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Introduction

Alloparenting, in which individuals provide care to non-
descendant offspring, has been documented in more 
than 150 bird species (Riedman 1982). Adoption is a 
rarer subset of alloparenting, and occurs when a foster 
parent raises an unrelated offspring as though it were its 
own (Riedman 1982; Avital et al. 1998). The reasons for 
adoption are sometimes unclear, given the apparent fitness 
costs for adoptive parents. In some cases, there may be 
no adaptive explanation: adoptive behaviour may occur 
as a result of reproductive error, when parents misidentify 
unrelated offspring as their own (Wysocki et al. 2018). 
However, several evolutionary explanations for adoptive 
behaviour have been proposed (Riedman 1982; Avital et al. 
1998). If there is some degree of kinship between offspring 
and their adoptive parents, then adoption may improve 
the adoptive parents’ inclusive fitness (Riedman 1982). 
Even when adopted offspring are unrelated, foster parents 
may gain parenting experience that enhances the fitness 
of their subsequent genetic offspring (Riedman 1982). In 
cooperatively breeding species, the ‘group augmentation 
hypothesis’ predicts that the costs of adopting an unrelated 
offspring may be outweighed by the benefits of gaining an 
additional group member (Kokko et al. 2002; Kingma et al. 
2014).

Here, we report our observations of intraspecific adoptive 
behaviour by a breeding pair of Superb Fairy-wrens 
Malurus cyaneus, a cooperatively breeding passerine. 
A nutritionally dependent fledgling was adopted into a 
neighbouring territory and repeatedly fed by its adoptive 
parents. To explore possible explanations for this behaviour 
in an evolutionary context, we used genetic analyses to 
determine the fledgling’s sex and genetic relatedness 

to its adoptive parents. Because adult fairy-wrens may 
discriminate against offspring based on the acoustic 
structure of their begging calls (Colombelli-Négrel et al. 
2012, 2016), we also assessed the vocal similarity between 
offspring begging calls and female incubation calls. We 
discuss similar instances in the literature of intraspecific 
and interspecific adoption by Superb Fairy-wrens and 
suggest possible explanations for this behaviour.

Methods

Study site and species

Since 2010, we have monitored a wild population of Superb 
Fairy-wrens at Cleland Wildlife Park (34°58′S, 138°41′E), 
located within Cleland Conservation Park, ~25 km east of 
Adelaide, South Australia. Superb Fairy-wrens are small 
passerines native to south-eastern Australia. They live in 
cooperatively breeding family groups, typically comprising 
a single breeding pair and one or more male helpers (Dunn 
et al. 1995). Both dominant and helper birds defend their 
territory against conspecific intruders (Rowley 1965). During 
the breeding season (September to January), females lay 
a clutch of 2‒4 eggs and incubate for 14 days (Rowley & 
Russell 1997). Nestlings fledge at age 10‒14 days, but do 
not become nutritionally independent until about 40 days 
old (Rowley & Russell 1997), by which time offspring also 
acquire their vocal repertoire from both parents (Evans 
& Kleindorfer 2016). All adult group members, including 
helper males, contribute to feeding offspring (Green  
et al. 1995). Superb Fairy-wrens have high rates of extra-
pair paternity, with up to 76% of offspring unrelated to the 
dominant male in their natal territory (Mulder et al. 1994). 
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At our study site, most individuals (>90%) had been 
banded with an aluminium band (denoted by ‘x’) issued 
by the Australian Bird and Bat Banding Scheme (ABBBS), 
plus a unique combination of three plastic colour bands 
(ABBBS colour band schema 3) to allow identification in 
the field. The colour bands included dark blue (B), dark 
green (G), hot pink (H), black (N), orange (O), red (R), violet 
(V), white (W) and yellow (Y). Individuals were banded 
either as nestlings or, for fledglings and adults, after being 
captured in mist-nets. At the time of banding, we extracted  
10–50-μl blood samples from each bird by brachial 
venipuncture with a 30G needle. Each blood sample was 
collected into a heparinised capillary tube and stored on 
FTA® cards for later genetic analysis (Smith & Burgoyne 
2004).

Monitoring of breeding season

Between September 2020 and February 2021, we 
monitored breeding in 27 fairy-wren territories at our study 
site. At each territory, we regularly searched for nests and 
watched the dominant female for nest-building or incubation 
behaviour. If a nest was discovered during building, then it 
was subsequently checked for egg-laying every 3 days. If 
discovered during incubation, then the eggs were candled 
to estimate the embryos’ age. Around the expected hatch 
date, nests were checked at least once per day to confirm 
the nestlings’ hatch date. At 8 days old, nestlings were 
banded and blood samples taken. We checked for fledging 
from 14 days after hatching.

 On 6 November 2020, we identified two new Superb 
Fairy-wren territories (henceforth Groups 1 and 2), located 
50–100 m outside our core study area. The habitat at these 
territories was stringybark Eucalyptus spp. woodland, 
with a complex understorey of small shrubs and grasses, 

including Yacca Xanthorrhoea semiplana semiplana 
(Figure 1). Three of the four adults in these territories 
were colour-banded and had dispersed from the core 
study area within the past year. Group 1 comprised female 
NVHx (2+ years old) and an unbanded male (GBHx after  
15 December 2020, age unknown), and Group 2 comprised 
female YGVx (2+ years old) and male RNHx (1 year old) 
(Figure 2).

Observations of feeding of fledglings

About 2 weeks after fledging, three observers (ACK, 
CE and LKC) observed each group for 60 minutes with 
binoculars and noted every time a fledgling was fed by an 
adult group member. For each feeding observation, we 
recorded the time when the feeding occurred (0–60 min. 
from the start of observation), the feeder (adult) and the 
food recipient (fledgling). Where possible, all fledglings 
in a group were observed simultaneously and without 
interruption; however, if the fledglings flew away from 
the observers, then the clock was paused until they were 
found again.

Comparison of calls

Female fairy-wrens produce an incubation call consisting 
of two main elements, known as Elements ‘A’ and ‘B’ 
(Colombelli-Négrel et al. 2012, 2016). While inside the 
egg, offspring are exposed to the calls of the incubating 
female and, after hatching, they produce begging calls that 
resemble the B element in their mother’s calls (Colombelli-
Négrel et al. 2012). Broods that more closely imitate their 
mother’s call tend to receive more food, which suggests that 
parents may use the acoustic structure of begging calls to 

Figure 1. Typical habitat in Superb Fairy-wren Group 1 and Group 2 territories, photographed in 
December 2020. Photo: Andrew C. Katsis
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discriminate against ‘foreign’ offspring (Colombelli-Négrel 
et al. 2012, 2016). To test whether any such discrimination 
was likely in these two groups, we measured how closely 
begging calls from each nest resembled the incubation 
calls from the Group 1 and Group 2 breeding females. 
We followed a similar protocol to that used by Colombelli-
Négrel et al. (2012). We recorded the females’ incubation 
calls on Day 12 of incubation (c. 2 days before hatching), 
by placing a digital audio recorder (Zoom H4n) 30 cm from 
the nest and allowing it to record for at least 180 minutes. 
Using the software Audacity (Audacity Team 2018), we 
randomly selected a single B element from 10 separate 
calls. Using the same methods, we recorded the offspring’s 
begging calls on Day 4 or 5 after hatching and selected 
10 begging calls from two different calling bouts. We then 
compared the acoustic structure of female and offspring 
calls using the batch correlator function in Raven Pro  
v. 1.6.1 (K. Lisa Yang Center for Conservation Bioacoustics 
2019). This function quantifies the similarity between two 
calls using spectrographic cross-correlation, which slides 
two spectrograms past each other in time increments and 
then generates a peak correlation coefficient to represent 
their greatest overlap (Baker & Logue 2003). Correlation 
coefficients can range between 0 (not similar) and  
1 (identical). Our SPCC analyses used a band-pass filter 
between 2 and 16 kHz to exclude background noise. 
We performed 100 comparisons per brood (10 begging 
calls × 10 incubation calls) before calculating the mean 
peak correlation coefficient. These comparisons were 
performed at the brood (rather than individual) level, as we 
could not distinguish between begging calls from different 
nestlings calling in the nest. In a larger study of Superb 
Fairy-wrens, the mean ± standard error similarity between 
nestling begging calls and their mother’s element B was 
0.56 ± 0.02 (range 0.24–0.68, n = 30 nests) (Kleindorfer et 
al. unpubl. data).

Genetic analyses

We commissioned genetic analyses to establish the sex 
and paternity of the adopted fledgling. Sex was confirmed 
with established molecular techniques, using three primer 
pairs for which males are homogametic and females 
heterogametic (CHD1F/CHD1R, P2/P8 and 2550F/2718R: 
Griffiths et al. 1998; Fridolfsson & Ellegren 1999; Lee  
et al. 2010). To establish relatedness between individuals, 
all birds in our study population (n = 193) were genotyped at 
12 polymorphic microsatellite loci using primers developed 
for the Superb Fairy-wren (Mcyµ1, Mcyµ4, Mcyµ5, Mcyµ6, 
Mcy7, Mcy8: Double et al. 1997), Splendid Fairy-wren 
Malurus splendens (Msp4, Msp6, Msp10: Webster et al. 
2004), Southern Emu-wren Stipiturus malachurus (Smm2, 
Smm7: Maguire et al. 2006) and Malagasy Paradise 
Flycatcher Terpsiphone mutata (Tmm6: Adcock & Mulder 
2002). We calculated maximum likelihood estimates of 
relatedness (R) for all pairwise combinations within the 
population, using the software ML-Relate (Kalinowski et al. 
2006). Two loci (Mcy7, Mcyµ5) had significant departure 
from Hardy–Weinberg equilibrium and were specified as 
null alleles; this allowed the software to use maximum 
likelihood estimates of the frequency of null alleles in 
all calculations (as per Kalinowski & Taper 2006). We 
theoretically expect relatedness values of 0.5 for parent–
offspring and full-sibling comparisons, 0.25 for half-siblings 
and grandparent–grandchild, 0.125 for first cousins, and 
0.0 when comparing two unrelated individuals, although 
inbreeding and migration can bias these estimates 
(Kalinowski et al. 2006). DNA extraction and genetic 
analyses were performed commercially by the Australian 
Genome Research Facility (Melbourne, Australia).

a b

Figure 2. The adult breeding pair of Superb Fairy-wrens of Group 2, consisting of (a) male RNHx and (b) female YGVx. 
Photographed on 15 December 2020. Photos: Lauren K. Common
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Results

Behavioural observations

On 6 November 2020, we discovered a nest belonging to 
Group 1. It contained three eggs, estimated as 2–3 days 
old. Two chicks hatched on 18 November and, at 8 days 
old, they were banded as GOOx and YVBx, respectively. 
Also on 6 November 2020, we discovered an empty 
nest belonging to Group 2, located about 50 m from the  
Group 1 nest. Female YGVx started incubating three eggs on  
10 November. Three chicks hatched on 23 November and 
were banded as YNBx, HVWx and ROOx, respectively, at 
8 days old.

We expected the Group 1 offspring to fledge around  
1 December and the Group 2 offspring to fledge around 
5 December. On 6 December, we sought to confirm 
fledging at both territories. In Group 1, we identified only 
one surviving fledgling: YVBx was encountered four times 
over a 20-minute period, and we did not observe its sibling, 
GOOx, at all. In Group 2, we confirmed all three fledglings 
over a 20-minute period. Because we stopped observing 
immediately after confirming these three fledglings, it is 
possible that additional birds in this group went unnoticed.

On 14 December, over a 60-minute period we observed 
feeding of fledglings in Group 2. We observed the Group 2 
parents regularly feeding four fledglings: their three genetic 
offspring (YNBx, HVWx, ROOx) plus GOOx from Group 1 
(photograph in Figure 3). The adopted fledgling, GOOx, 
was fed eight times during this 60-minute observation 
period, receiving the second-most feedings among the 
four dependent fledglings (Table 1). We did not observe 
Group 1 in its usual territory, despite a 15-minute search of 
the area; however, the following day we confirmed that the 
group was still extant, with all other group members alive. 
On 17 December, we conducted a 60-minute observation 
of fledgling feeding in Group 1. The male and female of 

the breeding pair were observed feeding their remaining 
fledgling, YVBx, and GOOx was not observed with its natal 
group.

Over the next 5 weeks, GOOx was observed with Group 2 
on six separate occasions (15, 17 and 23 December, and 
5, 14 and 20 January). On these dates, Group 1 was 
either not observed or was located at least 50 m away, 
confirming that both groups were foraging independently. 
GOOx remained with Group 2 for at least 7 months (last 
sighted 30 July 2021).

Call comparisons

Begging calls from both broods were comparably similar to 
the incubation calls from each breeding female. Compared 
with the Group 1 female (NVHx), mean call similarity was 
0.248 for the Group 1 brood and 0.241 for the Group 2 
brood. Compared with the Group 2 female (YGVx), mean 
call similarity was 0.135 for the Group 1 brood and 0.154 
for the Group 2 brood. Similarity values at both nests 
were lower than we have typically measured in Superb 
Fairy-wrens (e.g. call similarity ranged from 0.24 to 0.68:  
Kleindorfer et al. unpubl. data).

Genetic analyses

Molecular sexing confirmed that the adopted fledgling, 
GOOx, was male. Taking his biological mother’s (NVHx) 
alleles into account, GOOx matched the Group 1 male 
(GBHx) at all 12 microsatellite loci, consistent with within-
pair paternity. The adopted fledgling’s maximum likelihood 
estimates of relatedness (R) were 0.53 compared with 
NVHx and 0.65 compared with GBHx. These values are 
comparable to the theoretically expected R of 0.5 for 
parent–offspring relationships (Kalinowski et al. 2006). 

a b c

Figure 3. The adopted fledgling Superb Fairy-wren, GOOx, at three stages of development: (a) 1-day-old hatchling in 
Group 1 nest, 18 November 2020; (b) 8-day-old nestling in Group 1 nest, 25 November 2020; and (c) 28-day-old fledgling 
when captured with Group 2, 15 December 2020. Photos: (a) Christine Evans, (b) Andrew C. Katsis, and (c) Lauren K. 
Common
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Conversely, GOOx matched the Group 2 male (RNHx) at 
only three microsatellite loci and was not related to either 
member of the pair (R = 0.00 compared with both Group 2 
adults).

Discussion

In wild bird populations, fledgling adoption can be difficult 
to confirm when individuals are not uniquely identifiable. 
Our observations provide unequivocal evidence for 
adoptive behaviour in the Superb Fairy-wren, as the 
adopted offspring (GOOx) was banded in the nest and 
we are certain of its age and provenance. Despite being 
a widely studied species, intraspecific adoption has only 
rarely been observed in Superb Fairy-wrens, and when it 
occurs is often associated with the loss of a breeding male 
or female. For example, Rowley (1957, p. 356) described 
one helper male at Gungahlin, Australian Capital Territory, 
that dispersed into a neighbouring group and adopted that 
group’s extant offspring:

At one nest the male parent disappeared (presumed  
dead) when the young were still in the nest. A 
supernumerary male from the neighbouring group 
joined the female and fed the young, and when she also 
disappeared he remained with his adopted fledgelings 
and reared them to independence.

Similarly, Richardson et al. (2019) reported a case 
of adoption by a female Superb Fairy-wren at Lake 
Samsonvale, Queensland: the female was observed 
feeding fledglings from a nearby territory 10 days after 
losing her own brood to predation. They suggested that 
the most likely explanation for this behaviour was that the 
female’s parenting impulse persisted after the loss of her 
own brood and was redirected towards unrelated offspring. 
Our observation differs from these accounts in that both of 
our fairy-wren groups (Groups 1 and 2) were fully intact 
at the time of the adoption, and hence warrants its own 
explanation.

We propose two possible reasons why GOOx joined a 
new group so soon after fledging. Firstly, the adoption could 
be interpreted as an unusually early offspring dispersal. 
Superb Fairy-wren fledglings are shy and cryptic in their 
first week after leaving the nest; they keep closely to cover, 
are weak and erratic flyers, and wholly rely on their family 
members for food (Rowley 1965; our pers. obs.). After this 
period, the fledglings venture into the open and may begin 
to forage themselves, but remain nutritionally dependent 
until c. 3–4 weeks post-fledging (Rowley 1965; Rowley & 
Russell 1997). The first wave of female dispersal generally 
does not occur until 5–14 weeks post-fledging, seemingly at 
the offspring’s own volition (Mulder 1995). By comparison, 
GOOx would have dispersed no more than 2 weeks out of 
the nest, while still heavily dependent on adults for food. 
Mulder (1995) mentioned one female that also changed 
groups only 2 weeks after fledging, presumably while still 
nutritionally dependent, but did not report whether she was 
fed in her new territory. In any case, we consider deliberate 
dispersal to be an unlikely explanation for our observations, 
not only because GOOx was still dependent on adult food 
provisioning when he switched groups, but also because 
he was male. Although a small proportion of male offspring 
disperse to a new territory in their first year (13% in Mulder 
1995), most remain in their natal territory for longer.

Secondly, the fledgling might have been separated from 
his natal group and joined Group 2 by mistake. Groups 1 
and 2 occupied adjacent territories and, on at least one 
occasion, were observed engaging in a defensive ‘song 
battle’ (Rowley 1965) at their territories’ shared boundary. 
It is plausible that an inexperienced fledgling might follow 
the wrong group after such a close interaction, especially 
if that group also contained begging fledglings. Rowley 
(1965, p. 280) recounted a similar confusion that occurred 
between two neighbouring groups at Gungahlin:

Parents seem unable to identify their own offspring 
in the early days after fledging, as was shown when 
two neighbouring nests hatched simultaneously and 
the cryptic young from both became completely and 

Table 1. Data on feeding of Superb Fairy-wren fledglings from 60-minute observations of Group 1 (17 December) and 
Group 2 (14 December 2020). For each observation, we noted the minute (0–60, from start of observations) when the 
feeding occurred, the feeder (adult) and the recipient (fledgling). The fledgling GOOx originated from Group 1 but was 
adopted into Group 2 while still nutritionally dependent. F = female, M = male. See text for details of banded birds.  
† = Recipient ambiguous; assigned to fledgling YNBx but could have been HVWx. * = Feeding not directly observed but 
inferred from the birds’ positions and vocalisations.

Feeder Recipient

Group 1
YVBx GOOx

NVHx, F 1, 8, 19, 19, 47, 55 Not seen
GBHx, M 9, 31, 41, 59 Not seen

Total no. feeds 10 0

Group 2
YNBx HVWx ROOx GOOx

YGVx, F 14, 15, 24, 38†, 49 20, 39*, 47, 48 5*, 9, 25, 31, 32*, 36, 40, 
45, 54, 57, 59

6, 11*, 18, 24

RNHx, M 37† 27 21, 55 7, 49, 52, 53
Total no. feeds 6 5 13 8
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hopelessly mixed up. Territorial barriers disintegrated and 
all parents (plus a previously “bachelor” male from a third 
territory) fed the fledglings indiscriminately. After about a 
week one pair withdrew to their former territory and re-
nested, leaving the other pair plus the bachelor to care 
for all six fledglings, which they did successfully. Such a 
coincidence of timing rarely occurs and the formation of 
such a crèche was not seen again.

In contrast with this account, in our study the two fairy-
wren groups apparently remained separate throughout 
the observation period. However, we cannot exclude 
the possibility that the two groups fraternised before the 
observed adoption (i.e. between our observations on 6 and 
14 December). We also note that the Group 1 female re-
nested about a week after the adoption was discovered, 
with her new brood of three offspring hatching on 7 January 
2021.

The reasons for the fledgling’s acceptance into Group 2 
are also unclear. The simplest explanation, as suggested 
by Rowley (1965) above, is that the Group 2 pair was 
unable to recognise its own kin and simply fed any 
offspring that solicited food. Such misidentifications are 
plausible in fairy-wrens, given their high susceptibility to 
interspecific brood-parasitism (Langmore et al. 2003). 
However, we also have evidence that fairy-wrens may 
discriminate between offspring based on their begging 
calls (Colombelli-Négrel et al. 2012, 2016). The structure 
of nestling begging calls is influenced by the prenatal 
sound environment, with offspring shaping their calls to 
match a signature element in their mother’s incubation call 
(Colombelli-Négrel et al. 2012). This prenatal learning may 
allow parents to discriminate between kin and non-kin: in 
a playback experiment, they were less likely to provision 
their nestlings when begging calls from a different brood 
were broadcast at the nest (Colombelli-Négrel et al. 2012). 
Recognition errors may nevertheless occur, not least 
because offspring vary in their level of copy accuracy of 
the maternal signature element (Kleindorfer et al. 2014). 
In our analyses, begging calls from both broods were 
comparably similar to the adoptive female’s Element B 
(mean peak similarity: 0.135 for the Group 1 brood, 0.154 
for the Group 2 brood), which suggests little scope for kin 
discrimination based on begging calls alone. However, 
we note that begging calls were recorded when offspring 
were aged 4–5 days, c. 3 weeks before the adoption was 
confirmed to occur. To date, no studies on Superb Fairy-
wrens have examined how begging call structure changes 
between the nestling and fledgling stages. In addition, 
future research could address to what degree parents use 
acquired vocal elements to recognise offspring, given that 
fledglings produce a ‘familect’ song composed of unique 
and shared elements in their mother’s and father’s chatter 
song (Evans & Kleindorfer 2016).

In addition to the intraspecific adoptions described here, 
there is at least one published account of a Superb Fairy-
wren adopting heterospecific offspring. Cooper (1969) 
observed a male Superb Fairy-wren feeding a Red-
backed Fairy-wren Malurus melanocephalus fledgling, 
alongside the fledgling’s conspecific parents, at Grafton, 
New South Wales. Richardson et al. (2019) cited an 
additional instance of interspecific adoption observed by 
S.C. Tidemann at Booligal, New South Wales, but the 
motivations of the adoptive parent are ambiguous. As 
originally reported by Tidemann (1983), the dominant male 

in a Superb Fairy-wren group died, leaving behind two 
females that continued to feed the offspring in their care: 
a brood-parasitic Horsfield’s Bronze-Cuckoo Chalcites 
basalis. A neighbouring male then brought food to one of 
the attending females, which passed it onto the Cuckoo 
(Tidemann 1983). Based on this account, it is not clear 
that the neighbouring male had adopted the Cuckoo rather 
than simply presented food to a potential mate. However, 
this observation was later recounted by Higgins et al. 
(2001) with several erroneous details, changing the sex 
of the adoptive parent and implying that the Cuckoo was 
fed directly.

One explanation for the success of brood-parasites is 
that heterospecific offspring elicit more parental care from 
their hosts by producing supernormal stimuli, which are 
exaggerated versions of sensory signals (e.g. begging 
calls, gape colour) to which parents have an existing 
evolved response (the ‘supernormal stimulus hypothesis’: 
Dawkins & Krebs 1979; Grim & Honza 2001). In our study, 
the adopted Group 1 fledgling, although conspecific, was  
5 days older than the Group 2 fledglings, which might have 
allowed him to beg more loudly or persistently than the 
others, potentially producing a supernormal stimulus. We 
did not measure begging frequency during our 60-minute 
observation periods; however, we did note qualitatively that, 
among the four fledglings, ROOx and GOOx followed the 
Group 2 parents most closely and begged more frequently. 
Accordingly, they also received the most feedings.

Even if the fledgling were recognised by its adoptive 
parents as non-kin, there may be benefits to accepting 
unrelated offspring into the group – especially in 
cooperatively breeding species, where additional helpers 
can enhance the fitness of the entire group (Kokko et al. 
2002; Kingma et al. 2014; Langmore et al. 2016). In the 
White-winged Chough Corcorax melanorhamphos, for 
example, kidnapped fledglings from neighbouring groups 
later continue as helpers in their adoptive group. In these 
cases, the initial costs of supporting an unrelated fledgling 
may be outweighed by the benefits of an additional helper 
(Heinsohn 1991). Superb Fairy-wrens are also cooperative 
breeders, with male offspring often remaining as helpers 
in their natal territory for ≥1 year (Rowley & Russell 
1997). These helpers assist with provisioning of offspring, 
and this provides increased opportunities for extra-pair 
mating for both members of the breeding pair (Mulder et 
al. 1994; Green et al. 1995). Hence, Superb Fairy-wrens 
may tolerate an unrelated male fledgling because of the 
benefits of gaining an additional group member.

In this note, we describe an observation of intraspecific 
adoption by a breeding pair of Superb Fairy-wrens. 
Adoptive behaviour has only rarely been documented in 
this species; however, such behaviour could go unnoticed 
in many cases if offspring are not uniquely marked in the 
nest and/or regularly monitored. Although adoption of 
unrelated offspring may have an adaptive function in some 
birds, including in cooperatively breeding species, this 
instance may simply be a case of reproductive error.
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