Time to adjust: changes in the diet of a reintroduced

marsupial after release
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Abstract An important component of reintroduction is
acclimatization to the release site. Movement parameters
and breeding are common metrics used to infer the end of
the acclimatization period, but the time taken to locate pre-
ferred food items is another important measure. We studied
the diet of a reintroduced population of brushtail possums
Trichosurus vulpecula in semi-arid South Australia over a 12
month period, investigating changes over time as well as the
general diet. We used next-generation DNA sequencing to
determine the contents of 253 scat samples, after creating a
local plant reference library. Vegetation surveys were con-
ducted monthly to account for availability. Dietary diversity
and richness decreased significantly with time since release
after availability was accounted for. We used Jacob’s Index
to assess selectivity; just 13.4% of available plant genera
were significantly preferred overall, relative to availability.
The mean proportion of preferred plant genera contained
within individual samples increased significantly with
time since release, but the frequency of occurrence of pre-
ferred plants did not. Five genera (Eucalyptus, Petalostylis,
Maireana, Zygophyllum and Callitris) were present in
more than half of samples. There was no difference in diet-
ary preferences between sexes (Pianka overlap = 0.73). Our
results suggest that acclimatization periods may be longer
than those estimated via reproduction, changes in mass
and movement parameters, but that under suitable condi-
tions a changeable diet should not negatively affect reintro-
duction outcomes. Reintroduction projects should aim to
extend post-release monitoring beyond the dietary acclima-
tization period and, for dry climates, diet should be moni-
tored through a drought period.
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Introduction

cclimatization is defined as both physical and

behavioural responses to changes in environmental
factors or conditions. In a reintroduction context, acclima-
tization can be defined as the period of time that released
animals take to exhibit normal physiological processes
or condition and normal behaviour, and may include
producing young, maintaining or increasing body mass,
establishing normal activity and movement patterns (often
a stable home range), sheltering in suitable locations, locat-
ing conspecifics and consuming a typical diet (Armstrong
et al., 2017; Stadtmann & Seddon, 2018). If many individuals
fail to do so, the reintroduction will not succeed. Typically,
the acclimatization of released animals is measured by
monitoring changes in body mass, post-release movement,
reproductive status and the cause of death for released ani-
mals that have died (Hardman & Moro, 2006; Hamilton
et al., 2010; Short & Hide, 2015). Starvation or malnutrition
can occur when released animals fail to locate food resources
soon after release (Islam et al., 2008; Jule et al., 2008); thus,
post-release diet is an important, yet often overlooked,
component of reintroduction biology. In addition to short-
term survival, the availability of stable or seasonally-reliable
food resources is critical for reproduction and long-term
persistence (Nolet et al.,, 2005; Moorhouse et al., 2009;
Carlson et al., 2014).

The post-release acclimatization period depends on a
species’ dietary breadth and movement patterns, and
could take days, weeks or months. For example, European
mink took c. 1 month after release to shift from an atypical
to a typical diet (Pddra et al., 2013), and Gilbert’s potoroos
Potorous gilbertii increased the number of truffles in their
diet with time since release, presumably as they were able
to locate new food sources (Bougher & Friend, 2009). The
acclimatization period is often unknown a priori and some-
times assigned arbitrarily as a fixed period (Armstrong et al.,
2017). If post-release effects are not accounted for, the per-
ceived likelihood of reintroduction failure may be much
higher (Panfylova et al., 2016). Some post-release diet stud-
ies have assessed diet at various time points after release,
rather than monitoring changes over time. For example, 15
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months after release, the diet of captive-bred houbara bus-
tards Chlamydotis undulata was the same as their wild-born
counterparts (Bourass & Hingrat, 2015), but the time taken
for the birds to adjust their diets was unknown. Many prac-
titioners provide supplementary food or water during the
acclimatization period in an attempt to ease the transition,
but the usefulness of this has been debated (Rickett et al.,
2013; Moseby et al., 2014). Understanding the diet of a rein-
troduced species and how it changes over time is useful
in assessing whether dietary components are available in
sufficient quantities for long-term population persistence.
Dietary studies can contribute to both understanding the
ecology of a species and improving reintroduction success
of future projects.

We investigated the diet of a reintroduced population of
brushtail possums Trichosurus vulpecula in semi-arid South
Australia over a 12 month period following reintroduction.
The brushtail possum is a widely distributed Australian
marsupial, but has disappeared from > 50% of its historical
range since European settlement, with declines most pro-
nounced in the arid zone (Kerle, 1984; Kerle et al., 1992).
Predominantly arboreal, brushtail possums usually forage
in the canopy, consuming plants such as Eucalyptus, Acacia,
Agonis and Santalum, but sometimes forage on the ground,
consuming grasses, herbs and fungi (Fitzgerald, 1984; Kerle,
1984; Evans, 1992; How & Hillcox, 2000). Dominant plant
species in their diet vary with location and environment.
brushtail possums occasionally consume invertebrates and
birds’ eggs (Foulkes, 2001; Cruz et al, 2012). In the arid
zone, these possums prefer plants that are high in moisture,
nutrients and dry matter digestibility, with low levels of
toxins (Foulkes, 2001). The species was introduced to New
Zealand, where its diet has since been well studied (e.g.
Brown et al., 1993; Owen & Norton, 1995), but because of
differences in habitat as well as a differing niche we only
discuss our findings in the context of the species’ native
distribution.

Using DNA sequencing to identify dietary components,
we investigated whether brushtail possum diet changed with
time since release, taking into account variation in food
availability assessed using monthly vegetation surveys. We
hypothesized that after accounting for availability, the diet
would initially contain a high diversity and richness of
food items as possums explored their new environment,
but that this would decrease over time as preferred foods
were located, thus increasing selectivity. The diet should
stabilize, relative to availability, once possums have acclima-
tized to the release site. We investigated whether possums
favoured certain plant height classes, which can relate to
predation risk, and evaluated sex differences in the diet. We
also investigated any effect of rainfall, given the influence it
can have on arid zone systems.

Study area

Brushtail possums were reintroduced to c. 20% of the 93,400 ha
Ikara-Flinders Ranges National Park (Fig. 1) in semi-arid
South Australia in June 2015 (Bannister et al., 2020, Moseby
et al,, 2020). The species became regionally extinct in the
1940s (Kerle et al., 1992). Prior to being declared a Na-
tional Park in 1970, significant land degradation occurred
as a result of overgrazing by domestic stock (from the 1850s)
and introduced herbivores (Mincham, 1996; Robinson, 2012).
The Bounceback Project was initiated in 1992 and involved
the removal of introduced foxes Vulpes vulpes, goats Capra
hircus and rabbits Oryctolagus cuniculus (Alexander et al.,
1997; Robinson, 2012), but goats and rabbits persist (Smith,
1996; Brandle et al., 2018) along with overabundant native
macropods (Macropus rufus, Macropus robustus and Macro-
pus fuliginosus), arresting the regeneration and recruitment
of many plants. Vegetation types consist of open woodlands
(Callitris glaucophylla interspersed with Eucalyptus inter-
texta), or Eucalyptus camaldulensis floodouts (where flood-
water infrequently overflows), E. camaldulensis creeklines,
mallee (Eucalyptus spp.), shrubland and grassland.

Methods

We studied the brushtail possums’ diet over 12 months
(August 2015-July 2016), commencing 1 month after ani-
mals had been released, to avoid monitoring during a post-
release period of containment and supplementary feeding
for some animals. Scats were collected from trapped pos-
sums (baited with peanut butter and rolled oats or apple
and peanut butter), with an average of 44 + SE 3 days be-
tween collections from the same individual. We recorded
the location of collected scats using a GPS (Fig. 1) and docu-
mented the identity, sex, age, body mass, body condition
and reproductive status of each possum. Because possums
use shelter sites, we collected scats from some sites multiple
times, from either the same or different individuals. Samples
were temporarily stored at —4 °C after collection and were
then transferred to a —20 °C freezer where they were stored
until being analysed. Unless specified otherwise, methods
and results refer to the consumption of plants only; the con-
sumption of birds and invertebrates is discussed separately.

To determine the environmental availability of plant
genera, we conducted monthly vegetation surveys. Sur-
veys were conducted within the two habitat types used
by possums for shelter: creekline and woodland (including
floodouts). Each survey involved recording the presence and
a visual estimate of per cent cover for each plant species
within a 50 m radius of a shelter tree, usually also a trap
site. When identification was not possible in the field a
photo and sample were taken for subsequent identification.
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FiG. 1 Sites where brushtail possum Trichosurus vulpecula scats
were collected within Ikara-Flinders Ranges National Park
(I-FRNP), the known area of occupancy (95 and 100% minimum
convex polygons) for possums during the study period, and the
location of the National Park within South Australia.

Plant samples were also collected for a DNA reference
library. The availability of perennial species was averaged
across the year as differences between months were probably
a result of the varied locations of survey sites. The per cent
of canopy that was new growth was not accounted for.
The availability of annuals was calculated monthly. Where
there was any doubt about the life history of a species, it was
considered annual. Because the vegetation survey method
used resulted in recording eucalypts (used as shelter sites)
in all surveys, the availability of eucalypts was assessed
using transect data from another study conducted simulta-
neously (Moseby et al., 2020); the proportion of belt transect
segments (100 m long, 20 m wide, location randomly
selected, stratified by habitat type) containing eucalypts was
calculated, based on 27.5 km worth of transects surveyed
within possum habitat.

Local plant DNA-barcode reference library

We developed a plant DNA reference library for the study
site, which included 165 plant species (Supplementary
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Table 1), as well as the bait used in traps (apple, peanut
butter and oats). Leaf samples were freeze-dried for 2 days
prior to analysis. The dual locus barcoding approach of
Wilkinson et al. (2017) was used to develop the local refer-
ence library for the rbcL (Kress & Erickson, 2007) and ndhJ
(Schmitz-Linneweber et al., 2001) barcodes and sequenced
on the MiSeq platform (Illumina, San Diego, USA) at the
University of Adelaide.

Scat analysis: plants

We used a modification of the two-step PCR strategy described
by Bell (2011) for the amplification of rbcL and ndh] bar-
codes from scat samples. Scats (2—3 per sample) were freeze-
dried and homogenized with tungsten-carbide beads in a
TissueLyser (Qiagen, Melbourne, Australia) and DNA was
extracted using an ISOLATE II Plant DNA Kit (Bioline,
London, UK) according to the manufacturer’s instructions.
The first amplification was performed in 20 ul reaction
volume consisting of 1x MyFi Buffer (Bioline, Sydney,
Australia), 0.2 nM of each forward and reverse primer,
1.6 U MyFi Polymerase (Bioline) and 20 ng of DNA. PCRs
were performed on a RotorGene RG-6000 machine (Corbett
Life Science, Melbourne, Australia) using the following
thermocycling conditions: for rbcL, 95 °C for 1 minute fol-
lowed by 35 cycles of 95 °C for 15 seconds, 55 °C for 15 sec-
onds, 72 °C for 15 seconds; and for ndh], 95 °C for 1 minute
followed by 35 cycles of 95 °C for 15 seconds, 50 °C for 15 seconds,
72 °C for 15 seconds. Amplification products were then purified
using the Agencourt AMPure XP system (Beckman Coulter,
Sydney, Australia) at a ratio of 0.8 x beads to PCR product.

The second PCR was performed using Nextera 96 index
adapter sequences (Illumina, San Diego, USA) to add iden-
tifying sequences to the amplification products from the
first PCR. This was achieved by adding the following into
a 12.5 pL reaction volume: 1 x MyFi Buffer (Bioline), 1.6 U
MyFi Polymerase (Bioline), 0.4 nM of paired Nextera 96
Index Sequences and 4 pL of purified PCR product. The
amplification conditions consisted of 95 °C for 1 minute
followed by 5 cycles of 95 °C for 5 seconds, 55 °C for 10
seconds and 72 °C for 10 seconds. Amplified products
were then performed using the Agencourt AMPure XP PCR
Purification beads at a ratio of 0.6 x beads to PCR product
and quantified by qPCR with reference to known PhiX
standards (Illumina) using the SYBR FAST qPCR Kit (Kapa
Biosystems, Wilmington, USA) on a RotorGene RG-6000
machine (Corbett Life Science, Melbourne, Australia).

The pooled library was then diluted and a 16 pM aliquot
was paired-end sequenced on a MiSeq V3 sequencer, using
a 600-cycle Version 3 kit (Illumina) according to the man-
ufacturer’s instructions. The MiSeq Bcl output files were
demultiplexed and converted to fastq files using MiSeq
Reporter 2.6 (Illumina).
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The ndh] locus raw sequences were merged using
BBMerge Paired Read Merger 37.64 (Bushnell et al., 2017)
and aligned to the local DNA reference database using a
pairwise match of > 99% in Geneious 11.1.5 identified to
genus level. Sequences < 99% similar were identified to
genus, but the confidence was lower. For the rbcL sequences,
reads were trimmed and quality-filtered, and only reads
of 300 bp with QF > 30 were used for alignment to the
rbcL reference database with a pairwise match of > 99%
(Bushnell et al., 2017).

Scat analysis: invertebrates and birds

We analysed possum scats for the presence of inverte-
brate and bird DNA using a similar approach as described
for plant DNA, using invertebrate (Hebert et al., 2004a;
Foottit et al., 2008) and bird (Hebert et al., 2004b) specific
COI primers. Amplification products were assessed by visu-
alization following electrophoresis on a 1% agarose gel and
products sequenced on the Illumina MiSeq platform using a
600-cycle v3 kit (Illumina), as described previously.

Data analysis

We conducted data analysis using R 3.5.0 (R Development
Core Team, 2018). Genera making up < 1% of reads within a
sample were removed from analyses to limit the inclusion of
material resulting from incidental ingestion or environmen-
tal contamination. Bait items were also omitted from results.
The plant component of the diet of brushtail possums in the
Ikara-Flinders Ranges National Park was investigated by
calculating the frequency of occurrence in scats for each
genus (the number of scats containing each genus), both
monthly and pooled across the 12 months. We also calcu-
lated relative abundance of genera within samples by mea-
suring the proportion of each genera contained within each
sample (i.e. the number of reads for a particular genus, di-
vided by the total number of reads for that sample). We cal-
culated an average pairwise Pianka’s niche overlap index to
test for sex effects (Pianka, 1974).

To investigate the influence of time since release on diet,
we calculated selectivity, frequency of occurrence in scats
and proportions within scats monthly. Selectivity was calcu-
lated using Jacob’s Index (Jacobs, 1974), which assesses plant
preference or avoidance relative to environmental availabil-
ity:

Ti—Pi
ti + pi—2rip;
where r; = proportion of genera i within the diet (frequency
of occurrence within scats), and p; = proportion that genus

i is available (frequency of occurrence within the environ-
ment). Maximum preference is a Jacob’s Index value of

Jacob’s Index (D) =

+1, and maximum avoidance is —1. Genera present in < 5%
of both scats and vegetation surveys were omitted from the
selectivity analysis to avoid skewing selectivity results because
of low detectability.

We created linear mixed-effects models using the pack-
age Ime4 (Bates et al., 2015) to investigate the frequency of
occurrence of plants in scats, proportions within scats, diet-
ary richness (i.e. number of genera) and dietary diversity
(using Shannon’s index of diversity) over time (Table 1).
Model fit was assessed using Q-Q plots. A generalized linear
model with a Poisson distribution was used to test whether
the number of non-perennial genera available was related
to rainfall (log-transformed), which could explain dietary
changes.

The height of plants (< 0.5 m, 0.5-2.5 m or > 2.5 m) fall-
ing into each preference category (calculated overall rather
than monthly) was calculated along with the overall fre-
quency of occurrence in scats for plants in those height
classes, to assess whether possums were selecting certain
height classes.

Results

We collected a mean of 21.1 % SE 2.8 scat samples monthly
during the study period, from a total of 55 adult possums
(26 female, 29 male) of known identity, totalling 253 sam-
ples. A mean of 5.3 + SE 0.7 and 4.0 + SE 0.6 samples were
collected from individual females and males, respectively,
over the study period. Samples were collected from across
the possums’ area of occupancy (Fig. 1). A total of 112 vege-
tation surveys were conducted (mean number of surveys per
month 9.3, range 7-12) during the same period, in both of
the habitat types possums used for shelter; 57 in woodland
habitat and 55 in creekline habitat. Ikara-Flinders Ranges
National Park received 466 mm of rain during the study
period, comparable to the 440 mm annual mean (Bureau of
Meteorology, 2018). The number of annual genera available
was not significantly related to rainfall in the preceding
month (7 =2.7, P=0.098; Supplementary Fig. 1), although
there was a positive trend.

Time since release

Both dietary richness and diversity decreased with time
since release (Fig. 2, Table 2). The frequency of occurrence
in scats changed over time and with preference grouping,
and the proportion of each genus within scats changed
significantly over time based on preference grouping
(Table 2).

General diet One hundred and one plant genera were
detected in at least one sample, and 88 were present in at

least five samples. Twelve genera were present in > 20% of
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TasLE 1 Linear mixed-effects models, with a Gaussian distribution, used to investigate brushtail possum Trichosurus vulpecula diet over

time.

Response variable Explanatory variables'

Preference, Time
Preference, Time

Frequency of occurrence over time”
Proportion over time’

Dietary richness*

Shannon’s index of diversity”

Time, Sex, No. of genera available
Time, Sex, No. of genera available

Interaction Random effect
Preference x Time Genus
Preference x Time Genus

Time x No. of genera available Possum ID
Time x No. of genera available Possum ID

'Preference: preferred, no preference, non-preferred (derived from Jacob’s Index results); Time: months since release; Number of genera available was

determined from vegetation surveys.
*Number of scats in which genus was present.

3Proportion of genus within a scat (averaged from rbcL and ndh] results; see Methods).

“Number of genera within an individual scat.

>Calculated as (H') = Y_ (p; In(p;)), where p; = the proportion of each genus within the individual scat (averaged from ndhJ and rbcL results; see Methods).

samples: Eucalyptus, Petalostylis, Maireana, Zygophyllum,
Callitris, Acacia, Silene, Austrostipa, Stackhousia, Melaleuca,
Senna and Sonchus (Table 3, Supplementary Tables 2 & 3).
Only four of those were not readily available at the source
site (Yookamurra Wildlife Sanctuary) prior to translocation:
Petalostylis, Silene, Stackhousia and Sonchus (H. Crisp, pers.
comm., 2017). The diet of males and females did not differ
greatly during the 12 months (Pianka overlap overall = 0.73,
monthly overlap values 0.65-0.84). Overall, nine (13.4%) gen-
era were preferred, occurring in a significantly higher propor-
tion of scats than expected based on their availability at the
study site, 22 (32.8%) genera were consumed in the same pro-
portion as their availability (neutral), and 36 (53.7%) genera
were non-preferred, being consumed in significantly lower

-
%]
I

Richness
(=]
= 2
-

o !

Diversity

0.5 T T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10 11 12

Months since release

FiG. 2 Dietary richness (a) and Shannon’s index of diversity
(b) for plant genera consumed by possums after their release
(August 2015-July 2016). Both relationships are statistically
significant.

proportion compared to their availability (Supplementary
Table 4). Of the nine preferred genera, four were readily avail-
able at the source site (Melaleuca, Zygophyllum, Pittosporum
and Maireana; H. Crisp, pers. comm., 2017).

Foraging habits  Of the plant genera recorded in the pos-
sums’ diet, most (72%) were < 0.5 m in height. However,
these genera made up a relatively small proportion of the
diet (frequency of occurrence in scats 11.4%), along with
mid storey plants (0.5-2.5 m, frequency of occurrence in
scats 9.5%), which made up 21% of plant genera consumed.
The highest frequency of occurrence in scats was genera
>2.5m in height (32.6%; Fig. 3), despite comprising only
7% of genera available. Although taller plants made up a
small proportion of genera, per cent cover was relatively
similar to that of small plants (> 2.5 m, mean % cover
417+ SE1.8; <o0.5m, mean % cover 45.9 = SE 5.6), with
mid storey plants providing considerably lower per cent
cover (0.5-2.5 m, mean % cover 13.4 % SE 1.8). Mid storey
genera including Acacia, Pittosporum and Eremophila were
found in a higher proportion of scats with increasing time
since release. No bird DNA was detected in any of the pos-
sum scats. We were unsuccessful in amplifying invertebrate
DNA and thus the consumption of invertebrates by possums
in the National Park remains unknown.

Discussion

The diet of reintroduced brushtail possums changed signifi-
cantly with time since release, independent of changes in
the availability of genera. Presumably, possums consumed a
wider variety of foods (higher dietary richness and diversity)
after release because the location of preferred and nutri-
tious food plants was unknown. Flora at the source site
(Yookamurra Wildlife Sanctuary) differed from the release
site, although many of the same genera were available (H.
Crisp, pers. comm., 2017). Over time, possums probably dis-
covered sources of preferred plants within the release area.
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TasLE 2 Model results for assessing brushtail possum dietary changes over time since release.

Explanatory Explanatory Explanatory
Response variable  variable 1 variable 2 variable 3 Interaction Trend
Frequency of Time Preference Time X Preference Frequency of occurrence
occurrence in scat changed significantly over
B estimate (95% CI) —0.004 0.140 0.004 time. Preferred genera present
(—0.006-—0.001)  (0.096-0.180) (—0.002-0.009) in higher number of scats; this
ANOVA output 2=59 21=185 2=18 did not change significantly
(P=0.015%) (P <0.001%) (P=0.180) over time.
Proportion within  Time Preference Time X Preference Preferred genera made up
scat larger proportions of scats,
B estimate —0.00028 0.0029 0.002 & increased in proportions
(95% CI) (—0.001-< 0.001) (—0.009-0.015) (< 0.001-0.004) over time.
ANOVA output 77=03 7i=202 11=6.0
(P = 0.600) (P < 0.0001%) (P =0.014*)
Dietary richness Time No. of genera Sex Time x No. of genera  Richness significantly
available available decreased with time. Genera
B estimate 1.81 0.17 —0.42 —0.033 available changed significantly
(95% CI) (0.860-2.76) (0.073-0.270) (-1.40-0.560) (—0.048-—0.018) over time. Richness was not
ANOVA output 7i=10.8 =14 7i=07 7i=189 significantly influenced by sex.
(P < 0.001%) (P = 0.240) (P = 0.400) (P < 0.001%)
Dietary diversity =~ Time No. of genera Sex Time x No. of genera  Diversity significantly
available available decreased with time. Diversity
B estimate —0.051 < 0.001 —0.074 0.00029 was not significantly
(95% CI) (—0.160-0.062)  (—0.012-0.012)  (—0.190-0.042)  (—0.002-0.002) influenced by sex.
ANOVA output 7i=10.1 7i=05 7i=15 7i=0.1
(P = 0.002%) (P = 0.470) (P=0.210) (P = 0.750)

*Significant at P < 0.05.

An investigation of the diet from the time of release, rather
than 1 month later, may have uncovered stronger changes,
but scats from the first month after release were not col-
lected because some animals were fed supplementary food
(Bannister et al., 2020). Trends suggested that either the
acclimatization period had not ended 12 months after
release, or that seasonal effects on food consumption were
taking place. Both explanations suggest that the diet of
this possum is flexible and varied, and thus it can adapt to
changes in the availability of food resources. Although other
studies have suggested that possum diet changes seasonally,
most studies have not spanned > 12 months (Freeland &
Winter, 1975; Fitzgerald, 1984; Statham, 1984; Cruz et al,,
2012). In one exception, differences were found between
the wet and dry season diet of brushtail possums in the trop-
ics, with some sex effects also observed over the 29 month
study period (Gloury & Handasyde, 2016). Although these
studies suggest that the post-release dietary acclimatization
in our study could have included some seasonal effects,
more long-term dietary studies are needed to differentiate
between normal fluctuations in possum diet and post-
release effects.

Post-release acclimatization time is often measured using
metrics such as reproduction, movement (establishment of
a stable home range) and body mass (Bright & Morris, 1994;

Hardman & Moro, 2006; Facka et al., 2010). Possums re-
leased into Ikara-Flinders Ranges National Park retained
all pouch young and continued to breed after release, despite
initial loss of body mass (Bannister et al., 2020; Moseby
et al., 2020). Mass was generally regained (or increased)
within 30-60 days of release and possums settled into
home ranges within 2—6 weeks (Bannister et al., 2020). How-
ever, our study suggests that although most post-release
acclimatization parameters were met relatively quickly,
changes in the diet were still occurring 12 months after re-
lease, and thus total acclimatization may have been incom-
plete, although not a barrier to short-term reintroduction
success (Table 4). An alternative explanation is that the
diet is highly variable and thus the concept of dietary accli-
matization does not apply, but the direction of change sug-
gests this is unlikely. Research usually focuses on the initial
post-release period, when starvation is most likely, and
during this period body condition may provide a more
informative and rapid measure of foraging success than
an investigation of diet (Soderquist, 1995). However, good
food resources and successful breeding are vital for
long-term population persistence through difficult condi-
tions such as drought, and thus diet should be viewed as
an important metric for measuring population viability
and reintroduction success. For brushtail possums, total
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TabLE 3 Genera detected in > 20% of adult brushtail possum scats and the mean proportion of those genera found in each scat using two

primers (ndhJ and rbcL).

Genus Frequency of occurrence’ ndhJ rbcL Jacob’s Index + SE? P Preference
Eucalyptus 78.5 38.1 8.8 —0.01+0.2 0.15 Neutral
Petalostylis 72.3 3.2 322 1.00£0.0 < 0.001 Preferred
Maireana 59.1 5.5 2.5 0.55x0.1 < 0.001 Preferred
Zygophyllum 51.5 1.7 0.9 0.94+0.0 < 0.001 Preferred
Callitris 50.7 3.2 18.4 —1.00£0.0 < 0.001 Non-preferred
Acacia 36.5 3.6 2.8 —0.09+£0.2 0.48 Neutral

Silene 34.7 6.7 54 0.15+£0.2 0.48 Neutral
Austrostipa 33.6 0.0 2.0 0.21£0.2 0.15 Neutral
Stackhousia 33.6 4.9 0.0 0.58+0.2 0.03 Preferred
Melaleuca 314 1.9 52 1.00£0.0 < 0.001 Preferred
Senna 29.6 23 22 —0.39+0.1 0.03 Non-preferred
Sonchus 27.0 3.7 0.0 0.69+0.1 < 0.001 Preferred

'% of scat samples containing the genus.

*Mean selectivity values for the study period and whether they significantly deviate from zero (P); negative values indicate avoidance (non-preferred) relative

to availability, positive values indicate preference.

acclimatization was not required for successful post-release
reproduction under non-drought conditions.

Post-release diet studies can be used to investigate the
diet of species reintroduced to areas where knowledge of
their local diet may be limited, or when the feasibility of
the translocation is unknown. The diets of the red-tailed
phascogale Phascogale calura and mala Lagorchestes hirsu-
tus were investigated as part of trial releases to determine
the feasibility of reintroductions to other nearby areas
(Stannard et al., 2010; Clayton et al., 2015), and the diet of
translocated Gilbert’s potoroos was studied to determine
whether sufficient fungi were present for population es-
tablishment and reproduction (Bougher & Friend, 2009).
Dietary studies can thus be used to inform acclimatiza-
tion time, the feasibility of population establishment, the
suitability of additional release locations and the species’
ecology. With some uncertainty as to the impacts of habitat
degradation on possum survival in the National Park post-
release, we found that food was sufficiently abundant and
diverse to facilitate both survival and reproduction.

Eucalypts had both the highest frequency of occurrence
in scats (78.5%) and the highest proportions within samples
(making up an average of 23.5% of DNA extracted from
scats) for scats collected in the National Park. However, pos-
sums cannot consume an exclusively eucalypt diet: euca-
lypts are high in fibre, relatively indigestible and contain
terpenes (Foley & Hume, 1987; Boyle & McLean, 2004).
A varied diet is therefore needed to meet their nutritional
needs and energy demands (Marsh et al., 2006). The low
number of preferred genera combined with the relatively
high frequency of non-preferred genera in the brushtail
possums’ diet suggests they feed opportunistically in small
amounts, while consuming large amounts selectively.
Drought conditions, not experienced during our study,
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may exacerbate the need for possums to locate easily digest-
ible, moist food plants. Foulkes (2001) found that the mois-
ture content of mature foliage was the only reliable predictor
of possum occupancy in arid central Australia. Low avail-
ability of traditionally preferred plants such as Santalum
may explain low consumption (without noticeable conse-
quence), but the importance of such nutritious and moist
plants (Foulkes, 2001) may differ under drought conditions.
In arid systems drought can negatively affect reintroduction
success, as occurred for black-tailed prairie dog Cynomys
ludovicianus populations in the Chihuahuan Desert (Facka
et al., 2010), and red-necked ostriches Struthio camelus ca-
melus in Saudi Arabia (Islam et al., 2008). Possums are well
known for their plasticity and ability to adapt to different
environments (Kerle, 1984; Kerle et al., 1991) and in this
study we demonstrated persistence in an area where previ-
ously identified preferred food plants are now uncommon.
The diet of possums in the National Park should be moni-
tored through the next drought period, to assess whether
plants containing high moisture and nutrients are available
in sufficient quantities to facilitate persistence.

The majority of the genera present in the possums’ diet
were ground cover plants < 0.5 m in height but their com-
bined frequency of occurrence in scats was low, suggesting
they were only occasionally eaten, despite being the most
diverse height class. Palatability was not accounted for, and
many herbs and grasses were present but dry/senesced at
various times during the study period. In contrast, few tall
genera (> 2.5 m height) were available compared to shrubs
and annuals, but their frequency of occurrence within scats
was high. This suggests that possums spend more time for-
aging in the canopy than on the ground, a result supported
by previous studies of possum foraging and movement,
where diet is dominated by canopy species (Foulkes, 2001;
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Fic. 3 The height distribution of plants grouped by dietary
preference (Jacob’s Index values compared to zero, calculated

for the year), and the mean per cent of scats containing genera
in those size classes. Genera contained in < 5% of both scats and
vegetation surveys were omitted, probably reducing the number
of non-preferred plants included.

Cruz et al., 2012; Gloury & Handasyde, 2016). This could be
a result of the avoidance of predators at ground level, the
quality of food in the canopy, or a combination of both.

We found no significant sex effects in the diet of brushtail
possums. Combined with the presence of pouch young at
all times during the study period (Bannister et al., 2020;
Moseby et al., 2020), this suggests that lactation demands
do not extend to detectable differences in the diet of breed-
ing and non-breeding individuals. We suggest post-release
diet studies should, at least, span one full breeding season
after release, to assess whether food resources are adequate
for breeding and the survival of juveniles, and to investigate
whether food requirements differ between breeding and
non-breeding individuals, or by sex.

We were unsuccessful in identifying invertebrate DNA
in brushtail possum scats and therefore do not know the
importance of invertebrates in their diet at our study site.
Employing a second analysis technique such as microhisto-
logical analysis could have benefited our study and facili-
tated the identification of invertebrates and other non-
plant material in scats. Fungi intake was not measured,
but was present in the diet of possums in south-west
Australia (How & Hillcox, 2000). The use of two genetic
markers, as per Wilkinson et al. (2017), facilitated the detec-
tion of a higher number of genera within the diet than the
use of one marker alone, but the sensitivity of each marker
to genera varied; some genera were only detected by one
of the markers. Although DNA sequencing is increasingly
being used to study animal diets (e.g. Hibert et al.,, 2013;
Thomas et al., 2014), limitations include not being able to
determine which parts of plants are being eaten, an often
low resolution of diet content to family or genus, inaccurate
proportions of genera within samples, and reliance on a
comprehensive and accurate reference library (Hibert et al.,
2013; Thomas et al., 2014). Some species identified as hav-
ing a high frequency of occurrence in scats using DNA

TasLE 4 The time taken by reintroduced brushtail possums to ac-
climatize, based on five measures. Additional data from Bannister
et al. (2020) and Moseby et al. (2020).

Acclimatization measure Time taken
Successfully reproduce 0 days
Select safe, suitable shelter sites 3 weeks
Establish a stable home range 2-6 weeks
Maintain or gain body mass 30-60 days

Consume a natural, stable diet, > 12
relative to availability months

(e.g. Petalostylis) were uncommon at our study site and may
in fact be closely related genera. Diet studies of any method
are not immune to error and we urge caution in relying sole-
ly on DNA studies of diet. Selectivity analyses are subject to
the accuracies of the proportions given by the two markers,
as well as plant availability data. Finally, with the benefit of
hindsight, our study should have extended beyond 12 months,
given that the possums’ diet had not stabilized within this
period. Monitoring the diet over multiple years and compar-
ing to the diet of an established, non-reintroduced possum
population would also allow seasonal effects to be discerned
from effects of post-release acclimatization.

The interaction between diet and time since release in
reintroductions has been largely overlooked. Our study
demonstrates that a reintroduced population can, over
time, decrease its dietary richness and diversity, while in-
creasing the consumption of preferred foods. This acclima-
tization period is longer than that recorded using move-
ment, body condition and reproductive data and suggests
a range of indicators should be used to measure acclimatiza-
tion at different time scales, to ensure ecological relevance.
Although only a small number of genera made up the bulk
of each sample, a large number of genera were ingested, sug-
gesting some opportunistic feeding and a relatively high
consumptive diversity. The availability and consumption of
plant species at our site was not a barrier to reintroduction
success in the short- or medium-term but drought con-
ditions were not experienced and could impact longer-term
establishment. We suggest that the acclimatization period
should extend past the first drought period for arid zone spe-
cies, to ensure that suitable food plants can be sourced under
stressful conditions.

Acknowledgements The reintroduction of brushtail possums to
the Ikara-Flinders Ranges National Park occurred via a partnership
between the South Australian Department for Environment and
Water and funding partner the Foundation for Australia’s Most
Endangered Species, with the Australian Wildlife Conservancy pro-
viding possums for translocation. Additional funding for this research
was provided by Holsworth Wildlife Research Endowment, the Field
Naturalists Society South Australia, the Linnean Society of New
South Wales, and The University of Adelaide. HLB acknowledges
the support she received for this research through the provision of
an Australian Government Research Training Program Scholarship.

Oryx, 2021, 55(5), 755-764 © The Author(s), 2020. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605319000991

https://doi.org/10.1017/50030605319000991 Published online by Cambridge University Press


https://doi.org/10.1017/S0030605319000991

Amrita Srivathsan assisted with the DNA sequence analysis, Helen
Vonow, Martin O’Leary, Rosemary Taplin, Catherine Lynch, Tali
Moyle and Trish Mooney with plant identification, Pat Hodgens,
Tali Moyle, Kiarrah Smith, Mark le Pla and Samantha Dorries with
scat collection, and Jack Tatler with data analyses.

Author contributions Experimental design: HB, RB, DP, KM; data
collection: HB, RB, KM; laboratory analyses: AC, HB; writing: HB, AC;
revision: all authors.

Conflicts of interest None.

Ethical standards Research was conducted under the Australian
Code for the Care and Use of Animals for Scientific Purposes
(2013), with ethics approvals from the South Australian Wildlife
Ethics Committee (Project number 15/2014) and the University of
Adelaide’s Animal Ethics Committee (Approval number S-2015-
091), and a Permit to Undertake Scientific Research from the Depart-
ment of Environment, Water and Natural Resources (Permit number
Y26420-1), and otherwise abided by the Oryx guidelines on ethical
standards.

References

ALEXANDER, P., NaismiTH, T. & KRAEHENBUEHL, D. (1997)
Operation Bounceback: Integrated Feral Animal Control Fostering
Ecological Recovery. Unpublished report. Department for
Environment, Heritage and Aboriginal Affairs, Adelaide, Australia.

ARMSTRONG, D.P., LE COEUR, C., THORNE, J.M., PANFYLOVA, ],
LoveGrove, T.G,, Frost, P.G.H. & EwEN, J.G. (2017) Using
Bayesian mark-recapture modelling to quantify the strength and
duration of post-release effects in reintroduced populations.
Biological Conservation, 215, 39-45.

BANNISTER, H.L., BRANDLE, R., DELEAN, S., PaTON, D.C. &
MosEeBy, K.E. (2020) Supportive release techniques provide no
reintroduction benefit when efficacy and uptake is low. Oryx,

54, 206—214.

BATES, D.M., MAECHLER, M., BOLKER, B. & WALKER, S. (2015) Fitting
linear mixed-effects models using Ime4. Journal of Statistical
Software, 67, 1-48.

BELL, ]. (2011) Overview of Tailed Amplicon Sequencing Approach with
MiSeq. lllumina, San Diego, USA.

BoUGHER, N.L. & FRIEND, J.A. (2009) Fungi consumed by
translocated Gilberts potoroos (Potorous gilbertii) at two sites with
contrasting vegetation, south coastal Western Australia. Australian
Mammalogy, 31, 97-105.

Bourass, K. & HINGRAT, Y. (2015) Diet of released captive-bred
North-African houbara bustards. European Journal of Wildlife
Research, 61, 563.

BovLe, RR. & McLEAN, S. (2004) Constraint of feeding by chronic
ingestion of 1,8-cineole in the brushtail possum (Trichosurus
vulpecula). Journal of Chemical Ecology, 30, 757-775.

BRANDLE, R., MooNEY, T. & DE PrEU, N. (2018) Broadscale feral
predator and herbivore control for yellow-footed rock-wallabies
Petrogale xanthopus ssp. xanthopus: improved resilience for plants
and animals = Bounceback. In Recovering Australian Threatened
Species: A Book of Hope (eds S. Garnett, P. Latch, D. Lindenmayer &
J. Woinarski), pp. 135-146. CSIRO Publishing, Collingwood,
Australia.

BrigHT, P.W. & MoRRris, P.A. (1994) Animal translocation for
conservation: performance of dormice in relation to release
methods, origin and season. Journal of Applied Ecology,

31, 699-708.

Diet of a reintroduced marsupial 763

BrownN, K., INNEs, J. & SHORTEN, R. (1993) Evidence that possums
prey on and scavenge birds’ eggs, birds and mammals. Notornis,
40, 169-177.

BUREAU OF METEOROLOGY (2018) Daily Rainfall: Wilpena Pound
(Station 19070). Australian Government, Canberra, Australia.
bom.gov.au/climate/data/index.shtml [accessed 28 October 2018].

BuUsHNELL, B., RooD, J. & SINGER, E. (2017) BBMerge—accurate
paired shotgun read merging via overlap. PLOS ONE, 12, €0185056.

CARLSON, J.E., GILBERT, ]J.H., PokaLLus, ].W., MANLICK, P.J., Moss,
W.E. & Pautl, J.N. (2014) Potential role of prey in the recovery of
American martens to Wisconsin. The Journal of Wildlife
Management, 78, 1499-1504.

CLAYTON, J.A., PavEey, CR, VERNES, K. & JEFFERYS, E. (2015) Diet of
mala (Lagorchestes hirsutus) at Uluru—Kata Tjuta National Park and
comparison with that of historic free-ranging mala in the Tanami
Desert: implications for management and future reintroductions.
Australian Mammalogy, 37, 201-211.

CRruz, J., SUTHERLAND, D.R,, MARTIN, G.R. & LEUNG, L.K.P. (2012)
Are smaller subspecies of common brushtail possums more
omnivorous than large ones? Austral Ecology, 37, 893-902.

Evans, M.C. (1992) Diet of the brushtail possum Trichosurus vulpecula
(Marsupialia: Phalangeridae) in central Australia. Australian
Mammalogy, 15, 25-30.

Facka, AN., RoEMER, G.W., MaTHIs, V.L., Kam, M. & GEFFEN, E.
(2010) Drought leads to collapse of black-tailed prairie dog
populations reintroduced to the Chihuahuan Desert. Journal of
Wildlife Management, 74, 1752-1762.

FrrzGerALD, A.E. (1984) Diet of the possum (Trichosurus vulpecula)
in three Tasmanian forest types and its relevance to the diet of
possums in New Zealand forests. In Possums and Gliders (eds
A. Smith & I. Hume), pp. 137-143. Surrey Beatty & Sons, Chipping
Norton, UK.

Forey, W.J. & HuME, LD. (1987) Digestion and metabolism of
high-tannin Eucalyptus foliage by the brushtail possum
(Trichosurus vulpecula) (Marsupialia: Phalangeridae). Journal of
Comparative Physiology B, 157, 67-76.

Foortit, RG., MAaw, HE.L, voN DonLeN, C.D. & HeBERT, P.D.N.
(2008) Species identification of aphids (Insecta: Hemiptera:
Aphididae) through DNA barcodes. Molecular Ecology Resources,
8, 1189-1201.

FoULKES, J.N. (2001) The ecology and management of the common
brushtail possum Trichosurus vulpecula in central Australia. PhD
thesis. The University of Canberra, Canberra, Australia.

FREELAND, W.J. & WINTER, J.W. (1975) Evolutionary consequences of
eating: Trichosurus vulpecula (Marsupialia) and the genus
Eucalyptus. Journal of Chemical Ecology, 1, 439-455.

GLOURY, A.M. & HaNDASYDE, K.A. (2016) Comparative dietary
ecology of two congeneric marsupial folivores. Austral Ecology,

41, 355-366.

HawMivrton, L.P, KeLLy, P.A,, WiLLiams, D.F,, KeLt, D.A. &
WitTMER, H.U. (2010) Factors associated with survival of
reintroduced riparian brush rabbits in California. Biological
Conservation, 143, 999-1007.

HarDMAN, B. & MoRrO, D. (2006) Optimising reintroduction success
by delayed dispersal: is the release protocol important for
hare-wallabies? Biological Conservation, 128, 403-411.

HeBEerT, P.D.N,, PENTON, E.H., BURNS, ].M,, JANZEN, D.H. &
Hariwacss, W. (2004a) Ten species in one: DNA barcoding
reveals cryptic species in the neotropical skipper butterfly Astraptes
fulgerator. Proceedings of the National Academy of Sciences of the
United States of America, 101, 14812-14817.

HeBEeRT, P.D.N,, STOECKLE, M.Y., ZEMLAK, T.S. & Francis, C.M.
(2004b) Identification of birds through DNA barcodes.

PLOS Biology, 2, e312.

Oryx, 2021, 55(5), 755-764 © The Author(s), 2020. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605319000991

https://doi.org/10.1017/50030605319000991 Published online by Cambridge University Press


https://bom.gov.au/climate/data/index.shtml
https://doi.org/10.1017/S0030605319000991

764

H. Bannister et al.

HiBerT, F., TABERLET, P., CHAVE, J., SCOTTI-SAINTAGNE, C.,
SABATIER, D. & RicHARD-HANSEN, C. (2013) Unveiling the diet of
elusive rainforest herbivores in next generation sequencing era?
The tapir as a case study. PLOS ONE, 8, €60799.

How, RA. & HiLLcoX, S.J. (2000) Brushtail possum, Trichosurus
vulpecula, populations in south-western Australia: demography,
diet and conservation status. Wildlife Research, 27, 81-89.

IsLaM, Z.-U.M,, IsmaiL, K. & Boug, A. (2008) Re-introduction of the
red-necked ostrich, Struthio camelus camelus, in Mahazat as-Sayd
Protected Area in central Saudi Arabia. Zoology in the Middle East,
44, 31-40.

Jacoss, J. (1974) Quantitative measurement of food selection.
Oecologia, 14, 413-417.

JuLe, KR, LEAVER, L.A. & LEA, S.E.G. (2008) The effects of captive
experience on reintroduction survival in carnivores: a review and
analysis. Biological Conservation, 141, 355-363.

KERLE, J.A. (1984) Variation in the ecology of Trichosurus: its adaptive
significance. In Possums and Gliders (eds A.P. Smith & I.D. Hume),
pp. 115-128. Surrey Beatty and Sons, Sydney, Australia.

KERLE, J.A,, McKaY, GM. & SHARMAN, G.B. (1991) A systematic
analysis of the brushtail possum Trichosurus vulpecula (Kerr, 1972)
(Marsupialia: Phalangeridae). Australian Journal of Zoology,

39, 313-331.

KERrLE, J.A., FouLkes, ].N., KimBER, R.G. & PAPENFUS, D. (1992)
Decline of the brushtail possum, Trichosurus vulpecula (Kerr 1798),
in arid Australia. The Rangeland Journal, 14, 107-127.

Kress, W.J. & EricksoN, D.L. (2007) A two-locus global DNA
barcode for land plants: the coding rbcL gene complements the
non-coding trnH-psbA spacer region. PLOS ONE, 2, e508.

MarsH, K.J., WarLris, LR.,, McLEAN, S., SORENSEN, J.S. & FoLEY, W.].
(2006) Conflicting demands on detoxification pathways influence
how common brushtail possums choose their diets. Ecology,

87, 2103-2112.

MincuAM, H. (1996) History of exploration and settlement. In Natural
History of the Flinders Ranges (eds M. Davies, C.R. Twidale &
M.J. Tyler), pp. 1-14. Royal Society of South Australia, Adelaide,
Australia.

MoORHOUSE, T.P., GELLING, M. & MACDONALD, D.W. (2009) Effects
of habitat quality upon reintroduction success in water voles: evidence
from a replicated experiment. Biological Conservation, 142, 53-60.

MoseBy, K.E,, Hirt, B.M. & Lavery, T.H. (2014) Tailoring release
protocols to individual species and sites: one size does not fit all.
PLOS ONE, 9, €99753.

MoseBy, K.E., BRANDLE, R., HODGENS, P. & BANNISTER, H.L. (2020)
Can reintroductions to degraded habitat succeed? A test using the
brushtail possum. Austral Ecology, published online 11 March 2020.

NoLET, B.A., BROFTOVA, L., HEITKONIG, LM.A., VOREL, A. &
KosTkaN, V. (2005) Slow growth of a translocated beaver population
partly due to a climatic shift in food quality. Oikos, 111, 632—-640.

OweN, H.J. & NorToN, D.A. (1995) The diet of introduced brushtail
possums Trichosurus vulpecula in a low-diversity New Zealand
Northofagus forest and possible implications for conservation
management. Biological Conservation, 71, 339-345.

PANFYLOVA, ], BEMELMANS, E., DEVINE, C,, FrOsT, P. &
ARMSTRONG, D. (2016) Post-release effects on reintroduced
populations of hihi. The Journal of Wildlife Management,

80, 970-977.

P1aNka, ER. (1974) Niche overlap and diffuse competition.
Proceedings of the National Academy of Sciences of the United States
of America, 71, 2141.

Pobra, M., MARraN, T., SibporovicH, V.E,, JouNsoN, P.J. &
MacpoNALD, D.W. (2013) Restoration programmes and the
development of a natural diet: a case study of captive-bred European
mink. European Journal of Wildlife Research, 59, 93-104.

R DEVELOPMENT CORE TEAM (2018) R: a Language and Environment
for Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria. R-project.org [accessed January 2020].

RICKETT, J., DEY, C.J.,, STOTHART, J., O’CONNER, C.M., QUINN, ].S. &
WEIHONG, J. (2013) The influence of supplementary feeding on
survival, dispersal and competition in translocated brown teal,
or pateke (Anas chlorotis). Emu, 113, 62-68.

RosiNsoN, A.C. (2012) Flinders Ranges National Park Management
Plan Discussion Paper. Department for Environment, Water and
Natural Resources, Adelaide, Australia.

ScHMITZ-LINNEWEBER, C., MAIER, RM.,, ALCcARAZ, ], COTTET, A.,
HERRMANN, R.G. & MAcCHE, R. (2001) The plastid chromosome of
spinach (Spinacia oleracea): complete nucleotide sequence and gene
organization. Plant Molecular Biology, 45, 307-315.

SHORT, J. & HIDE, A. (2015) Successful reintroduction of red-tailed
phascogale to Wadderin Sanctuary in the eastern wheatbelt of
Western Australia. Australian Mammalogy, 37, 234-244.

SMITH, M. (1996) Mammals of the Flinders ranges. In Natural History
of the Flinders Ranges (eds M. Davies, C.R. Twidale & M.]. Tyler),
pp. 125-131. Royal Society of South Australia, Adelaide, Australia.

SopERQUIST, T. (1995) The importance of hypothesis testing in
reintroduction biology: examples from the reintroduction of the
carnivorous marsupial Phascogale tapoatafa. In Reintroduction
Biology of Australian and New Zealand Fauna (ed. M. Serena),

Pp. 159-164. Surrey Beatty & Sons, Chipping Norton, UK.

STADTMANN, S. & SEDDON, P.J. (2018) Release site selection:
reintroductions and the habitat concept. Oryx, published online
23 November 2018.

STANNARD, H.J., CATON, W. & OLD, ].M. (2010) The diet of red-tailed
phascogales in a trial translocation at Alice Springs Desert Park,
Northern Territory, Australia. Journal of Zoology, 280, 326-331.

StaTHAM, H.L. (1984) The diet of Trichosurus vulpecula (Kerr) in four
Tasmanian forest locations. In Possums and Gliders (eds A. Smith &
I. Hume), pp. 213-219. Surrey Beatty & Sons, Chipping Norton, UK.

TuowMmas, A.C., JarMAN, S.N., Haman, KH., TriTEs, AW. &
DEAGLE, B.E. (2014) Improving accuracy of DNA diet estimates
using food tissue control materials and an evaluation of proxies for
digestion bias. Molecular Ecology, 23, 3706-3718.

WILKINSON, M.].,SzABO, C.,FOorD, C.S., YAROM, Y., CROXFORD, A.E.,
CaMmp, A. & GOODING, P. (2017) Replacing Sanger with next
generation sequencing to improve coverage and quality of reference
DNA barcodes for plants. Scientific Reports, 7, 1-11.

Oryx, 2021, 55(5), 755-764 © The Author(s), 2020. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605319000991

https://doi.org/10.1017/50030605319000991 Published online by Cambridge University Press


https://R-project.org
https://doi.org/10.1017/S0030605319000991

	Time to adjust: changes in the diet of a reintroduced marsupial after release
	Abstract
	Introduction
	Study area
	Methods
	Local plant DNA-barcode reference library
	Scat analysis: plants
	Scat analysis: invertebrates and birds
	Data analysis

	Results
	Time since release
	General diet
	Foraging habits


	Discussion
	Acknowledgements
	References


