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Introduction

One of the few bird species that breed in Australia and 
annually migrate to New Guinea for the winter months, 
the Torresian Imperial-Pigeon Ducula spilorrhoa occurs 
in three disjunct populations across northern Australia: 
north-eastern Queensland, the Top End of the Northern 
Territory, and the Kimberley district of Western Australia 
(Higgins & Davies 1996). The largest population, with 
counts suggesting at least 800 000 birds (Thorsborne et 
al. 1988; Brothers & Bone 2012), breeds in north-eastern 
Queensland, and is considered fully migratory. In contrast, 
the relatively small population of the Kimberley district is 
known to be resident (Storr 1980; Johnstone 1981; King 
1990). The Top End population was historically considered 
strictly migratory, with most birds arriving in late August, 
and leaving by mid February, although occasional birds 
were recorded from March to July (Rix 1970; Crawford 
1972; Frith & Hitchcock 1974; Thompson 1978; Frith 1982).

In Darwin, Northern Territory, the species was described 
as late as the mid 1980s as being largely absent from 
April to August, albeit with ‘odd birds’ being found 
throughout the year (Thompson & Goodfellow 1987). 
It was not recorded in April and May 1986 in an area of  
20 x 20 km, centred on the Howard’s and Shoal Bay 
Peninsulas ~25 km east of Darwin (Woinarski et al. 1988). 
Before the present study, however, the only monitoring of 
the species in Darwin was conducted by Healey (1992) 
in the northern suburb of Millner, where bird censuses 
almost daily from 1988 through 1991 revealed small 
numbers (1–10) in all months except June and July. During 
the following year (1992), however, up to ten birds were 
observed through June and early July (C. Healey unpubl. 
data), possibly indicating a sudden increase in the number 
of individuals over-wintering in Darwin. Using 1385 records 
from a wide range of sources covering the period from 
1980 to 2013, McCrie & Noske (2015) showed that there 
was a distinct reduction in reporting rates in the Darwin 
region from March through July, which corresponds with 

the above migration schedule. Analyses of these records, 
however, show that the percentage of records pertaining to 
these 5 months has changed little over the four decades, 
ranging from 20% to 27% (R. Noske unpubl. data).

The Torresian Imperial-Pigeon has adapted well to the 
urban environment of Darwin, and pairs commonly nest 
in roadside trees and suburban gardens (McCrie & Noske 
2015). The local breeding season is mainly from August 
to January (Frith 1982), though opportunistic records of 
nesting from 1990 to 2014 suggest that over two-thirds 
of clutches were laid from September through November 
(RN unpubl. data). Observations of fledglings in late 
August 2005 and early September 2006 in the northern 
suburbs (RN unpubl. data), however, suggested that eggs 
are occasionally laid as early as June or July, based on 
a combined incubation and nestling period of 7 weeks 
(Higgins & Davies 1996). This, in turn, indicates that by 
2005 some adults had become resident.

A radio-tracking study conducted just outside Darwin 
provides strong evidence that at least some Torresian 
Imperial-Pigeons from the region migrate to New Guinea. 
One radio-tagged individual left Black Jungle, ~40 km east 
of Darwin city, on 21 March 1996 and travelled 220 km, 
including one flight of 80 km, to Copeland Island, off Cobourg 
Peninsula, where its radio-transmitter was recovered  
6 days later (Price 2006). Its trajectory suggested that it 
was heading for Dolak Island, adjacent to south-eastern 
Papua (Irian Jaya), involving a flight of another 630 km or, 
if it continued in a more northerly direction, the Aru Islands, 
500 km away.

In order to clarify the extent of over-wintering behaviour, 
of Torresian Imperial-Pigeons in the Darwin region, a 
survey was conducted on the weekend of 26–27 June 
2010. Ten suburbs and four rural areas were sampled by 
ten volunteers, but only small numbers (1–4 birds) were 
found in each of the suburbs, and none in the rural areas 
(RN unpubl. data). Following an observation of small flocks 
flying towards Darwin in the evening (S. Popple pers. 
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Although counts took place on three evenings in each of 
the first 4 months of the study period (May to August 2011), 
we used only the count on the date closest to the middle 
of the month for statistical analysis, since counts after this 
period were generally performed in the third or fourth week. 
Monthly counts were averaged over three (September–
April) or four (May–August) years to derive single means 
for each month. Seasonal comparisons were made using 
the unequal variance t-test, which provides more reliable 
results than the Mann-Whitney U-test when variances are 
unequal (Ruxton 2006). Counts for the months in which  
(1) the species was historically ‘largely absent’ (April–
August) according to Thompson & Goodfellow (1987) and 
(2) long-term reporting rates were low (March–July: McCrie 
& Noske 2015) were compared with those in the remaining 
months. Spearman’s Rank Correlation test was used to 
investigate the relationship between mean group size and 
mean counts across all years, and chi-square tests were 
used to investigate seasonal variation in the size of groups 
arriving at the roost.

Results

The number of Torresian Imperial-Pigeons at the roost 
varied from 30 to 1325 birds over the 47 nights sampled, 
with an average of 390 birds. Mean monthly counts were 
generally highest during the late wet–early dry season 
transition months (March through May) and lowest during 
the late dry–early wet season transition period (September 
through November) (Figure 1). There was no significant 
difference between counts from April to August, when the 
species was historically largely absent and the remaining 
months (t = –1.19, df = 4, P >0.1) or between counts from 
March to July, when long-term reporting rates were lowest, 
and August to February (t = –2.13, df = 3, P >0.1). Mean 
annual counts were highest in 2011 (523 birds; n = 8) and 
lowest in 2013 (292 birds; n = 12). Counts in 2011 show 
that the number of pigeons exceeded 1000 for 2 months 
from mid May to mid July (Figure 2), after which it dropped 
sharply to the low in October–November. In the following 
3 years, numbers peaked earlier but never reached 1000, 
and the drop began 1–2 months earlier, in May or June. 
In all three wet seasons sampled, numbers increased 
between November and December by a factor of 2.3–4.8. 

comm.), a roost-site was found among mangroves near 
the city centre on 26 June, and, on the following evening, 
no fewer than 333 birds were counted as they arrived at 
the roost (A. Keates pers. obs.). This discovery prompted 
monthly monitoring of birds at the roost in order to clarify 
the status of the species in the dry season in this region.

Study area and methods

Darwin is located in the wet–dry (monsoon) tropics of 
northern Australia, where temperatures are relatively 
uniform year-round, but there is a very distinct wet season 
from November to April, when 90% of the rain falls (Taylor 
& Tulloch 1985). The dry season comprises the months 
of May through October. Day length varies by only  
50 minutes over the course of the year (Geoscience 
Australia 2015). The roost-site was located near the Dinah 
Beach boat-ramp (12°26′32′′S, 130°51′17′′E), close to the 
mouth of Sadgroves Creek and ~2.5 km from Darwin’s 
city centre. Torresian Imperial-Pigeons were counted 
three times per month from May to August 2011, but from 
September 2011 to August 2014 counts took place once 
a month, mostly in the third or fourth week to ensure 
that counts were evenly spaced. Counting was initially 
conducted from a high vantage point (21 m above sea-
level) in the suburb of Bayview Haven, which overlooks the 
patch of mangroves that includes the roost-site, but from 
September 2011, counts were conducted from a boat-
ramp, ~600 m from the roost-site, from where birds flying 
in from all directions could be seen better.

On each evening sampled, Torresian Imperial-Pigeons 
were counted in 5-minute intervals as they arrived at the 
roost; counting continued until it was dark or no birds were 
added for five consecutive minutes. From these data, the 
total number of birds and the duration over which birds 
arrived were calculated. On several evenings some or all 
of the birds left the site to roost elsewhere; in such cases, 
the maximum number present at any one time was used 
as we were primarily interested in numbers of birds rather 
than roosting behaviour. The median time of arrival was 
calculated for each night, and compared with the time of 
sunset according to online data (Geoscience Australia 
2015).

Figure 1. Mean monthly counts of Torresian Imperial-
Pigeons from 2011 to 2014 at Dinah Beach roost-site 
in Darwin, Northern Territory. Vertical bars show one 
standard error above and below the mean.

Figure 2. Number of Torresian Imperial-Pigeons counted 
from 15 May to 1 September 2011 at the Dinah Beach roost-
site, Darwin, Northern Territory.
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Torresian Imperial-Pigeons arrived singly or in groups of 
up to 32 birds, with an overall mean group size of 2.4. Mean 
group size was highest in April 2014 (5.1 birds), and the 
next four highest means were in April (2013, 2012) or May 
(2012, 2014). There was a highly significant correlation 
between mean monthly group size and mean monthly 
counts across all years (Spearman’s Rank Coefficient = 
0.900, df = 10, P <0.01). Groups of three or more birds 
were significantly more frequent during the months of low 
reporting rates of the species (March–July vs August–
February; χ2 = 132.7, df = 4, P <0.001), as well as months 
when the species was historically largely absent (April–
August vs September–March; χ2 = 119.5, df = 4, P <0.001: 
Figure 3).

The time of sunset varied by only 50 minutes over the 
year, the earliest sunset being in May and June (1829 h), 
and latest in January (1919 h). Torresian Imperial-Pigeons 
started arriving at the roost up to ~2 hours (124 min.) 
before sunset, but this varied seasonally. Arrival started 
significantly earlier in the wet than in the dry season 
(means 89.3 and 71.6 min. before sunset, respectively;  
t = 5.55; df = 3; P = 0.012) (Figure 4). Similarly, the duration 
over which birds arrived was significantly longer in the wet 
than in the dry season (means 93.1 and 73.0 min. before 
sunset, respectively; t = 4.22; df = 4; P = 0.013).

Torresian Imperial-Pigeons that arrived at the roost 
remained there until after sunset except on six nights when 
some or all of them left the site during the 15 minutes before 
sunset, flying eastwards towards Charles Darwin National 
Park or south-eastwards towards East Arm. These six 
nights were all in the dry season, and the maximum number 
of birds that had arrived at the site varied from 88 to 408. 
The dates and percentage of birds that departed before 
sunset were as follows: 16 June 2012 (15%), 29 July 2012 
(~60%), 20 May and 15 July 2013 (100%), 11 August 2013 
(92%) and 11 June 2014 (40%). Departing birds left as 
individuals or in groups of up to 30, except on 11 August 
2013, when 290 birds departed almost instantaneously at 
1845 h, and 43 left 5 minutes later, apparently because of 
disturbance caused by a goshawk Accipiter sp., which was 
seen flying from the roost-site to the boat-ramp.

Discussion

Although the Top End population of the Torresian Imperial-
Pigeon was formerly considered to be strictly migratory, 
as is the population in north-eastern Queensland, this 
study demonstrates that the species occurs throughout 
the year in the Darwin region, with a substantial number 
over-wintering. Up to 1325 birds (mean 485) were present 
at the Dinah Beach roost-site during the 5 months (April 
through August) when the species was reported to be 
largely absent from Darwin until the mid or late 1980s 
(Thompson & Goodfellow 1987). The roost-site appeared 
to be occupied continuously for at least 40 months (from 
May 2011 to August 2014, when the study finished), 
except in May and July 2013, when all birds (88 and 118, 
respectively) that had arrived at the site during the first 
40–45 minutes of observation departed before nightfall. 
Although the departure of 333 birds from the site on  
11 August 2013 appeared to be related to disturbance by a 
potential aerial predator, the reason for the abandonment 
of the roost-site in May and July is unknown. Clearly, 
however, alternative roost-sites were used on these nights, 
possibly within the extensive tracts of mangroves to the 
south-east of the study site.

The counts show a consistent, albeit variable, drop in 
numbers of Torresian Imperial-Pigeons each year during 
August, coinciding with the start of the main breeding 
season in Darwin. Extrapolation of laying dates from 
74 breeding records in Darwin between 1990 and 2014 
suggest that clutches (always one egg) are laid equally 
frequently in the 3 months from September through 
November, together comprising 69% of nests observed 
(RN unpubl. data). The August decline in numbers of 
birds at the roost also coincides with an increase in the 
frequency of sightings of the species in Darwin (McCrie 
& Noske 2015), presumably because of, in part at least, 
the arrival of migratory individuals from outside Australia. 
However, these individuals are likely to begin breeding 
immediately after their arrival (Frith 1982), along with any 
birds that may be resident in Darwin. In north Queensland, 
males and females of this species take turns at incubating 
on alternate days, the changeover taking place in the late 

Figure 3. Frequency of group sizes of Torresian Imperial-
Pigeons arriving at the Dinah Beach roost-site, Darwin, 
Northern Territory. 

Figure 4. Mean monthly variation in start of arrival of 
Torresian Imperial-Pigeons at the Dinah Beach roost-site, 
Darwin, Northern Territory, in relation to time of sunset 
from May 2011 through August 2014. Vertical bars show 
one standard error above and below the mean.
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‘facultative’ (Terrill & Able 1988; Palacín et al. 2011). In 
short-lived small passerines, experimental studies have 
shown that differences among populations in migratory 
behaviour are mostly genetically determined (Berthold & 
Pulido 1994; Pulido & Berthold 2010), though other studies 
suggest that environmental factors, or individual condition 
and experience, may also be important (Pulido et al. 1996; 
van Noordwijk et al. 2006; Ogonowski & Conway 2009). 
By contrast, migratory behaviour seems to be learned in 
large non-passerines with extended parental care (e.g. 
swans, geese and cranes), as the young migrate with 
their parents; the offspring of non-migrating adults do not 
migrate. In the long-lived Great Bustard Otis tarda, up to 
30% of females changed their migratory pattern between 
consecutive years, tending to remain sedentary in years 
when they had dependent young to attend (Palacín et 
al. 2011). The migratory tendency of Torresian Imperial-
Pigeons in the Darwin region may also be a behaviourally 
flexible, condition-dependent trait.

One possible explanation for ‘over-wintering’ behaviour 
or long-term residency of Torresian Imperial-Pigeons in 
Darwin is probably that some food resources are available 
throughout the dry season in the urban environment 
(McCrie & Noske 2015). The species is an obligate 
frugivore, and is known to eat the fruit of at least 30 
plant species in Top End rainforests (Price 2006). Urban 
pigeon populations appear to be heavily dependent on the 
fruit of several cultivated native plant species, including 
Carpentaria Palm Carpentaria acuminata, Umbrella Tree 
Schefflera actinophylla and Weeping Fig Ficus benjamina, 
all of which are widely planted in Darwin suburbs. Over half 
of the seeds collected below a day-time roost in Millner 
during September 1991 came from Carpentaria Palms, 
and a quarter from Maranthes corymbosa (Healey 1992). 
In wet monsoon rainforests ~40 km east of Darwin, Bach 
(2002) found that the peak production of fruit occurred 
during the early-to-middle wet season, whereas in dry 
monsoon rainforests on the coast, this peak occurred 
3–4 months later, during the late wet–early dry season. 
Paradoxically, the latter period is when migratory Torresian 
Imperial-Pigeons leave for New Guinea. We did not collect 
phenological data on food-plant species in Darwin suburbs, 
but we have opportunistic records of pigeons and other 
frugivorous birds feeding on the fruit of Weeping Figs in 
May and June in three separate years (RN unpubl. data).

Food availability may also explain the observed 
seasonal variation in group size and duration of arrival of 
the Torresian Imperial-Pigeons at the roost-site. During 
the mid-to-late wet season, the fruit of rainforest trees is 
widely available (Bach 2002), so many birds do not need 
to travel far to locate food, and those individuals that can 
quickly satisfy their energy requirements are able to move 
to the roost much earlier than others. As this period also 
coincides with the late breeding season, many groups will 
consist of pairs with or without their single offspring. During 
the early dry season, on the other hand, fruiting rainforest 
trees are relatively scarce and patchy, forcing over-
wintering pigeons to aggregate into larger groups and fly 
further to find food sources, the majority of birds returning 
to the roost at a similar time. Radio-tracking shows that 
local Torresian Imperial-Pigeons travel up to 14 km (mean 
4.5 km) between rainforest patches every 3 days (Price 
2006). Further research on the local population, involving 
trapping, marking and satellite-tracking, would be useful 

afternoon (Crome 1975). It is possible that one member 
of each nesting pair roosts communally while its mate is 
incubating. This might explain why numbers at the Dinah 
Beach roost-site declined by 51–65% between August and 
September in each of the complete dry seasons sampled. 

The counts also show that the number of Torresian 
Imperial-Pigeons using the roost in mid November was 
remarkably consistent in each of the three sampled wet 
seasons (68–71 birds), but that number increased two- 
to almost five-fold before mid December, coinciding with 
the decline in laying. Given that the egg takes 4 weeks to 
hatch, and the chick another 4 weeks to fledge (Higgins & 
Davies 1996), most fledglings may be expected to appear 
from November through January (see also Healey 1992). 
It therefore seems plausible that the increase in number of 
Pigeons at the Dinah Beach roost-site between November 
and December was due to the arrival or return of pairs with 
young. Thorsborne et al. (1988) suggested that juvenile 
recruitment is a probable cause of annual population peaks 
in the north-eastern Queensland population. The species 
is multi-brooded, at least in north-eastern Queensland, 
with pairs rearing up to three chicks in one season (Crome 
1975). On the other hand, the dramatic increase in number 
of birds at the Dinah Beach roost-site in February seems 
too large to be solely attributable to the addition of juveniles 
from late broods, suggesting that the site may attract birds 
from areas surrounding, as well as within, Darwin.

In contrast with counts of Torresian Imperial-Pigeons 
during much of the wet season, counts during the first  
3 months of the dry season (May–July; early dry season, 
hereafter abbreviated EDS) were markedly variable 
(Figure 1). Much of this variability was because of high 
inter-annual variation, with the EDS median count of 
2011 being almost nine times that of 2013 (1001 and  
113 birds, respectively). As these months include the 
period when migratory individuals are expected to be 
absent, it seems likely that the unusually high numbers 
in 2011 were related to extreme weather associated with 
Tropical Cyclone Carlos in February 2011, which resulted 
in the wettest month in Darwin on record (1110 mm rain: 
Bureau of Meteorology 2015). Such exceptionally heavy 
rainfall and strong winds may have directly interfered with 
the departure of migratory birds, or caused damage to fruit, 
thus reducing the food supply available to birds before 
departure. Indeed, there may be a relationship between 
wet-season rainfall and numbers of Torresian Imperial-
Pigeons using the roost during the following dry season, 
though we have too few data to test its strength. Total 
rainfall for the wet season (November–April) preceding 
the high EDS counts of 2011 was 2761 mm, which was 
twice that of the wet-season rainfall preceding the lowest 
EDS counts (2013), and 1.6 times higher than the rainfalls 
for the two wet seasons that preceded the 2012 and 2014 
EDS counts. Chambers et al. (2014) showed that for some 
Australian species, precipitation (especially number of 
rainy days) was a more important driver of movements 
than temperature.

The Torresian Imperial-Pigeon in the Darwin region 
may be described best as a partial migrant (Gauthreaux 
1982; Chan 2001), given that some birds are migratory 
(Price 2006), whereas others are clearly non-migratory. 
When partial migration is fixed at the individual level it 
may be termed ‘obligate’, while individuals that change 
their migratory tendency over their lifetime are termed 
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to determine whether the majority of over-wintering 
individuals are first-year birds (as is the case with migratory 
shorebirds) or whether they are residents over multiple 
years. Combined with the above methods, blood samples 
might be used to ascertain if there is a genetic component 
to non-migratory behaviour.
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