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Abstract 27 

A population of Night Parrots, Pezoporus occidentalis, was discovered in 2013 in western 28 

Queensland and has become the primary focus of efforts aimed at conserving habitat and 29 

protecting the species from extinction. Critical information on nesting habitat and location, 30 

breeding season and behaviour, clutch size and breeding success is currently limited to 31 

anecdotal 19th century observations and accounts by early natural historians. Here we 32 

describe several breeding attempts at Pullen Pullen Reserve. Our observations include nest 33 

and fledgling descriptions, habitat and clutch characteristics, breeding seasonality, adult 34 

breeding behaviour and vocalisations. We also identify a King Brown Snake (Pseudechis 35 

australis) as the predator responsible for one nesting failure. Our observations confirm 36 

historical reports of nesting habitat, egg and clutch size and breeding seasonality and provide 37 

important new information on vocalisations and adult behaviour around an active nest. These 38 

new data provide a basis for future studies and conservation management of this enigmatic 39 

threatened species. 40 

 41 

Introduction 42 

 43 

The Night Parrot Pezoporus occidentalis is a small (~ 100g; Murphy et al. in prep) nocturnal 44 

parrot endemic to Australia’s arid zone. It is listed as Endangered under the Commonwealth 45 

Environment Protection and Biodiversity Conservation Act 1999. Although there are only 25 46 

specimens known to exist, judging by geographically widespread specimen locations, 47 

including two places (Gawler Ranges and Alice Springs) where multiple individuals were 48 

recorded over a relatively short period, the species appears to have been widespread and 49 

apparently relatively common until the late 19th century (Andrews 1883; Ashby 1924; Black 50 

2012). However, after 1912 – when a specimen was shot in the Gascoyne region of Western 51 

Australia (Wilson 1937) – confirmed records of living birds ceased for almost 100 years 52 

despite numerous searches (see Pyke and Ehrlich (2014) for examples). In 1990 and 2006, 53 

desiccated bodies were discovered in south-western Queensland (Boles et al. 1994; 54 

McDougall et al. 2009). Finally, the first photographs of a living Night Parrot were obtained 55 

in 2013 by naturalist John Young (Dooley 2013). The location discovered by Young turned 56 

out to be occupied over an extended period, presenting a rare and important opportunity to 57 

conduct research into this little known species (Murphy 2014).  58 

 59 
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Before 2013 most information about Night Parrots, including their breeding biology, was 60 

either based on anecdotes or inference, or was non-existent. Several sources suggested that 61 

Night Parrots bred in hummocks of the (mostly) arid-adapted grass genus Triodia (Andrews 62 

1883; Whitlock 1924; McGilp 1931; Wilson 1937; Kershaw 1943; Menkhorst and Ryan 63 

2015). In the late 1800s, a South Australian cattle grazier, John McDonald, reportedly found 64 

“three or four nests” north-east of Coober Pedy, one of which was under a low, dense 65 

samphire bush (McGilp 1931 p. 69). Aboriginal people suggested that breeding occurs after 66 

significant rain (Wilson 1937) and Andrews (1883) ventured that it is triggered when rain 67 

induces prolific Triodia seed production.  68 

 69 

The discovery of a reliably detectable Night Parrot population has provided an important 70 

opportunity to conduct systematic research (Murphy 2014). However, the sensitivities that 71 

accompany research on a small population of an endangered and high profile species, 72 

together with challenges relating to the species’ cryptic behaviour, have meant that much of 73 

our work has involved describing small samples. Here we present information from an 74 

opportunistic encounter with breeding Night Parrots that used both natural history 75 

observations and molecular forensics. We provide the first detailed descriptions of nests, 76 

breeding habitat, adult breeding behaviour, fledgling appearance and, using DNA technology, 77 

we reveal the cause of a nest failure. 78 

 79 

Methods 80 

Study area and conditions 81 

The population occurs on and around Pullen Pullen Reserve, a new conservation reserve 82 

formerly part of the beef production property Brighton Downs situated in the Goneaway 83 

Tableland subregion in western Queensland (IBRA Version 7; Australian Government 2016). 84 

Rainfall is seasonal with distinct wet (Dec-Mar) and dry (May-Oct) seasons (Figure 1). 85 

Rainfall during the study period was measured in a tipping bucket gauge (model RG3-M, 86 

Onset Computer Corporation, Massachusetts, USA) installed in November 2013.  87 

 88 

The following main habitats occur in the study area: (1) Tertiary sandstone duricrust plateaus 89 

dominated by sparse Acacia shirleyi with scattered perennial shrubs including Ptilotus 90 

pedleyanus and Eremophila latrobei; (2) Triodia longiceps on shallow rocky, loamy soils on 91 

the slopes and margins of dissected plateaus; (3) Sclerolaena spp. dominant over other 92 
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chenopods on self-mulching clay soils with a surface pavement of ironstone and silcrete; (4) 93 

high productivity alluvia dominated by ephemeral annual forbs that are often associated with 94 

(5) braided drainages dominated by A. cambagei ± A. stenophylla, A. cyperophylla, and 95 

Eucalyptus coolabah. Due to concerns about illegal activity, the exact location of the nests 96 

are not provided here.  97 

 98 

Observations 99 

Nests were encountered by chance during routine survey work in areas known to be occupied 100 

by Night Parrots. Once encountered, adult behaviour at the active nest was observed using 1x 101 

and 3.5x night vision monoculars (Pulsar Challenger models G2+1x21 and G2+3.5x56, 102 

respectively; FE Beltex Optic, Belarus) from about 30-50m away. Nests were measured when 103 

birds were absent, and descriptions of the habitats made in terms of landscape position, 104 

vegetation structure and floristics.  105 

 106 

Observations of the active nest were augmented with an automatic sound recorder (Song 107 

Meter 3; Wildlife Acoustics Inc., Massachusetts, USA) installed 12 m away. These data were 108 

used to describe breeding-specific vocalisations and adult activity at the nest (including 109 

visits). Audio files were analysed by visual scanning of spectrograms and manual listening. 110 

The time of each vocalisation event was expressed in minutes after sunset. One of the calls, 111 

characterised as a croak (Figure 2), appears to be used as a contact call between individuals 112 

and are audible over relatively short distances (20-100m away, depending on conditions; S. 113 

Murphy, unpubl. data). Hence, we analysed the temporal frequency of croaks to describe 114 

periods when the pair were interacting and interpreted these interactions as one of the pair 115 

returning to the nest. A series of croaks was recorded as one event. Other calls were excluded 116 

from this analysis because they carry further and may have been given by other Night Parrots 117 

in the area. 118 

 119 

 120 

[Figure 2 about here] 121 

 122 

Predator identification  123 

To identify the predator of one nest, eggshell fragments were collected from the nest using 124 

sterile forceps and placed into sterile specimen containers. DNA testing to identify the 125 
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possible predator was undertaken at the Australian Centre for Ancient DNA, University of 126 

Adelaide. The inside and outside surfaces of pieces of eggshell were swabbed with sterile, 127 

DNA-free swabs (Copan 4N6FLOQSwabs, Copan, Murrieta, CA, USA). DNA was extracted 128 

from four swabs (shell1_inside, shell1_outside, shell2_inside, shell2_outside) using protocols 129 

described elsewhere (Austin et al. 2013) and with a negative extraction control. A short 130 

(<140 base-pair, including primers) hypervariable segment of the mitochondrial DNA 131 

(mtDNA) 16S rRNA gene was PCR amplified and Sanger sequenced as described by Austin 132 

et al. (2013) using primers 16Smam1 and 16Smam2 (Taylor 1996). Sequence chromatograms 133 

were manually edited using Geneious v9.0.5 (Biomatters, Auckland, New Zealand) and 134 

consensus sequence (trimmed of primer sequence) searched against the NCBI nucleotide 135 

database using BLAST searches ('nr' database, blastn program) within Geneious. 136 

 137 

Retrospective analysis of previously collected acoustic data 138 

Since August 2013, acoustic surveys using Song Meters have been conducted more or less 139 

continually at multiple sites on Pullen Pullen, which have resulted in a large audio archive. 140 

We searched this archive for patterns of occurrence vocalisations that were similar to what 141 

we observed at the active nest, which may suggest previous breeding activity. The archive 142 

was searched using the automated acoustic detection software Song Scope 4.1.3.A (Wildlife 143 

Acoustics Inc., Concord, Massachusetts, USA). In total we analysed 62 recording nights at 144 

one location for the 2013-14 summer wet period, 191 recording nights at five locations for 145 

the 2014-15 summer wet period and 325 recording nights at three locations for the April-July 146 

2015 dry period. 147 

 148 

Results 149 

Rainfall 150 

185.2 mm fell between 26 January and 1 May 2016, most of which occurred in March (151.4 151 

mm). Compared to nearby historical rainfall data (Bureau of Meteorology 2016), this was 152 

within the upper 5% percentile for totals for the month of March. 153 

 154 

[Figure 1 around here] 155 

 156 

Nest discovery and measurements 157 
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Breeding activity was first suspected in April 2016 when adult behaviour after dusk changed 158 

from behaviours observed during the same time period over the previous two years. 159 

Crepuscular movement by the birds increased, including adults flying close to observers on 160 

several occasions, and three novel vocalisations (all archived at the Australian National 161 

Wildlife Collection, CSIRO, Canberra) were recorded (referred to as peel, chirrup and prat 162 

calls – the latter resembling the call of the Australian Pratincole Stiltia isabella). These calls 163 

were additional to the croak call (referred to by Andrews (1883), Figure 2), and dink-dink call 164 

(Murphy and The Night Parrot Recovery Team 2015), and ding-de-ding and dee-de-dee-de 165 

calls described here for the first time. The latter three calls have a more or less bell-like, 166 

ringing quality and are detected in all seasons (S. Murphy, unpubl. data). The first nest was 167 

discovered when a bird was unintentionally flushed at approximately 1900 hrs on 24th April 168 

2016. The bird flushed silently from a Triodia hummock and landed a few metres away from 169 

the hummock and the observer (SM). It was observed through 1 x night vision for about five 170 

seconds, during which time it ran upslope a little, before flying off, giving the croak call once 171 

or twice. SM and RM then discovered a nest containing two eggs (Figure S1). The area was 172 

vacated immediately to avoid causing any further disturbance. 173 

 174 

We did not handle the eggs to determine age or dimensions. However, by comparing the eggs 175 

to the known dimension of the bowl structure in photographs, the eggs were estimated to be 176 

30 x 25 mm. The eggs were sub-elliptical, immaculate white and had a bright, lustrous 177 

appearance, suggesting they were recently laid; eggs typically go darker and duller as 178 

incubation progresses (Ian Mason, pers. comm., 6 June 2016). 179 

 180 

Nest descriptions, habitat and clutch characteristics  181 

All nests were in large, more or less ring-shaped hummocks of T. longiceps (the only Triodia 182 

species in the area). The first (active) nest comprised three parts: a tunnel constructed through 183 

an apron of dead Triodia leaves that had accumulated inside the ring, leading to a chamber 184 

constructed low in the living part of the hummock, at the bottom of which was a depression 185 

excavated into the gravelly/sandy soil. The tunnel and the chamber were made by a 186 

combination chewing some Triodia leaves, and pushing and shaping others (the majority). 187 

The depression was lined deeply and solely with short sections of Triodia leaves that were 188 

also chewed.  189 

 190 
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A search of many nearby hummocks revealed two additional nests. One (Nest 2) was 191 

discovered 16m upslope of the active nest. One Night Parrot feather was collected from its 192 

tunnel and although a bowl was constructed, it was not lined nor were any scats evident. In 193 

all respects Nest 2 was similar to the active nest, although some of the measurements differed 194 

slightly (Table 1). We assume this nest was never active. The third nest was situated 330 m 195 

west of Nest 1. It was discovered at 1900 hrs on 8th May and rapid inspection at the time 196 

revealed that it contained only feathers. Due to flooding rain that occurred later that night, 197 

this nest could not be revisited until 13th May, when nestling remains were collected. 198 

Evidently, this nest was active but had failed before its discovery on 8th May. Like the second 199 

nest, this third nest was similar in most respects to the active nest (Table 1). 200 

 201 

[Table 1 around here] 202 

 203 

The three nests were in an area of gently undulating ironstone pavement, 700-1000 m from a 204 

Tertiary sandstone range. Triodia occurs in dense stands around the margins of the range and 205 

along nearby shallow drainages, but exists only as isolated, small (~20m) agglomerations of 206 

large hummocks on the ironstone pavement where the nests were built (Figure S2). Here, 207 

other vegetation cover is sparse and mostly confined to small depressions or within 208 

hummocks, with common species including the annual grasses Eriachne pulchella and  209 

Enneapogon polyphyllus, annual herbs Trianthema triquetra and Ptilotus nobilis, and 210 

perennial herbs Sclerolaena longicuspis, Maireana spongiocarpa and Hemichroa 211 

mesembryanthema. 212 

 213 

Observations at the active nest 214 

While active, Nest 1 was observed on two evenings (April 25 and 27). Our impression was 215 

that the non-incubating bird (sex unknown) roosted during the day in hummocks that were 216 

approximately 100m downslope of the nest. At approximately 1840 on both observation days 217 

the non-incubating bird called for a brief period away from the nest before landing on the 218 

open, stony surface within a few metres of the nest hummock. There it gave several loud peel 219 

and chirrup calls. These were answered by the incubating bird with one or two faint dink-dink 220 

calls before both birds flew off together, presumably to feed. On both evenings we ceased 221 

observations after this initial period of activity to avoid disturbance when one or both adults 222 

returned to the nest. 223 

 224 



 8 

The automatic sound recorder captured 57.8 hours of audio between 25th April and 1st May, 225 

within which 631 Night Parrot vocalisations were detected (Table 2). The recordings showed 226 

similar patterns of calling to our direct observations at the nest; namely, peel and chirrup 227 

calls answered by dink-dink calls, mostly faint and few in number. Analyses of 80 croak calls 228 

suggested there were peaks of calling at dusk and dawn, interspersed with periodic lulls in 229 

detection rate throughout the night (Figure 3). 230 

 231 

[Table 2; Figure 3 about here] 232 

 233 

Nest fates 234 

We visited Nest 1 a second time at 1915 hrs on April 30 and found it to contain only eggshell 235 

fragments. Judging by typical levels of calling behaviour just before dawn that day, followed 236 

by unusually few distant calls that evening, we assume the active nest failed sometime during 237 

the day on April 30. Only one of four swabs (shell2_inside) amplified for the mtDNA 16S 238 

rRNA target. Sequencing of this amplicon yielded 91 base-pairs of sequence 239 

(AAAAAAAAGAACTTCCAAAAACTTATTACATAATAATACTAACCCGGCTAACAA240 

GCCTATACAAGACCCGGTAAAGCTGACAATTGAACCA). A BLAST search identified 241 

five sequences from Pseudechis australis (King Brown Snake) as the most similar (97.8%, 242 

with two transition substitutions) to the egg swab sequence; a further five P. australis 243 

sequences being the next most similar (84.8-96.7%). The egg swab sequence is >20% 244 

divergent from all other Australian elapid snakes available on Genbank (> 30 genera, 245 

accessed 25/10/2016). 246 

 247 

We do not know why the nestling(s) in Nest 3 died. Inspection of bones and feathers did not 248 

suggest that more than one nestling died in the nest. Most of the skeleton was missing, as 249 

were most of the feathers. Judging by the development of remiges, and by comparison to 250 

descriptions of feathers in relation to age for Eastern Ground Parrots (P. wallicus; Higgins 251 

1999) we estimate the age at death to be 14-20 days. All parts that we collected, plus the 252 

lining of the nest, are stored at the Queensland Museum (registration number QMO.33208). 253 

 254 

  255 
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Breeding seasonality and retrospective acoustic analyses 256 

The breeding we observed was during a period that followed significant rain (Figure 1). In 257 

March, 151.4 mm fell, which was well outside one standard deviation from the mean (37.6 ± 258 

55.2 mm) based on nearby long term data (Bureau of Meteorology 2016). Retrospective 259 

analyses of audio files from other post wet periods during the previous two years detected 260 

one peel call in the post February 2014 wet period (24 March 2014). In this period the pattern 261 

of dink-dink and croak calls was similar to that observed at the active nest, in that calling was 262 

common throughout the night, in addition to the normal peaks observed at sunset and sunrise 263 

(Murphy and NPRT 2015). The pattern of calling during the dry period we sampled showed 264 

only dusk and dawn peaks, with very few calls detected at other times. A full treatment of 265 

Night Parrot calling behaviour is forthcoming. 266 

 267 

Discussion 268 

This paper describes our observations of an active Night Parrot nest, the first recorded for 269 

over 100 years. Like our observations, most historical records of Night Parrot nests were in 270 

Triodia hummocks (Andrews 1883; Whitlock 1924; McGilp 1931; Wilson 1937; Kershaw 271 

1943). Although no previous nest records contain measured dimensions, most descriptions 272 

are similar to the structures that we observed with variations in the terms and phrases used. 273 

For instance, Andrews, in South Australia, describes ".... the inside [of the Triodia hummock] 274 

being pulled out and a snug retreat formed for its protection” (p. 29), whereas a Western 275 

Australian Aboriginal informant, Masters, stated that they made “tunnels under the spinifex” 276 

(Wilson 1937 p. 84). The description of a nest found by Kelly in 1897 includes a reference to 277 

a “slight depression” (Kershaw 1943 p. 196), while McDonald described “an enlarged cavity” 278 

lined with “some small sticks” (McGilp 1931 p. 69). This is similar to the description given 279 

to Keartland from Aboriginal people that mentions a “loosely-made cup nest under the shade 280 

of the spinifex” (North 1897 p. 171). Our descriptions of the nests also closely accord with 281 

those of Eastern Ground Parrots (Forshaw 2002). 282 

 283 

Our estimate of egg size (30 x 25 mm) is similar to those of the crested pigeon (30 x 22 mm; 284 

Beruldsen 1980), a species that grazier John McDonald reported as having eggs of similar 285 

size to the Night Parrot eggs he observed in the late 19th century (McGilp 1931). Similarly, 286 

the white colour and rounded, oval shape we observed tallies with previous reports (McGilp 287 

1931; Wilson 1937; Menkhorst and Ryan 2015) and of records of the slightly smaller Eastern 288 

Ground Parrot eggs (Forshaw 2002). Historical records suggest a clutch size range of 289 
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between two and four (North 1901–1914; McGilp 1931; Wilson 1937; Kershaw 1943; 290 

Menkhorst and Ryan 2015) and our observations fit with this, although we suspect that more 291 

eggs were laid between discovery and failure. 292 

 293 

Our analysis indicating that a King Brown Snake (P. australis) preyed on the eggs is the first 294 

documented occurrence of predation on Night Parrots. We have no data to suggest that there 295 

are unusually or unnaturally high densities of any snakes on Pullen Pullen Reserve.  296 

 297 

All nests were discovered after a significant rainfall event at Pullen Pullen Reserve. This 298 

accords with statements made by Andrews (1883) and Masters (in Wilson 1937 p. 84). 299 

However, one significant departure from the observations made by Andrews (1883) is that 300 

the Triodia at Pullen Pullen during the early 2016 breeding event did not coincide with large 301 

amounts of Triodia seed. In fact, all florets in several dozen T. longiceps flower spikes we 302 

examined around this time were barren. Many species of Triodia are known to produce 303 

barren flowers en masse (Wright et al. 2014). Andrews’s (1883) account is so brief that it 304 

does not eliminate the possibility that he may have been deceived into thinking that seed was 305 

being produced.  306 

 307 

It is intriguing that our retrospective analysis of vocalizations revealed a within-night pattern 308 

of dink-dink and croak calls in the 2013-14 summer wet period that was similar to that we 309 

observed at the active nest, but that we recorded just one peel call. The explanation may 310 

simply lie in the poor positioning of recorders relative to other possible nests. Alternatively, 311 

birds may not have bred, or may not have committed to a full breeding attempt during other 312 

post-wet periods. 313 

 314 

Although the three nests described here were all unsuccessful, we are buoyed by one positive 315 

footnote we are able to add: in late October 2016, NL and JW were conducting preliminary 316 

field work in the same area as part of a new phase of research. At 1820 on 29th October, a 317 

Night Parrot fledgling was flushed from a hummock of spinifex, approximately 80m west of 318 

the hummock that contained the nest with eggs found in April. NL and JW watched the 319 

fledgling from 30-40m away; it sat briefly at the edge of the hummock with its back to the 320 

observers before it moved out of sight. It had a very short tail, and was greyish-green in 321 

colour, with heavy black patterning on the head and back (Figure S3). To avoid further 322 

disturbance no search for a nest was undertaken. That evening an hour was spent observing 323 
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the hummock from a distance of 50 m using night vision equipment. At 1940 an adult bird 324 

landed close to the hummock and over 15 minutes gave several croak calls. In each instance 325 

it was answered by several quiet whinnying calls, which we assume were fledgling responses. 326 

These emanated from two locations, indicating at least two fledglings were present. This 327 

most recent breeding attempt also followed significant rain in the area, and has shown that, at 328 

least in this year, breeding occurred between April and October. This suggests that breeding 329 

might occur anytime of the year following significant rainfall, rather than being strictly 330 

seasonal.  331 

 332 

These observations have contributed to a more robust understanding of the natural history 333 

and biology of Night Parrots. Along with continuing studies on movements, habitat use and 334 

diet, this information will underpin conservation efforts at all sites where this species is 335 

known to occur. 336 

 337 
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 400 

CAPTIONS TO FIGURES 401 

 402 

Figure 1. Line: Rainfall at the site for November 2013 to April 2016. Columns and error bars: 403 

long-term mean and one standard deviation for that month (repeated for comparison to study 404 

period; Bureau of Meteorology station number 37007). Asterisk indicates when the three 405 

nests were discovered. 406 

 407 

Figure 2. Spectrogram of the Night Parrot croak call. This series of seven croaks was 408 

recorded at the nest at approximately 0020hrs on 27 April 2016. This recording is stored at 409 

the Australian National Wildlife (ANWC) Collection Sound Library, registration number 410 

ANWCX49087. 411 

 412 

Figure 3. Mean number (and standard error) of croak contact calls detected over six nights at 413 

the active Night Parrot nest. 414 

 415 

 416 

 417 

  418 
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Figure 1 419 

 420 
 421 

Figure 2 422 

 423 
  424 
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Figure 3 425 

 426 
  427 
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Table 1. Dimensions of the three Night Parrot nests 428 

Dimension Nest 1* Nest 2§ Nest 3¶ 

tunnel entrance aspect 164o 240o 46o 
tunnel length 20cm 30cm 33cm 
tunnel angle (to the horizontal plane) 0o 30 o 25 o 
chamber entrance width 12cm 11cm 10cm 
chamber entrance height 9cm 11cm 12cm 
chamber diameter 28cm 20cm 25cm 
bowl depth 3cm 4cm 4cm 
bowl diameter 15cm 14cm 14cm 
* Discovered active with eggs; § Uncompleted nest, never active; ¶ Discovered containing 429 

remains of nestling/s 430 

  431 



 17 

Table 2. Vocalisations detected at the active nest. 432 

Call type Number detected 
peel 259 
ding-de-ding 120 
dink-dink 81 

chirrup 81 

croak 80 

dee-de-dee-de 8 

prat 2 

 433 

  434 



 18 

SUPPLEMENTARY ONLINE MATERIAL 435 

Figure S1. Active night parrot nest containing two eggs (“Nest 1”) photographed shortly after 436 

discovery on 24 April 2016. 437 

 438 

Figure S2. Nest 3 hummock, showing landscape and habitat setting typical of the three night 439 

parrot nests discovered in April 2016. 440 

 441 

Figure S3. Night Parrot fledgling photographed about ten seconds after flushing from the 442 

presumed nest hummock on 29 October 2016. Credit: James Watson. 443 

 444 

Figure S1 445 

 446 
447 
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Figure S2 448 

 449 
 450 

Figure S3 451 

 452 
 453 
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