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Abstract
1. Globally, the use of agricultural fields by waterbirds has increased, resulting in 

conflicts with farmers. Designing effective management strategies to resolve 
these conflicts requires understanding the species' resource use. Dietary analy-
ses can shed light on the extent of consumption of agricultural crops and sur-
rounding natural resources, as well as the potential relationship between diet 
and an individual's body condition and ultimately its fitness.

2. We examined the dietary composition of the tropical magpie goose Anseranas 
semipalmata, seasonally utilising a mixed natural- agricultural landscape of north-
ern Australia. We used DNA metabarcoding of intestinal contents from hunted 
geese to reconstruct individual diets and evaluated body condition from mor-
phometric measurements. We compared the relative contribution of agricultural 
and natural foods to dietary composition, and investigated how this contribu-
tion varied spatially, temporally and among individuals that differed in body 
condition.

3. We found that geese consumed both agricultural and naturally occurring plants 
assigned to at least 35 taxa. The most frequent and abundant taxa belonged to 
three families: Poaceae (grasses), Cyperaceae (sedges) and Anacardiaceae (man-
goes). Dietary composition varied substantially among sampling sites and over 
time but not with body condition of geese.

4. Synthesis and applications. We used a novel approach to investigate the diet of a 
waterbird perceived as problematic across an agricultural landscape in tropical 
Australia. We showed that individuals forage opportunistically, and that agri-
cultural crops, while eaten, may not represent an essential part of geese diet 
across the study region. The knowledge acquired provides new insights into 
the species' foraging ecology offering clear alternatives for mitigating goose– 
agriculture interactions. Providing disturbance- free alternative foraging areas or 
minimising the attractiveness of targeted agricultural fields (e.g. shorter grass, 
alternative ground cover) may alleviate crop consumption while benefiting the 
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1  |  INTRODUC TION

Conversion of natural environments to agriculture has negatively af-
fected animal populations worldwide (Kleijn et al., 2011). However, 
many waterbirds benefit from foraging on crops along their migra-
tory routes (Fox & Madsen, 2017). Agricultural landscapes provide 
waterbirds with resources that are generally more abundant and nu-
tritious than natural foods (Fox & Abraham, 2017), commonly lead-
ing to conflicts with farmers (Fox et al., 2017). To reduce conflict, 
various non- lethal management strategies are implemented includ-
ing refuge provision (Jensen et al., 2008), alternative feeding areas to 
divert birds from vulnerable crops (Vickery et al., 1994) and environ-
mental modifications that minimise foraging opportunities or attrac-
tiveness of sites (Washburn et al., 2011). The effectiveness of such 
methods requires identifying the birds' food resources, inferring 
food availability and characterising consumer– resource interactions.

Conventional assessments of animal diets (e.g. Prop & 
Deerenberg, 1991; Swennen & Yu, 2005) are laborious, often miss 
some food items and require specific expertise to identify degraded 
food materials (Pompanon et al., 2012; Ruppert et al., 2019). These 
challenges can be partly overcome by using non- invasive DNA me-
tabarcoding of faecal samples or gastrointestinal tract (GIT) contents 
(reviewed in Alberdi et al., 2019; Ando et al., 2020). DNA metabar-
coding, coupled with high- throughput sequencing (HTS), permits the 
identification of a wide range of taxa derived from environmental 
samples, even when partially degraded through digestion or expo-
sure to the outer environment (Taberlet et al., 2012).

However, DNA analyses of faecal and GIT samples also have lim-
itations. DNA from faecal samples is prone to degradation and envi-
ronmental contamination (Ando et al., 2020; Pompanon et al., 2012). 
Although GIT samples are less degraded and free of environmen-
tal contamination (Alberdi et al., 2019; Sousa et al., 2019), sam-
pling is often invasive, posing ethical and legal constraints (Alberdi 
et al., 2019). This limitation can be avoided by retrieving GIT con-
tents from dead specimens. Licensed hunting, either for recreation 
or culling, provides opportunities to maximise the use of wildlife 
taken for other human purposes (Oehm et al., 2016).

In the monsoonal tropics of the Northern Territory (NT) of 
Australia, the magpie goose Anseranas semipalmata is hunted by 
Indigenous People, licensed recreational hunters and for crop pro-
tection (Clancy, 2020). The recreational waterfowl hunting sea-
son (September– January) coincides with a seasonal bottleneck of 

natural resources for waterbirds (Frith & Davies, 1961). This period 
is also when most agricultural damage and conflicts with farmers 
occur (Clancy, 2020; Whitehead, 1991). Reports of crop damage by 
magpie geese have been increasing in northern Australia since 1950 
(Clancy, 2020; Frith & Davies, 1961; Whitehead, 1991). However, 
the extent to which agricultural crops are consumed relative to nat-
ural food resources and whether consumption of agricultural re-
sources is linked to an individual's body condition have not been 
quantified.

Capitalising on the NT waterfowl hunting, we used DNA me-
tabarcoding of intestinal contents and morphometric measurements 
to investigate the relative consumption of agricultural crops and nat-
ural foods by geese, and its relationship to individual body condition. 
We aimed to (a) describe the dietary composition of geese during the 
late dry season, particularly the relative proportion of agricultural 
and naturally occurring food resources, (b) assess whether dietary 
composition varies spatially and temporally and (c) evaluate whether 
dietary composition is related to individual body condition. As agri-
cultural fields provide palatable crops, potentially of high energetic 
value, at a time of year when natural resources for the species are at 
their lowest, we hypothesised that the dietary composition of geese 
would (i) contain more agricultural than naturally occurring foods, 
(ii) be comparable among sampling locations, but possibly vary over 
time depending on crop phenology and (iii) be related with body con-
dition, which we expected to be highest among individuals consum-
ing more agricultural resources.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

We collected goose specimens within 25– 55 km from Darwin city 
(12.4634°S, 130.8456°E) in the NT, Australia, where large perma-
nent and seasonally inundated wetlands and their dependent wa-
terfowl populations have been retained within the land use matrix 
(Figure 1; Clancy, 2020). Magpie geese remain in the NT throughout 
the year, breeding on coastal floodplains during the late wet season 
(~March– May; Frith & Davies, 1961) and dispersing opportunisti-
cally May– February (Corriveau et al., 2020). As wetlands progres-
sively become drier during the late dry season (August– October), 
large flocks commonly congregate within human- dominated areas 

species' long- term conservation. While also highlighting the limitations of DNA 
metabarcoding, our dietary study emphasises the potential of this methodol-
ogy to improve our understanding of crop damage by wildlife, allowing effective 
evaluation of management requirements.

K E Y W O R D S
agriculture, crop protection, diet analysis, DNA metabarcoding, geese, human- wildlife 
conflicts, rbcL, wildlife management
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(ALA, 2020; Clancy, 2020), which coincides with the maturation of 
most horticultural crops (LANT, 2011).

2.2  |  Sample collection and preparation

We collected specimens at three farms with crop protection licences 
(CPL) and three hunting reserves (HR) approximately 1– 2, 1 and 
25 km from the nearest farms, respectively (Figure 1). Specimens 
were hunted under the NT Parks and Wildlife Commission (NTPWC) 
regulations (Clancy, 2020), and permission for the collection, storage 
and use of biological samples was granted by NTPWC (permit no. 
#63364). No ethic permits were relevant for this study as specimens 
were otherwise scheduled for disposal. After geese were shot, we 
recorded weight, sex, tarsus, head- bill, bill, wing length and head 
height. Carcasses were handed back to hunters for meat process-
ing, before being stored on ice until transportation to a cold room. 
If dissection was not conducted on the same day, carcasses were 
stored at −20°C and thawed 36– 48 hr before dissection. We sam-
pled intestinal contents from the small intestines through to the 
cloaca (Dawson et al., 2000) to avoid short- term temporal variation. 
Extracted samples were stored at −20°C before sample homogeni-
sation. Frozen intestinal contents were thawed at 4°C for 12– 24 hr 
and homogenised for 30 s using a T- 25 ULTRA- THURRAX® (IKA), 
from which a small portion was stored at −80°C before molecular 
analyses.

2.3  |  Dietary data generation

Approximately 250 mg of intestinal contents was transferred into 
2 ml Precellys ceramic bead tubes (Bertin Technologies, France) 
for tissue lysing using a Minilys Personal Homogeniser (Bertin 

Technologies) for 30 s at 5,000 rpm and stored at −20°C until DNA 
extraction. DNA was extracted using a QIAamp PowerFecal DNA 
kit and automated QIAcube (Qiagen). DNA extraction, quantifica-
tion and fusion tag PCR targeting the chloroplast gene rbcL (Poinar 
et al., 1998) were performed following van der Heyde et al. (2020) 
with some modifications (see Appendix S1). To detect possible con-
tamination, negative DNA extraction controls (blanks consisting only 
of reagents) were included for each set of extractions. Final librar-
ies (including PCR and extraction controls) were sequenced with an 
Illumina MiSeq (Illumina, USA; see Appendix S1). MiSeq output files 
were analysed according to Mousavi- Derazmahalleh et al. (2021; see 
Supporting Information). Clusters of closely similar DNA sequences— 
Zero- Radius Operational Taxonomic Units (ZOTUs)— were used as 
proxies for species (Mächler et al., 2021). Sequencing data were 
manually checked and trimmed for contamination, then further 
processed using the package Phyloseq (McMurdie & Holmes, 2013) 
within R 4.0.2 (R Core Team, 2020). If ZOTUs were detected in the 
DNA extraction negative controls, the corresponding number of 
reads (DNA sequences) was removed from all samples. Taxonomic 
information of the resulting ZOTUs was assigned by comparing the 
sequences to a taxonomic database (NCBI; Benson et al., 2005). 
Samples were rarefied to the lowest common sequence number per 
sample (3,113 sequences). Rarefaction curves indicated that ZOTU 
richness of all samples was reached with this threshold.

2.4  |  Biostatistical data analysis

Dietary richness was examined in Phyloseq. Further analy-
ses of dietary composition were conducted using Primer- E v7 
(Plymouth, UK). Samples from individuals with missing body 
condition or sex were excluded from analyses. Rarefied ZOTUs 
were log- transformed, and a Bray– Curtis similarity matrix 

F I G U R E  1  Maps showing: (a) the 
northern Australia study area (Greater 
Darwin region, dark grey; ABS, 2016) 
within the Northern Territory (pale grey) 
of Australia and individual magpie goose 
(bottom left corner), and (b) sampling 
sites: farms with crop protection licenses 
(CPL), and hunting reserves (HR) colour- 
coded by location type, and broad land 
uses in the region (ABARES 2016).

(a) (b)
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calculated. Non- metric multidimensional scaling (nMDS) and 
principal coordinates analysis were used to visualise the matrix. 
Permutational multivariate analyses of variance (PERMANOVA) 
were used to test whether the dietary composition differed (a) 
spatially (across six sampling sites) and (b) temporally (at one site 
over time). Individual sex and body condition were included as 
additional fixed effects in both models. Additionally, we tested 
the effect of the surrounding land uses of sampling sites on di-
etary composition, where site was included as a random effect 
nested within location type (farm vs. reserve). Pairwise tests 
were used to compare different combinations of group levels. 
All PERMANOVA tests were performed using type III sums of 
squares and 999 permutations (Anderson & Ter Braak, 2003). A 
distance- based test for homogeneity of multivariate dispersions 
(PERMDISP) was conducted to test for differences in data disper-
sion between sample groups and a similarity percentage analysis 
(SIMPER) was used to assess which taxa contributed most to the 
observed dissimilarity between groups. A distance- based linear 
model (DistLM) and redundancy analysis (dbRDA) were used to 
determine which explanatory variables best explained the vari-
ability in the dietary composition. Model selection was based on 
lowest AICc and a combination of forward and backward step 
elimination.

2.5  |  Body condition of individuals

We calculated an index of structural body size for males and females 
separately to account for sex- based dimorphism (Whitehead, 1998) 
using the first principal component (PC1) of a principal component 
analysis (PCA) on structural size measurements with R 4.0.2 (R Core 
Team, 2020). Structural size measurements included lengths (mm) 
of the bill, head- bill, head height, wing and tarsus; all were scaled 
and centred prior to PCA. For each sex separately, we included PC1 
in a linear regression of individual body mass. The residuals of this 
regression were then used as a measure of individual body condi-
tion (BC; g), where BC = 0 reflects an individual of average body 
mass for a bird of that size and sex within the dataset. To assess 

the relationship between body condition and food resources using 
PERMANOVA, we categorised BC into classes using the following 
cut- offs: ‘lower than average’ (BC ≤ 1st quantile), ‘average’ (BC > 1st 
quantile and BC < 3rd quantile) and ‘higher than average’ (BC ≥ 3rd 
quantile).

3  |  RESULTS

3.1  |  Sampling overview

After applying all quality filters, the dataset included dietary in-
formation for 158 geese. Average weight of these individuals (71 
females, 85 males, 2 undetermined) was 2.2 kg (range: 1.4– 3.1). 
Although describing dietary composition for all geese, we ex-
cluded individuals lacking assessments of body condition (n = 4) 
or sex (n = 2) from statistical analyses. Data were divided into 
two subsamples for the analyses of the variation in dietary com-
position among sites (six sites, 14 October– 11 November 2018, 
n = 102), and over time (CPL1, October 2018– January 2019, 
n = 96). Of 96 samples from CPL1, only 42 with similar collection 
dates were included in our site comparison (Figure 2; exact dates 
in Figure S1).

3.2  |  Dietary composition

We identified 86 plant ZOTUs belonging to 35 different taxonomic 
groups. Most ZOTUs were identified at the family level (n = 62), 
but others could only be identified at the level of order (n = 3), 
class (n = 13), or phylum (n = 8). The mean number of ZOTUs per 
sample was 13.8 ± 7.1 SD (range 3– 34). From all ZOTUs, eight were 
most frequent across samples (i.e. present in >50%– 85% of all 
samples) and represented 68% of all rarefied sequences. These 
eight ZOTUs belonged to three plant families; Poaceae (n = 4), 
Cyperaceae (n = 2), Anacardiaceae (n = 1) and one to the class 
Magnoliopsida. In all, 47 ZOTUs occurred only rarely (i.e. present 
in <10% of all samples). The five most abundant taxonomic groups 

F I G U R E  2  Sample size per study site 
summarised by week for magpie goose 
specimens collected between October 
2018– January 2019 in the Northern 
Territory, Australia. Cells are colour- coded 
by type of sampling location: farms with 
crop protection licenses (CPL; orange) or 
hunting reserves (HR; green). Black rows 
(above and below) indicate spread of 
sampling weeks for analyses of temporal 
(CPL1 only) and spatial (all white numbers) 
variation in dietary composition.
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included the families Poaceae (31.8%), Anacardiaceae (29.7%), 
Cyperaceae (21.4%), Fabaceae (8.3%) and order Nymphaeales 
(3.3%) (Figure 3a).

3.3  |  Spatial variation in dietary composition

There was no significant difference in the dietary composition of 
individuals sampled at farms or reserves when simultaneously ac-
counting for sex (p = 0.089) or body condition (p = 0.121; Table S1). 
However, we observed a significant difference in ZOTU composi-
tion (p = 0.001; Figure 4a, Table 1a) and ZOTU richness (p = 0.001; 
Figure 4b) among geese from different sites. Also, the dispersion of 
the dietary composition varied significantly across sites (PermDISP 
test: p = 0.001). The nMDS showed that samples collected at HR3 
clustered more distinctly and tightly than samples from other sites 
(Figure 5); these samples were also most similar (16.8% average 
dissimilarity to group centroid) and had the lowest ZOTU richness 
(Figure 4b). Samples from HR1 and nearby CPL3 showed the larg-
est variability (46.9% and 46.5% average dissimilarity, respectively) 
and were positioned more centrally on the nMDS compared to other 
sites (Figure 5).

For geese collected on farms, the three dietary components 
detected in greatest proportion were Anacardiaceae, Poaceae 
and Fabaceae at CPL1; Anacardiaceae, Poaceae and Cyperaceae 
at CPL2; and Poaceae, Nymphaeales and Fabaceae at CPL3 
(Figure 4a). For geese collected on HRs, four dietary components 
were detected in greatest proportion at HR1 and HR2; Poaceae, 

F I G U R E  3  (a) Plant taxonomic groups based on relative proportions of DNA marker sequences of the chloroplast gene rbcL; recovered 
from intestinal contents of magpie geese (n = 158) collected between October 2018– January 2019 in the Northern Territory, Australia. Most 
abundant taxonomic groups are indicated; C: class, O: order, F: family, with corresponding number of Zero- radius Operational Taxonomic 
Units (ZOTUs; square brackets) and common names. Right- hand side panel summarises results obtained for this study (b), and previous 
studies of the species' diet based on morphological analyses of GIT contents of individuals (c), represented as proportion of DNA marker 
sequences, and total crop volume and frequency of occurrence, respectively.

(a) (b)

(c)

F I G U R E  4  (a) Plant taxa at the family level (where known; legend 
order reflects most to least abundant from top to bottom), and (b) 
observed richness for the dietary composition of magpie geese 
(n = 98) across six sites of the Northern Territory, Australia; farms 
with crop protection licenses (CPL) and hunting reserves (HR). Both 
measures are based on rarefied DNA marker sequences of the 
gene rbcL recovered from hunted individuals' intestinal contents. 
Numbers in brackets below site labels indicate sample size.

(a)

(b)
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Cyperaceae, Anacardiaceae and Nymphaeales. Only two ZOTUs 
were identified at HR3; Cyperaceae and Magnoliopsida.

3.4  |  Temporal variation in dietary composition

For geese sampled at CPL1, where data allowed the investiga-
tion of temporal variation in dietary composition, there was a 
significant difference in the plant ZOTU composition across 
weeks of the late dry season (p = 0.001; Figure 6, Table 1b). The  
families Poaceae and Fabaceae and class Magnoliopsida were 
detected in each sampling week but differed in proportion over 
time. The relative proportion of Anacardiaceae decreased over 
the season and was not detected in late December and January. 
Conversely, the proportions of Poaceae and Cyperaceae 
increased over the sampling period. The proportion of  
Fabaceae varied over time but seemed to be a relatively impor-
tant component of the diet from November onwards (Figure 6, 
Figure S2).

3.5  |  Dietary composition and individual 
body condition

For individuals sampled across different sites, dietary composi-
tion differed significantly between sexes (p = 0.031); however, 
this was not significant for the subset of individuals sampled over 
time at CPL1 (p = 0.319). While the significant PERMANOVA re-
sult was neither reflected by an apparent clustering by sex in the 
nMDS nor due to differences in dispersion (Table 1), results from 
SIMPER analysis indicated that five ZOTUs combined contributed 
34.5% to the observed dissimilarity between sexes; Anacardiaceae 
(ZOTU1) and Poaceae (ZOTU2) were consumed more by male geese, 
while Cyperaceae (ZOTU3, ZOTU4 and ZOTU6) were more abun-
dant in the female diet. Results from PERMANOVA suggested that 
there was no significant relationship between the dietary compo-
sition and body condition of individuals, neither when comparing 
all individuals across sites (p = 0.109) nor for individuals sampled 
over time (p = 0.895). In distance- based linear models, body con-
dition only explained 1.8% and 2.7% of the variation in dietary 

Factor PERMANOVA
Pseudo- F 
(df) ECV p value

PermDISP 
p value

(a)

Sampling site (CPL1/CPL2/CPL3/HR1/
HR2/HR3)

9.9 (5) 39.5 0.001*** 0.001***

Individual sex (M/F) 2.0 (1) 9.3 0.031 0.511

Individual body condition (Lower/
Average/Higher)

1.4 (2) 7.6 0.109 0.696

IA Sampling site × Individual sex 1.5 (5) 13.7 0.021*

IA Sampling site × Individual body 
condition

1.5 (9) 15.6 0.007*

IA Individual sex × Individual body 
condition

1.4 (2) 10.1 0.115

IA Sampling site × Individual 
sex × Individual body condition

0.9 (3) −6.5 0.549

(b)

Sampling week (11 weeks) 2.8 (10) 21.7 0.001*** 0.13

Individual sex (M/F) 1.2 (1) 3.4 0.319 0.994

Individual body condition (Lower/
Average/Higher)

0.6 (2) −6.5 0.895 0.145

IA Sampling week × Individual sex 0.9 (10) −8.6 0.762

IA Sampling week × Individual body 
condition

0.9 (15) −6.4 0.68

IA Individual sex × Individual body 
condition

0.5 (2) −11.2 0.966

IA Sampling week × Individual 
sex × Individual body condition

0.8 (6) −13.4 0.771

Notes: Bold is for visual distinction of variables used in the analyses (compared to different levels 
for each variable left in Normal font). df, degrees of freedom; ECV, square root of estimates of 
components of variation indicating the effect size as average % sequence dissimilarity due to that 
factor, p- value is based on >990 unique permutations. *p value < 0.05. **p value < 0.01.  
***p value = 0.001.

TA B L E  1  PERMANOVA analyses 
testing differences in the dietary 
composition of magpie geese in the 
Northern Territory, Australia; (a) across six 
sampling sites; farms with crop protection 
licences (CPL) and hunting reserves (HR) 
(n = 96; residual ECV: 41.1), and (b) over 
11 weeks at one of the six sites (CPL1) 
(n = 96; residual ECV: 39.6). In both cases, 
difference between sexes (males vs 
females), among individuals of different 
body condition for their structural size 
(lower/higher than average, average) and 
their interactions (IA marked with an ‘×’) 
were also tested. Negative ECVs indicate 
little to no evidence against the null 
hypothesis that this component has no 
effect.
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composition between individuals across sites (p = 0.061) and over 
time (p = 0.016), respectively.

4  |  DISCUSSION

Using molecular analyses of intestinal contents recovered from 
hunted individuals, we identified plant foods consumed by a tropi-
cal waterbird across a landscape mixed with natural woodlands and 
grasslands, wetlands and agriculture. Although we sampled less than 
a quarter the number of individuals (158) than sampled in an ear-
lier, more conventional, study of the species' diet in the region (625; 

Frith & Davies, 1961), we identified four times as many plant taxa 
(86 vs 22), highlighting the sensitivity of DNA metabarcoding. The 
limited taxonomic resolution of the rbcL assay, not sufficient to make 
genus or species identification (Kolter & Gemeinholzer, 2020), and 
probable lack of reference sequences of many NT plants within the 
GenBank database constrained the identification of most ZOTUs to 
family level. Our taxonomic identification could have been improved 
using a two- gene approach (Coghlan et al., 2013).

Irrespective of the type of sampling location (farm or reserve), 
most geese consumed at least some foods likely to have been of agri-
cultural origin, except for individuals hunted on one reserve located 
furthest away from agricultural fields (25 km compared to <2 km 
for all other sites). This exception, along with the spatiotemporal 
variation in dietary composition and absence of a relationship with 
individual body condition, is consistent with evidence that geese 
forage opportunistically (Frith & Davies, 1961; Whitehead, 1991), 
and within a limited daily activity area (Corriveau, Klaassen, Garnett, 
Kaestli, Christian, et al., 2022). Our results suggest that resource 
availability and abundance are likely to be the most influential driv-
ers of food resources consumed, and that geese are attracted to a 
wide variety of resources within agricultural landscapes. This is im-
portant information for mitigating goose– agriculture conflicts as it 
demonstrates that goose management should be undertaken at a 
regional, rather than at a single- farm, scale.

4.1  |  Relative consumption of agricultural 
crops and natural foods

The dietary composition observed in our study is consistent with 
previous studies of the species' diet based on morphological analy-
ses of GIT contents (Figure 3b, NT: Frith & Davies, 1961; Queensland: 
Lavery, 1970). These studies reported that the species' diet was 
dominated by Poaceae and Cyperaceae (Frith & Davies, 1961; 
Lavery, 1970). Agricultural crops were also detected where avail-
able; rice (Frith & Davies, 1961), maize, millet, rice and sorghum 
(Marchant & Higgins, 1990). Our data showed that geese consumed 

F I G U R E  5  Non- metric multi- dimensional scaling (nMDS) plot 
showing the spatial variation in rbcL- derived dietary composition 
for magpie geese (n = 96) across six sites of the Northern Territory, 
Australia; farms with crop protection licenses (CPL) and hunting 
reserves (HR). 2D Stress value 0.2; plant taxonomic groups (ZOTUs) 
were rarefied to 3,113 reads per sample. Label shapes indicate 
sampling site, colour- coded by location type and numbers in 
brackets indicate sample size. Vectors show taxonomic groups (O: 
order, F: family) with the highest Pearson correlation (>0.5) with 
the nMDS axes.

F I G U R E  6  Temporal variation in the 
dietary composition of magpie geese 
(n = 98) at one agricultural site (CPL1) of 
the Northern Territory, Australia, over 
11 weeks of 2018– 19. Plant taxa at the 
family level (where known, C: class, O: 
order; legend order reflects most to least 
abundant from top to bottom) are shown 
based on relative proportions of DNA 
marker sequences of the chloroplast gene 
rbcL recovered from hunted individuals' 
intestinal contents. Numbers in brackets 
below week numbers indicate sample size.
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a combination of natural (Cyperaceae, Poaceae and Nymphaeales) 
and agricultural (Anacardiaceae) food resources. Thus, while the 
availability of reliable, seasonally predictable, abundant and palat-
able horticultural crops probably influences aggregations of geese 
on agricultural fields during a seasonal bottleneck, our results sug-
gest that individuals may not rely on them.

4.2  |  Variation in dietary composition

The temporal variation observed suggests that the availability of 
food resources, particularly agricultural crops, varied over time. This 
is consistent with our sampling coinciding with the seasonal fruit 
set of mangoes (Anacardiaceae) in the region (Northern Territory 
Government, 2016). However, given the observed spatial variation 
in dietary composition, such temporal variation in diet choice could 
also result from geese changing their movements over time. Magpie 
geese generally move across short distances between September 
and January (median daily activity area = 0.6 km2), but also occa-
sionally range over larger areas (≤1,486 km2) (Corriveau, Klaassen, 
Garnett, Kaestli, Christian, et al., 2022). The size of areas used by 
geese could be influenced by regional disturbances (e.g. scaring, 
shooting; Clancy, 2020), as human- induced disturbances can af-
fect waterbird movements (Béchet et al., 2003; Jensen et al., 2016; 
Madsen, 1998).

Quantifying the relative proportion of different food items 
based on molecular analyses is challenging (Deagle et al., 2019; 
Sousa et al., 2019). The absolute counts of DNA sequences are in-
fluenced by both technical and biological aspects of the analytical 
processes (e.g. amount of substrate, DNA extraction efficiency, 
standardisation of samples, recovery rate of different taxa; Deagle 
et al., 2019). Evaluating the relative contribution of different food 
types to an animals' daily metabolisable energy requirements thus 
requires integrating information about the abundance of DNA se-
quences, the energy content of different parts of food items and 
their digestibility.

In birds, digestibility or assimilation efficiency depends on the 
type of food ingested rather than bird taxon; it is ~75% for most 
food types (e.g. seeds, fish, invertebrates, meat), but is lower for 
plant materials (37%) and fruits (41%) (Castro et al., 1989). Our 
DNA analyses and dissections confirmed that geese largely con-
sumed green plant parts (e.g. grass blades, leaves) and/or mango 
flesh, with grass seeds noted in some gizzards. Grasses consumed 
by magpie geese have an energy content of 20.6 kJ/g dry matter 
(Dawson et al., 2000). Although large and fleshy, mangoes have 
a lower energy content at 14.3 kJ/g dry matter (Food Standards 
Australia New Zealand [FSANZ], 2021). Assuming the relative 
abundance of DNA sequences to be proportional to dry matter, 
the metabolisable energy content (energy content × assimila-
tion efficiency) of grasses (20.6 × 0.37 = 7.6 kJ/g) and likely other 
green plant parts in the diet, is broadly similar to that of mangoes 
(14.3 × 0.41 = 5.9 kJ/g).

Frith and Davies (1961) suggested that the late dry season diet 
of geese had a low nutritional value. This probable similarity in the 
metabolisable energy contents of grass and mangoes, consistent 
with the absence of a relationship between diet and individual body 
condition, suggests that the attractiveness of mangoes to geese may 
lie primarily in their availability and abundance during the late dry 
season rather than their nutritional value. If true, this would con-
trast with temperate regions where the high nutritional value of 
crops has been fuelling increased use of agricultural fields by water-
birds, intensifying conflicts with farmers (Fox & Abraham, 2017; Fox 
et al., 2017).

4.3  |  Management implications

The diversity in dietary composition observed suggests that pro-
viding disturbance- free, foraging areas comprising natural food 
sources may benefit the species' long- term conservation while al-
leviating crop damage (Kubasiewicz et al., 2016). Conversely, the 
designation of alternative foraging areas could increase the re-
gional carrying capacity (Fox & Abraham, 2017), which could then 
intensify goose– agriculture conflicts, particularly if birds become 
sedentary as has happened elsewhere (Conover & Kania, 1991; 
Eichhorn et al., 2019). However, the lack of suitable breeding habi-
tat for geese in the vicinity of agricultural fields reduces the prob-
ability of year- round residency. Minimising the attractiveness of 
agricultural fields could also be explored. Reducing the availabil-
ity (or palatability) of green grass in orchards (e.g. shorter grass, 
alternative ground cover) could reduce available forage, as has 
been explored around airports to prevent bird strikes (Coghlan 
et al., 2013; Washburn et al., 2011). Investment in goose manage-
ment, however, should be preceded by detailed cost– benefit anal-
yses to evaluate losses of marketable, compared to unmarketable 
(e.g. fallen) fruit, to determine the level of intervention required. 
Financial losses due to crop damage by geese in the study region 
remain to be quantified.

5  |  CONCLUSIONS

Molecular analyses of intestinal contents of hunted geese provided 
detailed insights into the relative contribution of agricultural and 
natural foods for individuals across a mixed natural– agricultural 
landscape. Considerable consumption of non- agricultural crops was 
observed, suggesting the species does not visit the region specifi-
cally to target agricultural crops, but rather that farms are located 
within the species' seasonal foraging range. We also conclude that 
availability and accessibility are likely to be the most important driv-
ers of food selection for the species during a seasonal bottleneck 
in natural resources. The opportunistic behaviour of the species 
highlights avenues to mitigate agriculture– wildlife conflicts, includ-
ing alternative foraging areas and habitat modification. However, we 
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also recommend systematic crop damage assessments to distinguish 
actual versus perceived goose damage.
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