to have been 
carried far.

The Pyramid Valley (330 m) and Waikari Cave 
(220 m) deposits record faunas from relatively low 
altitude vegetation. The only other radiocarbon age 
for a South Island takahe is 12,210 ± 110 14C years 
BP (NZA6970) (Table 1) for one of six individuals 
identified in Takahe Tomo, a cave in the Hodges 
Creek cave system, at c. 940 m in northwest Nelson 
(Worthy 1997). The present vegetation in that area 
is southern beech (Fuscospora, Lophozonia, both 
formerly Nothofagus) forest. The bird is geologically 
much older than those from North Canterbury 
and was deposited during the period of warming 
following the most recent (Weichselian-Otiran) 
glaciation so its habitat probably included subalpine 
shrubland as well as grassland, fellfield, and 
encroaching beech forest, much as that occupied by 
the relict Fiordland populations.

The environmental context of the deposit 
at Pyramid Valley has been thought to be well 
understood (Moar 1970; Gregg 1972; Burrows 1989; 
Holdaway & Worthy 1997) and relatively constant. 
Recent work on the lake bed sediments and the 
fossil microflora has shown, however, that the 
present 1 ha lake is a remnant of a much larger (c. 50 
ha) and deeper lake (Johnston 2014; Johnston et al. 
2022). From c. 3,500 to 2,100 calendar years BP, the 
present Pyramid Valley lake was, apart from two 
brief intervals, a small shallow bay on the south-
eastern periphery of a larger lake that filled the 
entire valley. The two dated Pyramid Valley takahe 
were deposited, one at the onset of, and the other 
at the termination of, the major change in the local 
vegetation that accompanied the lake’s sudden 
drainage just over 2,000 years ago (Johnston 2014; 
Johnston et al. 2022). 

The presence and disappearance of the lake 
means that the surrounding vegetation was not 
constant in extent or composition during the 3,500 
years represented in the lake sediments (Johnston 
2014; Johnston et al. 2022). The draining of the large 
lake exposed nearly 50 ha of the larger lake bed. 
In addition, the avulsing outbreak flood waters 
would have damaged or destroyed several square 
kilometres of forest in the outwash valley to the 
west and beyond that on the wide terraces along the 
upper Waipara River (Johnston et al. 2022).

The abrupt change in vegetation is recorded 
in pollen diagrams (Harris 1955; Moar 1970) but 
its significance was misinterpreted. Moar (1970) 
attributed the sudden rise in grass (Poaceae) and 

sedge (Cyperaceae) pollen at c. 400 mm depth to the 
replacement of forest by grassland after Polynesian 
firing (McWethy et al. 2010; McWethy et al. 2014), 
despite the continued abundance of forest tree 
pollen. A new age-depth model (Johnston 2014; 
Johnston et al. 2022) places the 400 mm depth at c. 
2,000 BP and not at Polynesian settlement over 1,000 
years later. At 400 mm, a spike in the terrestrial 
fern Microsorum (also known as Phymatosorus) 
(Harris 1955) was followed by another of bracken 
(Pteridium). The new date for the increase in 
grass pollen, along with the persistence of forest 
pollen (Moar 1970), suggests the colonisation of 
a significant new area of open ground within 
surrounding forest and recovery of forest destroyed 
further afield.

This new vegetation sequence means that the 
takahe adult was present when seral grassland 
and shrubland occupied the former lake bed and 
the regenerating forest to the west. In contrast, the 
immature bird lived 400 years later, by which time 
the succession to forest would have been complete 
and the entire valley forested. The species was 
therefore then breeding near Pyramid Valley – 
albeit unsuccessfully for the parents concerned – in 
lowland dry forest.

The calibrated dates for the two takahe suggest, 
but obviously cannot prove, that the species was 
present between the drainage of the large lake until 
forest had covered the former lake bed. The seral 
succession over those four centuries would have 
provided the species with a range of habitats from 
closed forest, to grassland near forest (as occupied 
by the birds surviving in Fiordland), and seral 
shrubland. The radiocarbon ages on these birds 
suggest that eastern populations of takahe were 
not restricted to “Pleistocene grasslands” but were 
flexible in their habitat requirements.

The source of the takahe population at Pyramid 
Valley, if indeed it was not present throughout 
the 5,000 years of the deposit’s history (Johnston 
2014), is unknown. As the species was present at 
Waikari Cave less than 15 km away 1,400 years 
before the first Pyramid Valley individual died, 
the South Island takahe may have been a regular, 
if uncommon, component of the North Canterbury 
Holocene avifauna.
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Intraspecific fostering of nestlings occurs naturally 
in some avian species (Hitchcock & Mirarchi 1985; 
Berggren 2006; Kazama et al. 2012) and is used 
by conservation practitioners to bolster breeding 
success in threatened species, or to re-introduce 
reared chicks into managed populations (Cade 
1980; Fentzloff 1984; Synder et al. 1987; Romer 2000; 
Saint Jalme 2002; Lobo & Marini 2013; Hahn & Yosef 
2020; Vigo-Trauco et al. 2021). Introducing chicks 
into surrogate nests is not a suitable option for 
all species as some have a higher risk of siblicide, 
aggression, or rejection from foster parents, or 
abandonment following management interventions 
(Synder et al. 1987; Vigo-Trauco et al. 2021). There are 
few documented cases of intraspecific fostering in a 
New Zealand passerine species (notably the North 
Island robin, Petroica longipes; Berggren 2006). Here 
we report the use of a surrogate nest and induced 
fostering to successfully raise and release a wild hihi 
(stitchbird, Notiomystis cincta) nestling at Zealandia 
Te Māra a Tāne sanctuary (henceforth Zealandia), 
Wellington. To our knowledge, the potential to use 
fostering or surrogate nests as a management tool 
has not been previously trialled with this species.

Hihi are a cavity-nesting passerine species that 

were previously common in forests across North 
Island of New Zealand (Buller 1888; Department of 
Conservation & Zoological Society of London 2021). 
Due to habitat destruction, disease, and introduced 
mammalian predators, the species became 
restricted to one offshore island (Te Hauturu-o-Toi/
Little Barrier Island) by the 1880s (Taylor et al. 2005; 
Innes et al. 2010). In 2005, 64 hihi were translocated 
to Zealandia, in the first mainland reintroduction 
of this species; this is one of seven re-introduced 
managed populations (Ewen et al. 2013; Salvador et 
al. 2019). The population is now c. 120 adults, aided 
by supplementary feeding, predator exclusion, 
and provisioning of artificial nest boxes to mimic 
suitable tree-cavities that would be found in old-
growth forests (Department of Conservation & 
Zoological Society of London 2021).

Hihi are the sole members of their phylogenetic 
family, Notiomystidae (Driskell et al. 2007), and 
have an atypical breeding ecology (Castro et al. 
1996). They have an unusually long nestling period 
of 28–31 days, and parental care continues for a 
further 7–14 days post-fledging (Higgins et al. 2001; 
Castro et al. 2003). Females often provide most of 
the parental care with males, sometimes multiple, 
contributing towards occasional feeds (Castro 
et al. 1996, 2003; Low et al. 2006, 2012). Although 
hihi typically form breeding pairs, a mixture of 
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monogamy, polygyny, polyandry, polygynandry, 
and extra-pair copulations are commonplace in hihi 
populations (Castro et al. 1996; Low 2005).

In December 2020, during routine breeding 
season monitoring of nest boxes, an 11-day-old hihi 
chick was found to be suffering from a large air-
filled swelling on the left side of its neck. The chick 
was the sole nestling from its nest where the other 
two eggs had failed to hatch. Due to the severity of 
the chick’s condition, it was removed from its nest 
and immediately taken to the Nest Te Kōhanga at 
Wellington Zoo for veterinary treatment. Veterinary 
treatment was successful, although the cause of 
the air-filled swelling remained undetermined. 
The most likely causes of the swelling were air sac 
rupture resulting in air leaking into subcutaneous 
tissues, or obstruction of airflow out of the cervical 
air sac causing it to hyperinflate. Within 10 days the 
chick had recovered fully. The chick (henceforth 
referred to as the introduced chick) was slightly 
underdeveloped for its age but had gained several 
grams of mass from hand-rearing and was in 
good condition. Continuing to hand-rear was not 
considered to be a viable option as a release into the 
wild population following weeks of hand-rearing 
was thought to have a high likelihood of failure, 
behavioural abnormalities, or failure to successfully 
re-integrate into the wild population.

A nearby active nest had a breeding female and 
two male partners raising a lone chick (henceforth 
referred to as the natural chick) of similar age, and 
thus was potentially compatible as a surrogate nest. 
Both social males associated with the nest had been 
observed attending the nest and feeding the chick 
alongside the breeding female. Previous research 
has shown that hihi nestlings can naturally exhibit 
body size differences linked to hatch order without 
impacting their survival after fledging, suggesting 
that slight asynchrony in development between the 
two chicks would not be an issue (MacLeod et al. 
2016). The introduced chick was 18 days old with 
a mass of 33.1 g. The natural chick was 21 days 
old with a mass of 37.0 g. The spread of pathogens 
between the introduced chick and the surrogate 
nest was a concern; however, as the chick had been 
treated with antibiotics, some of this risk had been 
minimised. Further pathogen screening would have 
delayed the release by several days, thus missing 
the window for re-introduction.

In January 2021, 10 days after the introduced 
chick had been removed from its original nest, it 
was transported to Zealandia to be introduced into 
the foster nest. The chick was fed immediately prior 
to being transported. To minimize disturbance and 
to ease the transition the introduction took place 
with the natural chick being removed for banding. 
Upon arriving at the nest site, one of the social males 
associated with the nest was observed entering 
the nest box and feeding sounds were heard.  

The female was observed in the vicinity and 
remained nearby for the duration of banding. The 
introduced chick was placed into the nest while 
the natural chick was removed for banding. The 
introduced chick was continually vocalizing, and 
the female showed interest in the nest box as well 
as the chick we were banding. Following banding, 
both chicks were placed together in the nest box 
and appeared to settle quickly. The female entered 
the nest box two minutes later and remained inside 
for four minutes. The nest was observed for several 
hours following banding to look for any signs 
of rejection or aggression. During this time, the 
female and both social males were seen separately 
attending the nest multiple times and both chicks 
could be heard responding vocally each time. A trail 
camera (Browning Patriot) was set up to continue 
observing the nest box entrance. Footage showed 
ongoing and consistent attendance by the female 
and the two social males. Both chicks fledged 
successfully nine days later and were resighted 
the following week being fed by one of the males. 
To our knowledge, the original breeding pair 
that provided the introduced chick did not renest 
during the remainder of the breeding season. The 
foster trio had an additional successful breeding 
attempt with three chicks fledging in March 2021.

There are many factors that must be considered 
before taking significant wildlife management 
actions such as the surrogacy used here. This 
includes minimising the risk of disease transmission 
and risks to existing nestlings and the surrogate. 
Further, the case described here provided many 
situational factors necessary for testing the 
approach and ultimately supporting its success; 
nests at Zealandia are intensively monitored, the 
surrogate nest had a sole nestling of similar age, 
limiting the risk to the other nestling’s survival, and 
three parents were present possibly providing a 
greater pool of resources. However, our case study 
shows that fostering and nest surrogacy could be 
considered a feasible management option for hihi. 
Further investigation is required to determine if 
this approach remains successful under different 
circumstances, e.g. younger chicks or with more 
nestmates. Future research could also investigate 
the potential of using nest surrogacy, possibly 
alongside artificial incubation, to improve breeding 
success in hihi populations that struggle from low 
embryo and nestling survival (Low & Pärt 2009).
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Drones, or UAVs (unmanned aerial vehicles) 
are increasingly popular for wildlife monitoring 
because they offer a relatively cheap and fast means 
to monitor wildlife (Chabot & Bird 2015; Gallego & 
Sarasola 2021). However, there is concern about how 
UAVs influence wildlife behaviour. Most studies 
investigating bird responses to UAVs have focused 
on open habitats (e.g. Weston et al. 2020) where these 
bird assemblages, including raptor species, have 
demonstrated sensitivity to UAV activity (Lyons 
et al. 2017), but few studies have examined how 
forest species respond. In Aotearoa New Zealand, 
wildlife monitoring within forest landscapes is often 
challenging, and UAVs have been touted as a means 
for improving monitoring in these complex habitats. 
However, forest bird responses to UAVs are largely 
unknown. Here we outline observations of forest 
bird responses from sustained UAV use within rich 
and diverse forest sites during recent monitoring.

Turitea reserve is the main water catchment 
for Palmerston North and consists of broadleaf/

podocarp forest at lower elevation (80–300 m 
a.s.l.) dominated by a tawa (Beilschmiedia tawa)/
rewarewa (Knightia excelsa) canopy with emergent 
rimu (Dacrydium cupressinum)/miro (Pectinopitys 
ferruginea), transitioning into regenerating 
submontane horopito (Pseuduowintera colorata) 
scrub. The site has a diverse bird assemblage 
typical of New Zealand broadleaf forests (Table 
1) and includes large populations of uncommon 
species such as pōpokotea (whitehead, Mohoua 
albicilla), tītitipounamu (rifleman, Acanthisitta 
chloris), miromiro (North Island tomtit, Petroica 
macrocephala), korimako (bellbird, Anthornis 
melanura), and kārearea (New Zealand falcon, Falco 
novaeseelandiae). The two reservoirs also provide 
habitat for a range of aquatic birds, including tētē-
moroiti (grey teal, Anas gracilis).

We conducted 48 flights (c. 15 hours) using a large 
(4 kg) UAV (DJI Matrice 200) to track the dispersal 
of 40 toutouwai (North Island robin, Petroica 
longipes) reintroduced to Turitea reserve (Fig. 1). A 
commercial-sized UAV capable of carrying a custom 
receiver was required for toutouwai monitoring. 
These larger UAVs are louder than smaller 
recreational drones which are commonly used for 
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wildlife surveys. For instance, similar commercial 
UAVs produce noise emissions ranging from 80–90 
dB compared to smaller recreational UAVs, which 
produce 50–80 dB of noise (Schäffer et al. 2021). This 
noise level is comparable to heavy traffic and far 
above the ambient noise level of typical rural/forest 
environments (Torija et al. 2020). As a result, we 
expected our observations to reflect the higher end 
of potential forest bird responses to UAVs.

Monitoring was conducted by a Part 101 
licensed operator (ZLS) which meant the UAV was 
always within line of sight and bird responses to 
the UAV could be observed. Noise emissions were 
generally heard at all times by the operator except 
at the furthest distances (e.g. >1 km). Volunteers 
undertaking toutouwai ground monitoring were 
also occasionally below the UAV during flights and 
could clearly hear it from beneath the canopy (D. 
Armstrong & K. Macdermid pers. comm.).

In addition to the sound and flight associated 
disturbance from the UAV, we attached additional 
navigation strobe lighting to the unit to assist with 
visibility during monitoring. These strobe lights 
(Firehouse Technology Arc “V” Drone Strobe 
Navigation Light – in red and white) produce 

1,000 lumens of output which may also disturb 
birds. UAV flights followed a lawnmower pattern 
with gridlines 60 m apart and lasted on average 12 
minutes and covering 2.2 km per flight. The UAV 
was flown at speeds of 14–16 km/h (3.8–4.4 m/s) at 
an altitude of 70 m a.g.l. (above ground level). Prior 
to monitoring calibration flights were also flown at 
45 m a.g.l. – the lowest possible altitude that allowed 
canopy clearance, 50, 60, 75, and 100 m a.g.l. While 
this speed and altitude were specific to toutouwai 
monitoring, it likely reflects a higher potential 
disturbance to forest species as the transmitters 
used (Lotek Picopip Ag376) are small and require 
the UAV to be flown close to the canopy for best 
detection. Take-off was generally 100 m from the 
forest edge but sometimes occurred within 10–20 m.

During monitoring almost all of the observed 33 
species (Table 1) showed no discernible response to 
the UAV (April – July 2021) based on approximately 
2,259 anecdotal observations. Observations were 
taken from the ground by the pilot and observers, 
and from video footage retrieved from the UAV. 
Of the few species that did display an identified 
response (8), these appeared to be relatively minor 
or very brief.

Figure 1. Location of observation sites in New Zealand, with aerial views of the landscape where UAV monitoring was 
conducted (upper image – UAV above Turitea reserve; lower image – Close up image of canopy from UAV camera used 
for helping identify bird responses). 
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In general, native forest birds showed little or 
no reaction to the UAV, with some minor responses 
observed such as brief pauses in singing by smaller 
species (K. Macdermid pers. comm.) or possible 
displacement from perches when the UAV was 
directly overhead. The UAV often flew directly over 
perching kererū (New Zealand pigeon, Hemiphaga 
novaeseelandiae) which could be seen in the canopy 
from both ground and UAV camera footage, and no 
individuals were observed moving or being alarmed 
when the UAV flew or hovered above. Kererū can 
be sensitive to ground disturbance, e.g. from hikers 
and walkers (Mander et al. 1998). However, it was 
reassuring that kererū did not appear to respond to 
UAV activity and seemed to move naturally below 
it (including performing breeding displays). Tūī 
(Prosthemadera novaeseelandiae) and korimako were 
also often seen undertaking general movements and 
foraging activities, and singing and being territorial 
within the canopy prior to UAV take-off. As the 
UAV approached during monitoring (c. 40 m), 
individuals appeared to maintain these behaviours 
and did not appear to alter their movement patterns.

Predatory birds can respond aggressively to 
UAVs (e.g. Junda et al. 2016); however, we noted 
no response by kārearea and kahu (swamp harrier, 
Circus approximans) which often flew past or directly 
above the UAV without changing behaviour.

All other forest bird species showed no response 
to UAV activity directly above. This included the 
recently released toutouwai; a pair observed at a 
nest when the UAV passed directly above did not 
alter their behaviour and the nestlings remained 
vocal while being fed (K. Macdermid pers. comm.). 
This nest was located in a tall tawa (20–30 m), so 
the UAV would have been within 40 m at the time.

The main responses observed were from 
aquatic birds found at the reservoirs. Pūtangitangi 
(paradise shelduck, Tadorna variegata) reacted 
to UAV take-off and fly-bys, with individuals 
responding almost every time to take-off. When 
the UAV was in flight and crossed a reservoir, 
responses could be observed at a distance. For 
example, pūtangitangi disturbed from the water (or 
a perch) circled the UAV a few times and then left 
the reservoir while alarm calling. In some instances, 
individuals would return to their original location 
before being disturbed, but most were displaced, 
settling out of range of the UAV. Various shags were 
also seen flying during UAV flights; however, these 
individuals were only observed from a distance, 
and it is unclear whether the displacement was in 
response to the UAV or not. On the few occasions 
where tētē-moroiti were close to a UAV take-off, 
they did move away from the dam edge but did not 
take flight. These responses were consistent with 
observed responses to general human presence.

During preliminary testing at Bushy Park 

Tarapuruhi – a fenced sanctuary 20 km north-east 
of Whanganui which has a similar bird assemblage 
to Turitea but with the addition of tīeke (North 
Island saddleback Philesturnus carunculatus) and 
hihi (Notiomystis cincta) – we also witnessed no 
notable responses to the UAV by native species. 
Hihi continued to use the supplementary feeders 
when the UAV was directly above, and no change 
in tīeke behaviour occurred. However, during these 
flights, we did witness our only major response by 
a forest bird – sulphur crested cockatoos (Cacatua 
galerita). Soon after UAV take-off, a small flock (c. 
10 birds) of this non-native species rose from the 
canopy and flew towards the UAV, calling loudly. 
This response happened on two occasions with the 
flock circling the UAV a few times before returning 
to their original perches. This reaction was 
provoked from over 100 m away. Native parrots 
(Strigopidae & Psittaculidae) were not observed at 
our sites (although kaka Nestor meridionalis has been 
recorded rarely in Turitea reserve) so we are unable 
to evaluate their response. Based on the cockatoo 
response, we recommend testing prior to the use of 
UAVs within sites where they occur.

Our UAV flew at consistent flight speeds on 
autopilot, occasionally pausing briefly at waypoints 
to change direction or adjust altitude. Bird responses 
to UAVs may vary depending on whether the UAV 
is stationary or mobile, so different responses to 
those identified here could be possible for different 
flight patterns. During their research, Muller et 
al. (2019) filmed nesting penguins and found that 
sudden changes in UAV acceleration triggered 
more head tilts than smooth flight patterns. We 
never witnessed this during our monitoring, where 
the use of autopilot software meant flight paths 
were smooth and continuous. We therefore suggest 
the use of autopilot software, for future monitoring, 
to reduce bird disturbance by UAVs.

A benefit of the receiver system we used 
during monitoring (Muller et al. 2019) was that 
the aerial array was custom-designed to sit as a 
box protruding wider and higher than the rotors. 
We believe this may provide a solid barrier that 
birds are able to see compared to bare spinning 
rotors which could be difficult to see. This meant 
that in the few instances when birds did get close 
to the UAV, they were kept away from potential 
harm. During our monitoring, we only observed 
one incident where a pūtangitangi had to change 
course to avoid a collision. This occurred during 
preliminary test flights during the breeding season 
(November), and it was suspected a nest may have 
been nearby, prompting the pair to display more 
defensive behaviour. We suggest utilising a similar 
barrier/guard to our aerial array that sits outside the 
rotors or using propellor guards that are available 
for some UAV models to avoid harm to individuals.
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Our observations at sites with a wide 
assemblage of New Zealand forest bird species 
present a scenario where UAV disturbance can be 
assessed. While these observations are anecdotal, 
they provide evidence that many of New Zealand’s 
forest dwelling birds are unlikely to be negatively 
affected by UAVs during wildlife monitoring 
research. Our monitoring used automated piloting 
software for smooth and consistent, and predictable 
flight paths, which may provide less disturbance 
to birds. However, aquatic birds, particularly 
ducks responded to the UAV take-off, flybys, and 
hovering in a similar way as to human presence. 
UAVs for tracking wildlife, therefore, likely provide 
low disturbance to birds in forest settings. However, 
additional testing of specific species responses 
during breeding, and for particular groups (e.g. 
native parrots) would be beneficial to identify and 
minimise any potential negative responses.
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Pāteke (brown teal, Anas chlorotis) is a small, 
endemic dabbling duck that was once widespread 
throughout lowland New Zealand (Williams 
2013). It suffered a catastrophic population decline 
following European settlement in the mid-1800s 
and was reduced to relict populations in Northland, 
Aotea/Great Barrier Island, and Fiordland by the 
mid-twentieth century (Hayes & Williams 1982; 
Parish & Williams 2001; Ferreira & Taylor 2003; 
Harper 2009). The reasons for this decline are 
depressingly familiar; introduced mammalian 
predators combined with the loss of wetland habitat, 
and possibly disease (McKenzie 1971), reduced the 
number of wild birds to an estimated 1,500 by the 
1970s (Dumbell 1986). Successful captive breeding 
programmes were established by Ducks Unlimited 
(Operation Pāteke) and the Mount Bruce Native 
Bird Reserve, with reared birds being released at 
suitable predator-controlled sites from the late 
1960s (Hayes & Williams 1982). The success of these 
programmes resulted in a downgrading of the threat 
level from Nationally Endangered to Recovering in 
2008 (Department of Conservation 2022), although 
the species is still considered vulnerable with an 
estimated wild population of only 2,000–2,500; 
mainly in Northland (c. 600), Aotea (c. 700), and the 
Coromandel (c. 400) (Department of Conservation 2022).

Pāteke are crepuscular and actively feed at 
night (Williams 2013). They prefer still or sluggishly 
moving water and ample vegetation cover that 
provides daytime shelter and secluded nesting 
sites. As the breeding season approaches in late 
winter or early spring (July–September; Williams 
2013), birds that have congregated at flocking sites 
pair off and establish breeding territories that they 
vigorously defend against both conspecifics and 
other water fowl (Hayes & Williams 1982). This 
short note reports an example of polygyny in the 
usually strictly monogamous pāteke, which was 
observed at the Weiti chéniers, Auckland (Fig. 1) 
during the 2021/22 breeding season. The Weiti 
chénier area, a series of shell ridges separated by 
mangrove swamps, provides ideal habitat for 
pāteke. A brackish water lagoon (0.6 ha) formed 
on the landward side of the outer chénier and 
extensive mudflats on its seaward side provide 
adequate sources of food (Moore & Battley 2003; 
Moore et al. 2006), and an adjacent vegetated area of 
0.4 ha provides daytime shelter and suitable nesting 
sites. Pest control on and around the chéniers has 
been carried out since 2013 by a local community 
group, initially to protect New Zealand dotterel 
(tūturiwhatu, Charadrius obscurus) and variable 
oystercatcher (tōrea pango, Haematopus unicolor) 
nesting sites, but this has also reduced predator 
pressure on nesting pāteke and their ducklings.
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Pāteke have successfully bred at this site 
since 2017 when a pair raised two offspring 
(Martin Sanders pers. comm.). The Weiti birds are 
self-introduced and were originally banded on 
Motutapu island in the Hauraki Gulf. In the 2021/22 
breeding season three birds, a male and two females, 
were first observed at the lagoon on the 2 July 2021. 
One of the females was uniquely banded (metal/
white). However, the white band may have faded 
from an original yellow, as a female with a metal/
yellow band combination was observed at Weiti 
in 2018. While the birds were usually seen resting 
together, the unbanded female was observed on 
several occasions to be aggressive towards the 
banded female. Two or three adult pāteke were 
observed on twelve subsequent visits between 2 
July 2021 and 11 February 2022 indicating that they 
were holding a territory; this was confirmed by the 
aggressive behaviour of the drake towards mallards 
(A. platyrhynchos) that were also breeding at the 
lagoon. A brood of four pāteke ducklings (Fig. 2) 
was first seen on the 9 December 2021 (pers. obs.) 
and based on shape and size were about four weeks 
old (Barker & Williams 2002). The four ducklings 
were observed until 21 December 2021 (Martin 
Sanders pers. comm.) after which the unbanded 
female and four juveniles vacated the territory and 

were not observed again. This was coincidental 
with a new brood of three ducklings, estimated 
to be a week or so old, observed with the banded 
female on the 22 December 2021. It is likely that 
these two events are linked and that the maturing 
juveniles were old enough to survive in the wider 
environment as they became progressively more 
independent from the adults, leaving their more 
protected natal habitat for the younger brood. 
Whether the banded female and male ejected the 
unbanded female and her brood or it was a natural 
progression as the ducklings matured is not known. 
The three juveniles and parents were still present 
at the lagoon on 27 January 2022 when they were 
almost adult size.

Monogamy is the primary mating system in 
dabbling ducks, with pāteke males protecting 
nesting females, defending feeding territory, and 
helping to care for ducklings, but three southern 
hemisphere species – Cape teal (A. capensis), 
speckled teal (A. flavirostris), and white-cheeked 
pintail (A. bahamensis) frequently exhibit polygyny 
(McKinney 1985). Polygyny has also been observed 
occasionally in northern hemisphere species such 
as the Eurasian wigeon (A. penelope) (Jacobsen & 
Ugelvik 1995). McKinney (1985) suggested that 
polygyny may be favoured in dabbling duck species 

Figure 1. The four chéniers are labelled 1–4. M = mangroves. The dashed line on 
the  youngest  chénier  (4)  separates  bare  shell  from  vegetated  areas.  The  cover 
vegetation adjacent  to  the  lagoon  is used by pāteke  (brown  teal, Anas  chlorotis) 
for  daytime  shelter  and  nesting.  Extensive  areas  of mudflats  are  available  for 
nocturnal feeding. The Scrub/Coastal Bush vegetation includes grassland, mature 
macrocarpa  (Cupressus  macrocarpa),  regenerating  native  vegetation,  replanted 
areas  and  mature  pōhutukawa  (Metrosideros  excelsa) and  pūriri  (Vitex  lucens) 
along old cliff faces. The lagoon is at 36o38’43”S, 174o43’32”E.

5

Figure 1. The four chéniers are labelled 1–4. M = mangroves. The dashed line on the youngest chénier (4) separates bare 
shell from vegetated areas. The cover vegetation adjacent to the lagoon is used by pāteke (brown teal, Anas chlorotis) for 
daytime shelter and nesting. Extensive areas of mudflats are available for nocturnal feeding. The Scrub/Coastal Bush 
vegetation includes grassland, mature macrocarpa (Cupressus macrocarpa), regenerating native vegetation, replanted 
areas and mature pōhutukawa (Metrosideros excelsa) and pūriri (Vitex lucens) along old cliff faces. The lagoon is at 
36o38’43”S, 174o43’32”E.
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that have extended and/or irregular breeding 
seasons, as is the case with pāteke, which might 
produce asynchrony in breeding and moult timing 
resulting in a skewed sex ratio thereby relaxing 
constraints on strict monogamy. If this is the case, 
one may expect to find polygyny in dabbling 
duck population where the sex ration is skewed 
for other reasons. Wingfield (1984) demonstrated 
that polygyny could be induced in monogamous 
species by artificially increasing testosterone. 
Because pāteke are known to exhibit territorial 
aggression, even towards species as large as black 
swans (Cygnus atratus) (Hayes & Williams 1982), we 
can assume that testosterone levels are high enough 
in males during the breeding season to create a 
potential for polygyny in this species. Whether this 
potential is realised will depend on circumstances 
(Emlen & Oring 1977).

Perhaps the polygyny observed this breeding 
season at Weiti was simply a result of the trio’s 
isolation from other pāteke. The staggered breeding 
times observed allowed the male to protect both 
females while they were nesting and to provide 
for both sets of ducklings, and perhaps could 
best be described as serial monogamy rather 
than true polygyny. To my knowledge, this is the 
first report of multiple mating by a male pāteke 

and has implications for the conservation of this 
species. Provided there is no significant difference 
in survival of young to fledging age between 
monogamous and polygynous pairings, polygyny 
could increase the potential for pāteke to self-spread 
and that reintroductions could be successful even if 
only few individuals were translocated.
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When species are introduced to, or naturally 
colonise, new areas they may encounter either 
novel prey or novel predators or, in some cases, 
both. Conversely, they may present as either novel 
prey or novel predators to the local fauna (e.g. 
McLennan et al. 1996; Yorio et al. 2020). Whether 
or not a species establishes a self-sustaining 
population in a newly invaded region, as well as the 
impacts they may have on the invaded ecosystem, 
depends on numerous factors (Williamson 1999; 
Duncan et al. 2003). One of the factors dictating a 
successful establishment in a new region may be 
the behavioural flexibility of the introduced species 
and their responses to novel situations, predators, 
and prey (Sol et al. 2002). For example, an invasion 
event may involve the partial or total loss of the 
species native diet, such that, without sufficient 
dietary flexibility, the establishment of the species 
may be unsuccessful (Sol & Lefebvre 2000). 

Therefore, it is reasonable to predict that dietary 
generalists are better equipped to establish in new 
regions compared to dietary specialists. Generalist 
omnivores may be opportunistic feeders and 
therefore can utilise available novel food sources 
which specialists cannot. Indeed, some of the most 
successful and widespread species in the world 
are opportunistic generalists, for example house 
sparrows (Passer domesticus), common cockroaches 
(Periplaneta americana), and brown rats (Rattus 
norvegicus) (Case 1996; Sax & Brown 2000; Cassey 
2001). It is unsurprising that these cosmopolitan 
species are also associated with humans in both 
their native and introduced ranges, but it obscures 
whether their invasiveness is due to diet or being 
a human commensal (Barrett et al. 2019). In other 
words, successful invaders are often passengers of 
human driven habitat modification (Grarock et al. 
2013). However, a number of other very successful 
invasive species are less dependent on humans, but 
are still very flexible in diet, such as the Asian carps 
(a number of species of cyprinid fishes) and cane 
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toads (Rhinella marina), suggesting diet is important.
Non-native species introductions have long been 

considered one of the main threats to biodiversity 
and ecosystem composition. Indeed, there are 
many examples to support this, particularly in New 
Zealand (Aotearoa) where introduced predators 
have been responsible for historical extinctions 
and severe population declines for many endemic 
species, and are still a driving force in many 
current population declines (O’Donnell 1996; 
Dowding & Murphy 2001; Duncan & Blackburn 
2004; Innes et al. 2010; Tennyson 2010; Remeš et 
al. 2012; Garcia-R & Di Marco 2020). However, it 
has become increasingly apparent that non-native 
introductions may have neutral and/or positive 
effects on native species, particularly if the invading 
species in question can become prey for natives 
(e.g. Rodriguez 2006; Goodenough 2010; Pintor & 
Byers 2015; Carlson et al. 2017; Yorio et al. 2020). 
If native predators can take advantage of novel 
prey (i.e. successfully identify and capture the 
prey), and if these novel prey become relatively 
abundant, then the native predators may obtain 
fitness benefits from the presence of this non-
native species (Carlsson et al. 2009). In a meta-
analysis of introduced species studies, Pintor and 
Byers (2015) found that the focus on predator-
prey interactions involving introduced species 
is largely one-sided (i.e. focused on introduced 
predators rather than introduced prey). However, it 
appears that native predator populations typically 
increase significantly following the introduction 
of non-native prey. Thus, introduced prey may 
indirectly benefit native prey by offering new 
targets and diluting the risk. Understanding these 
native predator/introduced prey dynamics may 
be fundamental in protecting native prey species 
from severe competition or even displacement by 
introduced prey species. Native predators may aid 
in limiting or entirely prohibiting the expansion 
of introduced prey species populations through 
biotic resistance (deRivera et al. 2005; Cheng &  
Hovel 2010).

Pūkeko (Porphyrio melanotus melanotus) are 
a highly successful New Zealand subspecies of 
the purple swamphen. Estimates date their self-
introduction from Australia to ~1,000 years ago, 
and today they are widespread across mainland 
New Zealand, as well as offshore islands (Worthy 
& Holdaway 1996; Trewick 1996a, 1996b; 1997; 
Trewick & Worthy 2001). It was not until the 1800s, 
during European colonisation, that additional 
species were introduced to New Zealand, including 
mammalian predators and various avifauna, 
particularly British species (see Duncan 1997 
for a full list of British passeriforms released in  
New Zealand). 

Pūkeko diet is primarily plant material such 

as stems, shoots, leaves, and seeds of numerous 
varieties of grass, sedge, rush, and clover  
(Carroll 1966; Dey & Jamieson 2013; Rodgers & 
Cain 2019). In addition, they are also opportunistic 
feeders and a portion of their diet consists of animal 
material (Trewick 1996a). However, how large and 
how frequent a portion is unclear. In one Australian 
population, animal matter was found in 51 of 234 
animal (22%), but made up only 1% of the contents 
by volume (Norman & Mumford 1985). The animal 
matter in pūkeko diet is primarily invertebrates. 
However, reports of larger vertebrate prey exist 
(Carroll 1966; McKenzie 1967; Fogarty 1968; Wright 
1978; Dey & Jamieson 2013). These include New 
Zealand reports of predation on species such as 
pied stilt eggs (Himantopus leucocephalus), Eurasian 
blackbird chicks (Turdus merula), mallard (Anas 
platyrhynchos) ducklings, pāteke ducklings (brown 
teal, Anas chlorotis), as well as reports in Australia on 
species such as common starlings (Sturnus vulgaris), 
noisy miner chicks (Manorina melanocephala), black 
swan eggs and cygnets (Cygnus atratus), and 
various waterfowl species ducklings (Van Tets, 
1965; Lowe 1966; McKenzie 1967; Fogarty 1968; 
Wright 1978; Nixon 1983; Egan 1992; Morgan et 
al. 2006; Balasubramaniam & Guay 2008; Rickett 
2010). Craig (1974) reported that pūkeko mainly 
took prey during the breeding season to feed 
chicks. This presents a unique situation in which 
pūkeko are a self-introduced (and now considered 
native) predator and prey species. Further, this 
species has experienced the introduction of further 
new predator and prey species since this initial 
colonisation event.

We monitored a North Island population of 
pūkeko from September 2017 – October 2020 in 
Māngere, Auckland (36.95052oS, 174.76543oE), as 
part of a larger project on the species (Sweeney 
2022). Regular census counts (on average once a 
fortnight) and ad libitum observations occurred 
throughout the study period, in addition to other 
experiments. Over the course of three years, pūkeko 
were observed opportunistically depredating 
five non-native species, three avian and two 
mammalian, involving a total of eight events (Table 
1). All events involved significant commotion, with 
three-nine members of the pūkeko social group 
involved. The bird which caught the prey typically 
ran around with it, while other members of the 
group vocalised loudly and gave chase. In four of 
the eight observations, we observed the situation 
immediately preceding the event. In all four cases 
the depredating bird was not observed “stalking” 
the prey, instead each event appeared to happen 
spontaneously (i.e. opportunistically) when the 
prey item suddenly appeared near the attacking 
individual. In the case of the European greenfinch 
(Chloris chloris), it flew to join the pūkeko feeding 
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on some grass seed and the pūkeko almost 
immediately caught it.

It is worth noting that over the course of the 
study, pūkeko were regularly observed foraging in 
close proximity to the avian species listed in Table 
1, without any attempted predation events being 
observed. Further, these species did not appear to 
consider pūkeko a threat; they fly towards them 
intentionally and do not alarm or engage in any 
other anti-predator behaviour, until attacked. It is 
also worth noting that though other observers have 
reported seeing pūkeko attacking native species, no 
predation of any native species was observed over 
the course of this 3 year study, despite many native 
avifauna species occurring in the area, which is of 
international importance for migratory species (>35 
native species (eBird 2022)). 

On one occasion the pūkeko were observed 
feeding the prey item (a mouse (Mus musculus)) to 
offspring. In all other cases (n = 7), they moved into 
dense vegetation out of the observers view shortly 
after capturing the prey, so the fate of the prey item 
was unknown. However, all observed predation 
events occurred during the peak breeding season 
(August – February), which supports Craig (1974) 
and Wright’s (1978) arguments that pūkeko 
mainly take larger prey opportunistically during 
the breeding season to provide extra protein to 
offspring during their critical development stage 
(growth). Overall, in line with previous studies, 
pūkeko in the study population were observed to 
be predominantly herbivorous. However, these 
observations of predatory behaviour indicate that 
they are capable of opportunistically exploiting 
a food source beyond their typical diet range, 
potentially to benefit their offspring and thereby 
increase reproductive output.

Behavioural flexibility facilitates rapid responses 
to novel conditions, and species demonstrating 
dietary flexibility should be able to exploit novel 
food resources more readily than specialised 
species which maintain foraging behaviours from 
their native range (Sol & Lefebvre 2000; Wyles et 
al. 1983). When a flexible species invades a new 

region, its ability to modify and develop behaviours 
should facilitate identifying and utilising novel 
food resources, and therefore increase its success 
in establishing a self-sustaining population. 
The ability of pūkeko to opportunistically 
depredate non-native prey is further evidence 
of the species’ dietary flexibility. This is perhaps 
unsurprising given how well established pūkeko 
have become since self-introduction. Sol et al. 
(2011) predicted that in regions where species 
often encounter novel feeding opportunities, 
and where risks associated with native predators 
are low, the species in question should favour 
approaching novel resources (neophilia) over 
avoidance (neophobia). Pūkeko are an excellent 
example of this process. Though they are a very 
common species, understanding their behaviour 
and foraging decisions has important and wide-
ranging consequences. A recent paper showcases 
this possibility, finding that pukeko readily 
consume native threatened freshwater mussels 
(Echyridella spp. (Farnworth 2021)). Together, these 
findings illustrate how understanding the diet and 
behaviour of common species can have very real 
conservation implications, and that even infrequent 
food choices may have large effects on prey 
populations. Perhaps more importantly, it shows us 
that even our most familiar species still have some 
secrets for us to learn. 
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Table 1. Non-native species observed being opportunistically predated on by pūkeko (Porphyrio melanotus melanotus) 
from September 2017 – October 2020.

Species Age Observations Time of Year
Brown rat (Rattus norvegicus) Juvenile 1 Breeding Season
Mouse (Mus musculus) Adult 3 Breeding Season
European Greenfinch (Chloris chloris) Adult 1 Breeding Season
European Goldfinch (Carduelis carduelis) Adult 1 Breeding Season
Mallard (Anas platyrhynchos) Duckling 2 Breeding Season
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