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Abstract
Background

Gut microbiota studies often rely on a single sample taken per individual, representing a snapshot in time.
However, we know that gut microbiota composition in many animals exhibits intra-individual variation over the
course of days to months. Such temporal variations can be a confounding factor in studies seeking to compare
the gut microbiota of different wild populations, or to assess the impact of medical/veterinary interventions. To
date, little is known about the variability of the koala (Phascolarctos cinereus) gut microbiota through time. Here,
we characterise the gut microbiota from faecal samples collected at 8 timepoints over a month for a captive
population of South Australian koalas (n individuals = 7), and monthly over 7 months for a wild population of
New South Wales koalas (n individuals = 5).

Results

Using 16S rRNA gene sequencing, we found that microbial diversity was stable over the course of days to
months. Each koala had a distinct faecal microbiota composition which in the captive koalas was stable across
days. The wild koalas showed more variation across months, although each individual still maintained a distinct
microbial composition. Per koala, an average of 57 (± 16) amplicon sequence variants (ASVs) were detected
across all time points; these ASVs accounted for an average of 97% (± 1.9%) of the faecal microbial community
per koala.

Conclusion

The koala faecal microbiota exhibits stability over the course of days to months. Such knowledge will be useful
for future studies comparing koala populations and developing microbiota interventions for this regionally
endangered marsupial. 

Background
Temporal dynamics of the gut microbiota of wild animals are generally poorly understood, due primarily to the
di�culty of repeatedly collecting samples from known individuals over an extended period [1, 2]. Recently there
has been a surge in time-series investigations in wild animals and humans [2–7]. Most longitudinal studies in
wild animals have focused on primates, with diets encompassing a wide variety of plant species, and
incorporating multiple plant parts (e.g., foliage, bark, and fruit) in their diet. These studies have included western
lowland gorillas (Gorilla gorilla gorilla) and mountain gorillas (Gorilla beringei beringei) [7], black howler monkeys
(Alouatta pigra) [8], and Udzungwa red colobus monkeys (Procolobus gordonorum) [9]. Others have focused on
primates with more omnivorous diets, including chimpanzees (Pan troglodytes schweinfurthii) [10], baboons
(Papio cynocephalus) [5], ring-tailed lemurs (Lemur catta) [11]. The results of these studies, particularly those
focusing on wild herbivores, have shown that seasonal shifts in food availability (e.g., of ripe fruit) can drive gut
microbiota composition. In contrast, studies in humans have found that diet and host lifestyle in�uence the gut
microbiota at a �ner (e.g., daily) scale [1, 4, 12]. Overall, temporal variability of the gut microbiota varies from
animal to animal and can be heavily in�uenced by diet.
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The koala (Phascolarctos cinereus), a specialist folivore, has recently been listed as endangered due to
threatening processes including habitat fragmentation [13], climate change [14], and disease (e.g., chlamydiosis
and koala retrovirus) [15–17]. The koala is an obligate dietary specialist [18] which relies almost exclusively on
eucalypt foliage (from the genera Eucalyptus, Corymbia and Angophora, family Myrtaceae) [19]. Eucalypt foliage
is a chemically complex and nutritionally challenging food source [20] and its consumption and digestion is
thought to be facilitated by the fermentative ability of gut microbiota and by the host’s physiological capacity to
detoxify and eliminate plant toxins. Given recent calls that the gut microbiota could be linked to host health and
conservation [21, 22], there has been a surge of interest in understanding the role of the gut microbiota in koala
diet choice and health. Recently Brice et. al., [23] found that within a single koala population, the gut microbiota
of koalas differed according to which of two Eucalyptus species, manna gum (Eucalyptus viminalis) and
messmate (E. obliqua), were eaten. They concluded that the koala gut microbiota adjusts to individual diet,
presumably enabling optimal degradation and extraction of available nutrients. This population of koalas had
experienced a period of exponential growth, resulting in overbrowsing and die-back of their preferred food
species, manna gum [24]. In 2013, hundreds or thousands of koalas died of starvation, due in part to their
reluctance to feed on available messmate patches [24]. In a captive experiment, Blyton et. al., [25] altered the
microbial community composition of manna gum-feeding koalas to resemble more closely that of messmate-
feeding koalas, using faecal inoculations. Individuals with more substantially altered microbiota subsequently
increased their consumption of messmate. This demonstrated that an individual koala's gut microbiota
in�uences feeding behaviour and suggests that the microbiota might limit the ability of koalas to feed from
messmate during mass starvation events. However, we currently lack a detailed understanding of the stability of
the koala gut microbiota through time, particularly in wild koalas. Such knowledge could be useful for
disentangling the effects of diet and other treatment effects from natural variations in koalas.

To �ll this gap, we characterised the gut microbiota from faecal pellets collected over a one-month period from
wild koalas rescued from extensive wild�res that occurred on Kangaroo Island, South Australia (SA), from
December 2019 - January 2020, and rehomed at Cleland Wildlife Park, SA, as well as from mainland South
Australian koalas housed at Cleland. We also undertook a seven-month time-series study to determine the
stability of the faecal microbiota of wild koalas living in a mixed eucalypt forest at Mountain Lagoon, in and
adjoining Wollemi National Park, NSW, Australia. We aimed to address the questions: 1) how much intra-
individual variation in faecal microbiota diversity and composition is there for koalas over days and months, and
2) is there signi�cant inter-individual variation in gut microbial community composition between koalas?

Methods

Study sites and faecal collection methods

Cleland koala population
Pellets were collected from Cleland captive koalas (n = 4) and Kangaroo Island koalas (rescued wild koalas, n = 3)
housed at the Cleland Wildlife Park (34°58’01.5” S, 138°41’49.0” E) in the Adelaide Hills, SA, Australia (Table 1).
The koalas were housed individually for the duration of the study, as they were being kept isolated during testing
for koala retrovirus and Chlamydia. Between April and May 2020, freshly defecated faecal pellets were collected
every three to four days for a period of one month into 5 mL tubes and immediately stored in a -20°C freezer (SI



Page 4/19

Table 2). All koalas were supplied with branches of a range of eucalypt species daily, primarily including river red
gum (E. camaldulensis), manna gum (E. viminalis), and South Australian blue gum (E. leucoxylon) (SI Table 2).

Table 1
Characteristics of koalas in this study

Koala Name Sex Geographic Origin Entry date (Cleland) Age (years)

Lola Female Adelaide Hills, SA Unknown 8

Byron Male Kangaroo Island, SA 13/1/2020 4

Blaze Male Kangaroo Island, SA 22/1/2020 3

Claudette Female Kangaroo Island, SA 22/1/2020 4

Leo Male Reared at Cleland, SA NA 2

George Male Reared at Cleland, SA NA 2

Theo Male Reared at Cleland, SA NA 1

Cin Female Mountain Lagoon, NSW NA Adult

Phasco Female Mountain Lagoon, NSW NA Adult

Reus Female Mountain Lagoon, NSW NA Adult

Tos Male Mountain Lagoon, NSW NA Adult

Uno Male Mountain Lagoon, NSW NA Adult

Mountain Lagoon koala population
Faecal pellets were collected from three female and two 2 male) radio-collared koalas (VHF single stage
transmitter, Titley Scienti�c, Brendale, QLD, Australia) that were part of a larger study at Mountain Lagoon
(33°10’02” S, 150°28’11” E) in the Blue Mountains, NSW, Australia (Fig. 1). This was a medium-density koala
population, inhabiting continuous mixed eucalypt forest, in and adjoining Wollemi National Park. Mountain
Lagoon is a small basin with a layer of relatively more-fertile Wianamatta shale overlying Triassic Hawkesbury
sandstone [26]. A range of vegetation communities occur at the site, including Lower Blue Mountains Exposed
Red Bloodwood Forest, Blue Mountains Grey Gum-Stringybark Transition Forest, Blue Mountains Blue Gum-
Turpentine Gully Forest, Sydney Hinterland Sheltered Turpentine-Apple Forest, and Blue Mountains Shale Cap
Forest.

Koalas were recorded using at least thirteen different eucalypt species from these �ve vegetation communities
[27] across the genera Eucalyptus (subgenera Symphyomyrtus and Eucalyptus -- previously Monocalyptus),
Corymbia and Angophora (See supplementary information Table 1). The wide variety of potential food species
available at Mountain Lagoon increases the diversity of digestive and nutritional challenges posed to koalas, as
well as exposure to plant secondary metabolites including polyphenols such as tannins, �avonoids and quinic
acid derivatives [28], terpenoids [29], formylated phloroglucinol compounds (FPCs) [30] and unsubstituted B-ring
�avanones (UBFs) [31]. Each of the koalas sampled in the study were recorded using from 5 to 9 nine different
tree species, and predominantly utilised the shale and shale-sandstone transition soil types [27].
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The koalas were radio tracked diurnally over a three-day period at fortnightly intervals between January and July
2015; upon observation of the koala, the occupied tree was identi�ed to species, and the location recorded with a
hand-held GPS unit. A mat was placed directly underneath the koala to catch fresh faecal pellets and periodically
checked throughout the day at typical intervals of 15 minutes (no greater than four hours). If no pellets were
observed during the day, the mats were left out overnight and pellets collected the following morning. Collected
pellets were bagged and placed on ice until they could be stored in a -20°C freezer. Studies into the impact of
post-collection storage, handling and DNA extraction methods on DNA quality, microbial composition and
diversity of faecal samples have concluded that there is no signi�cant impact of short-term storage in
temperatures of 4°C for up to 24–72 h. They also found short or long-term storage at -20 and − 80°C did not have
a signi�cant impact [32–34].

DNA extraction
Microbial DNA was extracted from faecal pellets using the DNeasy PowerSoil® DNA isolation kit (QIAGEN) as per
the manufacturer’s instructions. Brie�y, 0.25 grams (g) of faeces (frozen) was added to the 750 microliters (µl)
bead bed, 100 µl of sterilised milli-Q ultra-pure water and 160 µl of the C1 solution were added, the tubes were
vortexed on high for 10 minutes (min). Final elution was performed with 100 µl of sterile nuclease-free water
(Invitrogen, Mulgrave, VIC, Australia). DNA concentration was quanti�ed by Qubit 2.0 Fluorometric assay (Life
Technologies, Carlsbad, California, USA), and adjusted to a concentration of 10 ng/µl.

16S rRNA gene library preparation

Cleland samples
Single PCR reactions [35] were performed for all extracted Cleland koala faecal DNA using the reverse-barcoded
V4 region 515F-806R primer pair (515F 5-GTGCC AGCMGCCGCGGTAA-3 and 806R 5-GGACTACHVHH
HTWTCTAAT-3) [36]. Each reaction contained 2.5 µl HiFi Buffer (X10), 0.1 µl Platinum™ Taq DNA Polymerase
(ThermoFisher), 1µl MgSO4 (50 mM), 0.2 µl dNTP mix (100µM), 0.5 µl (10µM) of each primer, 1 µl template DNA,
reaction volumes were adjusted to a total of 25 µl with milli-Q ultra-pure water. PCR conditions consisted of 94°C
(3 min), 94°C (45 seconds (s)), annealing temperature of 50°C (60 s), extension temperature of 68°C (90 s),
repeated 35 times, then 68°C (10 min).

Mountain Lagoon samples
The V4 region of the bacterial 16S rRNA gene was ampli�ed using primers 515F and 806R from Caporaso et. al.,
[36]. Each 20 µl reaction contained 10 µl MyTaq™ HS Red Mix (2x) hot-start PCR (BioLine, Taunton,
Massachusetts, USA), 1µl of each primer (20 micromole (µM); Applied Biosystems®/Life Technologies Australia
Pty, Ltd, Mulgrave, VIC, Australia), and 2 µl template DNA (20 nanogram (ng) /µl). Reaction volumes were
adjusted to a total of 20 µl with milli-Q ultra-pure water (Millipak® 40 Millipore, Merck Millipore, Kilsyth, VIC,
Australia). PCR conditions were 95°C (1 min), 95°C (30 seconds (s)), annealing temperature of 61.5°C (30 s),
extension temperature of 72°C (1 min), repeated 35 times, then 72°C (10 min).

Paired-end DNA sequencing was performed on an Illumina MiSeq® platform, using the MiSeq reagent Kit v3
(Mountain Lagoon) and v2 (Cleland) by the Next Generation Sequencing Facility at Western Sydney University,
Richmond, NSW (Mountain Lagoon samples) and at the SAHMRI (South Australian Health and Medical Research
Institute), SA (Cleland samples).
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Bioinformatic analysis
Analysis of all sequence data was performed using Quantitative Insights into Microbial Ecology (QIIME2)
pipeline, version 2020.6 [37] unless otherwise stated. Forward read sequences were denoised using Deblur [38] to
create a BIOM table [39]. Taxonomy was assigned using a naive Bayesian classi�er against the SILVA 138 v4
database [40, 41]. A phylogenetic tree was constructed using the SATe-Enabled Phylogenetic Placement (SEPP)
[42] insertion pipeline as implemented in the q2-fragment-insertion-plugin [43, 44], with the SILVA 128 reference
tree. We set the sampling depth to 36,622 to retain all samples and computed various alpha and beta diversity
metrics using the q2-diversity plugin, including richness, pielou’s evenness [45], unweighted [46] and weighted [47]
UniFrac distances.

Count tables and diversity metrics were imported into R Studio [48] using qiime2R
(https://github.com/jbisanz/qiime2R) and phyloseq [49] and manipulated using dplyr
(https://github.com/tidyverse/dplyr), tidyr (https://github.com/tidyverse/tidyr), and the microbiome package
(https://github.com/microbiome/microbiome). Plots were created using ggplot2 [50]. Alpha diversity ANOVAs
[51] and linear models were run using the lme4, lmerTest, and stargazer R packages. Beta diversity PERMANOVAs
[52] were run using the vegan R package. All QIIME2 and R code used for analysis and visualisation are available
at the following GitHub repository (https://github.com/EisenRa/2022_Koala_Faeces_R).

Results
DNA sequencing of the 80 koala faecal samples produced 17,457,412 reads (mean 218,218 reads per sample,
min 65,214, max 1,009,351), which after de-noising yielded a total of 947 ASVs.

Temporal stability of koala faecal microbiota diversity through
time
To measure the stability of the koala gut microbiota through time, we longitudinally sampled faecal samples
from koalas at the level of days and months. Koalas housed at Cleland, South Australia exhibited stable gut
microbial evenness and richness (despite subtle variation in Eucalyptus species eaten; SI Table 2/3) when
sampled every four days over a month (Fig. 2A and C). The one exception was the koala named Lola, who
experienced a rise and subsequent normalisation of microbial richness from days 16 to 24. Wild Mountain
Lagoon koalas also generally exhibited stable evenness and richness when sampled monthly for six months
(Fig. 2B and C). There were signi�cant differences among koalas in microbial diversity (ANOVA of richness p-
value = < 0.001, ANOVA of evenness = < 0.001 SI Fig. 1), and Mountain Lagoon koalas had signi�cantly lower ASV
richness (but not evenness) compared to Cleland koalas (mean richness Mountain Lagoon = 112 ± 24.3, mean
richness Cleland = 145 ± 29.5; t = -2.716, p = 0.0203; SI Fig. 2). However, given the overall low population-level
sample sizes (7 vs 5), this result should be met with caution.

Faecal ASV stability through time at the individual level
The dominant members of the koala faecal microbiota remained highly stable at the individual level (Table 2).
Each koala had on average 249 (± 43) ASV detected over the course of sampling. Of these, an average of 57 (± 
16) were detected at all time points per koala. These ASVs accounted for on average 97% (± 1.9%) of the relative
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abundance of ASVs in each koala, suggesting a stable individual core microbiota at the ASV level for koalas over
the course of days to months. Within the Cleland koalas, �ve ASVs were found in all koalas at all time points, of
which one (593a5c45dd38f6d9ec369b9b2679997f, classi�ed as f = Tannerellaceae, g = Parabacteroides) had a
mean relative abundance of 18.6% (± 15.3%). Mountain Lagoon koalas had nine, ASVs that were found in all
Mountain Lagoon koala samples, two of which (ce3b37d15aee37e4213c2d13ad8b1b1a; classi�ed as f = 
Paludibacteraceae, and f3521f355b29e7f7c878d616495def33; classi�ed as f = Tannerellaceae, g = 
Parabacteroides) had mean relative abundances of 15.6% (± 9.9%) and 20.7% (± 11.2%), respectively. While no
ASVs were shared between all koalas in the study (i.e., Cleland and Mountain Lagoon), 82 of 947 ASVs were
shared between Cleland and Mountain Lagoon (with 501 and 353 being found only in Cleland and Mountain
Lagoon, respectively; SI Fig. 2). These shared ASVs accounted for a mean relative abundance of 36% and 25%
for Cleland and Mountain Lagoon koalas, respectively.

Table 2
ASV-level statistics per koala. ‘Total ASVs per koala’ represents the total number of ASVs detected for
each koala through the course of the study. ‘Individual core ASVs’ is the number of ASVs found at all

time points for a given koala. ‘Mean rel. abun. individual core ASVs’ represents the mean relative
abundance of the core ASVs for each koala. CL = Cleland, ML = Mountain Lagoon.

Koala ASVs per koala Individual core ASVs Mean rel. abun. individual core ASVs

Blaze (CL) 259 58 0.99

Byron (CL) 286 67 0.93

Cin (CL) 234 43 0.97

Claudette (CL) 256 45 0.98

George (CL) 279 84 0.97

Leo (CL) 233 59 0.99

Lola (CL) 340 76 0.98

Phasco (ML) 206 62 0.98

Reus (ML) 204 68 0.96

Theo (ML) 284 59 0.93

Tos (ML) 200 40 0.98

Uno (ML) 204 27 0.98

Stability and individuality of koala faecal microbiota
composition through time
The analysis of microbial composition by principal coordinates analysis (PCoA) of unweighted and weighted
UniFrac distances, indicated that faecal microbial composition tended to cluster by individual (Fig. 3). Over the
course of days, Cleland samples showed tight clustering of microbial community composition by individual
koala (Fig. 3A; PERMANOVA p-value < 0.001, R2 = 0.615), with looser clustering when taking abundance into
account (Fig. 3B; PERMANOVA p-value < 0.001, R2 = 0.746). In wild koalas sampled over months, the clustering of
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microbial communities was less tight but still signi�cant (Fig. 3C/3D; PERMANOVA of unweighted UniFrac p-
value < 0.001, R2 = 0.506; PERMANOVA of weighted UniFrac p-value < 0.001, R2 = 0.757).

Taxonomically we observed similar trends, with Cleland koalas being clearly distinguishable from each other by
the types and relative abundances of microbial families, with minor variation in the relative abundances of
microbes on the day-to-day scale (Fig. 4). Mountain Lagoon koalas were less distinguishable between each other
at the family level, except for Phasco, who had much lower levels of Paludibacteraceae (Fig. 4) and was also the
only koalas to demonstrate a strong preference for occupying Eucalyptus deanei (K Leigh unpublished data).
Across all koalas in the study, Tannerellaceae had the highest relative abundance (mean 25.7% in Cleland, 36.3%
in Mountain Lagoon). Cleland koalas had higher relative abundances of Ruminococcaceae compared to
Mountain Lagoon koalas (mean 14.2% vs 3.1%, respectively), and Gastranaerophilales (mean 6.2% vs 0.09%,
respectively). Muribaculaceae [formerly S24-7] (mean 11.4%), Akkermansiaceae (mean 1.5%), and Prevotellaceae
(mean 1.1%) were detected in Cleland koalas but not Mountain Lagoon koalas. Mountain Lagoon koalas had
substantially higher relative abundances of both Paludibacteraceae (15.7% vs. 0.0008%) and Synergistaceae
(mean 11.5% vs. 0.9%) compared to Cleland samples. Across all koala samples, the genus Lonepinella had a
prevalence of 82.5% and a mean relative abundance of 1.1% (min = 0%, max = 9.7%).

Discussion
The extent of intra-individual variation in faecal microbiota diversity and composition is important to consider,
especially when trying to understand factors that drive microbiota changes (e.g., diet or experimental treatment).
Given that intra-individual variability is species-speci�c [1, 6] and potentially context-speci�c (i.e., dietary and
environmental stability), it is ideal to characterise this variability on the study species of interest. To this end, we
sought to characterise the level of intra-individual variation in faecal microbiota composition and diversity in the
koala. Both the evenness and richness of ASVs stayed relatively stable at the scale of days (Cleland koalas), and
months (Mountain Lagoon koalas). We also identi�ed a stable core microbiota within the faecal microbiota of
each koala which persisted throughout the duration of sample collection. These individual core ASVs were a
subset of the total diversity found in each individual (mean of 20% of the total diversity over the entire sampling
of an individual) yet accounted for the majority (> 95%) of the individual’s microbial community in terms of
relative abundance. This persistence of highly abundant individual core ASVs was observed in Cleland koalas
despite their mixed Eucalyptus diets (though it should be noted that most of the Eucalyptus eaten by Cleland
koalas was Eucalyptus camaldulensis). This suggests that while there could be an in�ux of transient microbes
from the diet/environment, the dominant members of the koala faecal microbiota remain stable through time.
These individual core ASVs were speci�c to individual koalas, as only a subset (5 and 9 ASVs) was detected in all
koalas within the Cleland and Mountain Lagoon populations, respectively. This suggests that there is a degree of
functional redundancy in the different individual core microbes between koalas, which has been observed in
other host species [53, 54] and which could be tested in the koala in future studies using shotgun metagenomics.
It is likely that these dominant individual core ASVs are inherited from the mother via pap—a faecal-like
substance fed from the mother to the joey around the time of pouch emergence that acts as a microbial
inoculant [55, 56]. Overall, our results suggest that koalas maintain a stable, individual core faecal microbiota
over the course of days to months.

We found that each individual koala had a distinct faecal microbiota composition, with inter-individual
differences in composition being greater than intra-individual differences over the course of days to months.
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Such clustering by individuals over the course of days has been observed in desert woodrats (Neotoma lepida)
[57]. Long-term stability of faecal microbiota composition has also been observed in other species, albeit not to
the degree that we see in koalas in this study. In chimpanzees, conserved phylotypes were detected from
longitudinally sampled individuals in 2000, 2001, and 2008, and these phylotypes accounted for the bulk of the
microbial community (40–70% of relative abundance) [10]. A degree of individuality of in faecal microbiota
composition over three weeks has previously been found in Chlamydia-infected koalas being treated with
antibiotics in captivity [58]. Our study extends this to healthy koalas living both in captivity and the wild, as well
as increasing the sampling time to months. We found that koalas at Mountain Lagoon had more similar faecal
microbial compositions when compared to koalas from Cleland. One possible explanation is that Mountain
Lagoon koalas are likely more closely related and share a greater proportion of their faecal microbial
communities as a consequence—especially considering the strong degree of vertical transmission in koalas [56].
In contrast, Cleland koalas represent individuals from distinct and broader geographic regions (Kangaroo Island,
Adelaide Hills).

Differences in faecal microbiota composition between host populations have been previously observed in other
taxa, such as Black howler monkeys (Alouatta pigra) [8], and Udzungwa red colobus monkeys (Procolobus
gordonorum) [9]. Such population-level differences have also been observed in the marsupial Southern hairy-
nosed wombat (Lasiorhinus latifrons) [59]. In this study, we observed faecal microbiota differences between the
different koala populations sampled. Mountain Lagoon koalas had substantially higher relative abundance of
Synergistaceae compared to Cleland koalas. Members of this family have been shown to detoxify pyridinediols
and �uoroacetate in ruminants [60, 61], and some have predicted that this family is important for koalas to feed
on Eucalyptus [62]. Synergistaceae has been found previously in koalas from Victoria and Queensland [23, 62], so
its near absence in koalas from South Australia is surprising. Another microbial family that had a much higher
relative abundance in Mountain Lagoon was Paludibacteraceae (phylum Bacteroidota), however, little is known
about this recently described family [63]. Gastranaerophilales (phylum Melainabacteria — closely related to
Cyanobacteria) were found at a much higher relative abundance in Cleland koalas. A genome from this family
has been obtained from a Queensland koala, and its putative functions involve genes relating to plant
fermentation and vitamin synthesis [64]. Muribaculacaeae (Formerly S24-7) was found to be highly abundant in
some Cleland koalas, but completely absent from Mountain Lagoon koalas. This taxon was previously identi�ed
at high relative abundance (> 20%) from captive koalas located in Queensland and NSW [62, 65], and yet was
also not detected from wild koalas sampled from Cape Otway, Victoria [23]. Broader geographic sampling could
determine whether this taxon is a marker for captivity, or endemic to speci�c koala populations. We also found
Lonepinella koalarum to be highly prevalent (albeit low in relative abundance) across the koalas samples
studied. L koalarum has been shown to degrade tannin-protein complexes and was �rst isolated and described
by [66]. This bacterium has received interest due to its positive association with koala survival during antibiotic
treatment for Chlamydia [58, 67]. However, these inter-population �ndings should be treated with caution, as our
population-level comparison is confounded by captive (Cleland) vs. wild (Mountain Lagoon), which can in�uence
faecal microbiota composition in some vertebrate species [65, 68, 69]. These comparisons are also hindered by
the small individual-level sample sizes (n = 7 for Cleland, n = 5 for Mountain Lagoon). Regardless, these
preliminary population-level differences are interesting — particularly in the context of adaptation to different
environments and Eucalyptus species — and warrant follow up in future studies.

Conclusion
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This study found that koalas have individual core faecal microbiota that are stable over the course of days to
months. This stability could be due to the lack of horizontal transfer between individuals or uptake from the
environment. Such stability may have rami�cations for the ability of koalas to adapt to different environments
and dietary Eucalyptus species.
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Figures

Figure 1

Map showing locations of Mountain Lagoon, NSW and Cleland Wildlife Park, SA. Wild Mountain Lagoon koalas
were radio tracked over a seven-month period during 2016. The cutaway map demonstrates the approximate
home range (100% minimum convex polygon) for each koala at Mountain Lagoon. Each coloured pin represents
one tracking time point for a particular koala. Key: White Cin (female), pink Phasco (female), red Reus (female),
blue Tos (male), and yellow represents Uno (male). 
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Figure 2

Microbial evenness and richness in koala faecal samples through time from days (Cleland; A and C) to months
(Mountain Lagoon; B and D). 
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Figure 3

Principal coordinates analysis (PCoA) of unweighted A) and weighted B) UniFrac diversity in the faecal
microbiota of Cleland koalas sampled every four days for a month, and Mountain Lagoon koalas sampled
monthly for six months: unweighted C), weighted D). Lines connect faecal samples from the same koala in the
order they were sampled. Numbers inside points represent the sample collection number.
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Figure 4

Relative abundances of the 20-most abundant bacterial families in Cleland and Mountain Lagoon koalas.
Bacterial families below this threshold are merged into the ‘Other’ bin. The top 20-most abundance families
account for a mean relative abundance of 98.1% across the dataset.
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