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Identifying factors influencing the demographics of threatened species is essential for
conservation, but a lack of comprehensive demographic data often impedes the effective
conservation of rare and mobile species. We monitored breeding of critically endangered
and semi-nomadic Regent Honeyeaters Anthochaera phrygia (global population ¢. 100
pairs) over 3 years throughout their range. Overall nest success probability (0.317) was
highly spatially variable and considerably lower than previous estimates for this (and
many other honeyeater) species, as was productivity of successful nests (mean 1.58 juve-
niles fledged). Nest surveillance revealed high predation rates by a range of birds and
arboreal mammals as the primary cause of nest failure. An estimated 12% of pairs either
failed to establish a territory or their nests did not reach the egg stage. We also found a
male bias to the adult sex ratio, with an estimated 1.18 males per female. Juvenile sur-
vival for the first 2 weeks after fledging was high (86%). Management interventions that
aim to increase nest success in areas of low nest survival must be investigated to address
an apparent decline in reproductive output and avoid extinction of the Regent Honeyea-
ter. We show that temporal and spatial variation in the breeding success of rare and
highly mobile species can be quantified with robust population monitoring using
sampling regimens that account for their life histories. Understanding the causes of spa-
tio-temporal variation in breeding success can enhance conservation outcomes for such
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species through spatially and temporally targeted recovery actions.
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Robust modelling of population trajectories
requires accurate and precise estimates of demo-
graphic parameters (Brook et al. 2000) and identi-
fication of the factors influencing these parameters
is vital for effective conservation (Caughley 1994).
For rare and highly mobile species, collecting
demographic data can be challenging (Runge et al.
2014, Cottee-Jones et al. 2015). Consequently,
identifying the drivers of population decline in
such species is often based on limited data (Rayner
et al. 2014), reducing the accuracy of estimated
demographic parameters. Sampling populations of
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widespread species in a subset of their range or
over short time periods could lead to biased esti-
mates of breeding success if reproductive parame-
ters vary in space and time (Paradis et al. 2000,
Stojanovic et al. 2014) or are a function of popula-
tion size or density (Stephens & Sutherland 1999).
Thus, data limitations can inhibit detection of lim-
its to population recovery, potentially leading to
misallocation of conservation resources (McDon-
ald-Madden et al. 2010).

Population growth rates can also be compro-
mised by biased adult sex ratios (the ratio of sexu-
ally active males to fertilizable females; Donald
2007) because members of the more abundant sex
may be unable to find mates (Gascoigne et al.
2009). Biased adult sex ratios are relevant to
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threatened species recovery efforts, via conserva-
tion measures to increase numbers of the rarer sex
(Ewen et al. 2001). Sex ratios are also often spa-
tially variable (Steifetten & Dale 2006) with impli-
cations for determining where recovery effort
should be invested (Wedekind 2002). However,
robust sex ratio estimates are seldom available for
rare and mobile species due to perceived chal-
lenges of collecting necessary data (Donald 2007).

We monitored reproduction in the wild popula-
tion of the critically endangered Regent Honeyeater
Anthochaera phrygia. The species’ estimated popu-
lation of 350400 individuals (Kvistad et al. 2015)
and patchy occurrence across up to 600 000 km?
of south-eastern Australia (Commonwealth of Aus-
tralia 2016) poses challenges for conservation
research (Clarke et al. 2003a). Historically, Regent
Honeyeaters were considered abundant but there
has been a rapid population decline since the 1960s
(Franklin et al. 1989). This decline is primarily
attributed to extensive clearing of preferred box—
gum—ironbark woodland habitats (Ford et al. 1993,
2001), but the demographic factors underlying
contemporary population trends are poorly under-
stood (Clarke et al. 2003a, Crates et al. 2017a).

Regent Honeyeaters build open-cup nests, typi-
cally in the outer branches of large trees. They
form socially monogamous pairs and nest in loose
aggregations in association with the flowering of a
select number of Eucalyptus tree species (Franklin
et al. 1989). Parents provision juveniles in sepa-
rate family groups for 2-3 weeks post-fledging,
almost exclusively within 200 m of the nest-site
(R. Crates pers. obs). Post-breeding, Regent Hon-
eyeaters form flocks consisting of adults and inde-
pendent juveniles (Geering & French 1998).
Estimates of nesting success (probability of fledg-
ing one or more juvenile) in the 1990s were
comparable to other Australian honeyeaters (38—
47%), leading to the conclusion that low nesting
success was not driving population decline (Geer-
ing & French 1998, Oliver et al. 1998). Current
recovery actions focus on biannual releases of
captive-bred individuals to the southern edge of
the species’ contemporary range, and small-scale
protection and restoration of habitat (Common-
wealth of Australia 2016). No standardized nest
monitoring has been undertaken for over
20 years, but given the Regent Honeyeater’s con-
servation status, reassessment of key breeding
parameters is a conservation priority (Common-
wealth of Australia 2016).
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To inform conservation management of the
wild Regent Honeyeater population, we aimed to
develop a range-wide monitoring programme to
locate breeding Regent Honeyeaters. We then
aimed to estimate the adult sex ratio and contem-
porary nesting success and to identify factors
affecting these parameters. We also aimed to esti-
mate short-term post-fledging juvenile survival.
Lastly, we compared our estimates with historical
studies for the Regent Honeyeater and other Aus-
tralian honeyeaters.

METHODS

Locating Regent Honeyeaters

We searched for Regent Honeyeaters over three
breeding seasons. In 2015, we surveyed 321 sites
over 880 km? of the Capertee Valley, New South
Wales, a known core breeding region for the
remaining population (Crates et al. 2017b). We
then expanded our sampling across the entire con-
temporary range, surveying 777 and 896 sites in
2016 and 2017, respectively (Supporting Informa-
tion Table S1 and Fig. S1). Sites were spaced
> 150 m apart in Regent Honeyeater breeding
habitat (Commonwealth of Australia 2016) and
were selected based on a combination of habitat
identified as high priority by a species distribution
model constructed in ‘MaxEnt’ (L. Rayner et al.
unpubl. data), expert advice and extensive field
searches for potential breeding habitat.

We visited all sites in the Capertee Valley three
times in 2015. In 2016, we visited 777 sites twice,
with 371 of those being visited a third time. In
2017, we increased the number of survey sites to
896, of which 610 sites were visited twice
(Table S1). In total, 5949 site visits were made
over the course of our study. Site visits comprised
a 5-min point count within a 50-m radius, with
Regent Honeyeater song broadcast (Pizzey &
Knight 2014) from portable speakers in the first
survey minute (Crates et al. 2017b). We also
recorded and monitored all Regent Honeyeaters
detected (visually or audibly) > 50 m from survey
sites or outside the 5-min survey window.

Estimating sex ratios

Where Regent Honeyeaters were detected, we
undertook repeated adaptive sampling to search
for additional birds nearby (Smith er al. 2004).



Follow-up searches commenced as soon as possi-
ble, and not more than 4 days after the first
Regent Honeyeater detection at a site. We marked
a sample of individuals (20 females, 48 males)
with coloured leg bands using mist-nests and
assigned sex based on wing length, plumage and
mass (Geering 2010). We then determined the
number of individuals present in each aggregation
(defined as a group of birds loosely distributed
over an area of 2-20 ha), their sex and nesting sta-
tus. The maximum number of individuals present
in each aggregation was estimated during adaptive
sampling through combined monitoring of nests,
colour-banded individuals and wunpaired males.
Because aggregations were largely monitored
simultaneously within years, movement of individ-
uals between aggregations was minimized. Only
two colour-banded individuals were detected in
more than one aggregation in the same year; these
individuals and their unmarked partners were
accounted for in counts. We sexed unmarked birds
in the field based on plumage, size and song
characteristics, as only males vocalize a full song
(R. Crates pers. obs.). We estimated the sex ratio
of nesting aggregations by collating data from all
Regent Honeyeaters observed at sites (including all
colour-marked birds, unmarked pairs and individu-
als). Unpaired males at nesting aggregations were
readily identified by their persistent singing, lack of
an accompanying female and the small number of
birds in each aggregation. Because nests were
invariably inaccessible, we were unable to estimate
nestling sex ratios.

Locating and monitoring nests

We located nests by observing bird behaviour (i.e.
nest construction, incubating females or parents pro-
visioning young). For nests where egg-laying dates
were not known, we estimated initiation date based
on a 34-day nesting period with eggs laid on consec-
utive days, 14 days of incubation and a 19-day nest-
ling period. The nestling period was calculated
based on our own observations of 13 successful nests
monitored from the date the first egg was laid,
which was 2-3 days longer than reported in Geering
and French (1998) and Oliver et al. (1998). Initia-
tion date could not be estimated to within + 2 days
for two nests, which were excluded from analyses.
Because of the small number of pairs at each nesting
aggregation (n =22 aggregations, mean n
pairs = 6 + 4.7 sd, range = 1-14), we were
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confident that effectively all nesting attempts
were located and monitored. We observed nests
(mean height =13 m 4+ 4.69 sd, range = 3-
25 m) from the ground every 2-7 days using the
presence and behaviour of adults to determine
whether nests were active. We recorded the nec-
tar sources associated with each nest by observ-
ing the tree and mistletoe species in which the
adults were foraging.

To identify the causes of nest failure, we
deployed wireless infra-red video cameras between
2 and 8 m distant from 14 nests accessible by tree
climbing. Where we could not confirm the cause
of nest failure, it was assumed where possible: for
example, if failed nests were damaged or empty,
we assumed that predation had occurred and if
intact nests were found on the ground following a
period of high winds, we assumed that wind had
dislodged the nest.

Post-fledging juvenile survival

At successful nests and where logistically possible,
we monitored juvenile survival every 2-4 days for
the first 2 weeks after fledging. Juveniles were
readily detected by their persistent begging calls
(R. Crates pers. obs.). We identified juveniles via
the colour bands on the parents provisioning them
or because there were no other recently fledged
juveniles present concurrently within 200 m.

Data analysis

We modelled the daily survival rate (DSR) of
Regent Honeyeater nests in R v3.2.3 (R Core
Development Team 2017) using package ‘RMark’
v2.2.2 (Laake et al. 2016), an R-interface for the
nest survival model (Dinsmore et al. 2002) in the
program ‘MARK’ (White & Burnham 1999,
Cooch & White 2001). By calculating daily sur-
vival probabilities, these models account for unde-
tected nests in survival estimates (Dinsmore &
Dinsmore 2007). We obtained the best-supported
nest survival models based on lowest corrected
Akaike information criterion (AIC.) values (Burn-
ham & Anderson 2002). Because it is difficult to
assess reliably the goodness of fit of nest survival
models (Sturdivant et al. 2007), we avoided over-
fitting by including a maximum of three covariates
per model (Table 1).

We assessed spatial autocorrelation in range-
wide nesting success (binomial response: fail or

© 2018 British Ornithologists’ Union
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fledge one or more juveniles, sampling distance
50 km) and within the core range of the Capertee
Valley (sampling distance 500 m) using correlo-
grams (based on Moran’s I, Tiefelsdorf 2000) using
the R-package ‘ncf’ (Bjornstad 2015). To account
explicitly for spatial dependence in nest success
(which is not possible with nest survival models
using RMark), we modelled range-wide nest suc-
cess including a spatial term. The response metric
was daily nest failure probability, calculated using
the ‘successes per failure’ syntax (Aebischer 1999,
Shaffer & Thompson 2007). Where the exact day
of nest failure was unknown, we assumed nest fail-
ure occurred on the median day between visits.
We evaluated three spatial modelling approaches:
spatial autoregressive lag models, generalized linear
models with a spatial autocovariate and general-
ized additive models (GAMs) with a spatial covari-
ate. Model diagnostics (analysis of residuals and
adequacy of basis dimensions of smoothed spatial
terms, sensu Wood 2017) indicated that GAMs
were the most appropriate choice given the distri-
bution of nests throughout the range. We fitted
GAMs using the R-package ‘mgcv’ (Wood 2018),
with a binomial link function and nest location
(latitude/longitude) as a smoothed spatial covari-
ate. Unlike nest survival models, GAMs also allow
the inclusion of random terms. We therefore
included Pair ID as a random term because 15% of
nests were known to be second attempts by the
same pair in the same season. We used MuMlIn
v1.40.4 (Bartor 2018) to find the most parsimo-
nious models from the global model, based on the
lowest AIC, value (Burnham & Anderson 2002).

To estimate juvenile survival for the fortnight
post-fledging, we fitted constant and age-trend nest
survival models using RMark for 56 juveniles from
42 nests in the greater Blue Mountains. Constant
nest survival models assume that daily survival
does not change during the post-fledging period,
whereas age-trend models account for potential
temporal changes in daily juvenile survival (Dins-
more & Dinsmore 2007). Thus, each juvenile was
‘found’ on the first day it fledged, and ‘succeeded’
if it survived for 14 days post-fledging, regardless
of the fate of any siblings. To account for potential
non-independence of the fate of siblings (n = 13
nests), we ran the models twice more, randomly
sampling just one juvenile from each nest.

To compare our Regent Honeyeater nest suc-
cess and productivity estimates with other studies
of Australian honeyeaters, we conducted a
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literature search in Google Scholar using the terms
‘nest survival’, ‘nest success’, ‘honeyeater’ and
‘Australia’. We included all independent studies of
honeyeater species returned by the literature
search to accumulate a database of nest success
estimates and associated spatio-temporal metadata

(see Table 3).

RESULTS

We detected Regent Honeyeaters at 27 monitoring
sites in 2015, at 39 sites in 2016, and at 53 sites in
2017 (Table S1). We detected a minimum of 70
adult birds (age > 1 year) in the Capertee Valley
in 2015, 73 adult birds range-wide in 2016, and
145 adult birds range-wide in 2017. This
represented 30-65% of the estimated effective
population each year (Kvistad et al. 2015, Com-
monwealth of Australia 2016). We colour-marked
individuals in the Severn River (1 female (F), 7
males (M)), Barraba (2 M), Goulburn River (1 F,
3 M) and Capertee Valley (18 F, 38 M), 94% of
which were > 1 year old. The range-wide adult
sex ratio was 1.18, but small breeding aggregations
in the Northern Tablelands (Barraba and Severn
River) were more male-biased (Fig. 1).

An estimated 12% of potential breeding pairs
(exhibiting territorial aggression and male singing)
failed either to gain a territory or to lay eggs. In
the Capertee Valley, 17 pairs fitted these criteria
over 3 years, and in the broader range, six pairs
failed to breed in this way.

We found 119 Regent Honeyeater nests reach-
ing the egg stage in five regions of New South
Wales: The Capertee and Burragorang Valleys,
Goulburn River, Barraba and Severn River
(Fig. 1). In total, 51 successful nests produced 82
fledglings. Although nests were associated with a
variety of nectar resources, Yellow Box Eucalyptus
melliodora was disproportionately the most com-
mon (Supporting Information Table S3). In all,
34% of nests were found on or before the day the
first egg was laid. Median nest age when found
was 4 days (mean = 7.5).

The best-supported range-wide nest survival
model (Table 2) provided a daily nest survival esti-
mate of 0.967 + 0.004 (95% confidence interval
(CI) 0.959-0.975, effective sample size (N,) =
1895), giving a nest survival probability over the
34-day nesting period of 0.317 (95% CI 0.24-
0.42). DSR models showed high regional variation
in nest survival. In the Northern Tablelands
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Table 1. Description of covariates included in Regent Honeyeater nest survival models. Further details of covariates are provided in

Table S2.

Covariate Description

Tree cover Estimated percentage tree cover within 50 m of nest, to nearest 10%.

Edge Log-transformed distance to (positive) or from (negative) edge of continuous woodland.

Concealment Four-level factor — concealment of nest by surrounding 2 m? vegetation: Low < 25%; Moderate < 50%; High < 75%;

Very High > 75%.
Position
inner 75% of crown.
Height Height of nest in metres above ground.

Three-level factor — position of nest within tree crown: Outer = outer 10% of crown; Mid = 11-25% of crown; Inner >

Camera Presence/absence of nest monitoring camera.

Flower Five-level factor — relative flower (a proxy for nectar) abundance within 100 m of nest: 0 = none; 1 = light; 2 =
moderate; 3 = high; 4 = very high.

Noisy Miner  Detection/non-detection of Noisy Miners within 50 m of each active nest during nest monitoring.

Temperature Days during nesting period where maximum temperature exceeded 35 °C.
Conspecifics Number of Regent Honeyeater nests, active synchronously for > 50% of focal nest duration, within 100 m of focal

nest.
Region Two-level factor: 1 = greater Blue Mountains, 2 = Northern Tablelands.
Site Nine-level factor indicating nest location within regions: 1 = Capertee north; 2 = Capertee north-west; 3 = Capertee

west; 4 = Capertee central; 5 = Capertee south; 6 = Goulburn River; 7 = Burragorang 8 = Barraba; 9 = Severn

River.

Location Spatial location (Lat/Long) of nest.

Habitat type  Three-level factor: 1 = box—ironbark woodland; 2 = box—gum woodland; 3 = riparian.

Nest age Age of nest in days since first egg.
Time Continuous timing of nest (Julian date) within overall breeding season.
Year Three-level factor: 1=2015 2=2016 3=2017.

(Barraba and Severn River), nest survival probabil-
ity was substantially lower (0.093, 95% CI 0.014-
0.27, n = 11) than in Central NSW (Blue Moun-
tains, 0.337, 95% CI 0.245-0.431, n = 108; Figs 1
and 2), with no juveniles fledged from 11 nests
found in the Northern Tablelands. Nest survival
also differed markedly at the site level between
nesting aggregations within the Capertee Valley,
ranging from 0.14 in the centre to 0.74 in the
north-east (Fig. 2, Supporting Information Tables
S4 and S5).

Correlograms of nest success indicated that
nests located close to each other tended to share a
similar fate (Supporting Information Fig. S2). Nest
success was spatially autocorrelated at distances
separating discrete breeding sites within the Caper-
tee Valley, and also between regional sub-popula-
tions range-wide (Fig. S2). DSR models also
identified nest position and the presence of con-
specifics as additional factors influencing nest sur-
vival. Nests built in the outer canopy and in close
proximity to other nesting pairs had the greatest
survival probability (Fig. 2, Table S5). Nest sur-
vival decreased slightly as nest age increased, but
the age-trend model fitted the data no better than
constant survival (AAIC. = 1.59). In the Capertee

Valley, nest survival was more than twice as high
in 2017 than in other years (Fig. 2, Table S4).

The top-ranked GAMs confirmed that nests
positioned in the outer crown of trees had the high-
est survival rates (Tables 2 and S5). Noisy Miner
Manorina melanocephala presence was included in
two of the four top-ranked models (Table 2) and
had a negative but non-significant effect on the
probability of Regent Honeyeater nest success
(Table S5). The smoothed spatial term of nest loca-
tion improved the fit of the model (Table 2).

Predation was the main known cause of Regent
Honeyeater nest failure, accounting for 89% of
nests where the cause of failure was confirmed.
Avian predators were Pied Currawongs Strepera
graculina (n = 3), Noisy Miners Manorina melano-
cephala (n=2), a Pied Butcherbird Cracticus
nigrogularis and a Laughing Kookaburra Dacelo
novaeguineae. Mammalian predators included a
Brush-tailed Possum Trichosurus vulpecula and
Sugar Glider Petaurus breviceps. Inclement weather
(high wind, hail, extreme heat) was inferred as the
cause of seven additional failures. A second nesting
attempt was initiated by eight pairs whose first
attempt failed, and by 10 pairs following a success-
ful first attempt.

© 2018 British Ornithologists’ Union



6 R. Crates et al.

Monitoring site: N
[ ]
Sex ratio: &

‘40—\/?//
QO
L

Population size:

ega‘

GR (10, 11, 0.74)
MG (0, 0)al DD

CV (95,69,0.33

BU(7,2,*O

]

H(0,0,%

s v

Figure 1. Regional variation in the population size, adult sex
ratio and nest success probability of wild Regent Honeyeaters
in 2015 (orange), 2016 (yellow) and 2017 (blue). Northern
Tablelands: Severn River (SR) and Barraba (BA). Greater Blue
Mountains: Goulburn River (GR), Munghom Gap (MG), Caper-
tee Valley (CV), lower Hunter Valley (LH), Burragorang Valley
(BU). Figures in parentheses denote, over all years: nests,
juveniles, nest success probability. Overlapping population
symbols (circles) denote the same regional sites occupied
more than 1 year. Inset: Regent Honeyeater range based on
2000-2010 sightings data. *Sex ratio data not available for
lower Hunter Valley. Unknown fate of four nests in the Bur-
ragorang Valley not included in DSR models.

The mean number of young fledged per nesting
attempt was 0.78 + 0.1 CI. The mean number of
juveniles fledged from 59 successful nests was
1.58 £ 0.53. The age-trend juvenile survival
model (AIC. = 92.65, W; = 0.86) fitted the data
better than the constant model (AAIC. = 3.67,
W; = 0.14), with daily juvenile survival increasing
with time since fledging (Fig. 3). Estimated DSR
of juveniles (n = 56 juveniles, N, = 649) averaged
across the fortnight post-fledging was 0.989 +
0.009, giving a survival probability of 0.859 (95%
CI 0.46-0.97). Models containing only one
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Table 2. Top-ranked (AAIC. < 2) nest survival (S) and daily
failure probability (F) generalized additive models (GAMs) for
119 Regent Honeyeater nests (N, = 1895) from 2015 to 2017.

Model
type Model AIC. AAIC., W;
Nest S(Site) 438.88 - 0.40
survival  S(Site + Conspecifics + 440.13 126 0.21
Position)
GAM F(Position + s(Lat,Long) + 269.86 0 0.19
1| pair ID)

F(Position + s(Lat,Long) + 270.19 0.33 0.16
Noisy Miner + 1| pair ID)

juvenile from each nest (i.e. excluding random
nest effects) did not substantially alter juvenile sur-
vival estimates (Supporting Information Fig. S4).

DISCUSSION

By developing a targeted and spatially stratified
sampling design, we consistently located between
30 and 65% of the estimated global population of
Regent Honeyeaters. Poor breeding success limits
recruitment to the population. High rates of nest
predation drive poor reproduction, which is exac-
erbated by the failure of some pairs to participate
in breeding, a decrease in the number of juveniles
fledged from successful nests, and a lack of
females. Contemporary nesting success (9-34%)
was considerably lower than estimates from previ-
ous studies (Table 3). Nest success was also highly
variable at multiple spatial scales, suggesting that
complex factors are suppressing population growth
in Regent Honeyeaters.

Approximately one in six males was unable to
find a mate. Although our sex ratio estimate is
based primarily on the sexing of individuals in the
field, we are confident that our estimate is accu-
rate. Unpaired males sang prolifically, which con-
firmed they were not nesting, as singing ceases
prior to egg-laying (R. Crates pers. obs.). Singing
males may be more detectable than females, but
these males would have facilitated detection of
any associated females during follow-up searches
(e.g. through courting behaviour) had females
been present. Given the very sparse distribution of
nesting aggregations throughout the range (Fig. 1),
dispersing females may fail to locate other flocks,
causing them to become lost from the breeding
population (Dale 2001, Gilroy & Lockwood
2012). Alternatively, a male-biased sex ratio could
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Figure 2. Variation in Regent Honeyeater daily nest survival rate (DSR) + se according to factors included in the top ranked nest
survival models (Table 2), plus year: (a) breeding site; (b) nest position within tree crown; (c) presence/absence of nesting con-
specifics within 100 m; (d) year. Estimates were derived from separate models of each factor. See Tables S4, S5 and Supporting

Information Figure S3 for additional information.

be due to predation of some females during nest-
ing (Gruebler er al. 2008, Stojanovic et al. 2014).
Male-biased sex ratios may be common in bird
species (Donald 2007), but a lack of females is a
clear limit to Regent Honeyeater population recov-
ery, considering the species’ estimated effective
population of just 100 pairs (Kvistad er al. 2015).
This effect appears to be greatest at the range edge
in northern NSW, indicating the sex ratio bias
may increase with population decline (Stojanovic
et al. 2018). Unpaired males could also reduce
breeding success of pairs by attempting to steal
mates or increasing nest exposure to predators
(Dale 2001).

The failure of 12% of pairs during territory
acquisition or nest construction may be a conse-
quence of high attraction to nesting conspecifics in
fragmented habitat patches that are too small to
support the number of pairs attempting to settle
there (Kokko & Sutherland 2001, Schmidt et al.
2015). Although some species regularly abandon

nests during construction if concealment is consid-
ered to be insufficient (Beckmann & Martin 2016),
our observations suggest that the failure of Regent
Honeyeater nests during construction was more
probably due to competitive displacement by lar-
ger honeyeater species. These results emphasize an
urgent need for targeted restoration of Yellow
Box — Mugga Ironbark Eucalyptus sideroxylon habi-
tats (Tulloch et al. 2016) to increase the size and
availability of breeding habitat and reduce compe-
tition for nest-sites.

The best nest survival models included breeding
site and nest position as factors influencing nest
survival. Given high levels of observed nest preda-
tion by an assemblage of species, local predator
presence/abundance at breeding sites may explain
spatial structure in Regent Honeyeater nest suc-
cess. Variation in nest position could be explained
by the age of nesting pairs, with more experienced
pairs selecting less accessible nest positions in trees
(Eggers et al. 2006). Although the exact age of

© 2018 British Ornithologists’ Union
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Table 3. Published estimates of nest survival probabiliies and mean fledglings per successful nest for Australian honeyeaters

‘

(Meliphagidae). Estimates are ranked by percentage of nest success. ‘', Unavailable data.

% Nest success

Fledglings per nest

Species Location Year (nests) Method?® (nests)? Citation
White-cheeked C.NSW 1987-88 68.3 (43) Binary - Armstrong and Pyke
Honeyeater (1991)
Bell Miner S. VIC 1988- 57.4 (122) Binary - Poiani (1993)
1990
Regent Honeyeater C. NSW 1996 46.9 (42) Mayfield 1.88 (18) Geering and French
(1998)
Brown Honeyeater NT 1985- 42 (75) Binary 1.74 (19) Franklin and Noske
1999 (2000)
New Holland C. NSW 1987-88 41 Binary - Armstrong and Pyke
Honeyeater (1991)
Regent Honeyeater C. NSW 1995 38.7 (73) Mayfield 1.78 (50) Geering and French
(1998)
Noisy Friarbird N. NSW 1990 & 38.4 (224) Binary 2.07 (85) Ford (1999)
1997
Regent Honeyeater N. NSW  1993- 38.3 (41) Mayfield 2.1 (21) Oliver et al. (1998)
1996
Yellow-faced C.ViIC 1997 37 (69) DSR 1.73 (50) Clarke et al. (2003b)
Honeyeater 2000
New Holland W.VIC - 37 () - - Paton (1985)
Honeyeater
Regent Honeyeater C.NSW 2015 - 33.7 (108) DSR 1.58 (59) This study
2017
Red Wattlebird N. NSW 1990 & 33.3 (90) Binary 1.6 (50) Ford (1999)
1997
Helmeted Honeyeater C. VIC 1984 32.9 (257) Mayfield 1.63 (40) Franklin et al. (1995)
1992
New Holland SA 2004 32.2 (1) Binary - Lambert and Kleindorfer
Honeyeater (2006)
Fuscous Honeyeater N. NSW  1984- 28.2 (137) Binary 2 (33) Dunkerley (1989)
1988
Crescent Honeyeater  S. VIC 1996 20.1 (32) Mayfield 2.7 (9) Clarke and Clarke (2000)
1997
Helmeted Honeyeater C. VIC 1984 17.5 (526) DSR - Smales et al. (2009)
1996
Regent Honeyeater N.NSW 2016 & 9.3 (11) DSR -(0) This study
2017

#Binary’: percentage of nests that produced one or more fledgling; ‘Mayfield’: Mayfield (1975) method. ‘DSR’: method used in this
study (see Methods). Parameters presented are from first egg to fledging. We have not provided a comparable Mayfield estimate for
our data because Mayfield estimates are prone to inconsistent bias and DSR estimates between the two methods are invariably very
similar (Shaffer & Thompson 2007). PData presented for successful nests only.

birds was unknown, 94% of colour-marked indi-
viduals were adults, suggesting the results were
not driven solely by young first-time breeders. The
positive effect of the presence of conspecifics may
be due to greater probability of attraction to nest-
ing conspecifics at sites with high nest survival
(Schmidt et al. 2015). Alternatively, nearby nest-
ing conspecifics could facilitate nest survival
through antipredator defences, including alarm-
calling and predator-mobbing (Serrano et al.
2005). Declining nest success over time may
therefore reflect a concurrent reduction in the size

© 2018 British Ornithologists’ Union

and density of breeding aggregations (Crates et al.
2017a).

Although only 22% of identified nest predations
were attributable to Noisy Miners, their negative
impact on Regent Honeyeater nest success, sup-
ported by the GAMs, may primarily occur at the
settlement phase by excluding Regent Honeyeaters
from preferred breeding habitat (Piper & Catterall
2003). Noisy Miners were removed from the north-
eastern breeding site in the Capertee Valley in win-
ter 2017 (BirdLife Australia unpubl. data), where
14 Regent Honeyeater pairs subsequently nested.
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Figure 3. Effect of days since fledging on short-term post-fled-
ging survival of juvenile Regent Honeyeaters from 2015 to
2017 (n = 56). The full line is the model estimate of daily juve-
nile survival and the dotted lines are the 95% upper and lower
confidence intervals.

Nest success at this site was the highest observed
during the study, which is reflected by the impor-
tance of ‘site’ (and in association with ‘year’) in nest
survival models. Although adverse effects of Noisy
Miners are understood to be a function of their local
abundance (Piper & Catterall 2003), our observa-
tions indicate that the presence of a single pair of
Noisy Miners poses a risk to Regent Honeyeater nest
survival. As some pairs fledged young despite the
presence of Noisy Miners, however, the nature of
interspecific interactions between the two species
appears to be highly context-specific, representing
an area for future study.

Our contemporary estimates of Regent Honeyeater
nest success and productivity were lower than his-
torical estimates for the Regent Honeyeater and
many other honeyeater species (Table 5). Declin-
ing nest success, particularly in the Northern
Tablelands, may be explained by a concurrent
increase in the abundance of nest predators (Bayly
& Blumstein 2001, Remes et al. 2012). Reporting
rates for Pied Currawongs and Noisy Miners have
increased substantially since the 1980s (Barrett
et al. 2003). Unlike some species (Schmidt et al.
2006), Regent Honeyeaters rarely avoid nesting at
sites with high perceived predator abundance,
probably because a severe lack of breeding habitat
makes settlement at high predation risk sites
unavoidable (Gilroy & Sutherland 2007). Com-
pounding the effects of decreased nest success,
productivity of successful nests (1.58 + 0.58 juve-
niles) was also lower than historical estimates
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(1.78-2.1, Table 5). Reduced nest productivity
could be explained by a reduction in nectar abun-
dance due to senescence of food trees or mistletoe,
or increased interference competition from com-
petitors such as the Noisy Miner (Ford et al.
1993). The decrease in the size and density of
nesting aggregations could also reduce nest produc-
tivity, forcing pairs to invest more time defending
nests and less time provisioning young (Ford et al.
1993).

Recent work by Taylor et al. (2018) shows that
captive-bred Regent Honeyeaters have a 48%
lower rate of nest success than our estimate for
wild conspecifics. Given substantial funds invested
in the breeding and release of captive birds
(Canessa et al. 2014), spatial variation in nest suc-
cess and adult sex ratios have implications for the
management of reintroduction efforts (Armstrong
& Wittmer 2011). For instance, captive-bred
females could be released strategically to stabilize
sex ratios at nesting aggregations (Wedekind 2002,
Deredec & Courchamp 2007). Captive birds could
also be released early in the breeding season at
sites known to have high nest success that are
occupied by wild birds. Intensive management
intervention aimed at reducing nest predation at
high-risk breeding sites and stabilizing sex ratios
may be more effective at facilitating population
recovery than releasing captive-bred birds alone.

Detailed demographic data are seldom available
for rare and mobile species but are potentially vital
for their conservation (Heinsohn et al. 2015). We
show that it is possible consistently to locate and
monitor a substantial proportion of breeding
Regent Honeyeaters from the early stages of nest-
ing. Consequently, implementation of rapid con-
servation actions including nest protection (Major
et al. 2014), competitor suppression (Debus 2006,
Fletcher et al. 2010) and complementary release of
captive-bred birds is more achievable and neces-
sary than previously thought (Clarke et al. 2003a).
Our study highlights the need for vigilance against
deteriorating demographic parameters in declining
populations. Comprehensive spatially  explicit
demographic data facilitate more effective invest-
ment of conservation resources, allowing high-risk
areas to be identified and thus maximizing the
likelihood of population recovery.

S. Debus, A. Ley, C. Probets, M. Roderick and N. Sher-

wood assisted with surveys and nest monitoring. H.
Evans and D. Ingwersen provided valuable logistical
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support. Many landowners allowed access to their prop-
erties, especially B. and D. Upton, R. and S. Hill, and C.
and J. Goodreid. The project was supported financially
by a Commonwealth environmental offset (paid by
Cumnock Pty), grants from the Mohamed Bin Zayed
species conservation fund, Holsworth research endow-
ment, BirdLife Australia, Hunter Bird Observers, Birding
New South Wales and Oatley Flora and Fauna. Research
was conducted under Australian National University
Animal Ethics protocols #A2015/28 and A2015/55,
New South Wales scientific licences #SL.101603 and
SL101556, Victorian  wildlife  research  permit
#10008014 and ABBS banding licences #3192. D.
Chamberlain and two anonymous reviewers provided
comments that greatly improved the manuscript.
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Figure S1. Location of range-wide Regent Hon-
eyeater monitoring sites. Ellipses and numbers
delineate survey regions as described in Table S1.
Inset, study area in a national context.

Figure S2. Spatial autocorrelation in Regent
Honeyeater nest success between (a) regional
aggregations range-wide (sampling distance =
50 km, n = 119 nests, see Figure 1) and (b) breed-
ing sites within the Capertee Valley (sampling dis-
tance = 0.5 km, n = 95 nests). Shaded area
denotes p > 0.05, black points denote p < 0.05,
grey points outside the shaded area are due lack of
data at those distance classes.

Figure S3. Spatial distribution of Regent Hon-
eyeater nests within the Capertee Valley in 2015-
2017.

Figure S4. Post-fledging survival (& 95% CI) of
all monitored juveniles (black, n = 56) and exclud-
ing random duplicate juveniles from the same
nests (red and blue, n = 42).

Table S1. Breakdown of range-wide Regent
Honeyeater monitoring sites by region and number
of sites where Regent Honeyeaters were detected
in 2016 and 17.

Table S2. Covariates included in models of
Regent Honeyeater nest survival.

Table S3. Nectar sources with which Regent
Honeyeater nesting attempts were associated
throughout the species’ range from 2015 to 2017.

Table S4. Site-level and annual variation in
Regent Honeyeater nest survival within the Caper-
tee Valley, New South Wales, between 2015 and
2017, N, = 1562.

Table S5. Beta coefficients of covariates
included in top-ranked Regent Honeyeater nest
survival models and generalized additive model
(GAM), using data from 119 nests (N, = 1895)
monitored throughout the species’ range from
2015 to 2017.


https://cran.r-project.org/web/packages/mgcv
https://cran.r-project.org/web/packages/mgcv

