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Diet breadth of a critically endangered owl presents challenges for invasive 
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Bronwyn Isaac a and Rohan H. Clarke a

aSchool of Biological Sciences, Monash University, Clayton, Victoria, Australia; bSchool of BioSciences, The University of Melbourne, Melbourne, 
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Conservation and Ecology (DICE), School of Anthropology and Conservation, University of Kent, Canterbury, UK; fParks Australia, Norfolk Island 
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ABSTRACT
Trophic interactions between threatened species complicate management. Similarly, interactions 
between threatened species and pest species present management challenges, given that pest 
control can lead to non-target impacts (e.g. trophic cascades or secondary poisoning). There are 
records of the critically endangered Norfolk Island Morepork Ninox novaeseelandiae undulata 
consuming both threatened songbirds and invasive rodents that are subject to management 
interventions. Nevertheless, the diet of the morepork remains largely unknown. We visually 
screened regurgitated pellets using a microscope, alongside environmental DNA (eDNA) screening 
of pellets and scats, to investigate the diet of the Norfolk Island Morepork. A total of 113 pellets and 
19 scats were collected between October 2020 and June 2021. All moreporks screened with eDNA 
metabarcoding had consumed invasive rodents and at least one-third of samples contained 
rodents. The owls were also found to have consumed four of five endemic songbirds and possibly 
an endemic parrot, most of which are threatened. Environmental DNA metabarcoding detected 
more taxa overall, but visual screening identified a greater richness of Orthoptera and Coleoptera 
in the diet. The frequency with which the Norfolk Island Morepork consumed rodents presents 
a conundrum for conservation managers. Control of invasive rodents is considered essential to 
support threatened songbirds, yet this same action places the species at risk of secondary poison
ing. Urgent investigations are needed to identify effective control methods for invasive rodents 
that are safe for non-target species.

ARTICLE HISTORY 
Received 6 September 2023  
Accepted 16 March 2024 

KEYWORDS 
Anticoagulant rodenticide; 
secondary poisoning; eDNA; 
Norfolk Island Morepork; 
diet; conservation 
management

Introduction

Understanding trophic interactions can be fundamental 
to species conservation and ecosystem management 
(Soulé et al. 2003; Sousa et al. 2019). At a time of 
biodiversity crisis, as the number of threatened species 
increases, trophic interactions that include species of 
conservation concern present increasing challenges for 
managers (Roemer and Wayne 2003; Canale and 
Bernardo 2016). Island systems with a globally dispro
portionate number of threatened species, alongside sim
plified food webs and limited dietary redundancy, 
exemplify these challenges (Whittaker and Fernández- 
Palacios 2007).

The presence of invasive rodents is a leading cause of 
biodiversity loss, and adds further to the complexity of 
trophic interactions (Howald et al. 2007). Invasive 
rodents are typically widespread dietary generalists 
and have been implicated in the decline and extinction 

of many plant and animal species (St Clair 2011; 
Doherty et al. 2016; Russell et al. 2017). Programmes 
to control or eradicate rodents are therefore common 
practice (Keitt et al. 2011). When successful, these 
rodent management programmes can have substantial 
benefits to species and ecosystem recovery (Croll et al.  
2016; Jones et al. 2016).

The management of invasive rodents routinely 
involves the use of anticoagulant rodenticides (Fisher 
et al. 2019) and this approach has often been very 
successful (Howald et al. 2007; Wheeler et al. 2019). 
However, because of evolved resistance in rodents, the 
rodenticides have by necessity become increasingly 
toxic with longer latency periods (Hadler and Buckle  
1992; Marquez et al. 2019). Anticoagulant rodenticides 
are now characterised as either first- or second-genera
tion toxins. Both forms prevent blood clotting and cause 
vertebrate death through haemorrhaging (Park et al.  
1984). Second-generation baits are now 100–1000 
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times more toxic and have longer biological half-lives 
than first-generation baits (Huckle et al. 1988). Second- 
generation baits are intended to kill a rodent with 
a single dose, as opposed to first-generation baits 
which typically require multiple feeds. Consequently, 
the toxins from second-generation baits remain in ani
mal tissue for longer and are less likely to be entirely 
metabolised by rodents before death (Huckle et al. 1988; 
Erickson and Urban 2004). When a rodent that has 
ingested anticoagulant bait is consumed by a predator 
or scavenger, any secondary poisoning that occurs 
invariably has physiological consequences and is often 
fatal (Lohr and Davis 2018). Because of the markedly 
higher toxicity of second-generation baits and their 
extended environmental latency, the use of these baits 
increases both the prevalence of secondary poisoning 
and the mortality rate in non-target wildlife, compared 
to the effects of first-generation baits (Erickson and 
Urban 2004; Van den Brink et al. 2018).

Birds of prey are particularly susceptible to secondary 
poisoning since rodents and other small mammals often 
comprise a substantial proportion of their diet. This is 
especially true when second-generation baits are 
involved. In settings where secondary poisoning is 
known or suspected to be occurring, a comprehensive 
assessment of diet can be informative for conservation 
managers. The traditional method to quantify the diet of 
birds of prey is to undertake a visual analysis of regur
gitated prey remains (pellets) (Maser and Brodie 1966; 
Cooke et al. 2006). With the advent of environmental 
DNA (eDNA) techniques, traces of DNA sourced from 
the environment rather than directly from focal species 
can now also be used to detect the presence of organ
isms under a range of settings, including dietary screen
ing (Cavallo et al. 2018; Quasim et al. 2018; Menning 
et al. 2023). eDNA techniques are especially well suited 
to establishing the dietary composition of birds of prey, 
given that they pass both pellets and faeces, and fre
quently do so at established perching or roosting sites 
(Driver 1949).

The Norfolk Island Morepork Ninox novaeseelandiae 
undulata is a critically endangered owl restricted to 
Norfolk Island, with a population estimated at 25–35 
individuals (Threatened Species Scientific Committee  
2016; F Sperring, unpubl. data). After a genetic rescue 
in 1987, where the last remaining female N. n. undulata 
paired and successfully bred with a male 
N. n. novaeseelandiae (New Zealand Morepork), this is 
now recognised as a hybrid population. The known diet 
of the Norfolk Island Morepork is based on a single 
pellet, prey remains from one nest-box, and incidental 
observations (Olsen 1997). These data suggest that inver
tebrates are a prominent prey type, though vertebrates 

probably predominate in terms of prey biomass (Olsen  
1996). The White Tern Gygis alba, at least two threatened 
songbirds (Norfolk Island Robin Petroica multicolor and 
Slender-billed White-eye Zosterops tenuirostris), and the 
introduced Polynesian Rat Rattus exulans have been 
documented as vertebrate prey (Olsen 1996).

On Norfolk Island, the invasive Black Rat Rattus 
rattus and Polynesian Rat are implicated in the decline 
and extinction of many threatened flora and fauna 
(Nance et al. 2021, 2023). Invasive rodents are currently 
controlled intensively within protected areas to suppress 
their numbers. Rodent control programmes using toxic 
baits have been maintained since the 1990s, commen
cing with the use of first-generation baits, transitioning 
to second-generation baits in 2011. The control of 
rodents with toxic baits may pose a direct threat to the 
Norfolk Island Morepork population through second
ary poisoning. In recognition of this as yet unquantified 
threat, bait deployment during the morepork breeding 
season has been modified to use first-generation and 
non-anticoagulant baits since 2015 (Nance et al. 2023). 
While second-generation baits remain in use through
out the remainder of the year to protect threatened 
songbirds, the quantity and toxicity have been reduced.

Our aim in this study was to quantify the diet of the 
Norfolk Island Morepork to inform key conservation 
management actions. We utilised visual analysis of pel
lets, and eDNA metabarcoding of pellets and scats, to 
identify prey items and quantify the dietary breadth of 
the Norfolk Island Morepork.

Methods

Study site

Norfolk Island is a small oceanic island (3460 ha) in the 
SW Pacific. The island has largely been cleared of native 
vegetation, with the largest area of remnant forest 
centred on Norfolk Island National Park (Director of 
National Parks 2020). A variety of introduced species 
are present on Norfolk Island, including Polynesian 
Rats (introduced ~800 years ago) and Black Rats (intro
duced in the 1940s) (Robinson 1978; Anderson and 
White 2001). Polynesian Rats and Black Rats can be 
abundant across the island, while House Mice Mus 
musculus tend to be more abundant within the 
human-modified landscape (Nance et al. 2023). All 
rodent species on Norfolk Island are of a similar size 
to their counterparts that occupy continental systems 
(M Wilson, pers obs.) Despite the relatively small size of 
the National Park (~460 ha), the intact forest commu
nities support a concentration of threatened species 
including almost all Norfolk Island Robins, Slender- 
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where there was the possibility of ‘over-assignment’ 
(assignments to species with little data corroborating 
their occurrence in Australia), we also assigned such 
OTUs to a higher taxonomic level. Examples of such 
over-assignments can occur when congeners (or confa
milials) are present in Australia but there is little to no 
genetic sequencing available for individual Australian 
species.

Invertebrate bioinformatic analysis
Amplicon pools were first demultiplexed based on the 
unique barcodes that identified individual samples. 
Reads R1 and R2 from the paired-end sequencing were 
merged using the fastq-mergepairs function in 
VSEARCH (Edgar 2016), retaining only merged reads 
flanked by matches to the gene-specific COI primers. 
Following quality control filtering to remove primer 
sequences, truncated reads and low-frequency reads, 
DNA sequences were deduplicated, and all unique 
sequences were retained and assigned a running OTU 
number. Taxonomic assignment was performed with 
VSEARCH’s SINTAX algorithm (Edgar 2016). Each 
OTU was assigned a taxonomic identity using 
a threshold of 80% by comparing against the 
MIDORI2 reference sequence database (Leray et al.  
2022), supplemented by BLAST searches. In cases 
where OTUs could not be adequately assigned to 
a species, they are assigned to the lowest taxonomic 
rank possible.

Data filtering
Low-level detections that were likely to represent con
tamination events from a natural source were excluded 
by removing detections with fewer than 50 sequencing 
reads (Dully et al. 2021). Taxa detected with an adult 
body length <10 mm were also excluded (as possible 
secondary detections) as moreporks are expected to 
mostly consume prey larger than this threshold 
(Denny 2009).

Data analysis

We compared detections from both analysis methods 
(eDNA metabarcoding and visual analysis of the same 
pellets) and sample types (eDNA analysis of scats and 
pellets) to determine prey taxa richness per owl. 
Specifically, we investigated taxon richness within avi
fauna, rodents, and various invertebrate orders. The 
difference in richness (∆ richness) between analysis 
methods, and sample types was calculated per owl for 
each taxonomic group. The minimum, maximum and 
average ∆ richness was then determined per taxonomic 
group.

Using visual analysis outputs, Fisher’s exact tests 
were run to compare the proportion of rodents detected 
in pellets between seasons and habitat. We also ran 
a Fisher’s exact test to compare the proportion of verte
brate and invertebrate detections between eDNA sam
ple types. All analyses were implemented in R, and 
significance was tested at the 0.05 level (R Core Team  
2023).

Results

Samples were collected from seven Norfolk Island 
Moreporks, with each bird utilising two or 
three day-roosts (Figure 1). Two owls occurred as 
a pair and two owls occupied territories entirely 
outside of the National Park. With a population 
estimate of 25 individuals, samples are representative 
of approximately one-third of the population (F. 
Sperring unpubl. data). A total of 24 pellets (2– 
7 per owl) and 19 scats (2–6 per owl) were collected 
in autumn from five owls, and 89 pellets (5–25 per 
owl) were collected in spring from six owls.

Vertebrate consumption

Using eDNA metabarcoding, prey taxa richness for 
each owl was between two and five vertebrate taxa 
(Table 1). All individuals were found to have con
sumed rodents. Rodents were also detected in 44% of 
all samples, with a more refined identification to 
Rattus sp. detected in 32% of samples. House Mice 
were consumed by two owls. The proportion of pellets 
that contained rodents did not differ between season 
or habitat (χ2(1, 113) = 0.016, p = 0.90 and χ2(1, 113) < 
0.001, p = 1, respectively; visually screened pellets 
only). 

The eDNA metabarcoding analysis detected 
Psittacidae sp. (either the introduced Crimson Rosella 
Platycercus elegans or endemic and threatened Green 
Parrot) in the pellets of one owl and Zosterops sp. (either 
the Silvereye Z. lateralis or the Vulnerable Slender-billed 
White-eye) was detected as prey for four of five owls, 
and in 28% of all samples screened. Visual analysis was 
unable to identify bird taxa below the avian order that 
had been consumed as prey. The contents of a nest box 
that supported a breeding pair of moreporks in 2019 
included bird bands (issued by the Australian Bird and 
Bat Banding Scheme) that had been placed on a Slender- 
billed White-eye and a Norfolk Robin, indicating both 
species had been brought to the nest box as prey during 
that period.
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Invertebrate consumption

Using all samples screened with metabarcoding, 
invertebrate prey richness was between three and 
seven taxa per owl (Table 1). Araneae (spiders) 
were consumed by all owls. All owls also consumed 
at least two of seven Lepidoptera taxa (moths and 
butterflies) taken as prey. Stylommatophora (land 
snails and slugs) were detected in three samples 
from one owl occupying territory entirely within 
the National Park. Visual analysis of pellets identi
fied Coleoptera (beetles), Orthoptera (grasshoppers 
and crickets) and Lepidoptera in the diet of more
porks (Table 2). Coleoptera were found in 75% of 
pellets in autumn and 84% of pellets in spring while 
Orthoptera were found in 92% of pellets in autumn 
and 62% in spring.

Comparison of methods

Metabarcoding of pellets and scats identified 25 taxa in 
the diet of moreporks in the single season that was 
screened using this technique. By contrast, visual 
screening of pellets identified just nine taxa across 

combined breeding and non-breeding seasons. Where 
the same pellet was screened using both methods, each 
vertebrate taxon that was identified visually was also 
detected using eDNA metabarcoding. Metabarcoding 
detected more species of bird that were consumed as 
prey and visual analysis detected more species/taxa of 
Orthoptera and Coleoptera that were consumed as prey 
(Figure 2(a)).

Richness for each taxonomic group and total taxa 
richness was similar for analyses of pellets and scats 
(pellets = 19 taxa (n = 15), scats = 17 (n = 19)) (Figure 2 
(b)). At a finer taxonomic resolution, the screening of 
pellets detected significantly more vertebrate taxa than 
scats, while the screening of scats detected significantly 
more invertebrate taxa than pellets (p = 0.048) (verte
brate richness: scats = 4, pellets = 11. Invertebrate rich
ness: scats = 13, pellets = 8).

Discussion

In this study, we quantified the prey frequency and 
dietary breadth of the critically endangered Norfolk 
Island Morepork. Molecular screening of pellets and 
scats was an effective method for determining the 

Figure 1. Roost sites for each Norfolk Island Morepork sampled across Norfolk Island during the austral spring of 2020 and austral 
autumn of 2021. The grey shaded areas represent vegetation. The National Park is outlined with a dashed line. Each colour represents 
a different owl. The owls marked in pink and purple were sampled only in spring. The owl marked in light blue was sampled only in 
autumn.
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diet of the owls and, in combination with visual 
analysis, revealed that all moreporks consumed inva
sive rodents. In the presence of an ongoing rodent 
control programme, these results highlight 
a conundrum for conservation managers at this 
site. The control of invasive rodents is considered 
essential for the recovery of threatened species on 
Norfolk Island, yet this same management pro
gramme poses a genuine threat through secondary 
poisoning to the tiny remaining morepork 
population.

The rodent control conundrum

Almost half of all dietary samples collected during the 
non-breeding period and screened using metabarcoding 
contained rodents (44%), and there was no significant 
difference in the proportion of rodent-positive samples 
between seasons or habitat using visual analysis. In 
other species, consumption of rodents has been posited 
to be largely influenced by two factors: resource require
ments for breeding, and prey abundance (Olsen 2012; 
McDonald and Pavey 2014; Olsen et al. 2023, 2024). 

Table 1. Dietary items consumed by Norfolk Island Moreporks as shown by eDNA analysis. Numbers represent the total number 
of pellets or scats that contained a particular prey item. Scat samples are shown in bold. Detections from scat and pellet samples 
collected on the same day are included. Total count represents the total number of detections of each species, with samples from 
the same or consecutive day excluded. Paired owls are identified with ‘a/b’.

Morepork individual Total

Taxa Common name 1a/b 2 3 4 5a/b count

Psittacidae sp. Parrot sp. 1 – – – – 1
Columba livia Rock Dove 1 – – – – 1
Gallus gallus Feral Chicken – – – – 1 1
Passer domesticus House Sparrow – 1 – – – 1
Rhipidura albiscapa Grey Fantail – – 1,1 – – 1
Gerygone modesta Norfolk Gerygone – 1,2 – – – 2
Sturnus vulgaris Common Starling – – 1 – – 1
Zosterops sp. White/Silver-eye sp. 1,1 – 3,2 1 1 6
Rattus rattus Black Rat – – – – 1 1
Rattus sp. Rat sp. 1,3 – 1 1,2 2,1 9
Mus musculus House Mouse – 1 1 – – 2
Coleoptera sp. Beetle – – 1,1 – – 2
Araneae sp. Spider 1 1,1 4,1 1,1 1,1 9
Lepidoptera Butterfly/moth 1 1
Agrotis ipsilon Black Cutworm – – – – 1 1
Athetis thoracica Moth – – – 1 – 1
Mocis frugalis Sugarcane Looper – 1 – – – 1
Leucania stenographa Sugarcane Armyworm 1 – 2,2 – – 4
Mythimna convecta Australian Armyworm – – – – 1 1
Mythimna separata Northern Armyworm – – – – 1 1
Spodoptera sp. Army worm – 1 1 1 – 1
Calliphora stygia Brown Blowfly 1 – – – – 1
Culex sp. Mosquito 2 – – – – 2
Diptera sp. Fly 1 – – – 1 1
Helina sp. Muscid fly 1 – – – – 1
Chironomus sp. Midge – 1 – – – 1
Stylommatophora sp. Land snail/slug 2,1 – – – – 3
Number of samples 4,7 2,2 5,2 2,3 2,3

Table 2. Abundance of each prey taxa identified for individual Norfolk Island Morepork using visual analysis of pellets in the breeding 
and non-breeding seasons. Abundance indicates the minimum possible number of individuals of each prey taxa consumed per owl. 
Paired owls are identified with ‘a/b’. The total number of pellets collected per individual/pair is shown.

Morepork individual(s)

Non-breeding season Breeding season

Taxonomic group Taxa ID 1a/b 2 3 4 5a/b 2 3 4 5a/b 6 7

Coleoptera Pimelopus spp. 2 1 1 1 0 0 0 1 5 7 5
Onthophagus spp. 0 1 0 0 0 1 8 1 6 2 3
Cerambycid sp. 2 3 3 2 4 4 17 4 22 13 7

Lepidoptera L1 0 1 3 2 3 1 11 2 13 2 0
Orthoptera Insulascirtus spp. 6 3 2 2 3 2 6 3 13 13 12

O1 5 2 5 1 3 0 1 1 6 4 10
O2 1 0 1 0 0 0 0 0 0 0 0

Vertebrate Bird 0 0 0 0 0 0 0 0 1 0 0
Rodent 0 2 0 0 1 0 2 1 4 1 0
Unidentified vertebrate 3 1 1 0 1 3 6 3 7 11 3

Total number of pellets 7 4 6 2 5 6 21 5 25 15 14
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Invertebrate abundance is often lower in winter, which 
is thought to cause an increase in the uptake of rodent 
consumption (Stephenson 1998; Trost et al. 2008; Olsen 
et al. 2023). However, during spring, the elevated ener
getic requirements associated with breeding can also 
lead to an increase in the consumption of vertebrates 
(Olsen 2012; Olsen et al. 2023). This is supported by the 
absence of House Mice in the diet of Norfolk Island 
Moreporks occupying habitat within the National Park. 
While House Mice are an appropriate prey size, they are 
found in extremely low densities within the National 
Park (Nance et al. 2023). We suggest the consistent 
prevalence of rodents in the diet of the Norfolk Island 
Morepork may best be explained by the documented 
high abundance and year-round and island-wide avail
ability of rodents (Nance et al. 2023).

Given the frequent consumption of rodents by the 
owls, and the use of second-generation rodenticides 
across Norfolk Island, secondary poisoning can be 
inferred to pose a genuine risk to the Norfolk Island 
Morepork. There is a growing body of research suggest
ing that secondary impacts of rodenticides are greater 
than previously thought (Lohr and Davis 2018), and 
elsewhere the incidence of secondary poisoning for 

boobooks, moreporks and larger Ninox species that 
consume rodents is well documented (Stephenson 
et al. 1999; Lohr 2018; Cooke et al. 2023). Locally, the 
only known Norfolk Island Morepork chick that 
hatched between 2011 and 2019 died in a nest box due 
to suspected secondary poisoning, when second-genera
tion baits were used extensively within the National 
Park. More recently, an adult with symptoms of second
ary poisoning (possibly Alphachloralose poisoning asso
ciated with feral chicken control; F. Sperring unpubl. 
data) was rehabilitated in 2021. Given moreporks and 
most other threatened fauna species occur in sympatry 
within the National Park, it is not possible to implement 
a spatially explicit rodent control programme that tar
gets areas of high conservation priority for rodent man
agement and avoids moreporks. Further exploration of 
owl-safe rodent control methods should be considered 
a priority action.

While Norfolk Island Moreporks will likely benefit 
from a reduction in the use of second-generation roden
ticides, these same toxins are currently considered 
essential to suppress rodent populations and reduce 
nest predation of threatened songbirds (Nance et al.  
2023). Invasive rodents on Norfolk Island are 

a 
Avifauna 
Rodents 

Coleoptera 
Orthoptera 

Lepidoptera 
Diptera 

Araneae 
Stylommatophora

b
Avifauna 
Rodents 

Coleoptera 
Lepidoptera 

Diptera 
Araneae 

Stylommatophora 

•  Richness

Figure 2. Average ∆ richness for each taxonomic group comparing (a) visual and eDNA analysis and (b) eDNA analysis of scats and 
pellets collected from Norfolk Island Moreporks. In Figure 1(a), negative values represent greater taxa richness detected with visual 
analysis and positive values represent greater richness with eDNA. In Figure 1(b), negative values represent greater taxa richness 
identified in scats and positive values represent greater richness in pellets. Minimum and maximum ∆ richness per owl are shown with 
horizontal bars.
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implicated in the extinction of many bird species and 
are responsible for the majority of nest failures in the 
endemic songbirds that persist (Nance et al. 2021, 2023). 
Nest survival of threatened songbirds is higher in areas 
with more intensive baiting, emphasising the impor
tance of the current control methods (Nance et al.  
2023). While rodent control methods are continually 
being improved, there are currently no methods other 
than second-generation baits that effectively suppress 
rodents across large areas (Howald et al. 2007; 
Gronwald and Russell 2022; DIISE 2023). Thus, the 
dependence of Norfolk Island songbirds on 
a programme that utilises second-generation toxins 
may continue for some time.

Given the breadth of the threat that invasive rodents 
pose to biota on Norfolk Island, their management must 
remain an ongoing priority. Therefore, effective rodent 
control strategies that simultaneously minimise the risk 
to moreporks warrant urgent exploration. Firstly, a non- 
toxic control measure currently being trialled on Norfolk 
Island is the use of self-resetting kill traps (e.g. 
Goodnature A24 or AT220 traps). While this technique 
is not uniformly successful, these traps have had some 
success in areas with large rodent populations (Peters 
et al. 2014; Gronwald and Russell 2022). Secondly, olfac
tory misinformation may also be used to manipulate 
rodent behaviour to disregard certain cues. For example, 
rodents can be manipulated to no longer associate the 
smell of songbird nests with a reward, consequently 
avoiding such cues in the future and minimising the 
predation risk to songbirds (Price and Banks 2012). 
Finally, a promising toxicant under investigation is cho
lecalciferol (vitamin D3), which raises blood calcium 
levels causing death through heart failure (Hix et al.  
2012). This toxin has proven to be effective for rodent 
control and shows promising results for a reduced risk of 
secondary poisoning (Eason et al. 2000; Noh et al. 2023). 
Each of these approaches has the potential to reduce the 
impact of rodents, while minimising the risk to non- 
target species. However, further research and develop
ment is required. In the interim, population modelling of 
threatened songbirds and a formal risk assessment for 
Norfolk Island Moreporks under different baiting scenar
ios would be valuable to inform the optimal baiting 
strategy for threatened species management.

There are also some more ambitious strategies that 
may be worthy of consideration, notwithstanding con
siderable logistical, financial and social challenges. 
These include the development of a predator-free enclo
sure encompassing the National Park and surrounding 
forested areas, or an island-wide rodent eradication 
(Howald et al. 2007). For any rodent eradication 
attempt, temporary captive care of moreporks may 

present as a viable strategy (O’Dwyer et al. 2023). 
Future techniques such as gene drive technology may 
also provide a more species-specific, toxin-free eradica
tion option (Leitschuh et al. 2017; Prowse et al. 2017). 
However, projected timelines to success might extend 
across multiple decades and consequently render this 
approach inviable. Finally, more intensive restoration 
efforts on nearby Phillip Island, which is rodent free 
but largely devoid of forested areas, may present an 
alternative pathway, or a complementary strategy, to 
increase the resilience of both morepork and songbird 
populations (Commonwealth of Australia 2024).

Norfolk Island exemplifies the importance of an inte
grated, ecosystem-wide approach for threatened species 
management. We provide evidence that the Norfolk 
Island Morepork consumes four of five remaining ende
mic songbirds (two of which are threatened), and pos
sibly the Endangered Green Parrot. In a scenario where 
rodent abundance has been substantially reduced, 
a dietary shift of Norfolk Island Moreporks to other 
species (whose abundance may increase in the abun
dance of rodents) is likely (Denny 2009). The effective 
management of anthropogenic threats to endemic birds, 
namely of invasive mammals and habitat loss, should 
ensure that these same populations are robust to natural 
predation by moreporks (Salo et al. 2007; Gautschi et al.  
2022). Additional goals for ecological restoration might 
include the return of nocturnally active reptile species 
and a species of giant centipede from Phillip Island to 
Norfolk Island. The reptile species, and probably the 
giant centipede, appear to have been extirpated from 
Norfolk Island because of predation by invasive rodents, 
and were likely to have featured prominently in the diet 
of the Norfolk Island Morepork prior to human settle
ment (Olsen 2012; Director of National Parks 2020).

Methods comparison

Comparing eDNA analysis with visual inspection, total 
taxon richness was similar between pellets and scats, 
scat analysis detected significantly more invertebrate 
taxa and pellet analysis detected more vertebrate taxa. 
Feathers, bones and fur are indigestible and must be 
regurgitated (Smith and Richmond 1972), whereas soft 
bodied invertebrates are likely to pass through the diges
tive system (Hill and Lill 1998). Consequently, taxon- 
specific digestive processes may influence the residual 
eDNA in different sample types.

Relative to visual analysis, eDNA identified three times 
as many prey taxa, with particular improvements to the 
identification of soft-bodied prey. For example, 
Stylommatophora, Diptera and Araneae were detected 
only through metabarcoding. Stylommatophora (land 
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snails and slugs), are particularly interesting as putative 
prey of the Norfolk Island Morepork as these have not 
previously been identified in the diet of moreporks or 
boobooks. Our results are consistent with previous stu
dies highlighting the value of eDNA analysis for a more 
comprehensive and refined assessment of dietary compo
sition and breadth (Sousa et al. 2019; Hoenig et al. 2022).

Visual analysis identified more Coleoptera and 
Orthoptera taxa than metabarcoding. This may be 
explained by the incompleteness of the reference 
sequence database (Beng and Corlett 2020) which did 
not contain many of the invertebrate species’ endemic 
to Norfolk Island. Since reference sequences are often 
available only for a few genes for most species, targeted 
marker regions cannot always accurately resolve all 
groups, even to higher taxonomic levels (Liu et al.  
2017; Beng and Corlett 2020). A more complete 
sequence database would likely improve the identifica
tion of these orders. We highlight the value of develop
ing eDNA libraries for island ecosystems to investigate 
trophic interactions. In settings where trophic relation
ships may directly inform management considerations, 
we highlight the value of applying multiple screening 
strategies to investigate species diet.

Conclusion

During both the breeding and non-breeding season, 
Norfolk Island Moreporks consumed invasive rodents 
that were subject to control measures using toxic baits. 
This places a critically endangered owl at risk of sec
ondary poisoning, with anecdotal evidence that this is 
indeed occurring. The conundrum for managers is that 
the current rodent baiting programme on Norfolk 
Island is known to improve the nesting success of ende
mic songbirds. This management challenge therefore 
requires a considered response to prevent the loss of 
songbirds, while minimising the threat of secondary 
poisoning to moreporks. We recommend managers 
urgently explore novel approaches and innovative tech
nologies to control rodents effectively and safely. Our 
study highlights the interconnectedness of systems 
through food webs and that a targeted understanding 
of trophic interactions can be essential to inform effec
tive whole-of-system conservation actions.
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