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A B S T R A C T   

Understanding the factors affecting the success of animal reintroductions is crucial for facilitating endangered 
species recovery. Cultural differences between individuals from different animal populations can lead to assor
tative mating, whereby individuals prefer to breed within their own familiar cultural cohort. Assortative mating 
can hinder the assimilation of zoo-bred individuals into wild populations, so quantifying this risk becomes 
important for informing adaptive management strategies in conservation. We conducted mate choice experi
ments on zoo-bred female regent honeyeaters (Anthochaera phrygia) to assess whether they showed stronger 
behavioural responses to the familiar but abnormal songs of zoo-bred male regent honeyeaters than those of their 
wild counterparts or an interspecific control song. Female regent honeyeaters were no more likely to enter the 
playback aviary in response to the songs of zoo-bred males than those of wild males or a different species. 
However, females that did enter the playback aviary were significantly more likely to respond quickly, approach 
the speaker closely and remain in the playback aviary for longer in response to the songs of zoo-bred males than 
wild songs or control songs. Our study is the first to show experimentally that zoo-bred females prefer familiar, 
but abnormal, zoo-bred songs over unfamiliar wild-type songs. We suggest that assortative mating amongst 
released birds is a risk in reintroduced regent honeyeaters, given recent evidence that the breeding success of 
reintroduced pairs is low. Our study demonstrates how small-scale experiments conducted within applied zoo- 
breeding settings can yield useful information to refine husbandry techniques and reduce cultural divides be
tween wild and reintroduced populations.   

1. Introduction 

Zoo breeding programs are a widely used conservation strategy to 
bolster populations of endangered species and to supplement declining 
wild populations undergoing concurrent in-situ conservation (Rahbek, 
1993; Seddon et al., 2014). Although many species readily breed in 
captivity, the success of reintroduction programs, whereby zoo-bred 
individuals are released to the wild, is often low or variable (Crates 
et al., 2022; Fischer and Lindenmayer, 2000; Sheean et al., 2012). 
Identifying the factors that determine the success or failure of reintro
ductions is complex, but is a priority to maximise returns on conserva
tion investment (Fischer and Lindenmayer, 2000; Robinson et al., 2020; 
Sheean et al., 2012). Many studies have assessed common issues, 

ranging from poor planning (Ewen and Armstrong, 2007) and a failure 
to address the initial causes of population decline (Kingsford et al., 2009; 
Sheean et al., 2012) to the effects of the captive environment, including 
inbreeding (Araki et al., 2009; Frankham, 2008; Fraser, 2008) and ad
aptations to captivity (Frankham, 2008; McPhee, 2004). More recently, 
erosion of animal cultures – a lack of socially-transmitted behaviours in 
captivity – is being recognised as a potential barrier to successful re- 
introduction to the wild (Brakes et al., 2019; Rutz et al., 2016). 
Although zoo breeding programs are increasingly being run with more 
rigorous protocols (Ewen and Armstrong, 2007; Frankham, 2010; 
Greggor et al., 2018), animal cultures are rarely considered in their 
planning and implementation (Brakes et al., 2019). 

Cultures in animals are behaviours that are acquired through social 
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learning between individuals and are shared at a population or sub- 
population level and maintained through generations (Rendell and 
Whitehead, 2001; Rutz et al., 2016; Whiten, 2021). Culture is key to kin 
recognition, social cohesion, and mate attraction, amongst other social 
factors (Rutz et al., 2016; Whiten, 2021). However, culturally-acquired 
behaviours such as birdsong can be lost or altered in zoo environments 
through changes to the social composition and dynamics of zoo-bred 
populations relative to their wild counterparts (Crates et al., 2022). 
Devising innovative ways to maintain wild animal cultures in zoo en
vironments through adaptive management is increasingly being recog
nised as an important conservation consideration (Brakes et al., 2021). 

Songbirds learn songs and song preferences from older conspecific 
tutors, including parents or associated adults (Beecher et al., 2007; 
Catchpole and Slater, 2008). While copying errors and cultural drift can 
lead to changes in song culture over time, rapid and drastic changes to 
population-level song cultures are likely to be an outcome of population 
decline or fragmentation (Paxton et al., 2019). Songs in birds are used in 
mate attraction and territory defence (Catchpole and Slater, 2008; 
Laiolo and Tella, 2007), and assortative mating between individuals that 
belong to the same song dialect (where either both the male and female 
sing or only the male sings songs that non-singing females were exposed 
to during development) is widespread (Wang et al., 2022; Planqué et al., 
2014). Therefore, changes to song structure may isolate social groups 
even if they co-occur (Crates et al., 2021). Assortative mating, whereby 
individuals preferentially pair within the same cultural cohort based on 
sexual or social preferences formed through developmental auditory 
experience (Jiang et al., 2013; Chen et al., 2017), can hinder the 
assimilation of zoo-bred individuals into wild societies (Slade et al., 
2014). Although successful pairing between captive-reared and wild 
individuals is essential to the success of captive-rearing programmes, no 
studies have previously investigated whether dialect-based assortative 
mating occurs in this context (Lewis et al., 2020). As songs are learnt 
from adults during early development, and typically become fixed 
before their release, zoo-bred birds may fail to integrate and interbreed 
with wild populations. This potentially limits the ability of naïve, zoo- 
bred birds to acquire behaviours socially from wild conspecifics that 
may be crucial for their long-term survival. 

The regent honeyeater (Anthochaera phrygia) is a critically endan
gered Australian songbird with an estimated population of fewer than 
300 individuals remaining in the wild (Commonwealth of Australia, 
2016; Garnett and Baker, 2021). To mediate the risk of imminent 
extinction in the wild, zoo breeding to bolster the wild population 
through reintroductions and provide an insurance against further pop
ulation decline is a high priority strategy in the species' national re
covery plan (Commonwealth of Australia, 2016). However, the ongoing 
supplementation of the wild population with zoo-bred regent honey
eaters has had limited success in arresting the population decline 
(Heinsohn et al., 2022; Tripovich et al., 2021), with the majority of zoo- 
bred birds failing to establish a breeding territory or pair with wild 
mates (Kvistad et al., 2015; Tripovich et al., 2021). In the past, a failure 
to pair with wild conspecifics could be explained by the small number of 
wild birds persisting at the traditional reintroduction site in northern 
Victoria (Kvistad et al., 2015). However, the reintroduction strategy 
shifted in 2021 such that zoo-bred birds are now reintroduced into the 
greater Blue Mountains in New South Wales (NSW), where the vast 
majority of wild regent Honeyeaters persist (Heinsohn et al., 2022). 
Despite this shift, zoo-bred birds still show poor breeding success (un
published release data). 

Regent honeyeaters sing a soft, metallic-sounding song that is locally 
variable and forms loose geographic dialects (Crates et al., 2021). Over 
the past 25 years their songs have gradually changed within all pop
ulations (Powys, 2010; Crates et al., 2021). Now, the vast majority of 
recorded birds sing the dialect, referred to in Crates et al. (2021) as the 
“Blue Mountains typical” dialect. Zoo-bred male regent honeyeaters sing 
an abnormal song that is distinct from any wild population (Crates et al., 
2021). Their songs are simpler, shorter and contain fewer distinct 

syllables, none of which overlap with the wild population (Crates et al., 
2021). The founding population of zoo-bred regent honeyeaters were 
hand-reared from wild nestlings that never had the opportunity to learn 
the wild song. This simplified song has persisted for nine generations 
(assuming three years per generations per Heinsohn et al., 2022) in the 
zoo population. Post-release, interbreeding between zoo-bred and wild 
regent honeyeaters of either sex has rarely been observed (Ingwersen, 
2014; Kvistad et al., 2015). This may be because females of many bird 
species exhibit preferences for familiar song dialects when selecting a 
mate (Beecher et al., 2007). This assortative mating strategy may occur 
if wild females show lower levels of attraction to the simplified, unusual 
songs of zoo-bred males. Conversely, most zoo-bred females are typi
cally only exposed to zoo-bred song dialects prior to release, meaning 
they may show a preference for the familiar songs of zoo-bred males 
over wild conspecifics based on their developmental auditory experi
ence (Chen et al., 2017). The observation that zoo-bred regent honey
eaters have lower breeding success than their wild counterparts (Taylor 
et al., 2018) means that quantifying the risk of assortative mating based 
on differences in song dialects is a conservation priority. 

We adopted an experimental approach within the regent honeyeater 
zoo-breeding facilities to test the hypothesis that zoo-bred female regent 
honeyeaters show a behavioural preference for the song dialect of zoo- 
bred male regent honeyeaters, with which they are familiar, over the 
culturally dominant song dialect of wild male regent honeyeaters 
occupying future release sites within the greater Blue Mountains. 

2. Methods 

2.1. Study populations 

Female regent honeyeaters (n = 18) were raised at Taronga Zoo, 
Sydney, and/or Taronga Western Plains Zoo, Dubbo in NSW, Australia. 
All birds spent a minimum of one year in the Taronga Western Plains Zoo 
population, which was founded from part of the Taronga Zoo population 
in 2019. 

We conducted our experiments within the breeding season, when we 
expect females would be naturally most receptive to males' songs. So as 
not to interfere with the breeding effort, we did not implement subcu
taneous oestradiol implants, as has been conducted in similar experi
ments in other species (Dunning et al., 2014). We implemented two of 
the three trials at the beginning of the breeding season, within one week 
of the regular pairing of birds for the breeding program in June 2021 (n 
= 6 females) and June 2022 (n = 6). The third trial took place later in the 
breeding season in January 2022 (n = 6), but still within the known 
regent honeyeater breeding period (Geering and French, 1998). 

2.2. Selection of playback songs 

We selected zoo-bred regent honeyeater songs from recordings of 
contemporary males recorded at Taronga Zoo between 2018 and 2021. 
Each female received unique wild and zoo-bred songs. Male song at the 
Taronga Western Plains Zoo closely resembles these recordings, as the 
population was largely founded from Taronga Zoo. To ensure previous 
experience of a male's song did not bias female responses, we vetted the 
identity of the recorded males to ensure that females were not presented 
with songs of previous mates, or of their own fathers. The zoo breeding 
aviaries are in multiple blocks of four individual aviaries, so while it is 
possible to isolate juvenile females from the songs of males in other 
blocks, it is not possible to totally isolate them from the songs of males in 
neighbouring aviaries within their own block. As future releases are 
planned for areas within the greater Blue Mountains, NSW, we selected 
wild songs from recordings categorised as ‘Typical Blue Mountains’ in 
Crates et al. (2021), which is the cultural norm within this part of the 
species' range. We selected songs with the highest fidelity and signal to 
noise ratios from Crates et al. (2021) field recordings, which we assigned 
to females randomly. We used an interspecific song as a neutral control 
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to test whether females respond to a vocal stimulus simply out of curi
osity. For the interspecific song we selected superb fairy-wren (Malurus 
cyaneus) song as this species is abundant around the zoo-breeding fa
cilities and are presumed not to threaten regent honeyeaters in any way. 
We acquired the superb fairy-wren songs from xeno-canto (http 
s://xeno-canto.org/) recorded within NSW to maximise familiarity. 
We selected the highest possible fidelity recordings of similar lengths to 
those of the regent honeyeater songs (range = 1.0–1.3 s), which we 
presented at the natural superb fairy wren frequency range. Example 
songs of wild and zoo-bred regent honeyeaters and the control songs of 
superb fairy-wrens are shown in Fig. 1. A list of songs is provided in the 
Supplementary Information Table S1. 

2.3. Song preference testing 

We implemented song preference experiments in a bank of aviaries 
ordinarily used for breeding. The experimental area consisted of three 4 
× 4 × 6 m aviaries with opaque Perspex dividers between them and a 
metre wide, floor to ceiling door linking each aviary (Fig. 2). The avi
aries are vegetated with a combination of live trees and shrubs, and 
trimmed browse affixed to the walls. We provided food, water, and 
flowers in the central aviary and installed four speakers on the wall 1.7 
m from the ground at the front and rear corners of the outer two aviaries 
(i.e. aviaries b and d in Fig. 2). 

For the description of the experimental design, we use the following 
definitions:  

• Song bout: One song (as shown in a panel in Fig. 1) from each of three 
different males singing the same song type, played successively in a 
random order, with randomized intervals of between three and 
fifteen seconds between the three individual songs. We chose this 
interval range to represent the males' natural singing frequency 
during the breeding season. 

• Presentation: the three-minute period during which we played a fe
male a single song bout and measured her responses to it.  

• Treatment: Five presentations of each of the three different song 
types: zoo-bred regent honeyeater, wild regent honeyeater and 
interspecific superb fairy-wren control. 

To minimise stress, we undertook the experiment when females were 
due to be moved between free-flight and breeding aviaries. We intro
duced 18 females, one at a time, from the free-flight aviary to the 
experimental area (aviary block b, c & d in Fig. 2) and gave each a 
minimum of two hours to acclimatise. After experimentation on each 
female was complete, they were moved from the experimental area to 
neighbouring individual breeding aviaries (e.g. aviaries e and f in 
Fig. 2). 

For the experiments, aviary ‘c’ was always the neutral aviary and 
contained the feed station. We used aviaries ‘b’ and ‘d’ for playback and 
they were deemed ‘occupied by a male’ when we played song bouts from 
speakers in that aviary or ‘unoccupied’ when we played songs from the 
opposite treatment aviary. We alternated the ‘occupied’ and ‘unoccu
pied’ aviaries within treatments, ensuring song bouts in each treatment 
were played from both outer aviaries b and d. We also randomized (i) 
whether song bouts were played from the front of back speakers in the 
occupied aviary; and (ii) the order in which we presented the three 
treatments to females. 

We tested female responses to three 15-min treatments; unfamiliar 
wild-type regent honeyeater song, familiar zoo-type regent honeyeater 
song, and familiar but heterospecific superb fairy-wren song. During 
each presentation, we measured female responses to songs for three 
minutes, from the moment the first song within a bout was broadcast. 
Treatments were separated by 20 min of silence. 

We began each song bout only when the female was settled in the 
central (neutral) aviary. For each song bout, we measured four female 
response metrics on separate stopwatches: 

Fig. 1. Example spectrograms of: column a) typical Blue Mountains wild regent honeyeater; column b) zoo-bred regent honeyeater and column c) superb fairy-wren; 
songs used in female regent honeyeater song preference experiments. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 
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• Association time: The total amount of time during each presentation 
the female spent within the playback aviary. 

• Close association time: The total amount of time during each pre
sentation the female spent within 1 m of the playback speaker.  

• Latency: The time interval between the commencement of the first 
song in a song bout and the female entering the playback aviary.  

• Negative association time: The total amount of time spent during 
each presentation in the outer aviary not broadcasting song. 

A list of the randomized experimental protocol is provided in Sup
plementary Table S2. 

2.4. Sample sizes 

We considered each presentation as a separate response measure as 
females had to return and settle in the central aviary prior to 
commencement of the next song bout. As each treatment had five pre
sentations (i.e. five three-minute periods containing one song about 
each), there are 20 data points for each of the 18 females, equating to 

360 data points in total (90 each for zoo-bred and wild type regent 
honeyeater songs and 180 for control superb fairy-wren songs). 

2.5. Statistical analysis 

We used RStudio version 4.0.3 for all data analysis (R Core Team, 
2020). We first checked the distribution of each of the four response 
measures. Because association, close association, and negative associa
tion times had zero-inflated distributions, we implemented two com
plementary hierarchical approaches for the response measures. 

2.5.1. Binomial association and close association responses 
First, we reclassified the association time within each presentation 

into a binomial response; 0 = no time spent in the playback aviary, 1 =
time spent in the playback aviary. We then fitted a logistic regression 
with the binomial response of association or no association, with song 
type as a fixed effect and individual identity, song presentation order 
and aviary side (left or right) as random terms. We also included time 
within breeding season as an interaction term with song type:  

In cases where the female entered the playback aviary (154 times, 
44/90 in response to zoo-bred, 73/180 in response to control, 37/90 in 
response to wild), we also reclassified close association time into a 
binomial response; 0 = no time spent within one metre of the playback 
speaker, 1 = time spent in one metre of the playback speaker. We then 
fitted the same logistic regression described for the binomial association, 
but with the binomial response of close association or no close associ
ation using only the positive response data:  

2.5.2. Association time 
We then explored two approaches to analysing the full dataset, 

including null responses: these were a zero-inflated Poisson general 
linear mixed effects model (ZIP) using function glmmTMB via package 
‘glmmTMB’ v1.14 (Brooks et al., 2017) and a negative binomial 
generalized linear mixed model in ‘lme4’ 1.1–27.1 (Bates et al., 2015). 
Goodness of fit measures including conditional R2 values, normality of 
residuals and Akaike Information Criterion (AIC) values indicated the 
ZIP models were best suited to the data (see results and Supplementary 
Table 4). We therefore modelled association time as a function of song 
type, again including an interaction term for time within the breeding 
season (early versus late), as well as random terms for song presentation 

Fig. 2. Floor plan of aviaries used to explore song preference in zoo-bred female regent honeyeaters. Aviaries were in a bank of 10. We selected 3 aviaries to use for 
the experiments at least 2 aviaries away from the edge to reduce bias toward one side. Aviaries ‘a’, ‘e’ and’ ‘f’ were not used in the experiment. 

Binomial close association model < − glmer (Close Association or not ∼ Song type+Song type : Time within breeding season+(1|Female ID)

+ (1|Presentation order)+ (1|side of aviary) , family = ‘binomial’,data = positive response data)

Binomial association model < − glmer (Association or not ∼ Song type+ Song type

: Time within breeding season+(1|Female ID)+ (1|Presentation order)+ (1|side of aviary) , family = ‘binomial’,data = all data)
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order and the side of aviary from which we broadcast the song during 
each bout of playback. We also included female identity within the zero- 
inflated component of the model (ziformula):  

2.5.3. Latency, close association time and negative association time 
For these three measures, we focused only on the response data (i.e., 

positive when the female entered the playback aviary for latency and 
close association [154 responses] or negative when the female entered 
the non-playback aviary for negative association[132 responses]). For 
the close association and negative association models, the data were still 
zero-inflated, and we maintained the default zero-inflation formula. 
Latency response data was not zero-inflated, so we removed the zero- 
inflation term from the latency model formula but kept the female 
identity random term in the model:  

3. Results 

3.1. Binomial response for association and close associations 

The probability of a female entering the playback aviary in response 
to zoo-bred song was not significantly higher than in response to either 
the control playback (relative to zoo-bred songs, control β = − 0.40, se =
028, p = 0.159) or to wild playback (wild β = − 0.3, se = 0.32, p = 0.256, 
Fig. 3a, Table S3). During many trial presentations females preferred to 
stay in the central aviary where food and water were provided. How
ever, of the birds that did enter the playback aviary, the probability of 
females subsequently approaching within 1 m of the playback speaker 
was significantly higher in response to zoo-bred song playback than wild 
songs or control songs (relative to zoo-bred songs, wild song β = − 3.10, 
se = 0.66, p ≤0.001, control songs β = − 3.48, se = 0.63, p ≤0.001, 
Fig. 3b, Table S3). 

3.2. Association time 

Females spent significantly more association time in the aviaries that 

broadcast zoo-bred songs than in the aviaries that broadcast either the 
control or the wild song types in both the early breeding season (relative 
to zoo-bred songs, control songs β = − 0.46, se = 0.04, p < 0.001, wild 
songs β = − 0.48, se = 0.03, p ≤0.001), and the late breeding season 
(relative to zoo-bred songs, control songs β = − 0.25, se = 0.05, p <
0.001, wild songs β = − 0.17, se = 0.06, p = 0.03). Association time was 
greater in the late season for all song types (Fig. 4a). The interaction 
between ‘time in season’ and ‘song type’ was significant (χ2 = 509.77, df 
= 3 p ≤ 0.001, Table S6). The conditional R2 value of the model was 
0.30. 

3.3. Close association time 

The ZIP model for close association time revealed that the females 
that responded to playback spent significantly more time within one 
metre of the speaker (i.e. close association) in response to zoo-bred song 
than either wild songs or control songs in the early breeding season 
(relative to zoo-bred songs, wild songs β = − 0.81, se = 0.10, p ≤0.001, 
control songs β = − 0.43, se = 0.15, p ≤0.001). In the late breeding 
season, females associated closely with zoo-bred song playback more 
than either wild or control songs, but this was only significant for control 
songs (relative to zoo-bred songs, wild songs β = − 0.97 se = 0.47, p =
0.29, control songs β = − 1.28, se = 0.22, p ≤0.001). A significant 
interaction between ‘time in the season’ and ‘song type’ was revealed by 
this model (χ2 = 12.09, df = 3, p = 0.007, Table S6). 

3.4. Latency 

Of the females that responded to playback, the latency to approach 
the speaker was significantly shorter in response to zoo-bred song 
playback than control and wild song playbacks in the early breeding 

Association time model < − glmmTMB (Association time ∼ Song type+ Song type : Time within breeding season+(1|Presentation order)
+ (1|side of aviary) , ziformula =∼ 1+(1|Female identity) ,family = Poisson,data = all data).

Close association time model < − GlmmTMB (Close association time ∼ Song type+ Song type : Time within breeding season+(1|side of aviary)
+ (1|Presentation order) , family = poisson,ziformula =∼ 1+(1|Female identity) ,data = positive response data).

Latency model< − GlmmTMB (Latency∼ Song type+Song type

:Time within breeding season+(1|Female identity)+(1|Presentation order)+(1|side of aviary) ,family= poisson,data= positive response data).

Negative association model < − GlmmTMB (Negative association time ∼ Song type+ Song type : Time within breeding season+(1|Female identity)
+ (1|Presentation order)+ (1|side of aviary) , family = poisson,ziformula =∼ 1 (1|Female identity) ,data = negative response data).
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season (relative to zoo-bred song type, control songs β = 0.64 se = 0.07, 
p ≤0.001, wild songs β = 0.72, se = 0.04, p ≤0.001). In the late breeding 
season females' latency to approach the speaker was shorter in response 
to zoo-bred songs than both control and wild songs, however, this was 
only significant compared with control songs (relative to zoo-bred song 
type, control songs β = 0.36, se = 0.10, p ≤0.001, wild songs β = 0.003, 
se = 0.10, p = 0.10). Latency did not differ significantly within groups 
for any song type between early season and late season (Fig. 4d, 
Table S7). The interaction between ‘time in season’ and ‘song type’ was 
significant (χ2 = 52.96, df = 3, p ≤0.001, Table S6). 

3.5. Negative association 

Negative time indicates the time spent in the aviary opposite the 
playback aviary. We include it to show that the bird may move from its 

initial position in the central aviary to another aviary without being 
directly influenced by playback. It sets a benchmark to compare females' 
response to playback with. For females that entered the non-playback 
outer aviary, song type was a significant predictor of the amount of 
time spent in the non-playback outer aviary (χ2 = 159.74, df = 2, p 
≤0.001). Females that entered the non-playback outer aivary spent 
significantly less time during the zoo-type playbacks than during the 
control and wild playbacks in the early season (relative to zoo-bred 
songs, control songs β = 0.47, se = 0.06, p ≤0.001, wild songs β =
0.51, se = 0.04, p ≤0.001, Fig. 4c). In the late season, there were no 
significant differences in the amount of time spent in the non-playback 
outer aviary (relative to zoo-bred songs, control songs β = − 0.30, se =
0.11, p = 0.11, wild songs β = − 0.55 se = 0.12, p ≤0.001). The inter
action of time in season and treatment was significant (χ2 = 50.12, df =
3, p ≤0.001). 

Fig. 4. Prediction plots for linear mixed models showing mean +/− SE amount of time spent by zoo-bred female regent honeyeaters in (a) the playback aviary; (b) 
within 1 m of the playback speaker (i.e. close association time); (c) in the non-playback outer aviary, and (d) the latency to enter the playback aviary, by song 
playback type and time within breeding season. 

Fig. 3. Logistic regression plots showing the probability of (a) positive association of zoo-bred female regent honeyeaters to playback song type; and (b) of associated 
birds making a close association within 1 m of the speaker. The red circle represents the estimated probability, the shaded areas represent the kernel density and 
numbers in parentheses denote the sample sizes (i.e. the number of song bout presentations) included in each analysis. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the web version of this article.) 

D.L. Appleby et al.                                                                                                                                                                                                                              



Biological Conservation 284 (2023) 110171

7

4. Discussion 

Understanding the fitness consequences of captivity on individual 
animals bred for release into the wild is critical to the success of ex-situ 
conservation efforts (Baskett and Waples, 2013; Crates et al., 2022). 
Using a rigorous experimental protocol within an applied zoo breeding 
environment, we demonstrated that female regent honeyeaters were no 
more likely to enter an aviary containing playback of the familiar songs 
of zoo-bred males than the unfamiliar songs of wild regent honeyeaters 
or an interspecific control. However, of those individuals that did enter 
the playback aviary, females spent a longer time in the aviary and were 
more likely to approach to within 1 m of the playback speaker in 
response to familiar, zoo-bred males' songs than unfamiliar wild males' 
songs or the songs of an interspecific control. This is the first demon
stration that female zoo-bred birds prefer familiar but abnormal songs 
from the captive environment to those of a wild counterpart. We 
conclude that assortative mating based on a preference for familiar song 
dialects is a risk for the regent honeyeater zoo-breeding program, with 
potentially negative consequences for reintroduction efforts. However 
further work is required post-release to better quantify these risks. Our 
study adds to the growing body of literature exploring potential fitness 
consequences of divergent cultural norms between wild and zoo-bred 
populations in conservation programs (Lewis et al., 2020; Crates et al., 
2022). Here we discuss the implications of our findings for adaptive 
management of zoo-bred populations. 

Playback studies have the difficult task of interpreting the meaning 
of the female's behaviour (Fujii et al., 2022). Our results showed a sig
nificant difference in the probability of females entering the playback 
aviary in response to the familiar, zoo-bred songs compared with the 
control but not to the unfamiliar, wild song type. While the individual 
responses were inconsistent, 16/18 females responded to zoo-bred 
playback in at least one of the presentations of playback. There are at 
least two possible explanations for this. First, a female could enter the 
playback aviary at any time during the trial, not just when the playback 
was being broadcast. As such, an approach could be misinterpreted as 
interest in the song when the motivation for entering the aviary could be 
related to other factors. The probability of entering the non-playback 
outer aviary was lower but comparable across song types suggesting 
that bird movements can be independent of broadcasted playback. 
Second, some females may have had a greater interest in visiting the 
feeder in the neutral aviary than in responding to playback, thereby 
weakening any effect of preferences for song types. 

Arguably, more meaningful measures of preference than entry to the 
playback aviary are the amount of time spent in the playback aviary and 
the probability of approaching the speaker closely. The amount of time 
spent associating with a potential mate has been shown to be a reliable 
indicator of mate preference in birds (Witte, 2006). We found that fe
males spent a significantly greater amount of time in the playback avi
ary, and were more likely to approach the speaker closely, in response to 
familiar, zoo-bred songs than either wild songs, or those of another 
species, regardless of the time within the season. We included close 
association time (time spent within one metre of the speaker) as a clearer 
indication of female response due to the separation of the speakers from 
the vegetated areas elsewhere in the aviary and the direct investigation 
of the source of sound. Close association time was also significantly 
greater in response to familiar songs than unfamiliar ones. Latency to 
respond is also a consistent indicator of behavioural response in 
passerine birds (Freeman and Montgomery, 2017; Vargas-Puentes et al., 
2021). Our results showed that the latency to approach the playback 
aviary was significantly shorter in response to familiar, zoo-bred songs 
than unfamiliar ones. We included negative association time, not as a 
direct measure of interest but to demonstrate the nature of movement in 
the experimental aviary and the amount of time spent in an area with no 
playback. Our results demonstrated that birds spent a similar overall 
amount of time in the non-playback outer aviary as in the playback 

aviary in response to wild and control type songs. In response to familiar 
songs, birds spent less time in the non-playback outer aviary than when 
they were exposed to the unfamiliar song types. 

The two clearest indicators of response, close association time and 
latency, were the same or stronger in the early breeding season, while 
association time was greater in the late breeding season (Fig. 4). The 
early breeding season represented experiments undertaken in late June. 
At this time zoo-bred birds are observed attempting to form pairs and 
collecting nesting material (pers comm.). The late season represented 
the experiments undertaken in January, a time when birds may be un
derway with a second or third clutch, potentially with a new partner 
(Geering and French, 1998). At this time wild regent honeyeaters may 
also have finished breeding and be gathering in post breeding flocks. 
Thus, some females may have been less motivated to seek out mates at 
this time, either because of the limited time remaining for breeding and/ 
or because of hormonal changes as breeding winds down (Maney et al., 
2008). Further, although females spent longer in the playback aviary 
than the non-playback outer aviary during the late breeding season, they 
did not necessarily investigate the speaker. This may have been a 
function of the increased temperature at this time of year, leading to a 
trade-off between activity and temperature regulation (Pattinson et al., 
2020). Although familiar songs resulted in significantly less negative 
association time than unfamiliar songs in the early season, this was the 
not the case in the late season. Combined with the fact that negative time 
was lower in the early breeding season for all song types suggests if 
interest in the playback stimulus is lower in the late breeding season 
then bird movements may be independent of the playback stimulus. 
Alternatively, this may reflect the smaller sample size of females assayed 
later in the breeding season. 

In tandem with the wider regent honeyeater literature, our study 
suggests that variations in song dialects and associated differences in 
female familiarity with these dialects could contribute to assortative 
mating based on song type in this species. The results from our study are 
consistent with Crates et al. (2021) who demonstrated that wild males 
that sang songs different to the regional cultural norm were less likely to 
be paired with a female, and those that did pair were significantly less 
likely to build nests that reached the egg stage. Further, both sexes 
showed a higher propensity to survive post-release when exposed to 
song-tutoring (Tripovich et al., 2021). Our results may also help to 
explain the rarity of pairings between released zoo-bred birds and wild 
birds, despite releases taking place within known breeding areas 
(Ingwersen, 2014; Kvistad et al., 2015). None of these observations show 
that song differences alone are responsible for the lack of breeding 
success. Birds with non-locally conforming songs in Crates' study were 
often isolated from other birds, and as such may have had limited op
portunities to attract females. Likewise, the lack of zoo-bred male – wild 
female pairs after release may be due to a paucity of females at release 
sites or be influenced by differences between zoo-bred and wild males in 
other sexual signals such as plumage, ornamentation or physical con
dition (Burley, 1981; Candolin, 2003; Wang et al., 2022). However, even 
amongst paired males, those with an abnormal song were significantly 
less likely to initiate nesting, suggesting that song abnormalities could 
carry a fitness cost (Crates et al., 2021). 

Similar to other studies (Fujii et al., 2022; O'Loghlen and Beecher, 
1997; Vargas-Puentes et al., 2021), our results show that female re
sponses to male vocal stimuli were not limited exclusively to familiar 
songs but were significantly stronger than to unfamiliar ones. The evi
dence of wild females pairing with males who sing non-local songs, and 
zoo-bred birds pairing with wild birds suggests that abnormal song is not 
an absolute barrier to pairing. Despite this, aberrant song may still have 
fitness consequences for released birds. Females constrained to non- 
preferred partners by a lack of choice due to small population size or 
low population density may experience deleterious effects to both their 
physical condition and to the success of the breeding effort (Griffith 
et al., 2011). This appears to be consistent with Crates et al. (2021) who 
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showed that aberrant song was not an absolute barrier to pairing, but it 
did result in significantly lower likelihood of producing a nest that 
reached the egg stage. 

Our study provides evidence that females prefer to associate with 
males that sing familiar songs, suggesting that they may be more likely 
to pair with these males than those that sing unfamiliar songs. Assor
tative mating is likely to inhibit gene flow that is pivotal in the con
servation of critically endangered species (Slade et al., 2014) and has the 
potential to reduce the overall number of birds forming pairs and hence 
the number of offspring produced. If dialect differences inhibit released 
birds from integrating into established flocks, the experience of wild 
birds is unlikely to be conferred to re-introduced birds (Kleiman, 1989), 
which models show will compromise the capacity of zoo-bred birds to 
population recovery post-release (Heinsohn et al., 2022). 

Considering the song differences between wild and zoo-bred birds, 
we have now implemented a song tutoring program at Taronga Zoo that 
exposes young birds to the songs of wild males with the aim of 
improving post-release outcomes. Our study has important implications 
for adaptive management of the zoo-breeding program, highlighting the 
importance of exposing not only males, but also females, to wild-type 
songs given the evidence that courtship preferences in birds can be 
shaped by juvenile auditory experiences (Chen et al., 2017). Secondly, it 
reinforces the need to release females in places and at times they can 
gain rapid exposure to wild males and their songs prior to the breeding 
season. More broadly, our study shows the importance of the potential, 
but often-overlooked fitness consequences of cultural isolation in zoo- 
breeding settings (Brakes et al., 2019). The initial implementation of 
the regent honeyeater breeding program aimed to understand hus
bandry requirements and consequently began with a small number of 
nestling wild founders and implemented hand-rearing (Liu et al., 2014). 
This prevented crucial social learning of wild song dialects from the 
commencement of the breeding program, which has influenced the song 
culture of all successive generations. The selection of founders for ex-situ 
conservation programs must consider not only their life-stage but also 
their behavioural competency/diversity. Programs must also be 
designed to maintain these traits across generations and facilities. 
Conservation breeding programs must strive to consider socially learned 
behaviours in their management of species. 

Small scale behavioural experiments are rarely a priority in zoo- 
breeding programs (Kemp et al., 2015) as limited resources are often 
directed toward husbandry and breeding outcomes. However, it is 
increasingly acknowledged that the phenotypic quality of zoo-bred an
imals is as important as their quantity in determining the success of 
reintroductions (Crates et al., 2022). Despite the limitations of working 
on critically endangered species amongst a raft of research and conser
vation priorities, our study demonstrates that carefully planned exper
iments can be incorporated into husbandry practices with minimal 
inconvenience. We suggest such experiments should be considered an 
essential part of reintroduction programs, as they can inform the 
adaptive management of husbandry and release protocols to increase 
the fitness of zoo-bred animals and thereby the success of ex-situ con
servation more broadly. 
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