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ABSTRACT

Context. Population monitoring that effectively detects population changes is an important
component of threatened species management. Call broadcast surveys are regularly used for
robust monitoring of vocal or territorial species; however, they can be resource intensive. Passive
monitoring approaches involving citizen scientists and acoustic recording units may be less costly,
and consequently these methods are increasingly being advocated. Aims. This study investigated
the utility of three different monitoring approaches to detect population trends in the Critically
Endangered Norfolk Island morepork Ninox novaeseelandiae undulata. It compared the effectiveness
of call broadcast with that of passive citizen scientist and acoustic recording surveys. Methods. Between
November and December 2020, we trialled each technique on Norfolk Island. The coefficient of
variation in the number of moreporks heard per survey, and the mean detectability at each site
were calculated as the core metrics for each technique. The statistical power of each technique to
detect population trends over time was also calculated to compare efficacy. An extensive island-
wide call broadcast survey, roost searching, and GPS tracking program were used to establish an
independent population estimate. Key results. We established a population estimate of 25
individuals. The call broadcast approach had the highest precision and highest site detectability. This
approach was also assessed as being capable of detecting a change of just two or three moreporks
per year, after three years of monitoring. By contrast, approaches using passive citizen science
surveys and acoustic recording units would require at least ten years of monitoring to detect
similar population trends. Conclusions. Call broadcast surveys had a greater capacity to achieve high
detectability and precise monitoring, relative to the passive approaches. Implications. The high
precision of call broadcast appears to justify the higher resource requirements relative to other
methods examined in this study, where the target species is territorial and extremely rare. Call
broadcast surveys are recommended for long-term monitoring of Norfolk Island moreporks.

Keywords: call broadcast, citizen scientists, passive acoustic recording units, population monitoring,
threatened species.

Introduction

Reliable population monitoring programs are an essential part of conservation
management. Detection of fluctuations or stability in population size allows evaluation of
the efficacy of management and informs the need for further intervention. Despite the
importance of population monitoring, particularly for threatened species, monitoring is
regularly overlooked or poorly executed in management programs (Nisbet 2007; Blanco
et al. 2012; Lindenmayer et al. 2018). This is often due to financial and time constraints,
or logistical challenges (Hauser et al. 2006; Lindenmayer et al. 2012; Legge et al. 2018).
Monitoring small populations can be particularly challenging due to small available sample
sizes and detectability limitations (Au et al. 1998; Clarke et al. 2003; Elliot et al. 2020).
Designing monitoring programs for such species often involves complex decisions and
trade-offs relating to methods and intensity (e.g. Legge et al. 2018; Southwell et al. 2024).

For effective population monitoring, it is important to establish clear goals (Lindenmayer
and Likens 2018). Precise and accurate monitoring are frequently used interchangeably as
monitoring goals; however, each has a distinct meaning (Sorrell et al. 2019). A precise
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estimate seeks to consistently replicate population indices with
low variance as a means of detecting population trends (Gibbs
et al. 1998). By contrast, an accurate estimate represents a
value close to the true population size, while noting an exact
size is often unattainable for wild populations (Gregory et al.
2004). Consequently, it can be relatively straightforward to
estimate the variance between replicated counts as a means to
assess precision, and difficult to directly assess the accuracy of
any count method (Yoccoz et al. 2001). Furthermore, obtaining
a precise population index is often less resource intensive and
more critical for informing conservation decisions (Gregory et al.
2004). Here, we focus primarily on comparing the precision of
estimates obtained from different monitoring methods.

A traditional monitoring approach for vocal species is call
broadcast surveys (Marion et al. 1981; Hambler et al. 1993).
Call broadcast involves playing audio recordings to attract
and elicit a vocal response from a target species (Chrenkova
et al. 2017; Vrezec and Bertoncelj 2018). It is used to accu-
rately detect population trends in many territorial species
that respond to conspecific intruders, including species that
are cryptic and present in low numbers (Lor and Malecki
2002; Conway and Gibbs 2005; Chrenkova et al. 2017).
However, there is evidence to suggest that call broadcast
can distract subjects from essential breeding behaviours
and may negatively affect pair bond status in some species
(Appleby et al. 1999; Fair et al. 2010; Harris and Haskell 2013).
For ethical reasons, this approach often requires experienced
professionals to conduct the surveys, leading to high resource
demands. Consequently, while call broadcast surveys can
provide robust estimates of population trends, the approach
may not be suitable for programs with significant time and
budget constraints.

An alternative is to conduct surveys passively, in the sense
of simply recording the natural vocalisations (or other signs of
presence) of a species, without use of playback to elicit a
response. Such approaches may require less specialist equip-
ment and skills, and may lend themselves to citizen science
programs where volunteers (citizen scientists) are trained to
collect data on species presence (Adler et al. 2020). Citizen
science approaches are often cost-effective, allow collection
of large quantities of data, and promote community engage-
ment (Conrad and Hilchey 2011; Bonney et al. 2016).
Citizen scientists have been used to investigate species
richness as well as the occurrence of common and threatened
species across large and remote areas (Chandler et al. 2017;
Farhadinia et al. 2018; Benshemesh et al. 2020). Non-expert
contributions, however, are generally expected to reduce
monitoring precision and the power to detect population
trends (Westgate et al. 2015; Kamp et al. 2016; though see
Viola et al. 2022). Whether structured citizen science programs
can precisely monitor small populations warrants further
investigation.

Acoustic recording units (ARU) are another tool that can be
used for passive monitoring. The use of ARUs has increased
substantially in recent years due to the improved efficiency

in collecting large volumes of data over large spatial and
temporal scales (Ribeiro et al. 2017; Zwerts et al. 2021).
ARUs can be stationed within a landscape and programmed
to record audio on a predetermined schedule. ARU-derived
datasets can then be analysed with automated call recogni-
tion software or volunteers to determine the presence or
absence of target species (Wolfgang and Haines 2016;
Marsland et al. 2019). With advances in machine learning
techniques, and increasingly affordable and accessible
technology, this technique provides another relatively low-
cost and time-efficient monitoring tool (Hill et al. 2018).
ARUs are well-suited for assessing the distribution of vocal
species and have been used to detect trends in some species
including bats, marine mammals, and owls (Jaramillo-
Legorreta et al. 2017; Wood et al. 2020; Zwerts et al. 2021;
Kotila et al. 2023). The ability of this approach to detect
population trends in threatened bird populations has been
trialled but species-specific research is required (Gibb et al.
2019; Pérez-Granados and Schuchmann 2021).

The Norfolk Island morepork (Ninox novaeseelandiae
undulata) is listed as Critically Endangered under the
Australian EPBC Act owing to its very small and declining
population (Sperring et al. 2021). It is one of the threatened
species addressed in the Norfolk Island Region Threatened
Species Recovery Plan (Commonwealth of Australia 2024)
and one of the focuses of conservation management on the
island. The species is territorial with a distinct call profile
relative to the broader forest bird community on Norfolk
Island. With a population estimate between just 25 and 50
individuals (Sperring et al. 2021), a monitoring program with
high power to detect small changes in population trends is
essential. Here, we compare the capacity for call broadcast
as well as passive citizen scientist and ARU surveys to detect
trends in this small population. Further, we seek to estimate
the population size, and determine the most appropriate
monitoring method for the Norfolk Island morepork, to inform
the ongoing conservation program for this small Ninox
hawk-owl.

Materials and methods

Site description

Norfolk Island is a small oceanic island (3460 ha) in the south-
west Pacific Ocean. Norfolk Island National Park (~450 ha)
comprises contiguous vegetation, most of which is native
forest. Additional areas of wooded cover in the park comprise
thickets of invasive woody weeds, most notably cherry guava
(Psidium cattleyanum) and African olive (Olea europaea
cuspidata). The remaining land area is largely utilised for
urban settlement, agriculture, an airport, and small forested
reserves, and is hereafter referred to as human-modified
landscape (Director of National Parks 2010). The island supports
the global population of the Norfolk Island morepork, with

2

G20 JoquianoN g| uo 3sanb Aq 4pd 0L yZIM/9Y6L9E L/OYLYZHM/LLOL 0L/10P/Pd-S]o1Ee/IM/NE 10S]08UU0D//:dY WOl papeojumoq



www.publish.csiro.au/wr

Wildlife Research 52 (2025) WR24140

this small Ninox hawk-owl displaying an island-wide
distribution (Sperring et al. 2024a). Nevertheless, records
and indeed morepork territories are concentrated within the
National Park (Sperring et al. 2024b). Three monitoring
methods were trialled across Norfolk Island between
November and December 2020 (Fig. 1). Monitoring occurred
over 6-weeks during the peak vocal activity period to
minimise changes in the probability of detection due to
interannual variability (Zuberogoitia et al. 2011).

Call broadcast

Twenty-five listening sites were established across Norfolk
Island. Sites within the National Park were at least 1 km
apart and sites outside the National Park at least 1.5 km
apart. These a priori distances were based on preliminary
passive and call broadcast surveys that indicated moreporks
can be heard from ~1.4 km away under calm conditions
within the more open human-modified landscape, but
typically no further than 1 km away within the National Park
due to its continuous wooded vegetation (F. Sperring, unpubl.
data). Specific sites were selected using a random stratified
approach. First, random sites at least 1 km from all other
sites were generated using GIS software. These sites were
then adjusted first to the nearest accessible site to allow
fieldworkers routine access via vehicle or on foot. Second,
selected sites were confirmed to support an open understorey
or canopy as dense closed thickets, predominately of the

N
0 0.75 1.5 2.25 3
1 km

Fig. 1. Acoustic recording units (ARU) (square, n = 13), citizen science
(circle, n = 20), and call broadcast (cross, n = 25) survey sites for Norfolk
Island moreporks across Norfolk Island, western Pacific Ocean. Darker
shading on this map represents woody vegetation, lighter shading
represents cleared areas and white areas indicate the presence of
infrastructure.

invasive weed cherry guava, are suspected to be unsuitable
for the morepork (Sperring et al. 2021). All final selected
sites were within 500 m of their original randomly
generated location.

All 25 sites were monitored on the same night within a 2-h
window starting 30 min after sunset following the recommen-
dations of Pryde et al. (2020). All surveyors had prior
biodiversity monitoring experience and were categorised as
experts. Each site was monitored by one of five experts for
10 min. Sites were surveyed once per week for a total of five
survey nights, though the survey period ultimately spanned a
period of 6 weeks as severe weather delayed one planned
round of surveys. For closely related Ninox hawk-owls,
three nights has been considered the minimum required to
achieve 95% confidence of site-specific absence with similar
survey methods (Cooke et al. 2017). As part of this trial, we
sought to exceed that previously established minimum
requirement, while the maximum number of survey nights
was constrained by the resourcing capacity of land managers.

Once established at each site, surveyors listened for a
2-min period before playing 2 min of morepork calls
broadcast on a UE Wonderboom Portable Bluetooth speaker.
A further 2 min of listening was conducted before a final
2-min bout of call broadcast. The survey concluded with a
further 2 min of listening and spotlighting to generate a total
survey period of 10 min per site (see also Cooke et al. 2017).
Spotlighting was used during the last 2 min to ensure any
moreporks that had approached during the survey period
without calling might be detected. At each site, calls were
played at a volume where another researcher could hear
them from ~500 m away, following equipment-specific trials
with two fieldworkers. Survey protocol continued regardless
of whether a morepork was heard calling. Individual moreporks
were distinguished based on the direction and distance of their
call, and the total number of moreporks that called in the 10-min
period was recorded.

Passive surveys by citizen scientists

An additional 20 passive monitoring sites were established
across the island, each at least 1.5 km from any other site.
To determine site locations, community members were first
asked to express interest in monitoring from their residence,
and three private residences were chosen. The remaining sites
were located at call broadcast monitoring sites, or at a more
accessible location for the general community. Six sites were
located within the National Park. All sites were random,
relative to known morepork territories or roosting sites. Over
an 8-week period, all sites were monitored once per week for a
total of seven nights of monitoring. As with call broadcast,
surveys did not proceed in one week due to severe weather.
All sites were monitored simultaneously by volunteers from
the community, commencing 30 min after sunset for a
duration of 1 h. Volunteers were provided with one training
session to aid accurate data collection. The number of
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moreporks calling in each of four 15-min periods was
recorded at each site to minimise the chance of double-
counting moreporks that had moved to a new location. Fifty
volunteers participated in the citizen science monitoring
approach and only one site on one night was missed over the
duration of the trial (3% of total surveys). Citizen science
surveys were not conducted on the same day as call broadcast
surveys.

Passive acoustic recording units

Sixteen AudioMoth ARUs were established across Norfolk
Island from 2 November 2020 to 21 December 2020. Thirteen
recorders successfully recorded data with these being used in
the subsequent analysis. Detection distance was expected to
be up to 250 m from recording devices (Pryde and Greene
2016). Sites were selected using a random stratified approach.
First, random sites at least 2 km from all other sites were
generated. These sites were adjusted first to the nearest
location away from potential noise pollution, second, to sites
that were positioned on the upper half of a slope (i.e. not in a
gully or valley floor) and third, to sites with an open understorey
or canopy (Duchac et al. 2020). All final selected sites were
within 500 m of their original randomly generated location.
Where the specified selection criteria were met, sites established
for citizen science or call broadcast monitoring were also
selected for ARUs. Devices were set to record each night for
1 h from 6 to 7 pm (approximately 1 h before sunset when
preliminary surveys established calling to start), 9-10 pm and
12-1 am local time. Recordings were imported into AviaNZ
automated call recognition software, developed for the detec-
tion of New Zealand moreporks (N. n. novaeseelandiae)
which have a very similar call (Marsland et al. 2019). Each 1-h
recording was partitioned into four 15-min surveys to reduce the
probability that moreporks that may have moved between sites
were counted twice. Within recordings, all positive detections
that were made using the automated call recognition software
were also verified manually.

Population size estimate

A whole-island population estimate was derived by combining
GPS tracking between October 2019 and May 2021 (see
Sperring et al. 2024a), extensive island-wide call broadcast
surveys, and roost searching. Given the intensive nature of
the fieldwork and that many individuals were banded and
GPS tracked, this provided a reliable estimate of all known
territories across the island. As non-territorial, non-calling
moreporks may not be detected, an additional 10% buffer
was added to the estimate of territory-holding individuals to
provide both a conservative and defensible total population
estimate (Rohner 1997; Severinghaus 2000).

Data analyses

The mean and the coefficient of variation of the number of
moreporks heard per survey was calculated for each

method. The term ‘survey’ refers to the sum of all sites
monitored within the same time-period (i.e. one survey per
night for citizen science and expert monitoring, three surveys
per night for passive acoustic monitoring). Detectability of
moreporks at each site was calculated for each method as
the proportion of surveys per site that detected a morepork.
Sites with no detections throughout the monitoring period
were excluded from the detectability calculation as it was
assumed that there were no moreporks present at these sites.
Kruskal-Wallis and Pairwise Wilcox tests were implemented
using the package ‘dplyr’ to compare the number of
moreporks heard per survey and site detectability between
methods (Wickham et al. 2023). A chi-square test was used
to compare the proportion of sites with and without
detections for each method. Necessary statistical assumptions
for each test were checked and met. Unless otherwise stated,
all analyses were implemented in R and significance was
tested at the 0.05 level (R Core Team 2023).

To determine the statistical power of each monitoring
technique to detect population trends in the Norfolk Island
morepork population, we used MONITOR (v11.0.2) (Gibbs
et al. 1998; Gibbs 2001). MONITOR generates many simulated
sets of count data based on a monitoring program defined by
the user. Through multiple trials, MONITOR evaluates how
often the program detects trends of varying strength. The
proportion of trials in which the trend significantly differed
from zero is used to estimate power. For each monitoring method,
a simple regression design type with log-normal measure
and total variance was used. We also used a deterministic/
regression trend type and a constant coefficient of variation
to mean relationship. Simulations were run with 10,000
iterations and two tails with an alpha level of 0.05. Counts
less than zero were truncated and count values were rounded.
We calculated the percentage trend in population size
(positive and negative) detectable at the 0.9 power level for
3, 5 and 10 years of monitoring; varying the number of survey
nights per year as a measure of intensity (call broadcast: 4, 5,
and 6 nights; citizen science: 4, 7, and 12 nights; ARU: 26, 56,
and 84 nights). We combined the percentage trend in popula-
tion size results with the lowest population size estimate
generated from the more intensive multi-year fieldwork to
calculate the minimum detectable annual change in the
number of moreporks.

Results

Twenty-two unique Norfolk Island moreporks were identified
across Norfolk Island. The total population size was estimated
at 25 moreporks. The population was mostly concentrated
within the National Park but at least six moreporks including
two pairs were found occupying territory entirely within the
human-modified landscape.
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Detectability

Survey method had a significant effect on the number of
moreporks heard per survey (Kruskal-Wallis chi-squared = 104.4,
P < 0.01). Call broadcast detected significantly more
individuals than both passive methods (citizen science:
P < 0.01 and ARU: P < 0.01) and had the smallest coefficient
of variation (Fig. 2). Detectability at each site was also
significantly influenced by survey method (Kruskal-Wallis
chi-squared = 16.3, P < 0.01), with higher detectability at
call broadcast sites relative to ARU and citizen science sites
(P < 0.01 and P < 0.05). Citizen science sites also had higher
detectability relative to ARU (P = 0.03) (Fig. 3). The propor-
tion of sites with detections did not differ significantly among
survey methods (call broadcast = 0.68, citizen science = 0.75,
ARU = 0.69) (4%(2, 45) = 0.28, P = 0.87).
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Fig. 2. Boxplot showing the number of Norfolk Island moreporks
detected by call per survey for each monitoring method. The median
and interquartile range are shown for each method, whiskers indicate
the spread of data, and outliers are marked as individual points. X denotes
the mean number of moreporks heard per survey. Values above each
boxplot represent the coefficient of variation expressed as a percentage.
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Fig. 3. Boxplot showing site detectability of Norfolk Island moreporks

for each monitoring method. The median and interquartile range are
shown for each method, whiskers indicate the spread of data, and
outliers are marked as individual points. X denotes mean detectability.
Different letters above boxplots indicate significant differences
between all methods. The number of surveys for each method = 5 (call
broadcast), 28 (citizen science), and 312 (acoustic recording units).

Power analysis

In the power analysis simulations, call broadcast surveys
could detect a change of just two moreporks (8% change in
population) after 3 years of monitoring, demonstrating high
statistical power to detect small changes in population. By
contrast, both passive approaches were found to have low
statistical power. After 3 years of monitoring, citizen science
and ARU-based strategies could at best detect an annual
change of 9 and 10 moreporks (27% and 30% change in
population), respectively (Table 1). It would require 10 years
of monitoring before these strategies could detect an annual
population change of two moreporks (Table 2).

Discussion

At 25 individuals, the Norfolk Island morepork population can
be characterised as tiny, highlighting the importance of a
survey method that has high power to detect changes of
just a few individuals. The call broadcast approach that was
trialled in this study was more effective than the passive
approaches and had a high probability of detecting popula-
tion changes. The passive citizen science and ARU strategies
exhibited lower precision, site detectability and power to
detect population trends than the call broadcast approach.
The proportion of sites with morepork detections was similar
across all techniques. Neither of the two passive approaches
tested in this study were sufficiently precise for long-term
monitoring of a small population of moreporks.

Call broadcast surveys detected approximately half of the
total population estimate with high precision. Like other owl
species, small Ninox hawk-owls are highly vocal and

Table 1. Annual detectable change in the number of moreporks
(relative to the current population size of 25 moreporks) for each
monitoring strategy with low, moderate, and high numbers of survey
nights after 3 years of monitoring.

Survey nights Number of moreporks

Call broadcast Citizen science ARU
Low 3 19 7
Moderate 3 12 T
High 2 10 9

Table 2. Lowest percentage change in Norfolk Island morepork
population size that each monitoring strategy could detect with low,
moderate, and high design intensities over 3, 5 and 10 years.

Years  Call broadcast (%) Citizen Science (%) ARU (%)

Low Moderate High Low Moderate High Low Moderate High

Three 11 9 8 55 36 30 50 33 27
Five 5 4 4 22 16 14 22 12 12
Ten 2 2 2 8 6 5 8 5 5
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territorial, utilising calls for mate attraction, courtship, and
territory defence (Olsen and Hayes 2002; Brighten 2015).
Individuals will often approach and respond vocally to
unfamiliar calls near their territory, including call broadcast
(Olsen and Hayes 2002; Brighten 2015; Cooke et al. 2017).
Call broadcast surveys therefore increase detectability
relative to passive listening, consequently increasing the power
to detect population trends when survey effort remains
the same (Allen et al. 2004; Vrezec and Bertoncelj 2018;
Zuberogoitia et al. 2020). While call broadcast may influence
breeding behaviours, there is little evidence to date to suggest
this results in reduced breeding success (Fair et al. 2010; Harris
and Haskell 2013; Watson et al. 2019). Therefore, the benefit of
precise monitoring to inform management interventions is
often deemed to outweigh the predicted cost of call broadcast
(e.g. Conway and Gibbs 2005; Vrezec and Bertoncelj 2018).
When managing threatened species with very small popula-
tions, minimising disturbance to breeding is of high impor-
tance. However, understanding the success of current
management practices, and being able to detect small changes
in numbers of individuals, or territory occupancy, is also
critical. In circumstances where call broadcast is a necessary
strategy, experts or a small group of well-trained community
volunteers should conduct surveys to meet acceptable require-
ments and minimise the potential impact (Viola et al. 2022).

While the citizen science-based monitoring technique was
less precise than expert-led call broadcast surveys, we expect
this was due to the passive nature of the approach rather than
the experience of the listeners. Factors such as observer age
and experience are important considerations (Eglington
et al. 2010; Farmer et al. 2014); however, studies directly
comparing expert and citizen science contributions do not
consistently show evidence to suggest lower precision in
volunteer-derived data (Lewandowski and Specht 2015).
Expert researchers usually detect more calls than amateur
volunteers (Zuberogoitia et al. 2020); however, providing
sufficient training to volunteers can partly or fully resolve
this disparity (Jiguet 2009; Lewandowski and Specht 2015;
Kosmala et al. 2016). Citizen scientists often have specialised
interests in particular taxa, becoming accustomed to subtle
nuances in appearance, behaviour, or dynamics (Viola et al.
2022). Many citizen scientists who contribute bird-watching
data to public repositories are also already familiar with the
use of call broadcast (Watson et al. 2019). With careful
training around ethics and research protocols, a small cohort
of trained community observers may contribute as ‘experts’ to
a well-structured call broadcast program.

A common criticism of structured citizen science programs
is volunteer retention, which can be characterised as low,
with consequent high turnover (Einolf 2018). In this context,
training can be time consuming, increasing the resource
demand of this approach (Beirne and Lambin 2013). Throughout
the 8 weeks of this trial, volunteer retention was high, likely
because of an environmentally active community with a
strong interest in the project and species (see Beirne and

Lambin 2013). The simplicity of the approach may have also
contributed to successful volunteer retention (see Kosmala
et al. 2016). Concurrently, restrictions on travel to and
from the island because of the COVID-19 pandemic, as well
as fewer activities available to the community, may have
increased participants’ commitment. While the long-term
commitment of these volunteers cannot be known, the
dedication over 8 weeks supports the contention that a small
cohort of citizen scientists may serve as a reliable resource for
a long-term monitoring program.

The ARU approach had the highest coefficient of variation,
detecting a mean of one morepork per survey, and ultimately
displayed low power to detect population trends. While fewer
sites were monitored using this approach relative to the
broadcast and citizen science approaches, major limitations
were the inability to detect more than one morepork per site
and the limited distance at which calls could be detected. Each
of these are common shortcomings experienced in other ARU
based programs (Hill et al. 2018; Gibb et al. 2019; Sugai et al.
2019). The causes of failure for three devices used within this
study are unknown. Failure may have been the result of water
ingress, however, the very low build-cost of these units means
that hardware failure in the absence of an external driver also
occurs occasionally (Hill et al. 2018; Prince et al. 2019).
Deploying more units across the landscape would likely
increase the number of moreporks heard per survey which may
improve the power of this approach to detect trends. Analyses
that account for imperfect detection could also be used to
inform sampling effort required to meet monitoring goals.

To enhance the ARU approach, improvements to micro-
phone quality could also increase detections per site and
allow differentiation between individuals based on distance
or direction from the ARU (Marques et al. 2013; Pryde and
Greene 2016; Shonfield and Bayne 2017). ARU-based
programs could also consider incorporating automated call
broadcast to improve the detectability of cryptic species or
populations occurring in low densities. Such modifications
have the potential to increase the power of an ARU-based
program to detect trends. Other technological advances such
as machine learning approaches to recognise calls of individ-
uals within the population may also improve an ARU-based
program in the future. For small, isolated populations, this
approach has the potential to provide an accurate and
precise measure of population size by estimating all calling
individuals (Molnar et al. 2008; Mielke and Zuberbiihler
2013; Clink and Klinck 2021). Nevertheless, in the short term
at least, we consider that the ARU program tested here is not
suitable to precisely detect changes in the Norfolk Island
morepork population.

Conclusion

Determining the most effective survey method is an important
element of designing appropriate monitoring programs,
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especially when the subject is a threatened species with a very
small population and high precision is required. Monitoring is
a significant investment in any conservation program, and
resource limitations can often lead to monitoring being carried
out insufficiently frequently or with suboptimal methods
(Lindenmayer et al. 2012, 2018; Clink and Klinck 2021). It is
therefore essential for programs to have a clear understanding
of the power of different methods (in combination with other
factors such as site number and survey frequency) to detect
change, and to balance what is achievable for implementa-
tion against the target level of monitoring precision. Despite
the growing availability of technology for wildlife monitoring
purposes, our results highlight that, in some cases, traditional
monitoring approaches may still best meet program require-
ments and achieve the most reliable outcomes for population
monitoring. To inform conservation of the Norfolk Island
morepork, we consider that the high precision of call broadcast
outweighs the advantages of reduced resource requirements
from passive strategies. This conclusion may be valid for other
territorial and vocal species with extremely small populations.
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