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Abstract: Obtaining precise estimates of population size and trends through time is important
for the effective management and conservation of threatened species. For parrots (Psittaciformes:
Psittacidae), obtaining such estimates can be challenging, particularly for cryptic species that occur in
low densities in complex and/or fragmented habitats. We used a statistical resampling approach
with the aim to compare the reliability and precision of counts for the critically endangered Tasman
parakeet (Cyanoramphus cookii) that were taken using two methods on Norfolk Island (Pacific Ocean),
namely, fixed-point counts and line transect counts. The detections obtained during fixed-point
counts had better estimated precision (0.274) than line transect counts (0.476). The fixed-point method
was also more efficient, yielding 1.338 parakeet detections per count compared to the 0.642 parakeet
detections per count obtained by the line transect method. Although Tasman parakeets can be
detected by either of these methods, our research demonstrates that the fixed-point method is more
precise and reliable. These findings can help prioritise resources for the long-term monitoring of
recovering populations of this species and similar island species.

Keywords: parrots; population monitoring; density estimates; point count; transect count; statistical
resampling; Norfolk Island

1. Introduction

Determining the population size and density of at-risk species is a crucial component
of species conservation and wildlife management research [1,2]. Estimates of population
size and indices of density offer insight into population trends, extinction risk, species
conservation status, population viability, the impact of different threats, and the effective-
ness of species management [3–5]. Typically, obtaining these estimates requires counts of
individuals observed or detected in the field [6,7], which can provide an index of relative
density that can be compared across spatial units and/or through time [1,8,9]. Multiple
factors can influence the variance of these counts and, thus, the precision with which the
mean of indices may be estimated. These factors include the behavioural characteristics
of the species of interest, the complexity of the habitat, the size and colouration of the
study species, the experience of the observers conducting counts, and the season in which
sampling occurs [10,11].

Increasingly, advances in technology and survey methods are allowing scientists to
estimate relative densities with greater accuracy and precision. Novel approaches to sur-
veying, such as the use of drones fitted with high-definition cameras, enable biologists to
rapidly assess populations while reducing the error associated with ground-based survey
methods [12,13]. In a recent study, Hodgson et al. [13] found data collected using drones
were up to 96% more accurate than data obtained using traditional survey methods. Simi-
larly, diver-operated stereo-video systems used in the assessment of marine biomass can
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overcome observer biases such as the inaccurate estimation of distances, misidentification
of species, and underestimation or overestimation of abundance [14,15]. However, some of
these techniques are limited to use with large or easily detected species that occur across
small geographic ranges or in areas of low habitat complexity [16,17].

A species that requires additional research to provide precision estimates of density
is the critically endangered Tasman parakeet (Cyanoramphus cookii). This species is a
cryptically coloured parrot, which is restricted to a small patch of remnant forest on
Norfolk Island (Pacific Ocean) [18–20]. As an island endemic, the Tasman parakeet has
suffered significant declines due to habitat loss, predation, and competition with introduced
species [20,21]. After a severe population collapse in the early 1980s, a recovery programme
was established to prevent the extinction of the species [19,22,23].

The recovery of the Tasman parakeet population has been monitored irregularly
using a variety of survey methods since the 1970s. As observed in other parrot species, an
unstructured approach to monitoring can severely constrain the ability to compare estimates
and reduce the confidence with which population trends can be inferred [24]. In addition,
the low density of the population and cryptic colouration of the species have limited the
precision of estimates produced by past assessments [22,25]. Therefore, identifying the
most efficient and precise method is critical to establishing effective long-term monitoring
and is considered a key priority for the Tasman parakeet recovery programme [26].

The primary aim of this study was to identify a reliable and repeatable method
for monitoring the critically endangered Tasman parakeet population. Using statistical
resampling, we examined the precision of the count estimates obtained by two methods
commonly used for monitoring parrot populations: fixed-point counts and line transect
counts. The theoretical performance of each method was compared, allowing us to identify
the best approach to sampling this cryptically coloured species. This will provide essential
information for establishing an effective long-term monitoring strategy for this critically
endangered parrot population.

2. Materials and Methods
2.1. Study Site and Data Collection

The Norfolk Island National Park (Norfolk Island; 29.0408◦ S, 167.9547◦ E), established
in 1984, comprises two main areas of protected habitat: the Mount Pitt section on mainland
Norfolk Island and the nearby Phillip Island [22]. Our study was undertaken in the 4.6 km2

Mount Pitt region, the only area of the national park that supports a naturally occurring
population of the critically endangered Tasman parakeet [19].

We conducted seasonal surveys of the Tasman parakeet population in the autumn,
winter, and spring of 2014 and 2015. We obtained data using two methods: fixed-point
counts and line transect counts. For both methods, counts were conducted between 06:30
and 12:00, a period of heightened activity established for Cyanoramphus parakeets [24]. To
increase the probability of detecting parakeets during this time, we only collected data in
conditions measuring two or less on the Beaufort wind scale. All counts were conducted
by four to six experienced observers to ensure the accuracy of species identification.

In this study, a survey was considered as all samples obtained during a single trip to
the study site. A sample was the total number of counts conducted in a single day and
may also be referred to as sampling effort. A count was the total number of detections
obtained during a single ten-minute period. A detection, as described below, is any positive
identification (acoustic or visual) of the Tasman parakeet observed during a single ten-
minute count period.

2.1.1. Fixed-Point Method

To conduct fixed-point counts, we used the RAND function in Excel to select a ran-
dom subset of points from an existing grid of rodent bait stations prior to every survey
(Figure 1A), which are distributed across the Mount Pitt section of the Norfolk Island
National Park (Supplementary Figure S1). These points cover a variety of habitat types
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within the area occupied by the Tasman parakeet. Consequently, the distance, terrain, and
habitat separating each of these randomly selected points varied, which limited the number
of counts conducted during each day.

To increase the likelihood of detecting parakeets and minimise disturbance to our
study species, we approached each point as quietly as possible. After arriving at each point,
a five-minute rest period was observed before beginning the count, further mitigating
the effects of any disturbance caused by the approaching observer. During each count,
we observed for ten minutes, recording any acoustic or visual parakeet detections for
later analysis. Acoustic detections consisted of Tasman parakeet vocalisation heard near
the point. During counts, any calls that could not accurately be assigned to our study
species or those that were judged to be repeats of those already heard were not recorded
to reduce the likelihood of counting the same individual, pair, or group more than once.
Visual detections consisted of any positively identified individual, pair, or group of Tasman
parakeets observed from the survey point from 1 to 100 m in clear view.
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Figure 1. Maps of the Mount Pitt section of the Norfolk Island National Park where we conducted
counts of the Tasman parakeet (Cyanoramphus cookii). (A) shows the distribution of survey points,
and (B) shows the distribution of walking tracks and roads. Dark grey lines show the increase in
elevation at 20 m intervals.

2.1.2. Line Transect Method

Line transect counts were conducted along the accessible walking paths, tracks,
and roads distributed across the Mount Pitt section of the Norfolk Island National Park
(Figure 1B). These tracks and roads covered a variety of habitat types within the occurrence
area of the Tasman parakeet. Despite each of these transects varying in length, they were
selected in favour of those with randomly selected starting points and a standardised
sampling length to better reflect the line transect counts conducted in previous assessments
of the Tasman parakeet population. To accurately represent the counts conducted in these
previous assessments, we alternated our starting location and direction of travel each day.

During our sampling events, we attempted to cover the entire network of tracks to
achieve a representative sample, though this was occasionally limited by the availability of
observers. We walked quietly and at a relatively slow pace (2.0–3.5 km/h) to maximise our
chance of detecting parakeets. While walking, any acoustic or visual parakeet detections
were recorded, along with GPS coordinates for later analysis. Again, an acoustic record
was any distinct Tasman parakeet call heard near the transect line. To reduce the possibility
of double counting, we excluded all vocalisations from individuals, pairs, or groups of
parakeets that had previously been recorded. This approach was practical on site because
a calling parakeet or group can be “followed”: based on the timing and direction of calls,
observers can distinguish between individuals or groups. Only unique individuals, pairs,
or groups of Tasman parakeets that were clearly identified along the transect line were
included as visual detections. During our data collection, we were not able to individually
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identify Tasman parakeets. Encounters with individually recognisable Tasman parakeets
are rare to date. In a recent study conducted from 2020 to 2023, it was estimated that
only approximately 18% of the Tasman parakeet population has been banded [27] and can
therefore be individually identified. Although our data collection happened prior to the
Gautschi et al. study [27], we consider that the proportion of banded Tasman parakeets
that could be identified was possibly higher than 18%, as banding of chicks at the nest only
started nine months prior to our study.

2.2. Data Analysis

We used R version 3.3.3 [28] to examine and compare the count data collected during
this research. To compare the efficiency of the two field methods, we used a bootstrap
resampling approach to produce many comparable, replicated data sets from the original
fixed-point count and line transect count data. The sample sizes in the original data sets
were unbalanced between the two methods. However, our resampling approach allowed us
to standardise the sample sizes between the two methods so they could be compared with
equivalence across a range of different surveys. We resampled the data obtained during the
winter of 2015 because the sample sizes for each method were relatively even during this
period compared to other combinations of season and year: n = 73 for fixed-point counts
and n = 105 for line transect counts.

The bootstrap algorithm was designed to simulate count data collected during a
typical research trip. The number of counts taken per day was standardised to ten for
both methods, whereas the number of counts per day in the original data varied from
four to 15, with means of 9 and 11 counts conducted per day for the fixed-point and line
transect methods, respectively. We simulated samples for one, two, three, four, five, six, and
seven days (with 10 counts per day). For each day, the bootstrap algorithm proceeded in
two steps: first, we took a random sample of the days without replacement from the list of
days in the original data; we then took a random sample with replacement of ten counts
from within each of the selected days. This process was repeated m = 1,000,000 times for
each sample, yielding sample sizes of n = 10, 20, 30, 40, 50, 60, and 70 (corresponding to the
samples for 1 to 7 days, respectively).

Let xij represent the jth count from the ith simulated sample, where i = 1, . . ., m and
j = 1, . . ., n. The mean of each sample was calculated as:

xi =
1
n

n

∑
j=1

xij (1)

The mean and standard error of the sample means were given by:

=
x =

1
m

m

∑
i=1

xi (2)

SE =

√
1

m − 1

m

∑
i=1

(
xi −

=
x
)2

(3)

The precision was calculated as:

p = SE/
=
x (4)

In addition to the precision of the count means, we used the bootstrap data to examine
the cumulative number of parakeet detections obtained during each sample for both
methods. Means of the total counts (across the bootstrap samples) were then plotted
to visualise the relative efficiency of the two survey methods. Similarly, we plotted the
estimated precision of the counts to compare the precision of fixed-point and line transect
counts. A summary of the raw data used for these analyses is offered below, within this we
define a successful count as any count where the number of detections is greater than zero.
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2.3. Raw Data

During the winter of 2015, we spent a total of 88 h in the Mount Pitt section of the
Norfolk Island National Park; this included 18.25 h of fixed-point counts and 46.15 h of
line transect counts. Collectively, these counts yielded a total of 163 parakeet detections,
62% of which were visual observations, with the remainder being acoustic detections. The
fixed-point counts accounted for 59% of all recorded detections. The number of counts
that yielded detections varied between the methods, with 46 and 23 successful surveys
for the fixed-point survey method and line transect survey method, respectively. This is
equivalent to a 63% success rate for fixed-point surveys and a success rate of 22% for the
line transect surveys.

3. Results

Although both survey methods were successful at detecting Tasman parakeets in the
field, the precision of the mean detections per count varied with each method and the
sampling effort (Figure 2). The results of the bootstrap resampling analysis indicate the line
transect method was less precise than the fixed-point method, with a mean precision of
0.476 and 0.274, respectively. Increasing the sampling effort improved the precision of the
estimates produced by each count type (Figure 2).
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Figure 2. Precision of estimates from the bootstrap analysis of data obtained by two methods used
to monitor the Tasman Parakeet (Cyanoramphus cookii) population in the Mount Pitt section of the
Norfolk Island National Park.

Following an initial sample of ten counts, the precision (standard error/mean) of
the line transect method was estimated as 0.918, and for fixed-point counts, it was 0.530.
Following a further 60 counts, the precision of estimates improved to 0.270 and 0.145 for
line transect counts and fixed-point counts, respectively. The fixed-point method produced
greater precision, where approximately 30 fixed-point counts were required to give the
same precision as 70 line transect counts.

The fixed-point method also produced greater cumulative detections than the line
transects method (Figure 3). Assuming that the number of Tasman parakeet detections
was proportional to sampling effort, the fixed-point method was estimated to produce a
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mean of 1.338 parakeet detections per count (95% CI: 0.649, 2.048). In contrast, the line
transect method only produced a mean of 0.642 parakeet detections per count (95% CI:
0.174, 1.370). These results indicate that fixed-point counts can obtain the same number of
parakeet detections as 70 line transects in as few as 34 counts.
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4. Discussion

Our results indicate that fixed-point counts were the most suitable method for moni-
toring the Tasman parakeet population on Norfolk Island. Fixed-point counts yielded a
higher number of detections per unit of sampling effort compared to line transect counts
(Figure 3). This is despite the fact that, during fixed-point counts, birds detected while
walking between points are not able to be included in analysis, whereas during line transect
counts, sampling occurs while walking, so most detections are recorded [29,30]. Despite
this, the fixed-point method outperformed the line transect method and accounted for 59%
of Tasman parakeet detections recorded in the winter of 2015. One possible explanation
for the poor performance of line transect counts on Norfolk Island is the use of paths,
roads, and tracks rather than randomly selected transect lines. In New Caledonia, Legault
et al. [31] noted that most parrot species exhibit a preference for forests and generally avoid
forest edge areas. When conducting counts, these preferences may bias downwards the
number of detections, particularly if there is a lack of vegetation near the transect line [24].

Fixed-point counts were also more precise than line transect counts. To achieve a
similar level of precision to these fixed-point counts, a far larger sampling effort was
required for line transect counts (Figure 2). Other studies suggest that fixed-point counts
can result in biased estimates [32–34]. However, compared to line transect counts, accurately
recording multiple detections is considered more straightforward for observers conducting
fixed-point counts [29]. Furthermore, differences in the walking speed of observers may
contribute to detection bias between sampling events, particularly when attempting to
detect cryptically coloured species such as the Tasman parakeet.

Our results contrast with a study of parrots in New Caledonia, in which Legault
et al. [24] determined that the line transect method was more efficient than the fixed-point
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method. Their assessment involved monitoring a variety of cryptic parrot species, including
the New Caledonian parakeet (Cyanoramphus saisseti), a medium-sized parrot that is closely
related to the Tasman parakeet [35]. Their findings provide insight into the value of line
transect counts for monitoring parrots across large areas of habitat, where scalability is an
issue for fixed-point counts. When compared to the 4.6 km2 area of remnant habitat that the
Tasman parakeet occupies on Norfolk Island, the areas surveyed by Legault et al. [24,31]
were considerably larger, ranging between 45 km2 and 130 km2. The benefits of conducting
rapid line transect counts through habitats of low complexity are likely to be negligible
for monitoring parrots on Norfolk Island. Additionally, the limitation of scalability is
minimised on Norfolk Island, as the area of remnant forest is relatively small and consists
of a mixture of habitat types, many of which can be accessed with minimal effort. Thus,
it is likely that the size of the area and the type of habitats to be surveyed are important
factors in the relative utility of these two methods, and these factors should be taken into
account when designing monitoring studies.

In conclusion, we encourage the use of the fixed-point survey method for monitoring
the Tasman parakeet population on Norfolk Island, as it offers greater precision and
efficiency per unit of effort. While this is the case as the population is recovering, regular
assessment of the most suitable survey method may be useful as the density of the parakeet
population changes. Future data collected using this standardised method of sampling will
likely provide greater power to evaluate the future status and trends in the population of
this species, compared to the more sporadic, unstructured monitoring that has occurred
over the past four decades. However, we acknowledge that other factors not evaluated
here, such as financial resources available, accessibility of terrain, dispersal of birds outside
the core management area, etc., could also play a role in selecting the most appropriate
survey methodology. The findings of this study also give an indication of the suitability
of this method for monitoring other cryptic species that occupy small areas of habitat and
may be useful for other researchers investigating species with restricted distributions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d16110698/s1, Figure S1: Maps of the Mount Pitt section of the
Norfolk Island National Park where we conducted counts of the Tasman parakeet (Cyanoramphus
cookii) showing the distribution of rodent bait stations. Dark grey lines show the increase in elevation
at 20 m intervals.
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