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ABSTRACT

Many species show pronounced differences in life-history traits, from the individual level to diver-
gences between distinct populations. Understanding the variation in these traits provides not only an
insight into individual fitness but also essential information for the management of wild populations.
Despite their popularity in aviculture and importance for captive research, our knowledge of many
Estrildid finches in the wild is limited. Here we detail the breeding behaviour of 12 discrete colonies of
Crimson Finch (Neochmia phaeton) in the east Kimberley region of Western Australia over two
breeding seasons, and contrast our findings with studies on populations occupying different habitats.
We found that many aspects of Crimson Finch breeding biology were consistent across site and
studies. However, in our populations, adult survival was lower and group sizes were larger than has
been reported elsewhere. We also examined age and sex differences in nestling care and found weak
support for age or sex differences in feeding rates. We briefly discuss these findings in relation to
theories of colony formation. These findings may help explain the evolution of colonial breeding in
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this species, as well as having implications for long-term ecosystem management.

Introduction

In order to ensure the long-term survival of species in the
face of ecological threats such as altered fire regimes,
climate change, and landscape fragmentation, it is impor-
tant that we have an understanding of their biology in the
wild. In particular, an in-depth knowledge of breeding
systems can help us predict how populations might
respond to these threats and ultimately have a direct
influence on future management plans. However, species
often show substantial variation in basic biology at dif-
ferent scales, from among individuals in a population to
between populations across a species range (Lambrechts
et al. 1997). Investigating natural variation between popu-
lations enables us to examine the factors that influence
the fitness consequences of life-history and behavioural
decisions. This approach can lead to critical insights into
adaptive life-history traits that are closely linked with
fitness (e.g. Lambrechts et al. 1997; Blondel et al. 1999).
Finches of the family Estrildidae, otherwise known
as grassfinches, are widespread across the Australasian
region, including the tropics, Tasmania, and in the arid
zone (Forshaw and Shephard 2012). Despite this wide
distribution, for many grassfinch species, most of our
knowledge comes from aviculture where birds have

been selectively bred in captivity and provided with
ample resources for many generations. The Zebra
Finch (Taeniopygia guttata) in particular has rapidly
become the most important captive model passerine
system (Griffith and Buchanan 2010). However, captive
observations may not accurately represent how birds
behave in a natural setting, and data on the behaviour
of Estrildidae species in the wild remain limited. For
example, the few studies that have investigated provi-
sioning rates (as a measure of parental care) in grani-
vorous species have focused primarily on captive
populations (e.g. Zebra Finches; Lemon and Barth
1992; Royle et al. 2006). However, Gilby et al. (2011)
found that nest provisioning rates were much higher in
captive compared to wild Zebra Finches. This suggests
that relying solely on captive populations for life-his-
tory data can be misleading and that studies on wild
populations are essential. In addition, behaviour may
show pronounced differences across populations, but
for many species our knowledge of their behaviour in
the wild is restricted to a single study site.

Crimson Finches (Neochmia phaeton) are an
Estrildid grassfinch native to northern Australia. They
are a good example of how relying on observations in
captivity can lead to an incomplete picture of a species
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life-history. For example, Crimson Finch males are
known to be highly aggressive and in captivity are
often housed in pairs, yet in the wild they are consid-
ered highly social, living year-round in colonies
(Higgins et al. 2006). This aggressive streak means
they are difficult to breed in captivity (Forshaw and
Shephard 2012). Furthermore, in the wild, Crimson
Finches are known to be habitat specialists requiring
areas with Pandanus trees, tall seeding grasses such as
Chionachne cyathopoda and fresh surface water
(Higgins et al. 2006; Dorricott and Garnett 2006;
Milenkaya et al. 2011; Houston and Black 2014), cir-
cumstances difficult to replicate in captivity. It is pos-
sible that Crimson Finch habitat preferences could be
important in explaining the apparent contradictory
pattern of aggression and their penchant for colony
life, but this has not yet been explored.

Species that are habitat specialists, especially those
that are sedentary, are particularly vulnerable to land-
scape modifications such as habitat degradation from
increased grazing pressure and changes to fire regimes
(Keinath et al. 2017). Crimson Finches are no excep-
tion and have experienced a substantial reduction in
range over the last century (Houston and Black 2016).
Without a thorough understanding of the ecology and
habitat requirements of any species, it is extremely
difficult to account for population declines, and to
mitigate further range reductions. Here we describe
the breeding ecology of a population of free-living
Crimson Finches in the eastern Kimberley region of
Western Australia. We consider population dynamics
and colony size, reproduction, parental care, adult
morphology and the relationship between colony size
and the extent of their preferred breeding habitat
(Pandanus). Additionally, we provide comparisons
with other populations of Crimson Finches from data
presented by Todd (2002) and Milenkaya et al. (2011)
to examine the relationship between behaviour, popu-
lation dynamics and ecology.

Methods
Study species

Crimson Finches occur across the tropical savannahs of
northern Australia (Figure 1(a)). The nominate sub-
species (N. p. phaeton or Black-bellied Crimson Finch)
spans Western Australia, the Northern Territory and
Queensland, while the subspecies (N. p. evangelinae or
White-bellied Crimson Finch) is confined to Cape
York and is listed as threatened (Figure 1(a)). They
are considered sedentary, with small local movements;
long-distance dispersal is considered difficult because
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of their small wing/body-length ratio compared to
other species of finches (Higgins et al. 2006).
Crimson Finches exhibit sexually dimorphic plumage,
with the sexes easily distinguished in the field, and also
show age-related plumage differences until after their
first breeding season (Milenkaya et al. 2011). As with
other Australasian finches, Crimson Finches are pri-
marily granivores, although a relatively high propor-
tion of their diet also consists of insects (Todd et al.
2003).

Study area

We monitored Crimson Finch groups (nominate race
N. p. phaeton) between the towns of Wyndham (15.49°
S, 128.12°E) and Kununurra (15.77°S, 128.74°E) in
north-western Australia over 2 years (2013 and 2014;
Figure 1(b)). In this region, the nesting substrate that
Crimson Finches prefer, namely Pandanus spiralis
trees, grows primarily on floodplains close to perma-
nent, open water sources (e.g. rivers or natural
springs). This is in contrast with a previous study
detailing Crimson Finch breeding, which focused on
populations that breed primarily in Pandanus growing
in a continuous band along rivers (e.g. Milenkaya et al.
2011). This clumping of nesting habitat allowed us to
monitor discrete colonies of birds.

For this study a colony was defined as all the birds
that occurred within a discrete area of Pandanus vege-
tation, isolated by areas of savannah grassland.
Breeding typically occurs in the first half of the year,
corresponding to the tropical wet season. The timing of
breeding has been reported to follow rainfall patterns
(Todd 2002; Milenkaya et al. 2011; Houston and Black
2014). Daily weather observations were collected from
the Australian Bureau of Meteorology (Wyndham, sta-
tion number 001006 and Kununurra, station number
002656). Fire could have a major impact on Crimson
Finch populations; all sites had been affected by dry-
season fire in either 2011 or 2012, and six sites were
also burnt in August and September 2013.

We quantified preferred breeding habitat by calcu-
lating both the size and the density of Crimson Finch
preferred nesting habitat, namely Pandanus trees. We
recorded GPS locations of nesting sites (Garmin
etrex20) and used these to create minimum area poly-
gons of nesting habitat coverage (using the Minimum
Bounding Geometry tool, ArcGIS 10.1). To measure
Pandanus density we physically counted the number of
live Pandanus trees in each area and calculated the
number of Pandanus divided by area size (from GIS
data).
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Figure 1. (a) Distribution of Crimson Finches in northern Australia (based on a map in Todd et al. 2003). Dark grey areas represent
the nominate race N. p. phaeton and black areas denote the restricted range of the subspecies N. p. evangelinae. The pale grey
rectangle represents the site covered in this study, with detail in (b). (b) The study site, a 100 km area between Kununurra and
Wyndham in the western Kimberley. A black cross denotes a Crimson Finch colony, with larger crosses denoting larger groups

(Figure 1(b) not to scale).

Morphology and population dynamics

From January to May 2013 and January to April 2014
we intensively monitored the breeding of 12 groups,
visiting each at least once per week. This allowed for at
least five visits to each successful nest. Two additional
groups (14 in total) were surveyed for 1 week in the
non-breeding season in both years (Figure 1(b)).
Adults and juvenile Crimson Finches were caught in
mist-nets and banded with individually numbered
metal bands from the Australian Bird and Bat
Banding Scheme (ABBBS) and a unique combination
of three colour bands for individual recognition in the
field. At the time of banding we checked for evidence
of a brood patch, and measured mass (+0.01 g), wing
chord, maximum tarsus (with the foot at right angles to
the tarsus, measured to the intertarsal joint, thus
including part of the tibiotarsus), culmen length, and
maximum bill depth (£0.01 mm). Adult birds were
aged as either in their first breeding season (2) or
older (2+), based on known ages (re-capture data)

and the presence of juvenile primary covert feathers
(as described in Milenkaya et al. 2011). Group size was
calculated from the number of adults caught in a group
as well as an estimate of unbanded adults seen at active
nests in each area.

Nesting and parental care

We located nests by following birds to their nest sites
and searching Pandanus trees for active nests.
Pandanus constitutes the main nesting habitat for
Crimson Finches across most of their range
(Pandanus spiralis; Verbeek et al. 1993; Todd 2002;
Milenkaya et al. 2011). Pandanus trees are palm-like
structures with long rigid leaves arranged in a spiral
pattern and edged with spines. Observations of nest
building were made opportunistically while searching
for active nests. Nests were monitored regularly for the
duration of the nesting period and were considered lost
to predation if all of the contents disappeared and the



nest was no longer attended by adult birds (see Young
et al. 2017 for further details on nest predation). Adults
paired assortatively according to age; the majority of
pairs being made up of birds of similar age (47 of 71
pairs). Pairs of mixed ages were usually an older male
paired with a first-year female (22 of 24 pairs); females
were older than their pair male in 2 of 71 nests.
Nestlings were banded at approximately 12-14 days
old with a numbered ABBBS band and two colour
bands. Measurements of tarsus and total head length
(£0.01 mm) and mass (+0.01 g) were also taken at
banding. Brood size was calculated as the number of
eggs that hatched; nestlings were aged as days since
hatching if known, or age was estimated using size and
feather growth. We investigated nestling provisioning
rates (feeds/h) by setting up video cameras 4-8 m from
nests for 1-4 h at a time, always prior to 9 a.m. Every
time a bird entered the nest it was considered a feeding
visit except if birds were seen carrying out other duties
such as delivering nesting material (feathers or grass).

Analysis and statistics

All statistics were carried out in R (R Development
Core Team 2014) using the ‘Ime4’ package (Bates et
al. 2014). Variables were first standardised using ‘arn?’,
which centres each variable and divides by two stan-
dard deviations (Gelman and Su 2014). Sex differences
in morphological measurements (wing, tarsus, bill and
mass) were tested for using t-tests. All means are pre-
sented as mean =* standard error (SE).

To investigate the factors that might influence feed-
ing rates we used a generalised linear mixed model
(GLMM), with feeding rate as the response variable
and chick age, brood size, and the age and sex category
of adult birds (young male, older male, young female,
older female) as predictors. Nest ID was included as a
random variable to account for the fact that both males
and females from the same nest are included in the
same analysis. To select the most parsimonious model
we ranked all possible combinations of variables by the
Akaijke information criterion corrected for small sam-
ple size (AICc; Grueber et al. 2011), which were
obtained using the ‘AICcmodavg package (Mazerolle
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2013). Models with lower AICc values are better sup-
ported by the data and only models with AAICc <2
were retained. Ninety-five per cent confidence intervals
(CIs) of estimates of individual predictor variables were
used as indicators of each parameter’s importance in
each model.

Results
Morphology and population dynamics

In total 400 adults and juveniles and 284 nestlings were
banded over the 2 years. On average, males were bigger
than females in all measurements (wing, tail, tarsus, bill
length and bill depth (p = <0.001)) except mass (Table 1).
However, the range of values for males and females
almost completely overlapped for all measurements.
Colony size ranged from 5 to 74 birds and was higher
in 2013 (average 27.8 + 5.43) than 2014 (19.5 £ 5.67),
although not significantly so (¢t = 1.14, df = 18.20,
p = 0.27). Capture rates indicate that the proportion of
first-year to older birds varied between years, with groups
in 2014 having a higher proportion of younger birds (38%
in 2013; 62% in 2014). Of the three colonies in which we
are most confident the majority of birds were recorded in
both years (that is, colonies with highest capture and
observation efforts), just 46 of the 206 adults banded in
2013 were re-sighted in 2014 (22%).

Nesting and parental care

Nests were built exclusively by males with grass and
strips of dead Pandanus, lined with feathers and com-
monly containing pieces of snake skin. Females were
occasionally seen arranging material delivered by males
(n = 5) but never directly contributed material. Males
continued to make adjustments to nests throughout the
nesting period. Nesting commenced in December in
both years; nest searching and monitoring began in the
first week of January. Nests found at this time often
contained eggs but no fledglings were seen until the
end of January. The peak of breeding occurred from
late January to March (Figure 2), with 82% of nests
initiated in this period. We found 56% fewer nests in
January-March 2014 (71 nests) than in the same period

Table 1. Sex differences in morphology. Results of t-tests comparing morphological measurements (mm) for male and female adults
and the average of measurements for males (n = 141) and females (n = 96), and their standard errors.

Wing Tail Bill length Bill depth Tarsus Mass
Male (+SE) 534 +0.12 67.7 + 038 10.6 + 0.03 8.0 £ 0.02 17.6 £ 0.04 9.6 + 0.05
Female (+SE) 523 + 0.15 64.2 + 0.40 10.3 £ 0.03 7.7 £0.03 17.4 £ 0.06 10.2 £ 0.09
t-value —6.82 -6.73 —6.02 -8.00 -2.82 5.41
Sample size (male/female) 141/96 140/94 141/96 141/96 142/96 135/91
p-value <0.001 <0.001 <0.001 <0.001 0.005 <0.001
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Figure 2. The number of nests initiated each month (left axis, grey bars) with monthly wet season rainfall (right axis, black line) for
(a) 2013 and (b) 2014. Nest searching was not undertaken in November and December.

in 2013 (156 nests) despite the same search effort. On
average, nest height was 2.20 + 0.09 m (range 0.5-9 m).
Rainfall from November to April (the wet season) was
very different for each year; 2013: 696.7 ml and 2014:
1252.9 ml (Australian Bureau of Meteorology).

Clutch sizes ranged from one to seven eggs (n = 184),
although clutches of seven were found only in 2013. The
mean number of eggs per nest was similar between the
two years (2013: 5.20 + 0.17; 2014: 5.36 + 0.09) (¢ = 0.80,
df = 115.75, p = 0.42). Hatching success (in nests where at
least one egg hatched) ranged from 33 to 100% but was on
average 92% (n = 96). Brood size was similar between
years (2013: 5.07 + 0.17; 2014: 5.02 £ 0.14) (¢t = 0.20,
df = 83.32, p = 0.84). Of monitored nests where at least
one egg was laid (n = 182), 34.6% fledged one or more
young successfully and daily nest survival was 0.97 (see
Young et al. 2017). Although males contribute to incuba-
tion, only one breeding male developed a brood patch,
while more than two-thirds of females caught in the
breeding season had a developed brood patch.

On average, parental visits to the nest were made
1.12 = 0.1 times/h (range 0.34-4.0). As Crimson
Finches are granivorous, food items brought to the
nest could not be observed. Visitation rate was unrelated
to the age of the chicks but was increased with the size of

the brood (Figure 3(b)), as was related to the age and sex
of the adult birds (Table 2; n = 50). Four models were
found to have an AICc <2, including the null model,
suggesting that support for these effects are weak, but is
likely to be influenced by the relatively small sample size.
Older males fed more frequently than any other age
class, while older females fed least frequently (Figure 3
(b)). Although brood patches were absent for most
males, both sexes brooded the young. The average time
spent at the nest was 3 min 51 s for females (n = 56) and
3 min 56 s for males (n = 56).

Habitat and colonial breeding

We assembled information on group size and habitat
variables for 12 areas in 2013 and 8 areas in 2014. The
area of breeding habitat (Pandanus stands) ranged from
0.05 to 22.8 ha, with a mean of 55 865 m” + 24 261 m”. The
number of Pandanus within a colony ranged from 32 to
5179 (mean 1078 + 454). The size of the area calculated as
breeding habitat using GPS data was related to the number
of Pandanus trees (Pearson’s correlation r = 0.9, df 10, p-
value = <0.01). Pandanus tree stand density ranged from
0.10 to 0.61 trees per m? (mean 0.31 + 0.05). There was no
relationship between group size and Pandanus density
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Figure 3. The influence of (a) adult age/sex and (b) brood size on

Table 2. Factors influencing feeding rates at the nest. All
models with AAICc <2, investigating factors that may influence
feeding rates. All factors tested other than chick age appear in
the top models. Factors where the confidence intervals do not
cross 0 (indicating importance in the model) are highlighted in
bold.

Model Variable Estimate + SE AlCc AAICc
1 Intercept 0.03 £ 0.12 97.9
Brood size 0.34 + 0.21
Sex & Age 0.40 + 0.24
2 Intercept 0.04 + 0.11 97.1 0.23
Brood size 0.36 + 0.21
3 Intercept 0.01 £ 0.13 97.3 0.40
Sex & Age 0.36 + 0.23
4 Intercept 0.03 + 0.12 97.6 0.70

(Pearson’s correlation 2013: r = 0.3, df 10, p = 0.5; 2014:
r=-0.17, df 6, p = 0.7), breeding habitat area (Pearson’s
correlation 2013: r = 0.1, df 10, p = 0.8; 2014: r = 0.4, df 6,
p = 0.4), or number of Pandanus (Pearson’s correlation
2013: r = 0.3, df 10, p = 0.4; 2014; r = 0.5, df 6, p = 0.2).

Discussion

We examined how the relationship between colony
size and preferred breeding habitat (Pandanus) inter-
acts with population dynamics and colony size,
reproduction, parental care, adult morphology in
the group living Crimson Finch. While some of
these factors have previously been investigated in
Crimson Finch colonies, our study examines details
of breeding ecology in divergent ecological condi-
tions from previous studies (e.g. Todd 2002;
Milenkaya et al. 2011). We found that some aspects
of the breeding biology were stable while other
aspects show variability. We also add to the limited
number of studies that examine nestling provisioning
rates in free-living granivorous species.

provisioning rates (based on raw data + SE).

Morphology and population dynamics

We found that, on average, males were larger than females,
but that the range of the traits measured overlapped com-
pletely, which aligns with previous work in other popula-
tions of this species (Higgins et al. 2006; Milenkaya et al.
2011). We found that just 1 of the 152 males of breeding
age captured, developed a brood patch. The presence (or
absence) of male brood patches is rarely published.
However, despite the majority of Estrildid males contribut-
ing to incubation, male brood patches are not present in
this group. In fact, it has been suggested that a true brood
patch is completely absent in all Estrildids (Eisner 1960).
The reasons for, and impacts of, a lack of a brood patch on
incubation are not clear. Auer et al. (2007) found that male
Chestnut-vented Tit-Babblers (Parisoma subcaeruleum)
do not possess a brood patch and incubate eggs at a higher
temperature than females. On the other hand, Hill et al.
(2014) suggested that a brood patch meant female Zebra
Finch were better able to respond to changes in incubation
demand than their male counterparts. The underlying
factors influencing sex differences in brood patch on incu-
bation behaviour are still an open question (but see
Kleindorfer et al. 1995; Kleindorfer and Hoi 1997).

The number of adults re-sighted between years was
low, with just 22% of adults banded in 2013 being re-
sighted in 2014. However, adult survival in Crimson
Finches in other populations has previously been
reported as much higher: 70-96% (Milenkaya et al.
2011). In that study, apparent adult survival was esti-
mated over a longer period using survival models.
Although our re-sighting estimate is not directly com-
parable with this study, it is unmistakably lower. This
difference in survival estimates may be a function of
the lower rainfall in 2013 leading to low survival over
the dry season when food is already limited, or a
reflection of the denser and wetter habitat occupied
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by the population studied by Milenkaya et al. (2011).
Our estimates are more on a par with that reported for
Zebra Finches, where the annual adult survival has
been reported at 21% between years (Yom-Tov et al.
1992). Due to the low adult survival between the two
years, and high number of nests in 2013, the propor-
tion of first-year breeders in the population was more
than 20% higher in 2014. This occurred despite overall
group sizes being lower in the same year and reflects
the high number of nests found in 2013.

Nesting and parental care

The observed nest success rate (34.6%) is comparable to
that found in a nearby population (28.8%; Soanes et al.
2015) and is also similar to other finches in the region (e.
g. Long-tailed Finch, Poephila acuticauda, 33%; van Rooij
and Griffith 2011). As with Long-tailed and Zebra
Finches (Zann 1994; van Rooij and Griffith 2011),
Crimson Finch pairs that were successful in fledging
any young often succeeded in raising the whole brood
(53 of 67 nests; 79%). This suggests that predation and
not resource limitation is the main source of nest failure
in these species (Young et al. 2017).

The peak of breeding (measured as number of nests
initiated) in this study corresponds with that recorded
by Todd (2002). However, it is slightly earlier than that
described for other finches in the same region (Long-
tailed finch; van Rooij and Griffith 2011; Gouldian
finch; Brazill-Boast et al. 2013a), suggesting that these
species rely on different grasses seeding at different
times as primary food sources during the breeding
season. As observed in previous studies, our popula-
tion’s breeding activity tracks rainfall patterns, with
most nests initiated around the peak of the wet season
(Figure 2; Todd et al. 2003; Milenkaya et al. 2011).

This link to rainfall patterns can be explained by
Crimson Finches’ reliance on grass seed as a seasonal
resource in the monsoonal tropics (Woinarski and
Tidemann 1992). However, contrary to expectations,
the year with the highest rainfall (2014) also had the
lower number of nests found, correlating with a
lower group size for all groups that year. This sug-
gests that low rainfall (as observed in 2013) or the
timing of rainfall, may create a lag-effect in food
availability. For example, Sorghum, a critical food
source for breeding Gouldian Finches, requires high
rainfall until the end of January. As a result, differ-
ences in the timing of rainfall can affect seed yield
and ultimately reproductive output (Andrew and
Mott 1983; Tidemann et al. 1999). Subsequent
impacts on adult survival over the dry season may
also cause lower group reproductive effort in the

breeding season. Addressing this question requires a
more detailed study of diet and long-term monitoring
of breeding and seasonal changes.

The majority of studies investigating provisioning
as a measure of parental care focus on insectivorous
species, with very few reports for granivores (Stoehr
et al. 2001). Feeding rates for Crimson Finches have
not been reported previously. Our results (1.12 + 0.1/
h) are comparable to those reported for wild
Gouldian Finches (1.0 + 0.09/h; Brazill-Boast et al.
2013b), but higher than those reported for wild
Zebra Finches (0.8 £ 0.07/h; Gilby et al. 2011). We
found no relationship between chick age and feeding
rate, as is often found in studies investigating provi-
sioning at the nest. It is possible that sample size was
too small and variation too great to pick up an effect.
However, previous studies on granivores have also
failed to find an influence of chick age on feeding
rates (e.g. House Sparrows; Ringsby et al. 2009). This
may be because granivores carry food in their crops,
so the amount can vary greatly and cannot be
assessed from a distance (Gilby et al. 2011). It is
possible that the amount of food delivered may differ
more with chick age than provisioning rates, as
smaller chicks also have smaller crops. We did find
a trend suggesting that broods of five and six nest-
lings were fed more frequently than those of three
and four. This suggests that Crimson Finches are
sensitive to the needs of their brood and can adjust
their behaviour accordingly.

Although considerable research has been dedicated
to reproductive effort in relation to age and sex of
breeding birds (such as timing of breeding, reproduc-
tive success, foraging skills), very little attention has
been given to the influence of these demographics on
parental care (McGraw et al. 2001), and the limited
data show mixed results (McGraw et al. 2001; Mariette
and Griffith 2012). We found a trend indicating that
older males (those in their second breeding season or
beyond) fed at a higher rate than any other age/sex
category, while older females fed at the lowest rate.
Life-history theory predicts that investment will
increase with age, as survival and probability of future
reproduction decrease (Stearns 1992). Our findings are
congruent with this theory for male provisioning, but
not for females. McGraw et al. (2001) suggest an alter-
native theory in which males may be sensitive to the
provisioning rates of their partners. Female provision-
ing rates may be condition dependent, with younger
females providing food at higher (although also highly
variable) rates. Alternatively, adult females may make
fewer visits to the nest but deliver more food per trip
than their male counterparts.



Habitat and colonial breeding

Colonial breeding is often associated with benefits result-
ing from aggregation, such as reduced predation risk.
Immelmann (1982) described Crimson Finches as the
least social of all Australian grassfinches, while simulta-
neously noting that they breed colonially throughout their
range. These seemingly contradictory statements may sim-
ply reflect the fact that Crimson Finches aggregate due to
habitat preferences, rather than as a consequence of the
benefits of group living. Groups of Crimson Finches in this
study were stable in terms of size and membership
throughout the wet and dry seasons; birds only dispersed
as juveniles, before their first breeding attempt (Young et
al. in prep.). Our group sizes are much larger than those
reported previously by Milenkaya et al. (2011), Higgins et
al. (2006) and Houston and Black (2016), who described
groups of up to 20 birds. This is likely to be driven by
differences in habitat type. In our population, a colony was
defined as being all birds that occurred within a discrete
area of Pandanus vegetation separated from the next patch
by uninhabitable habitat (open savannah), whereas pre-
vious studies have occurred in more continuous habitat
and are likely to have defined groups as feeding flocks. For
example, the population monitored by Milenkaya et al.
(2011) occupies the narrow riparian zone and so forms
one long population within which birds may form smaller
groups. Additionally, within the Milenkaya et al. (2011)
population, birds nested very closely together, <1 m in
some cases. In our population, the average distance
between nests was 20 m (Young et al. 2017), creating a
very different social dynamic and is likely to make defining
a group more difficult. These differences between popula-
tions in habitat use can help us understand the evolution
and maintenance of colonial breeding in birds. We found
that group size was not linked to the size or density of the
available breeding habitat, suggesting that, in this part of
their range, breeding habitat is not a limiting factor for
group size. Rather, we suggest that, in other populations,
Crimson Finches are forced to breed in close proximity to
one another because of their combined habitat require-
ments (Pandanus, surface water and rank grasses). Finally,
despite their colonial breeding, we observed no instances
of allopreening or other pair-bonding behaviour, with all
social interactions witnessed being aggressive or sexual in
nature (displacement, chasing, pecking, grappling, or
courting).

Conclusion

The influence of ecology on breeding behaviour and
population dynamics is a fundamental question in
behavioural ecology. However, to date, many studies
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of free-living birds have been based solely on reports
from single study sites. Our results suggest that repeat-
ing such studies in a variety of habitats can reveal
which aspects of breeding biology are species typical,
and which are plastic responses to variation in ecology.
These differences can potentially help explain the evo-
lution of colonial breeding and have potential implica-
tions for species ecosystem management plans.
Further, our results point to a continued need to gather
data on the breeding behaviour of species in the field.
Studies based on captive individuals, particularly in a
breeding context, are too often an inaccurate reflection
of behaviour seen in the wild. Quality data on breeding
behaviour, and the influence of ecology on population
dynamics, are critical for making informed manage-
ment decisions in the face of changing environments
and declining populations.
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