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Abstract

Since European colonisation of Australia, bandicoots in the genus Isoodon have been heavily affected by
the introduction of feral predators and changes to the landscape, resulting in the contraction of their
distribution and loss of genetic diversity. Their taxonomy has also been a challenge: 11 species were
originally described, with revisions in the 1990s leading to recognition of only three species, but recent
studies utilising molecular and morphological analyses led to documentation of two additional species.
As a result, five species are currently recognised. To further resolve the taxonomy of this genus, we have
opted for a total evidence approach, using both morphological and molecular techniques, including sam-
pling specimens from their historical and extant distributions. All available type specimens were also
examined and sampled for DNA analyses. Molecular data were generated from 1000s of nuclear gene
loci using exon capture as part of the Oz Mammal Genomics initiative. Our results support two addi-
tional species (. microtis, I. moresbyensis new stat.) being raised (recognising seven species in the genus),
a major range extension for /. fusciventer and range reduction for the endangered /. obesulus obesulus,
and several previously unnamed new subspecies (I. auratus bundilarri, I. a. marchinbarensis, I. fusciventer
dawensis, I. f. halae, I. f. insulanus, I. f. terrenus, I. macrourus capensis). This new taxonomic framework has
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important implications for the conservation management of /soodon species, with current translocation
plans to mix populations, as most species are currently listed as endangered or vulnerable.
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Introduction

Australia has suffered the highest mammal extinction
rate of any continent in the past 200 years, losing 42
mammal species since European colonisation (Woinars-
ki et al. 2015, 2019; Burbidge, 2024 updated for Dasyc-
ercus (Newman-Martin et al. 2023)). Nearly 20% of these
extinct mammals come from the order Peramelemor-
phia (bandicoots and bilbies). Peramelemorphians are
small to medium-sized, terrestrial and omnivorous mar-
supials (except species of Chaeropus which are predom-
inantly herbivorous), which typically dig for their food
with large claws and strong forearms (Gordon and Hul-
bert, 1989; Warburton and Travouillon, 2016). The order
has four modern families, the Thylacomyidae (bilbies),
the extinct Chaeropodidae (pig-footed bandicoots), the
Peroryctidae (New Guinean bandicoots), and the Per-
amelidae (Australian bandicoots). There are currently 23
extant species found across New Guinea and Australia,
with another eight recently extinct species, all from Aus-
tralia (Warburton and Travouillon, 2016; AMTC, 2024).
The introduction of foxes and cats, land clearing for agri-
culture, and changes to traditional fire practices are all
linked to the extinction of these species (Travouillon and
Phillips, 2018; Travouillon et al. 2019; Woinarski et al.
2015, 2019).

In Australia, the extant peramelemorphians are listed
as Least Concern under the IUCN Red List, except for
the Golden Bandicoot /soodon auratus (Ramsay 1887),
Shark Bay Bandicoot Perameles bougainville Quoy and
Gaimard, 1824, Eastern Barred Bandicoot Perameles
gunnii Gray, 1838 and Greater Bilby Macrotis lagotis
(Reid, 1837), which are listed as Vulnerable (IUCN, 2024).
Under the Australian Environment Protection and Biodi-
versity Conservation (EPBC) Act, the subspecies /soodon
obesulus obesulus (Shaw, 1797) is listed as endangered
and /. quratus and . obesulus nauticus Thomas, 1922 are
listed as vulnerable. These endangered and vulnerable
species and subspecies are the subject of many con-
servation programs, using offshore islands and fenced
areas to protect them from introduced predators, giving
them a chance to survive (Parrott et al., 2017; Legge
et al.,, 2018). The IUCN Red List was last updated for
Australian mammals in 2016, before the recent taxo-
nomic changes within Peramelemorphia. As a result,
several species are currently not evaluated including the
Quenda Isoodon fusciventer (Gray 1841; Travouillon and
Phillips, 2018), the Cape York Brown Bandicoot /. penin-
sulae Thomas, 1922 (Westerman et al., 2012), and the
Northern Long-nosed Bandicoot Perameles pallescens
Thomas, 1923 (Travouillon, 2016). The Shark Bay Bandi-

coot (previously known as Western Barred Bandicoot)
Perameles bougainville also needs to be re-evaluated as
several extinct species were split from this species,
including the Marl Perameles myosuros Wagner, 1841,
the Nullarbor Barred Bandicoot Perameles papillon
Travouillon and Phillips, 2018, South-eastern Striped
Bandicoot Perameles notina Thomas, 1922, and Liver-
pool Plains Striped Bandicoot Perameles fasciata Gray,
1841 (Travouillon and Phillips, 2018).

The taxonomic history of the genus Isoodon is quite
complex (Jackson and Groves, 2015). The Southern
Brown Bandicoot was the first bandicoot to be
described, as Didelphis obesula Shaw, 1797. No type was
designated at the time, until Dixon (1981) designated a
neotype from Ku-Ring-Gai Chase National Park in Syd-
ney, New South Wales. It was transferred to the genus
Isoodon by Desmarest (1817), moved into the genus Per-
ameles by Waterhouse (1838) and moved back to the
genus /soodon by Iredale and Troughton (1934), along
with all the taxa mentioned hereafter. The Quenda was
the next taxon to be named, as Perameles fusciventer
Gray 1841, from King George Sound, Western Australia.
It was synonymised within /. obesulus by Waterhouse
(1846) but then designated as a subspecies of obesulus
by Iredale and Troughton (1934). The Northern Brown
Bandicoot was named Perameles macrourus by Gould
(1842) from Port Essington, Northern Territory. The Tas-
manian Southern Brown Bandicoot Perameles affinis
was named by Gray (1843) as a nomen nudum but was
only recognised as a valid taxon (from Kangaroo Point
near Hobart, Tasmania) when Waterhouse (1846) pub-
lished the name as a junior synonym of obesulus. It was
re-established as a subspecies of obesulus by Iredale
and Troughton (1934). Ramsay (1877) named two new
taxa, Perameles moresbyensis from Port Moresby in
Papua New Guinea and Perameles macroura var. torosus
from the Endeavour River near Cooktown in north
Queensland. Their status changed multiple times to full
species, synonyms of macrourus or subspecies of
macrourus (see Jackson and Groves, 2015). The Golden
Bandicoot was named Perameles auratus by Ramsay
(1887) from Derby in Western Australia. It was syn-
onymised with /. macrourus by Thomas (1888) but re-
established by Thomas (1904). It was then recognised as
a subspecies of I. obesulus by Tate (1948) before being
re-elevated to species rank by Troughton (1967). The
Barrow Island Golden Bandicoot, named by Thomas
(1901) as Perameles barrowensis, was synonymised by
Ride (1970) within /. auratus, then re-elevated to species
by Lyne and Mort (1981) but finally recognised as a sub-
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species of I. auratus by Strahan (1983). Thomas (1922)
described two taxa, Isoodon nauticus from Franklin
Island in South Australia and /. peninsulae from Utingu,
Cape York, Queensland. They were both lowered to sub-
species of obesulus by Tate (1948) but recognised at var-
ious statuses by others (see Jackson and Groves, 2015).
The final taxon named in the genus was Isoodon arn-
hemensis Lyne and Mort 1981, from Melville Bay, Cape
Arnhem, Northern Territory. It was recognised as a sub-
species of auratus by Strahan (1995) and subsequent
authors.

Before molecular data were available for the genus
Isoodon, the general consensus was that there were
three species in the genus as follows (Gordon and Hul-
bert, 1989): Isoodon macrourus with three subspecies
(. m. macrourus, I. m. moresbyensis and . m. torosus),
Isoodon auratus with three subspecies (I. a. auratus, |I.
a. barrowensis and . a. arnhemensis) and Isoodon obesu-
lus with five subspecies (I. 0. obesulus, I. o. affinis, I. o.
fusciventer, I. o. nauticus and . o. peninsulae). Molecular
data have since challenged this classification system. An
allozyme study by Close et al. (1990) using 23 loci, which
included most but not all recognised taxa, recognised
two lineages for I. macrourus, corresponding to . m.
macrourus and . m. torosus (. m. moresbyensis was not
sampled). Two lineages were also found for the remain-
ing taxa, one including I. a. barrowensis, |I. o. affinis and
I. 0. obesulus from southeastern Australia, and the other
containing /. o. fusciventer from Western Australia and
I. 0. nauticus and I. o. obesulus from South Australia.
The validity of . auratus was challenged as a result.
Other studies at the time, including DNA hybridisation
studies (Kirsch et al. 1990, 1997) and an albumin study
(Baverstock et al. 1990) included very limited sampling
of Isoodon, which did not help resolve taxonomic ques-
tions. The 12S rRNA sequences of Westerman and Kra-
jewski (2000) found similar results to Close et al. (1990),
and included . m. moresbyensis, supporting the three
subspecies within I. macrourus. In contrast, they found
little support for I. o. affinis and I. a. barrowensis as dis-
tinct subspecies, though sampling was limited for these
taxa, and /. a. auratus and I. a. arnhemensis were not
tested. The dual approach of Pope et al. (2001), which
included mitochondrial DNA (mtDNA) control region
sequences and discriminant function analysis of skull
measurements and included all taxa within /soodon
(except I. m. moresbyensis), found little evidence for the
subspecies of I. macrourus, and found that /. o. penin-
sulae was the only divergent lineage in the /. obesulus/I.
auratus clade. Similar results were found by Zenger et al.
(2005) using mtDNA and microsatellite data. The com-
bined use of nuclear and mtDNA sequences by Wester-
man et al. (2012) supported /. auratus as a valid species.
It also cemented /. peninsulae as a distinct and valid
species and questioned whether /. o. fusciventer should
also be recognised as a distinct species. A total evidence
analysis by Travouillon and Phillips (2018) produced
similar results to Westerman et al. (2012) and officially

raised /. fusciventer as a distinct species. A subsequent
study by Cooper et al. (2018) that also used nuclear
and mtDNA sequences and much larger sample sizes
for Isoodon populations compared to previous phyloge-
netic studies found support for retaining /. o. affinis as
a valid subspecies and also found that the bandicoot
populations from Mount Lofty ranges, Kangaroo Island,
Franklin and St Francis Islands may warrant a separate
taxonomic status from /. 0. obesulus. The genetic unique-
ness of the South Australian populations was also sup-
ported in another study using mtDNA and microsatellite
data (Thavornkanlapacha et al. 2021) and a population
genomics study by Black et al. (2024). Population genetic
analyses by Rick et al. (2023), has also found four distinct
genetic populations within the Golden Bandicoot,
Isoodon auratus.

As it stands, there are now five recognised species of
Isoodon in Australia, widely distributed across the con-
tinent but most have suffered significant reductions in
their distributions since European arrival (Figure 1). Pre-
vious studies have highlighted the complexity of the tax-
onomic history within the genus (Jackson and Groves,
2015), and several populations, including those in South
Australia (Cooper et al. 2018) still require further inves-
tigation. The aim of this study is to expand on previous
studies and investigate the taxonomy of the genus
Isoodon using a total evidence approach, including both
genetics and morphology, to identify if additional taxa
require description or if current taxa are required to be
synonymised. We aimed to sample the entire distribu-
tion of the genus, using both contemporary tissues and
old museum skins to obtain robust molecular data using
an exon capture approach developed as part of the
OzMammals Genomics Initiative, (Eldridge et al. 2020)
and skull measurements and cranio-dental characters
to evaluate morphological differences.

Methods

Molecular data
Material examined

The complete list of material used and its metadata
is available as a supplementary file (DOI: 10.5061/
dryad.8gtht772x).

Sequencing

Contemporary tissue samples (n = 83) were extracted
using a salting out procedure or via the Gentra extrac-
tion methodology following the manufacturers' proto-
cols. Historical samples (n = 75) were extracted using
the DNeasy Blood and Tissue Kit (Qiagen), with modifi-
cations based on Joseph et al. (2016). Dried skin samples
were rehydrated overnight in 300ul PBS (pH 7.4, Ther-
mo Fisher), before transfer to lysis buffer. Samples were
digested for 2-6 hours at 56°C with shaking at 800 rpm,
in a lysis buffer mix containing 320pl buffer ATL, 40pl
proteinase K, and 40pl 1M DTT (Thermo Fisher). Follow-
ing lysis, 400pl buffer AL and 3.25 pg carrier RNA (Sigma
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Aldrich) were added before incubation at room temper-
ature for 30 minutes. 400ul of ethanol was added to
each sample preparation and immediately mixed. Sam-
ples were then transferred to DNeasy spin columns in
650yl aliquots, with each centrifuged for 1 minute at
8000 rpm and the supernatant was discarded. Ethanol
wash steps followed the manufacturer's protocol. DNA
was eluted in 200pl of buffer AE containing 0.05% Tween
20 (Sigma). DNA extraction success was evaluated with
the Qubit High Sensitivity DNA kit (Thermo Fisher). To
mitigate contamination risks, DNA from historical muse-
um specimens was extracted in a dedicated, physically
separated, Trace DNA facility at the Australian National
University's Ecogenomics and Bioinformatics Laborato-
ry. Extraction negative controls were included to moni-
tor for contamination.

An exon capture target enrichment library was pre-
pared for each sample using the Meyer and Kircher
(2010) protocol, with modifications based on Bi et al.
(2013) and Roycroft et al. (2022). We used a set of cus-
tom marsupial exon capture probes targeting 1.28Mb of
genomic DNA from 2167 exons (SeqCap EZ Developer
Library; Roche NimbleGen) as outlined in Bragg et al.
(2017). Pooled exon capture libraries were sequenced
on lllumina platform sequencers at 200 cycle paired end
runs at the ACRF Biomolecular Resource Facility, Aus-
tralian National University.

Bioinformatic processing

Raw sequencing data were processed using Exon Cap-
ture Pipeline for Phylogenetics (ECPP, github.com/Vic-
taphanta/ECPP), following the settings described in
Roycroft et al. (2020). Historical specimens were
processed with the same pipeline, using the modified
mapping approach described in Roycroft et al. (2022).
Each targeted locus was aligned independently using
MAFFT (Katoh and Standley, 2013) and alignment ends
were trimmed using BMGE (Criscuolo and Gribaldo
2010). This approach also ensured all loci were com-
posed of full codon triplets (beginning on the first and
ending on the third codon positions). We excluded loci
captured for < 80% of samples, and those which exhib-
ited average heterozygosity > 3% (representing putative
paralogous loci) in three or more independent taxa.
Where two or fewer taxa exhibited heterozygosity > 3%,
only those taxa were removed from the corresponding
alignment. This resulted in a filtered set of 2,050 exons,
spanning 1.14Mb of genomic DNA.

Population analyses using SNP data

We initially explored relationships among I/soodon taxa
using population analyses of SNP data via Principal
Components Analyses (PCA). From the filtered exon cap-
ture alignment described above, two randomly selected
SNP datasets were generated from the /soodon in-group
samples, excluding genetically divergent Perameles and
I. macrourus, by selecting one SNP from each locus (total
of 1,568 SNP). [soodon macrourus was excluded from

the population analyses due to its clear genetic distinc-
tion based on previous (Cooper et al. 2018, Pope et al.
2001, Westerman and Krajewski 2000, Westerman et
al. 2012) and the current molecular phylogenetic analy-
ses, to explore patterns of population structure within
Isoodon.

Analyses were conducted in R version 4.5.2 within the
RStudio IDE (2026.06.0 build 242) using the dartRverse
package (Gruber et al. 2018, Mijangos et al. 2022). Each
SNP dataset, along with the relevant sample metadata,
was imported and combined into a dartR object and
analysed separately. For each SNP dataset, samples
were grouped by species and subspecies inferred from
morphological analyses in the current manuscript; /.
peninsulae (n=3), I. fusciventer fusciventer (n=23), I. fus-
civenter terrenus (n=11), I. fusciventer nauticus (n=2), .
fusciventer halae (n=2), I. fusciventer insulanus (n=1), I. fus-
civenter dawensis (n=1), I. obesulus obesulus (n=12), I. obe-
sulus affinis (n=11), I. auratus barrowensis (n=7), I. auratus
bundilarri (n=4), I. auratus auratus (n=1), . auratus arn-
hemensis (n=1). Loci that contained missing data for all
members in a species were removed from the analy-
sis, remaining missing values were imputed using the
nearest neighbour option and the final dataset filtered
for any monomorphic loci. Principal Components Analy-
sis (PCA) was used to examine the data for underlying
genetic structure.

Molecular and Total evidence phylogenies
Molecular dating challenges

Estimating the timescale of /soodon evolution with the
exon capture sequences presents two challenges
beyond those typically encountered for dating marsu-
pials at taxonomically deeper levels. The first is the
absence of taxonomically or temporally well-defined cal-
ibrations among Isoodon. The second is that samples
with less complete sequences (e.g. more gaps and ambi-
guity codes) tend to result in branch length overesti-
mation relative to their more complete sister taxa. This
is unlikely to affect topology reconstruction and may
result in only trivial dating differences between species.
However, small branch length errors are effectively
amplified within very shallow populations, which if com-
prising much of the taxon set, can distort the rate distri-
bution model and mislead divergence estimation across
the tree.

We addressed the absence of /soodon fossil calibrations
by starting with a total evidence dating analysis in
MrBayes (Ronquist et al. 2012) that covers the broad
diversity of bandicoots and bilbies, using a combined
nuclear and mtDNA sequence matrix updated from
Phillips et al. (2022) and taxonomically matching mor-
phological data from the present study. Calibration is
provided by prior age distributions for six nodes and
time stamping from nine Eocene to Pliocene fossils
included among the morphological dataset. The result-
ing total evidence dating posterior age distributions for
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the divergences of Isoodon-Perameles, for the crown age
of Isoodon, and for the divergence of I fusciventer - |.
auratus were subsequently employed as prior distribu-
tions for MCMCTree (Ranala and Yang 2007) divergence
time estimation with the exon capture DNA dataset (see
below).

Total evidence phylogeny

The total evidence matrix combined a DNA alignment
updated from Phillips et al. (2022) and morphological
data compiled for this study for 30 extant (or recently
extinct) taxa and nine Eocene - Pliocene fossil taxa. The
original DNA alignment included five nuclear protein-
coding genes (ApoB, BRCAT, IRBP, RAG1, vWF) and three
mitochondrial genes (12S rRNA, 16S rRNA, Cytb). This
study adds the mitochondrial ND2 gene, and to match
the morphological data, we added all available
sequences among the above-listed genes for four addi-
tional peramelemorphians, Isoodon fusciventer, Perame-
les pallescens, Rhynchomeles prattorum, and Macrotis
leucura, and two additional (chimeric) dasyurids, Plani-
gale maculata/tenuirostris and Dasyurus maculatus/geof-
froii. Accession numbers for the updated DNA matrix
are provided in Supplementary Table 1.

After manual alignment in Se-Al 2.0a (Rambaut, 1996),
where sites with ambiguous homology were excluded,
the 10,352bp DNA matrix was combined with the 161
morphological characters. We estimated the timescale
of bandicoot evolution in MrBayes 3.2.7, after Phillips
et al. (2022), with the dataset partitioned into the three
codon positions for the nuclear protein coding genes,
two (1st+2nd and 3rd) codon positions for the mito-
chondrial protein coding genes, and separate stem and
loop partitions for the concatenated 12/16S rRNA cod-
ing sequences. The morphological data were treated
as an additional partition. These eight partitions were
allowed to evolve at different rates but with proportion-
al branch lengths (ratepr=variable). Following Travouil-
lon and Phillips (2018) and Phillips et al. (2022) the
mtDNA protein coding 3rd positions were RY-coded to
ameliorate the influence of rapid transition substitu-
tions on phylogenetic signal erosion and base compo-
sitional non-stationarity. Substitution models were
inferred with ModelFinder within IQTREE 2.1.3 (Nguyen
et al,, 2015) and employed as such in MrBayes (or as the
next most general model available): GTR+|+G for mtDNA
protein coding 1st and 2nd positions, and for the mtD-
NA rRNA stems and loops; GTR+G for the nuclear pro-
tein coding 1st and 2nd positions; HKY+G for the nuclear
protein coding 3rd positions; F81+I+G for the RY-coded
mtDNA protein coding 3rd positions; and Mkv+G for the
morphological characters.

Calibration for the total evidence dating is described
in Supplementary Table 2, with nine fossils providing
tip dates and six node calibrations further informing
rate variation across the tree under the independent
gamma rates (IGR) model with the default prior setting,
igrvarpr=exp(10)prior. A lognormal prior setting for

clockratepr=lognorm(-6.0,0.6) was informed by initial
analyses with broad, normally distributed clockrate pri-
ors and the molecular and morphological relaxed clock
models were unlinked. The fossilized birth-death model
was employed with the following priors: speciationpr
= exp(1), extinctionpr = beta(1,1), fossilizationpr =
beta(1,1). Taxon sampling did not specifically target
deep-level or clustered diversity, so the default (ran-
dom) sampling strategy was used with sampling proba-
bility 0.35, which is roughly the geometric mean of the
included bandicoot and dasyurid extant sampling pro-
portions. Two independent sets of three MCMC chains
were run for 15,000,000 generations, with trees sam-
pled every 2,500 generations, and the default 25%
burnin. Estimated samples sizes were >500 for the prior,
likelihood, tree height and all substitution parameters.
Convergence was indicated by average standard devia-
tion of split frequencies of 0.0059. The resulting tree is
shown as Supplementary Figure 4.

Exon capture DNA phylogeny and timetree for Isoodon

To reduce the disproportionate influence of base ambi-
guity and non-homology on branch length estimation
among shallow clades and the potential downstream
(direct and rate modelling) influence on temporal infer-
ence, we performed further visual inspection and man-
ual editing on the exon capture sequence alignment,
described above in ‘Bioinformatic processing’, using Se-
Al v2.0a11 (Rambaut, 1996). This provided a reduced
946 exon (519,636 bp) data matrix for the 92 Isoodon
and six Perameles outgroup taxa. The alignment homol-
ogy concerns with the longer auto-alignment primarily
pertained to the older Perameles samples and their
impact on rooting Isoodon. Hence, the 519,636 bp
dataset was employed for inferring the exon capture
phylogeny. However, it was appropriate to use the more
inclusive exon set for obtaining the SNP dataset, for
which Perameles was not included.

Maximum likelihood phylogenetic inference was per-
formed in IQ-TREE 2.13 (Nguyen et al., 2015) with mod-
els for each partition (GTR+I+G4) selected by
ModelFinder within IQ-TREE. Branch lengths were esti-
mated independently (-sp option). Ultrafast bootstrap
approximation (2000 replicates, with -bnni option) was
employed for assessing confidence in the resulting
topologies.

We also reconstructed the /soodon species tree using a
summary-coalescent approach; we first used maximum
likelihood under the HKY+G model in IQ-TREE to infer
gene trees for each of the 946 individual exons that
make up the (520 kb) manual alighment. The species
tree was then inferred from these gene trees in ASTRAL
5.5.10 (Zhang et al., 2018). The OMG exons are slowly
evolving and mostly short, and the phylogenetic depth
of this study is shallow. Under these low signal condi-
tions inferred gene trees tend to have low fidelity to
underlying incomplete lineage sorting, and coalescent
methods can perform poorly compared with concate-
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nation methods (e.g. Chou et al., 2015; Xi et al., 2015).
We therefore ran a second analysis in ASTRAL with only
the gene trees inferred from the 102 exons with align-
ment lengths of at least 1000 bp. The resulting trees are
shown as Supplementary Figure 3 and Figure 3.

The Isoodon timetree was estimated in MCMCTree
(Ranala and Yang, 2007), within PAML (Yang, 2007) from
the 519,636 bp exon capture DNA sequence alignment
and with the IQ-TREE maximum likelihood phylogeny
employed as the guide tree for the 92 /soodon speci-
mens and six outgroup Perameles specimens. Node cal-
ibration was implemented using the posterior
divergence estimates obtained in the total evidence dat-
ing for the Isoodon-Perameles, crown Isoodon, and I. fus-
civenter - |. auratus divergences (each now modelled as
skew-normal prior distributions). All calibrations used in
MCMCTree are described in Supplementary Table 3.

MCMCTree was run with the independent rates model.
The average root to tip evolutionary rate from the Q-
TREE maximum likelihood tree (assuming the median of
5.01 Ma for the Perameles-Isoodon root age prior) was
0.00159 substitutions Ma-1. This was used to inform the
rate prior, rgene_gamma for the MCMCtree analyses (1
629), noting that 1/0.00159 = 629, and with the time
unit being 1 Ma. Sigma2_gamma was set to (1 5.01), giv-
en the median of 5.01 Ma for the root height prior. For
each of the MCMCTree runs the MCMC chain was sam-
pled every 100th generation from among the 500,000
generations, excluding a burn-in covering an additional
25,000 generations. The resulting tree is shown as Sup-
plementary Figure 4.

A further combined evidence (exon capture DNA and
morphology) timetree was inferred in MrBayes to incor-
porate taxa that were unable to be sampled for the
DNA data. Nineteen /soodon specimens representing all
species and subspecies were included, along with three
Perameles specimens, for the 161 morphological charac-
ters. The 519,636 bp exon capture DNA data was able
to be matched to all but three of these specimens; the
exceptions being I. microtis, I. a. marchinbarensis, and /.
m. capensis. The latter two subspecies were constrained
to fall with /. auratus and I. macrourus, respectively, in
the Bayesian combined evidence analysis, so as to avoid
missing data artefacts. Both placements were con-
firmed in preliminary Bayesian inference (MrBayes)
reconstructions based solely on the morphological data.

The combined dataset was partitioned into the three
codon positions for the exon capture DNA sequences,
and a separate morphological data partition. These four
partitions were allowed to evolve at different rates but
with proportional branch lengths (ratepr=variable). Sub-
stitution models were inferred with ModelFinder within
IQTREE 2.1.3 (Nguyen et al.,, 2015): GTR+I+G for the DNA
partitions and Mkv+G for the morphological characters.
Temporal calibration was provided by posterior distrib-
utions from the total evidence dating that included fos-
sils. These were translated here as truncated normal

priors, with truncation of the lower bounds at 4 stan-
dard deviations from the mean. As such, the prior (min-
ima, mean, standard deviation) for  the
Perameles-Isoodon divergence and for crown /soodon
were (3.12, 6.18, 0.80) and (0.85, 1.78, 0.50) million
years, respectively.

The combined evidence timetree was run in MrBayes
under the independent gamma rates (IGR) model with
the default prior setting, igrvarpr=exp(10)prior, and a
lognormal prior setting for clockratepr=lognorm
(-6.41,0.6), informed by average root to tip distances
from the preliminary (undated) combined evidence
maximum likelihood phylogeny performed in 1Q-TREE.
In MrBayes, two independent sets of three MCMC
chains were run for 15,000,000 generations, with trees
sampled every 2,500 generations, and the default 25%
burnin. Estimated samples sizes were >250 for the prior,
likelihood, tree height and all substitution parameters.
Convergence was indicated by average standard devia-
tion of split frequencies of <0.01.

Morphometrics
Material

Over 800 specimens were examined in this study,
including all known types of Isoodon from museums in
Australia and overseas, including Western Australian
Museum (prefix WAM, M; Perth, Australia), Queensland
Museum (prefix QM, JM or ] or F; Brisbane, Australia),
Australian Museum (prefix AM, M, P or S; Sydney, Aus-
tralia), Maclay Museum (prefix MAMU M; Sydney, Aus-
tralia), Australian National Wildlife Collection (prefix
ANWC, CM; Canberra, Australia), South Australian Muse-
um (prefix SAM or SAMA, M, P, CG, THI, CBN; Adelaide,
Australia), Flinders University Mammal Collection (prefix
FUM M; Adelaide, Australia), Museum Victoria (prefix
NVM, C; Melbourne, Australia), Museum and Art Gallery
of Northern Territory (prefix MAGNT/NTM, U; Darwin
and Alice Springs, Australia), Tasmanian Museum and
Art Gallery (prefix TMAG A; Hobart, Australia), Queen
Victoria Museum and Art Gallery (prefix QVMAG A;
Launceston, Australia), Natural History Museum (prefix
NHMUK; London, United Kingdom), Musée Nationale
d'Histoire Naturelle (prefix MNHN, ZM MO; Paris,
France), Museo di Storia Naturale (prefix MSN, CE;
Genoa, ltaly), Zoologische Staatssammlung Munchen
(prefix ZSM; Munich, Germany), Smithsonian Natural
History Museum (prefix SMIN; Washington DC, United
States of America) and American Natural History Muse-
um (prefix AMNH; New York, United States of America).
The complete list of specimens and measurements are
provided as a supplementary file.

Morphometrics analysis

Following the method of Travouillon (2016), Travouillon
and Phillips (2018) and Travouillon et al. (2019), 35 cra-
nial measurements were taken on all skulls examined
using digital callipers. Measurements were log trans-
formed before being analysed in a Principal Component
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Analysis (PCA) and a Linear Discriminant Analysis (LDA)
in the software PAST, version 4.13 (Hammer et al. 2001).
The same analyses were repeated after removing size
from distances, using the allometry vs. standard
method in PAST. These analyses were performed at the
species level, following the species level identified in
the molecular phylogeny (except for I. microtis sp. nov.),
and also at the subspecies level (shown in the supple-
mentary section, Figure 6) identified through traditional
comparison methods. A one-way PERMANOVA was also
performed at both the species (see results section) and
subspecies level (see Supplementary Tables 4-6), in
PAST.

Isoodon fusciventer pes

Pes length was also collected on specimens of /soodon
fusciventer and compared to pes data collected by DBCA
staff on the south coast of Western Australia at various
national parks and reserves. Pes length was found to be
a good way to separate /. f. fusciventer from I. f. halae,
with little to no overlap between males and females of
each subspecies. The results are presented in the Sup-
plementary Figure 7.

Subspecies investigation

As the subspecies level was much shallower than the
species level in the molecular tree, we split up the max-
imum likelihood tree by species and compared the
topology of the tree with Linear Discriminant Analysis
(LDA) results at the species level on the cranial dataset.
This allowed removal of the overlap between species
that had made it difficult to interpret the subspecies lev-
el and to directly compare the genetic and morphologi-
cal results.

Systematics

Note that for the sake of being concise, avoiding rep-
etition and reducing the size of the manuscript, only
the new species and subspecies are described here,
but with references to how they differ from the already
named species and subspecies. As a result, descriptions
of the skins, skulls and teeth are kept to those that are
essential. Decisions on the taxonomic level, species or
subspecies, were made to be consistent between the
molecular and morphological datasets, with a total evi-
dence/integrative mindset (Padial et al. 2010). Species
were designated by having well supported monophyly,
>95% bootstrap support (BS) in the molecular tree, and
strong morphological differentiation. Subspecies were
established on shallower clades with evidence of unique
morphology.

Results

Population analyses using SNP data.

Analyses of both SNP datasets produced essentially
equivalent results, and we therefore only present the
results for one of the datasets, with the other provided
in the supplementary information (Supplementary Fig-

ure 1). Three major genetic groups are recovered in the
PCA, I. obesulus, I. fusciventer and I. auratus + I. peninsu-
lae separated along PCA axis 1, which explains 39.8% of
the variation (Figure 2A). Axis 2 separates /. obesulus and
I. fusciventer from I auratus + I. peninsulae, explained
by 11.5% of the variation (Figure 2A). Axis 3, explaining
4.8% of the variation, separates /. auratus from . penin-
sulae, as well as the /. fusciventer subspecies from West-
ern Australia from the South Australian subspecies
(Figure 2B and 2C, Supplementary Figure 1). Within /.
fusciventer, apart from the separation of the South Aus-
tralian and Western Australian taxa, samples size is low
for most of the subspecies (I. f. dawensis, I. f. halae, . f.
nauticus and I. f. insulanus), making it difficult to deter-
mine genetic support with very small sample sizes. /. o.
obesulus and 1. o. affinis form discrete clusters that are
slightly separated on axis 1 and 2 (Figure 2A-C). The /.
auratus cluster also shows evidence of genetic differen-
tiation between samples from Barrow Island (/. a. bar-
rowensis) and the rest of the . auratus samples on axis 2
and 3 (Figure 2A-C). I. 0. auratus separates from [. bundi-
larri and I. a. arnhemensis on axis 3 (Figure 2C).

Molecular phylogeny.

The maximum likelihood tree inferred on the 519,636bp
concatenated exon-capture alignment supports the
presence of seven major clades for /soodon (Figure 3).
Isoodon macrourus + |. moresbyensis are recovered as
the sister clade to the rest of Isoodon. Isoodon mores-
byensis is recovered as the sister taxon to I. macrourus
with high bootstrap support (100%). Specimens from
the Mount Lofty Ranges, Kangaroo Island, Franklin
islands and St. Francis Island formed a strongly sup-
ported (Bootstrap (BS) =100%) monophyletic group that
grouped closely with /soodon fusciventer from WA. This .
fusciventer group is sister to a clade containing /. auratus,
I. peninsulae and I. obesulus. In the latter clade, I. peninsu-
lae is the sister taxon to /. obesulus. All the named clades
were resolved with high support (BS = 94 to 100%).

The summary-coalescent species tree inferred in
ASTRAL (Supplementary Figures 2 and 3) from the 102
gene trees for long exons (1000 bp) recovered the same
higher-level groupings among Isoodon that were recov-
ered with the concatenated exon-capture alignment.
Monophyly of each species, including the grouping of
I. fusciventer (WA) with I. fusciventer (SA) was supported
with 100% local posterior probability (LPP), except for
Isoodon auratus (LPP = 76%). The support for /soodon
auratus monophyly increased (LPP = 93%) upon includ-
ing the gene trees inferred for the shorter exons (giving
946 exons, 520 kb). However, with the short exons
included the placement of /. auratus shifted from being
sister to the clade that includes /. obesulus and /. penin-
sulae, to being sister to /. fusciventer. Both affinities for /.
auratus in these ASTRAL analyses are weakly supported
(LPP < 65%).
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Figure 1. Current distribution of species of /soodon. Dark blue = current distribution; light blue = historical distribution at Euro-
pean arrival in Australia; black dots = subfossil sites; red dots = translocation sites.
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Figure 2. PCA analyses generated from the first randomly selected SNP dataset. A) using axis 1 and 2; B) using axis 1 and 3; C)

using axis 2 and 3.

Combined total evidence phylogeny.

The combined total evidence phylogeny shows a similar
topology to the maximum likelihood tree, but with the
addition of the three taxa not represented in the genetic
dataset (Figure 4). Isoodon macrourus capensis is recov-
ered as the sister taxon to /. macrourus macrourus, but
with low statistical support (Bayesian posterior proba-
bility, BPP = 51%). I. auratus marchinbarensis is recov-
ered as the sister taxon to /. a. barrowensis with strong
support (BPP =97%). I. microtis is recovered as the sister

taxon to /. obesulus with low support (BPP = 49%). The
rest of the groupings in the tree are strongly supported.

Morphometrics. The species level cranial morphomet-
ric results are shown in Figure 5. In the PCA (Figure 5A),
I. macrourus and I. moresbyensis overlap but are sepa-
rated from other taxa. All other taxa overlap significant-
ly. Isoodon obesulus and |. fusciventer overlap the most
with each other, but little with /. auratus, and not at all
with /. microtis. When allometry is removed (Figure 5B),
all species of Isoodon overlap, even . macrourus and
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Figure 3. Maximum likelihood phylogeny for /soodon, inferred in IQ-TREE on the exon-capture DNA data (519,636 bp), with
codon positions modelled separately. Ultrafast bootstrap support values are shown at the nodes. Specimen numbers and loca-
tions are indicated as tip names within each designated species.
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Figure 4. Bayesian inference total evidence timetree for /soodon, inferred in MrBayes on the combined exon-capture DNA data
and the discrete morphological dataset. Node values are Bayesian posterior probabilities expressed as a percentage. Speci-
men numbers are given alongside species (and subspecies) names.

I. moresbyensis, suggesting that size is as important as
shape in separating taxa in /soodon. In the LDA (Figure
5C), the overlap between species follows a pattern sim-
ilar to that of the PCA, but is less extensive. Isoodon
macrourus is well separated, only with a slight overlap
with /. moresbyensis. Isoodon obesulus overlaps partially
with 1. fusciventer. Isoodon microtis is separated from all
other taxa. When allometry is removed (Figure 5D), the
results are similar to the PCA but the taxa are a little
more spread out, with clear regions of non-overlap for /.
macrourus, I. auratus, I. fusciventer and I. obesulus.

The confusion matrix for the discriminant analysis
(Table 1) recovers fairly high levels of correct classifica-
tion, between 89.2% and 100%. /. moresbyensis, I. penin-
sulae and I. microtis were all correctly classified (100%),
while I. auratus, I. fusciventer, |. macrourus and I. obesulus
had a few misclassifications (varying between 89.2% and
98.6%).

The one-way PERMANOVA found that the species were
significantly different from one another, with a p-value
of 0.0001 (Table 2). The pairwise comparison (Table 3)

supports this result, with all pairs found to be signifi-
cantly different from one another.

Isoodon fusciventer pes. The results are shown in Sup-
plementary Figure 7. Males of Isoodon fusciventer fus-
civenter and I. f. halae do not overlap, and neither do
females. Only males of /soodon fusciventer halae over-
lapped in pes measurements with females of /. f. fus-
civenter. All specimens of I. fusciventer caught in Two
Peoples Bay, Fitzgerald River National Park, Way-
chinicup (which included Normans Beach where the
holotype of I. f. halae was caught), Cape Arid National
Park and Cape Le Grand were matching the pes mea-
surements of /. f. halae, suggesting only that subspecies
occurred in these areas. Porongorups had larger speci-
mens, matching 1. f. fusciventer. Albany had mostly spec-
imens matching I. f. halae, except for a few outliers that
matched 1. f. fusciventer. Based on museum specimens,
both subspecies were recovered in Albany but it is
unclear where exactly in Albany they came from.

Subspecies investigation. The subspecies level inves-
tigation results are shown in Figures 6 and 7. In the 1.
macrourus/moreshyensis group (Figure 6A, B), I. mores-
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Table 1. Results of the discriminant analysis (species level) confusion matrix showing the number of specimens in their given
groups (rows) and predicted groups (columns), and the percent correctly assigned for each taxon.

Taxon auratus peninsulae  fusciventer obesulus microtis macrourus moresbyensis n % correct
auratus 58 5 2 0 0 0 0 65 89.2
peninsulae 0 15 0 0 0 0 0 15 100
|[fusciventer 2 1 127 4 0 0 0 134 94.77
obesulus 0 0 2 70 0 0 0 72 97.2
microtis 0 0 0 0 3 0 0 3 100
macrourus 0 0 0 0 0 72 1 73 98.6
moresbyensis 0 0 0 0 0 0 6 6 100
Total 60 21 131 74 3 72 7 368 97.11

byensis was recovered as a distinct clade and does not  the molecular data but forms a distinct group in the
overlap with any /. macrourus individuals in analyses of  analyses of cranial data. There is clear separation of /. m.
cranial data. Isoodon. m. capensis is not represented in  torosus and . m. macrourus in both the molecular and
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Table 2. Results of the one-way PERMANOVA (species level).

Permutation N:

Total sum of squares:

F:

p (same):

Within-group sum of squares:

9999
1.37E+05

5.84E+04

69.6
0.0001

Table 3. Results of the pairwise comparison of the one-way PERMANOVA (species level) showing p-values for similarity

between pairs.

cranial data. The only exception is the specimen from
Moa Island (J]M20021) in grey blue, which is the sister lin-
eage to the rest of .. m. macrourus, and clustered with /.
m. torosus in the cranial data.

In the Isoodon auratus group (Figure 6C, D), . a. bundilar-
ri is distinct from the rest of /. guratus in the molecular
tree, but it overlaps with a couple of larger specimens of
I. a. auratus with cranial data. Both /. a. barrowensis and
I. a. arnhemensis show distinctiveness in both the molec-
ular and cranial data. I. a. marchinbarensis is only repre-
sented in the cranial data and does not overlap with any
other taxa.

In the Isoodon obesulus/peninsulae group (Figure 6E, F), I.
peninsulae is distinct in both datasets. In the molecular
tree, I. 0. obesulus is paraphyletic (incorporating /. o. affi-
nis). This is mainly driven by two specimens, the Neo-
type of I o. obesulus (M11821 from Kuring-gai)
recovered as sister to all /. obesulus and C14986 from
Lang Lang recovered as sister to /. 0. affinis. M11821 sits
in the middle of the cranial data and does not seem
to be morphologically distinct from other /. 0. obesulus.
C14986 does not overlap with . o. affinis in the cranial
dataset. The only two /. 0. obesulus specimens overlap-
ping with /. o. affinis are from Eden. All island specimens
seem to fall within /. o. affinis in both datasets.

In the /soodon fusciventer (WA) group (Figure 7A, B), I. f.
dawensis forms a sister lineage to all other WA I. fusciven-
ter taxa (99%), and is very distinct in the cranial dataset.
Isoodon f. halae and . f. fusciventer form separate lin-
eages in the molecular tree, that is moderately support-
ed (82%). Both taxa form distinct groups based on the
analyses of cranial data.
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auratus peninsulae  fusciventer obesulus microtis macrourus  moresbyensis
0.0002 0.0001 0.0001 0.0335 0.0001 0.0001
0.0035 0.0001 0.0012 0.0001 0.0069
0.0089 0.0001 0.0001 0.3458
0.0001 0.0001 0.1422
0.0001 0.0249
0.0071

In the Isoodon fusciventer (SA)/microtis group (Figure 7C,
D), I. f. nauticus and 1. f. insulanus form distinct clades
and are very distinct in the cranial dataset. /. microtis
is not represented in the molecular tree but is distinct
in the cranial dataset. Two clades are visible within /.
f. terrenus, one for the mainland and one for Kangaroo
Island. They do not differ in the cranial dataset.

Discussion

In this study, we have undertaken the most comprehen-
sive molecular and morphological study of the genus
Isoodon. Using exon-capture data from the Oz Mammals
Genomics Initiative (Eldridge et al., 2020) and cranioden-
tal morphology, a phylogeny of the species and sub-
species of [soodon was generated and population
analyses of SNPs were conducted. Our molecular phy-
logenetic tree recovered seven distinct clades that we
have attributed to . macrourus, I. moresbyensis, I. obe-
sulus, I. fusciventer, . peninsulae and I. auratus. Three of
these clades, I. macrourus, I. obesulus and I. auratus, are
non-contentious and have been recognised previous-
ly (Gordon and Hulbert, 1989). Several molecular stud-
ies have previously recovered /. auratus nested within
I. obesulus and raised doubts in its validity (Close et
al., 1990; Pope et al., 2001; Zenger et al., 2005). Our
results do not support this assessment, but instead sup-
port the splitting of /. obesulus, by elevating some of its
subspecies to full species, which follows more recent
molecular studies. Westerman et al. (2012) elevated /.
peninsulae to full species based on nuclear and mito-
chondrial data. Travouillon and Phillips (2018) similarly
elevated /. fusciventer based on a total evidence analysis.
Li et al. (2014), Cooper et al. (2020) and Thavornkanla-
pacha et al. (2021) highlighted the genetic uniqueness of
the South Australian population in the Mt. Lofty Ranges,
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Kangaroo Island and Nuyts Archipelago. Our data sup-
port their findings but found that instead of being a
subspecies of I obesulus, the different populations in
this region of South Australia represent a separate sub-
species of I. fusciventer.

Within the species Isoodon fusciventer in South Australia,
we have found additional subspecies from the Mt. Lofty
Ranges/Kangaroo Island and from St Francis Island. Ear-
lier studies such as Close et al. (1990) and Westerman
and Krajewski (2000) had recovered the Mt. Lofty
Ranges/Kangaroo Island population (I. f. terrenus) and
the Franklin Island population (/. f. nauticus) in paraphyly
with either I. fusciventer (for the former) or I. peninsulae
(for the latter). More recent studies such as Li et al.
(2014), Cooper et al. (2020) and Thavornkanlapacha et
al. (2021) found similar results to our present study,
where these populations were found to be monophylet-
ic as the sister group to the Western Australian /. fus-
civenter. Our results do suggest that there is genetic
differentiation between the Mt. Lofty Ranges and the
Kangaroo Island population, each forming distinct
clades in our phylogenetic analyses. However, we found
no morphological difference between them. The mor-
phological and molecular data both suggested that the
Mt. Lofty Ranges/Kangaroo Island populations were dis-
tinct enough from the Franklin Island populations to
warrant being considered a distinct subspecies /. f. ter-
renus. Similarly, the St Francis Island population (/. f.
insulanus) was also unique both morphologically and
molecularly, to support it representing a new sub-
species. In Cooper et al. (2020), this population grouped
with I obesulus based on mtDNA analyses and did not
form a clade with /. fusciventer. This may be due to
incomplete lineage sorting or past introgression of mtD-
NA haplotypes. Alternatively, the mtDNA sequences
may reflect a more ancient origin for this population
that has been cut-off from other populations of I. fus-
civenter over multiple ice ages. Further analyses of these
island populations using additional samples and
genomic analyses will be required to definitively test
these hypotheses.

Our results recovered some distinction between the
Western Australian and South Australian members of
Isoodon fusciventer. Despite some morphological over-
lap between them, equivalent to the overlap between
I. fusciventer and I. obesulus, we identified cranial and
dental characters separating the WA and SA subspecies.
While they are genetically very close, our results suggest
the WA and SA I. fusciventer separated around 800,000
years ago. This genetic distinction was also found by
Close et al. (1990), Cooper et al. (2020) and Thavornkan-
lapacha et al. (2021). The latter two studies found /.
fusciventer to be paraphyletic, with some samples clus-
tering with . auratus. These were mainly driven by sam-
ples from Daw Island and from the southwest coast
which we have identified here as two new subspecies,
I. fusciventer dawensis and |. f. halae. The Daw Island
subspecies has been disconnected from the mainland

since the last ice age, and when it was connected, there
was likely some gene flow with the South Australia sub-
species of I fusciventer, shown by its mtDNA affinities
with that subspecies (Cooper et al., 2020). The two other
subspecies, I. f. fusciventer and |. f. halae, are more simi-
lar to one another in the molecular results but quite dis-
tinct in the morphological results. This result was also
found by Cooper (1998), who identified distinct size dif-
ferences between populations of I. fusciventer. One pop-
ulation /. f. fusciventer mainly occupies forested habitats
in the southwest of Western Australia, while the other
I. f. halae was found in the woodlands, most of which
have been cleared in the wheatbelt, leaving only the
coastal woodland population. While the two subspecies
generally look the same, I. f. halae is smaller, and can
be easily separated from /. f. fusciventer on pes mea-
surements. Selection pressure from the habitat type has
most likely differentiated these two subspecies, a con-
clusion which was also found through breeding experi-
ments between individuals from Perth and Albany (Hale,
2000). Additionally, Cooper (2000) examined fossil spec-
imens from caves in the southwest of WA and found a
sudden change in size which was interpreted as rapid
size evolution. We have examined the specimens and
the small specimens match /. f. halae, while the large
specimens match /. f. fusciventer. Instead of rapid size
evolution, it is more likely that climate change in the
Margaret River area shifted the distributions of the two
subspecies. This pattern of replacement of taxa is also
supported by changes in the distribution of rodent fau-
na, with more arid adapted rodent species found in the
same strata as /. f. halae, and more mesic species found
with I f. fusciventer (A. Baynes, pers. comm.). Future
translocations of /. fusciventer should take into account
the possible ecological differences of the two sub-
species when deciding which subspecies to re-introduce
into an area.

The Cape York Brown Bandicoot, Isoodon peninsulae,
was for a long time considered a subspecies of /. obe-
sulus. Close et al. (1990), Pope et al. (2001) and Zenger
et al. (2005) recovered it as sister to all [soodon except
I. macrourus. In Westerman and Krajewski (2000) it was
recovered as the sister taxon to the Mt. Lofty Ranges/
Kangaroo Island population, while it was recovered as
sister to /. auratus in Westerman et al. (2012). Cooper
et al. (2020) recovered it as sister to all [soodon except
for I. macrourus and /. obesulus. The inconsistent place-
ment of this species perhaps reflects a complex history
of gene flow between populations and periods of isola-
tion, or incomplete lineage sorting. Alternatively, it may
reflect the low statistical power of the comparatively
short DNA sequences employed in those studies. Our
results found a closer affinity between /. peninsulae with
I. obesulus (Figures 2 and 4) but also with I. quratus (Fig-
ures 3 and 5) suggesting that gene flow did occur in
the past with both taxa, but more recent isolation has
cemented it as a distinct species.
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Our results only support two subspecies within /soodon
obesulus, which was also found by previous studies
(Westerman and Krajewski, 2000; Westerman et al.
2012, Cooper et al., 2020 and Thavornkanlapacha et al.,
2021). I. 0. obesulus is found on the mainland from Syd-
ney following the coast, all the way to the south-east of
South Australia, south of the Murray River, and /. o. affi-
nis is found in Tasmania and on islands in Bass Strait.
Isoodon obesulus used to occur further north of Sydney
but has gone locally extinct since European arrival. Fos-
sil data suggest it used to occur as far north as Rock-
hampton in Queensland and co-occurred in the area
with Isoodon peninsulae in the past (Louys et al., 2023).
However, we re-examined the material from that site,
and specimen of . peninsulae were misidentified and
are all indeed /. obesulus. We recovered [. o. obesulus,
in paraphyly with 1. o. affinis, the latter subspecies from
Tasmania forming a monophyletic group in molecular
phylogenies, and we found some structure between the
different populations in each State. A similar result was
also found by Cooper et al. (2020), Thavornkanlapacha
et al. (2021) and Black et al. (2024).

These analyses support the population isolation and
subspecies status of I. o. gffinis, but also highlight the
presence of additional genetically distinct populations
within . 0. obesulus on the mainland. Further research
is needed to establish if the genetic divergence of these
mainland populations reflects their isolation as a result
of recent range contraction (local extinctions), or if there
is evidence for historically isolated populations that
could be potentially separate subspecies or Evolutionar-
ily Significant Units.

The only species that we could not get reliable
sequences from was /soodon microtis. This species is
only represented by three skulls and some subfossil
material from Eyre Peninsula. The skull from the South
Australian Museum was previously identified as /. aura-
tus, but the size of the bullae did not match any spec-
imen of I auratus. The two specimens from Museum
Victoria were identified as /soodon sp. and were sent
there from the South Australian Museum. Our attempt
to recover DNA from these skulls failed. As a result, we
had to rely solely on morphology to establish it as a dis-
tinct taxon. In the total evidence analysis, it was recov-
ered as the sister taxon to I obesulus, despite being
co-located with 1. fusciventer terrenus on the Eyre Penin-
sula. We only know that the species was present thanks
to subfossil specimens that match the morphology of
the three skulls. It is unique in having the smallest bullae
relative to size for any species of /soodon.It is much
smaller in size than /. fusciventer, with which it may have
been able to co-exist due to niche partitioning. It is
unclear when this species went extinct as none of the
specimens have collection dates recorded, though they
had to be collected before 1920 when the last specimen
was donated to the South Australian Museum. In the
late 1800s, land clearing for agriculture was prominent
on Eyre Peninsula, and was likely a major contribution

to the extinction of this species. If the species was still
present by the time foxes were introduced, it is very like-
ly that foxes would have played a role in its extinction.

The other subspecies that we have raised to full species
is Isoodon moresbyensis. The exon-capture data shows a
deep divergence separating it from the . macrourus lin-
eage. Molecular data for I. moresbyensis has previous-
ly only been included for 12S rRNA, by Westerman and
Krajewski (2000), who couldn't split it from /. macrourus.
In contrast, the distinctiveness of the New Guinean tax-
on indicated by our exon capture data is corroborated
by the morphological data, with I. moresbyensis having a
distinct skull morphology and much smaller. Within the
I. macrourus clade, we have identified three subspecies,
two previously reported I. m. macrourus from the North-
ern Territory and the Kimberley and /. m. torosus from
south of the Endeavour River in Queensland to Sydney
in NSW. The third subspecies was previously reported
to us by Greg Gordon, who had attempted to breed
Cape York specimens (north of the Endeavour River)
with specimens near Brisbane, but failed to produce
any offspring. The Cape York specimens have a unique
morphology (i.e. skull shape, see Figure 6) and lack the
enlarged M4 typical of . macrourus. We were not able to
source genetic samples from this population, and there-
fore it was not covered in our molecular analysis. This
will be important to do in a future study to demon-
strate if it is genetically distinct from other subspecies
and help to elucidate the biogeographic history of this
species. The sample from Moa Island in the Torres Strait
(JM20021 in Figures 2 and 6) was recovered as sister to /.
m. macrourus with the molecular data, but morphologi-
cally it was closer to I. m. torosus, even though it is geo-
graphically situated between I. moresbyensis and I. m.
capensis. This particular sample therefore suggests that
the biogeographic history of the species is more compli-
cated than previously thought.

While several studies have sampled /soodon auratus in
the past to elucidate its taxonomic position with respect
to other species in the genus, early research produced
confusing results that prompted researchers to suggest
that it was not distinct from /. obesulus (Close et al.,
1990; Pope et al., 2001; Zenger et al., 2005). Sequencing
of larger datasets didn't support this assessment and
instead supported splitting /. obesulus further (Wester-
man et al. 2012; Travouillon and Phillips, 2018; Cooper
et al., 2020; Thavornkanlapacha et al.,2021). At the sub-
species level, most studies had assumed that the three
living populations in the Kimberley, Barrow Island and
Marchinbar Island were the three described subspecies,
I. a. auratus, I. a. barrowensis and I. a. arnhemensis. How-
ever, we found that this was not the case, with only /.
a. barrowensis correctly assigned. Lyne and Mort (1981)
had described /. a. arnhemensis only from Arnhem Land,
and did not include Marchinbar Island, as that popula-
tion was not known at the time. In their study, they sug-
gested that the Kimberley population was unique and
could warrant being a distinct taxon (distinct from /. a.
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auratus), but due to low sample size, they decided not
to name it. Our results here support their finding, that
the Kimberley population (/. a. bundilarri) is distinct in
both morphology and genetics from /. a. auratus. We
also found that the Marchinbar population was signif-
icantly distinct from . a. arnhemensis and warranted
its own subspecies status. DNA samples from March-
inbar Island individuals were of poor quality and not
able to be used in our analysis. Previous studies showed
that it is genetically distinct from the Barrow Island and
Kimberley populations and warrants conservation (Rick
et al., 2023). We recommend that future work should
focus on further vouchering and genetic sampling of the
Marchinbar population as current data are limited to
a few specimens (N=2) and samples available suggest
a requirement for conservation and translocation man-
agement of this population.

Within the genus /soodon, only one species is consid-
ered extinct, I. microtis. It is the smallest species, and it
has a unique morphology. It would be difficult to find
an ecological analogue to replace it, but /. f. terrenus,
which co-occurred on Eyre Peninsula (see Figure 27)
could be re-introduced to the area to help restore the
local environment. At the subspecies level, I. auratus has
two extinct subspecies, I. a. auratus and I. a. arnhemen-
sis. There have been several translocations of /. a. bar-
rowensis into the former range of . a. auratus which
have been successful (Ottewell et al. 2014). Morpholog-
ically, I. a. bundilarri is closest to both subspecies and
would be a suitable replacement in the arid zone and
in Arnhem Land, and it would help to increase genet-
ic diversity on the mainland (Rick et al., 2023). Other
subspecies that have lost considerable amounts of their
former ranges include 1. f. halae, I. f. terrenus and |I. o.
obesulus. One of them, /. 0. obesulus, is already listed as
endangered in NSW at the federal level and given the
reduction in the distribution of this taxon with our pro-
posed taxonomic changes, its conservation status needs
urgent reassessment. The other two subspecies are new
to science and warrant listing and protection.

The results of our total evidence analysis suggest that
the common ancestor of all /soodon evolved around 2
million years ago, in the early Pleistocene. This is similar
to what was found by Westerman et al. (2012), who esti-
mated the divergence between all species in the genus
around 2.4 million years ago. Travouillon and Phillips
(2018) estimated the diversification of Isoodon at around
3.1 million years ago, but with an age range of 1.8-4.8,
within which both Westerman et al. (2012) and our
results fit. There is no evidence of [soodon in the
Pliocene fossil record, suggesting that either the genus
had not evolved yet or that its fossil record has yet to be
found (Travouillon et al., 2017). It is more likely that the
genus evolved in the early Pleistocene and that specia-
tion occurred relatively quickly, potentially in response
to the changes in climate throughout the Pleistocene.

Taxonomy

Isoodon auratus (Ramsay, 1887)

urn:lsid:zoobank.org:act:30FA6F78-958E-4D4D-
A23F-08E46375E6DE

Emended species diagnosis. /soodon auratus differs
from all other species of /soodon in being usually more
golden in colour and smaller in overall size (except for
I. microtis new sp,). Isoodon auratus differs from /. micro-
tis, I. fusciventer (except I. f. fusciventer and I. f. halae) and
I. macrourus in having cristid obliqua of m1 terminating
lingual to the protocone. Isoodon auratus differs from |.
macrourus, I. moresbyensis, I. peninsulae, I. f. fusciventer
and /. f. terrenus in having a moderately expanded sub-
masseteric crest. Isoodon auratus differs from I. micro-
tis and . macrourus in having a small anterior cingulum
on M2. Isoodon auratus differs from I. microtis, I. obesu-
lus and I. peninsulae in having the alisphenoid tympanic
process terminating anterior to the transverse foramen.
Isoodon auratus differs from all other species except /.
f. fusciventer, I. f. halae, I. f. dawensis and I. macrourus in
having a posterobucally orientated preparacrista on M1.
Isoodon auratus differs from . fusciventer (except I. f. fus-
civenter and |. f. dawensis) and . macrourus in having the
postprotocrista of M4 end level with the most posterior
end of the postparacrista. Isoodon auratus differs from
I. microtis, I. macrourus, I. f. nauticus, I. f. insulanus and
I. f. fusciventer in having a well-developed lingual shelf
on P3, not extending to the buccal side. Isoodon auratus
differs from I. macrourus and 1. f. fusciventer in having a
stylar crest connected to the metastyle on M1. Isoodon
auratus differs from 1. f. fusciventer and I. f. dawensis
in having a canine-like 15, anterior cingulum of M1 not
connected to talon, StA on M1 is small. Isoodon auratus
differs from 1. macrourus and I. moresbyensis in having
a pair of accessory fenestrae, 13 larger than I2 or 14,
small metacone on M4, StC/D absent on M4 (except /. a.
marchinbarensis), preentocristid absent on m4. Isoodon
auratus differs from I. peninsulae in having no StE on
M3. Isoodon auratus differs from I. microtis in having
small posterior palatal fenestrae, larger bullae, the para-
conid-metaconid distance shorter than the metaconid-
protoconid distance on m1. Isoodon auratus (except /. a.
marchinbarensis) differs from I. f. insulanus, I. f. nauticus
and /. f. terrenus in having a large entoconid on m4.

Common name. Golden Bandicoot

Isoodon auratus auratus (Ramsay, 1887)

Figure 8

urn:lsid:zoobank.org:act:30FA6F78-958E-4D4D-
A23F-08E46375E6DE

Perameles auratus Ramsay, 1887: 551.
Holotype. MAMU M468, adult male, skin and skull.

Type locality. Derby, Western Australia, Australia.
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Figure 7. Subspecies-level comparison of the maximum likelihood tree of the exon-capture data (A, C) and cranial morphome-
tric analysis LDA of normalised data (B, D) for Isoodon fusciventer (WA) (A, B), I. microtis and I. fusciventer (SA) (C, D).

Emended subspecies diagnosis. /soodon a. auratus dif-
fers from all subspecies of I. guratus in having the largest
bullae relative to skull size; no connection of the
paracristid to the protoconid on m1. Isoodon a. auratus
differs from all subspecies of I. auratus except I. a. bar-
rowensis in lacking a cusp within the hypoflexid of m1-3;
having the paraconid of m1 directly anterior to the
metaconid. /soodon a. auratus differs from I a. bar-
rowensis and . a. marchinbarensis in having a thicker
dividing septum between the maxillopalatine fenestrae;
posthypocristid of m4 oblique to the tooth row. Isoodon
a. quratus differs from all subspecies of I. auratus except
I. a. marchinbarensis in having a small StB on M4. Isoodon
a. auratus differs from /. a. barrowensis in having lateral
walls present near the presphenoid-basisphenoid
suture; P2 subequal in length to P3; p1 is shorter than
p2 or p3, with a short diastema between p1 and p2.
Isoodon a. auratus differs from . a. arnhemensis in hav-
ing P1 shorter than P2; inflated central cusps on P1 and

P2; M1 preparacrista posterobucally orientated (buccal-
ly orientated in /. a. arnhemensis); StB and StC fused as
a single cusp on M1; a large anterior cingulum connect-
ed to the talon on M3; a wide posterior cingulum on M3;
postprotocrista of M3 ending near the metastyle; acces-
sory cusps present on c1; having the posthypocristid of
m1 and m2 oblique to the tooth row; cristid obliqua
of m4 terminates lingual to the midpoint of the tooth
width. /soodon a. auratus differs from I. a. bundilarri in
having an infraorbital canal longer than half the molar
row; cristid obliqua of m4 terminates lingual to the mid-
point of the tooth width. Isoodon a. auratus differs from
I. a. marchinbarensis in having accessory cusps absent
on C1; inflated central cusps on P1 and P2; a small ante-
rior cingulum on M1; large StA on M1; StB of M2 conical
and uncrested; a wide posterior cingulum on M3; post-
protocrista of M3 ending near the metastyle; postpro-
tocrista ending level with the most posterior end of the
postparacrista on M4; no StC/D on M4; cristid obliqua
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Figure 8. Holotype of Isoodon auratus, MAMU M468. Study skin in dorsal (A), lateral (B) and ventral views (C). Skull and dentary
in dorsal (D), ventral (E) and lateral views (F). Scale bar = 2cm.

terminates lingual to the protoconid at its midpoint on ~ Remarks. Previously included the Kimberley popula-
m3; posthypocristid connects to hypoconulid on m3; a  tion. This subspecies is likely to be extinct as it has not
larger talonid on m4; a large entoconid on m4. been recorded for many years.
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Distribution. Arid zone of Australia, from western
Queensland and New South Wales, to northern parts of
South Australia, southern two thirds of Northern Ter-
ritory and northern two thirds of Western Australia,
except Kimberley region.

Isoodon auratus arnhemensis Lyne and
Mort, 1981

Figure 9
urn:lsid:zoobank.org:act:8CB3B144-0C39-4ADB-9226-22E2E03693EE
Isoodon arnhemensis Lyne and Mort, 1981: 107, 128.
Holotype. AMS M6609, adult, sex unknown, skin and skull.

Type locality. Melville Bay, Cape Arnhem, Northern Territo-
ry, Australia.

Paratype. AMS M6606, male, skin and skull; AMS M6610, sex
unknown, skin and skull.

Emended subspecies diagnosis. /soodon a. arnhemen-
sis differs from all subspecies of I. auratus in having the
largest body and skull size; no accessory cusps on C1 or
c1; P1 as long as P2; M1 preparacrista buccally orientat-
ed (posterobuccally orientated in all other subspecies);
StB and StC identifiable with StB larger than StC on M1;
a small anterior cingulum connected to the talon on
M3; postprotocrista of M3 ending posteriorly to the mid-
point of the postmetacrista; having the posthypocristid
of m1 and m2 perpendicular to the tooth row. /soodon
a. arnhemensis differs from all subspecies of I. auratus
except I. a. bundilarri in having cristid obliqua of m4
terminates lingual to the protoconid about midpoint to
the tooth width. Isoodon a. arnhemensis differs from /. a.
auratus and 1. a. barrowensis in having a cusp within the
hypoflexid of m1-3; having the paraconid of m1 antero-
labial to the metaconid. Isoodon a. arnhemensis differs
from I. a. auratus and I. a. marchinbarensis in having a
large StB on M4. [soodon a. arnhemensis differs from
I. a. barrowensis and I. a. marchinbarensis new sub in
having a thicker dividing septum between the maxil-
lopalatine fenestrae; posthypocristid of m4 oblique to
the tooth row. Isoodon a. arnhemensis differs from /. a.
auratus in having the paracristid connected to the pro-
toconid on m1. Isoodon a. arnhemensis differs from 1. a.
barrowensis in having lateral walls present near the pre-
sphenoid-basisphenoid suture; P2 subequal in length to
P3; a buccal shelf present on P3; p1 is shorter than p2 or
p3, with a short diastema between p1 and p2. /Isoodon
a. arnhemensis differs from 1. a. bundilarri in having an
infraorbital canal longer than half the molar row; a buc-
cal shelf present on P3. Isoodon a. arnhemensis differs
from all subspecies of I. auratus except . a. marchin-
barensis in having the central cusps on P1 and P2 not
inflated; a narrow posterior cingulum on M3; a larger
talonid on m4. Isoodon a. arnhemensis differs from I.
a. marchinbarensis in having a small anterior cingulum
on MT1; large StA on M1; anterior cingulum of M2 not
connected to the talon; StB of M2 conical and uncrest-
ed; postprotocrista ending level with the most posterior

end of the postparacrista on M4; no StC/D on M4; cristid
obliqua terminates lingual to the protoconid at its mid-
point on m3; hypoconulid of m3 is present; a large ento-
conid on m4.

Remarks. Previously included Marchinbar Island. This
subspecies is likely to be extinct.

Distribution. Top end (Northern Territory), Australia.

Isoodon auratus barrowensis (Thomas,
1901)

Figure 10

urn:lsid:zoobank.org:act:COBED48D-
D2F3-4949-BAA0-F55E4458FE44

Perameles barrowensis Thomas, 1901: 396
Holotype. NHMUK 1901.5.2.6, adult male, skin and skull.
Type locality. Barrow Island, Western Australia.

Emended subspecies diagnosis. /[soodon a. barrowensis
differs from all subspecies of I. auratus in having lateral
walls absent near the presphenoid-basisphenoid
suture; P2 longer than P3; p1 is as long as p2 or p3,
with no diastema between p1 and p2. /soodon a. bar-
rowensis differs from all subspecies of /. auratus except
I. a. auratus in lacking a cusp within the hypoflexid of
m1-3; having the paraconid of m1 directly anterior to
the metaconid. /soodon a. barrowensis differs from all
subspecies except I. a. marchinbarensis new sub in hav-
ing a very thin dividing septum between the maxillopala-
tine fenestrae; posthypocristid of m4 perpendicular to
the tooth row. /soodon a. barrowensis differs from /. a.
auratus and . a. marchinbarensis in having a large StB on
M4. Isoodon a. barrowensis differs from I. a. auratus in
having the paracristid connected to the protoconid on
m1. Isoodon a. barrowensis differs from I. a. arnhemensis
in having P1 shorter than P2; inflated central cusps on
P1 and P2; a buccal shelf absent on P3; M1 preparacrista
posterobucally orientated (buccally orientated in /. a.
arnhemensis); StB and StC fused as a single cusp on M1;
a large anterior cingulum connected to the talon on
M3; a wide posterior cingulum on M3; postprotocrista of
M3 ending near the metastyle; accessory cusps some-
times present on c1; having the posthypocristid of m1
and m2 oblique to the tooth row; cristid obliqua of m4
terminates lingual to the midpoint of the tooth width.
Isoodon a. barrowensis differs from . a. bundilarri in hav-
ing an infraorbital canal longer than half the molar row;
cristid obliqua of m4 terminates lingual to the midpoint
of the tooth width. /soodon a. barrowensis differs from /.
a. marchinbarensis in having accessory cusps absent on
C1; inflated central cusps on P1 and P2; a buccal shelf
absent on P3; a small anterior cingulum on M1; large StA
on M1; anterior cingulum of M2 not connected to the
talon; StB of M2 conical and uncrested; a wide posterior
cingulum on M3; postprotocrista of M3 ending near the
metastyle; postprotocrista ending level with the most
posterior end of the postparacrista on M4; no StC/D on
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Figure 9. Holotype of Isoodon auratus arnhemensis, AMS M6609. Study skin in dorsal (A), lateral (B) and ventral views (C). Skull
and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).

M4; cristid obliqua terminates lingual to the protoconid  Distribution. Barrow Island, Western Australia, Aus-
at its midpoint on m3; hypoconulid of m3 is present; a  tralia.
larger talonid on m4; a large entoconid on m4.
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Figure 10. Holotype of Isoodon auratus barrowensis, NHMUK 1901.5.2.6. Study skin in dorsal (A), lateral (B) and ventral views (C).
Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm.

. . Holotype. WAM M65293, subadult male, skin and skull.
Isoodon auratus bundilarri new subsp. P

' Type locality. Mitchell Falls camping ground, Northwest of
Figure 11 helicopter bush pad, Mitchell Plateau, Western Australia,

urn:lsid:zoobank.org:act:D3F57722-CB31-4FC7-9167-A5593E17F343  Australia.
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Paratype. WAM M54835, adult male, alcohol specimen with
skull extracted, from Prince Regent Reserve, WA; WAM
M12372, adult female, alcohol specimen with skull extracted,
from Prince Regent Reserve, WA.

Etymology. Uunguu name for a Golden Bandicoot from
Wunambal Gaambera Country, in the north-west Kimberley,
Australia. Note the first ‘i in bundilarri should be pronounced
like the vowel sound in New Zealander's pronunciation of
fish’.

Subspecies diagnosis. [soodon a. bundilarri differs from
all subspecies of /. auratus in having a short infraorbital
canal equal to half the molar row. /soodon a. bundilarri
differs from all subspecies of I. auratus except I. a. arn-
hemensis in having cristid obliqua of m4 terminates lin-
gual to the protoconid about midpoint to the tooth
width. Isoodon a. bundilarri differs from I. a. auratus and
I. a. barrowensis in having a cusp within the hypoflexid
of m1-3; having the paraconid of m1 anterolabial to the
metaconid. /soodon a. bundilarri differs from /. a. aura-
tus and I. a. marchinbarensis in having a large StB on
M4. Isoodon a. bundilarri differs from /. a. auratus in hav-
ing the paracristid connected to the protoconid on m1.
Isoodon a. bundilarri differs from 1. a. barrowensis and |I.
a. marchinbarensis new sub in having a thicker dividing
septum between the maxillopalatine fenestrae. /soodon
a. bundilarri differs from I. a. barrowensis in having lat-
eral walls present near the presphenoid-basisphenoid
suture; P2 subequal in length to P3; p1 is shorter than
p2 or p3, with a short diastema between p1 and p2.
Isoodon a. bundilarri differs from /. a. arnhemensis in hav-
ing P1 shorter than P2; inflated central cusps on P1 and
P2; a buccal shelf absent on P3; M1 preparacrista pos-
terobucally orientated (buccally orientated in /. a. arn-
hemensis); StB and StC fused as a single cusp on M1; a
large anterior cingulum connected to the talon on M3;
a wide posterior cingulum on M3; postprotocrista of M3
ending near the metastyle; having the posthypocristid
of m1 and m2 oblique to the tooth row. /soodon a. bundi-
larri differs from I. a. marchinbarensis. in having inflated
central cusps on P1 and P2; a buccal shelf absent on
P3; a small anterior cingulum on M1; large StA on M1;
StB of M2 conical and uncrested; a wide posterior cin-
gulum on M3; postprotocrista of M3 ending near the
metastyle; postprotocrista ending level with the most
posterior end of the postparacrista on M4; no StC/D on
M4; cristid obliqua terminates lingual to the protoconid
at its midpoint on m3; hypoconulid of m3 is present; a
larger talonid on m4; a large entoconid on m4.

Description. The fur on the dorsal side of the skin is
golden in colour, grizzled with black. The golden colour
is similar to that of I. a. auratus, but is more grizzled in
black overall not as reddish gold in colour as /. a. aura-
tus. Easily distinguished from the much browner /. a.
barrowensis (the holotype seems to be faded as much
more recent specimens from Matuwa are much dark-
er brown in colour), and lighter in colour than /. a. arn-
hemensis and . a. marchinbarensis. The ventral fur is
white as in all other subspecies, though specimens in

collection often have cream colour due to preservation
and age of the specimens as both Ramsey (1887) and
Thomas (1901) report white fur for the belly of /. a. aura-
tus and /. a. barrowensis, respectively, yet their holotypes
have now cream coloured bellies. Tail short as in all
bandicoots and is dark brown above and greyish below.
Ears are rounded and dark as in all /soodon. Forefeet
and hind feet are golden on the dorsal side and white
on the ventral side. The overall size of the subspecies
(head body = 180-250mm) is second to /. a. arnhemensis
(head body = 250-300mm), only slightly larger than /. a.
auratus (head body = 180-250mm; note that northern
specimens usually don’t exceed 230mm but southern
specimens from Victoria and South Australia do reach
250mm) and /. a. barrowensis (head body = 160-230mm),
and much larger than I. a. marchinbarensis (head body =
155-210mm).

The skull is the second largest in the species (length
= 50-62mm), second to /. a. arnhemensis (length =
55-64mm), followed by I. a. auratus (length = 49-61mm),
I. a. barrowensis (length = 48-57mm) and /. a. march-
inbarensis (length = 49mm). On the dorsal side of the
skull, the snout is long and thin is almost half the total
skull length. Compared to other subspecies, it only dif-
fers to I. a. auratus which has a shorter snout but wider
skull proportionally. A short sagittal crest is present in
adult males, which is also present in I. a. arnhemensis,
but not present in all other subspecies, except in some
specimens of /. a. auratus. In lateral view, the bullae are
large and prominent, second in size to /. a. auratus pro-
portionally, followed in decreasing order by I. a. arn-
hemensis, I. a. barrowensis and I. a. marchinbarensis. The
infraorbital canal is short, equal in length to half the
molar row. In ventral view, the septum diving the max-
illopalatine fenestrae is thinning centrally but is thicker
thanin I. a. barrowensis and I. a. marchinbarensis. Lateral
walls are present bordering the lateral sides of the pre-
sphenoid-basisphenoid suture.

Accessory cusps on C1 are present in some specimens
and absent in others. P1 is shorter than P2, as in all sub-
species of I. auratus, except I. a. arnhemensis. The central
cusp of P1 and P2 is inflated as in . a. quratus and /. a.
barrowensis. P2 is subequal in length to P3 as in all sub-
species except I. a. barrowensis. There is no buccal shelf
in P3, as in I. a. barrowensis. On the M1, a small anteri-
or cingulum is present as in all subspecies of . auratus
except I. a. marchinbarensis. StA is large. StB and StC are
fused as a single cusp. The preparacrista is posterobu-
cally orientated to connect to a posteriorly located StB,
as in all subspecies of I. auratus except I. a. arnhemensis.
On the M2, the anterior cingulum connects to the talon
in some specimens only. StB is conical and no crest is
present. On the M3, a large anterior cingulum is present
and connected to talon as in all subspecies of I. auratus
except /. a. arnhemensis. The posterior cingulum is wide
as in all subspecies of I. auratus except . a. arnhemen-
sis and . a. marchinbarensis. The postprotocrista ends
near the metastyle. On the M4, StB is large. The post-
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Figure 11. Holotype of Isoodon auratus bundillari subsp. nov., WAM M65293. Study skin in dorsal (A), lateral (B) and ventral
views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).

protocrista ends level with the most posterior end of the  with a short diastema between p1 and p2. The p2 is
postparacrista. There are no StC/D present. longer than p3 in length. An anterior cusp is sometimes
present on the p3. A cusp is present on m1-3 within the
hypoflexid. The paraconid of the m1 is anterolabial to
the metaconid as in all subspecies of . auratus, except I.

Accessory cusps on c1 are present in some specimens
and absent in others. The p1 is shorter than p2 or p3,
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a. auratus and I. a. barrowensis. The paracristid connects
the paraconid to the protoconid. The posthypocristid of
m1 and m2 is oblique to the tooth row. On the m3,
cristid obliqua terminates lingual to the protoconid at
its midpoint. The posthypocristid connects to the
hypoconulid in some specimens, and to the entoconid
in others. Talonid of m4 is small as in all /. auratus but
much larger than that of I. a. marchinbarensis. The cristid
obliqua of m4 terminates lingual to the protoconid,
about midpoint to the tooth width. The posthypocristid
of m4 is oblique to the tooth row in some specimens,
and perpendicular in others. The entoconid is large. The
hypoconulid is usually absent, but present as a small
cusp in some specimens.

Remarks. Previously part of /. a. auratus, but shown
here to be a distinct subspecies.

Distribution. Kimberley region (Western Australia).

Isoodon auratus marchinbarensis new
subsp.

Figure 12
urn:lsid:zoobank.org:act:F788CEDE-4515-4E7B-951B-0FB51E73526A

Holotype. MAGNT U5735, adult female, alcohol specimen
with skull extracted.

Type locality. Marchinbar Island, Northern Territory, Aus-
tralia.

Paratype. MAGNT U5736, juvenile female, alcohol specimen.
Etymology. Named after the type locality.

Subspecies diagnosis. /soodon a. marchinbarensis dif-
fers from all subspecies of I. auratus in having the small-
est body, skull and bullae size; accessory cusps present
on both C1 and c1; lacking an anterior cingulum on
M1; small StA on M1; StB of M2 oval and crested; post-
protocrista of M3 ending on the posterior flank of the
metacone; postprotocrista ending posterior to the most
posterior end of the postparacrista on M4; StC/D pre-
sent on M4; cristid obliqua terminates lingual to the
midpoint of the tooth width on m3; hypoconulid of m3
is absent; a smaller talonid on m4; a small entoconid on
m4. Isoodon a. marchinbarensis differs from I. a. auro-
tus and I. a. barrowensis in having a cusp within the
hypoflexid of m1-3; having the paraconid of m1 antero-
labial to the metaconid. Isoodon a. marchinbarensis dif-
fers from all subspecies of I. auratus except I. a. auratus
in having a small StB on M4. Isoodon a. marchinbarensis
differs from all subspecies except I. a. barrowensis in
having a very thin dividing septum between the maxil-
lopalatine fenestrae; posthypocristid of m4 perpendicu-
lar to the tooth row. Isoodon a. marchinbarensis differs
from I a. auratus in having the paracristid connected to
the protoconid on m1. Isoodon a. marchinbarensis differs
from /. a. barrowensis in having lateral walls present near
the presphenoid-basisphenoid suture; P2 subequal in
length to P3; a buccal shelf present on P3; anterior cin-
gulum of M2 connected to the talon; p1 is shorter than

p2 or p3, with a short diastema between p1 and p2.
Isoodon a. marchinbarensis differs from all subspecies of
I. auratus except I. a. arnhemensis in having the central
cusps on P1 and P2 not inflated; a narrow posterior cin-
gulum on M3. /soodon a. marchinbarensis differs from |.
a. auratus in having posthypocristid connects to ento-
conid on m3. Isoodon a. marchinbarensis differs from
I. a. arnhemensis in having P1 shorter than P2; M1
preparacrista posterobucally orientated (buccally orien-
tated in /. a. arnhemensis); StB and StC fused as a single
cusp on M1; anterior cingulum of M2 connected to the
talon; a large anterior cingulum connected to the talon
on M3; having the posthypocristid of m1 and m2 oblique
to the tooth row; cristid obliqua of m4 terminates lingual
to the midpoint of the tooth width. /soodon a. marchin-
barensis differs from I. a. bundilarri in having an infraor-
bital canal longer than half the molar row; a buccal shelf
present on P3; cristid obliqua of m4 terminates lingual
to the midpoint of the tooth width.

Description. The fur on the dorsal side of the skin is
golden brown in colour, grizzled with black. The golden
colour is similar I. a. arnhemensis, more grizzled in black
than other subspecies. The ventral fur is white though
appears cream in the wet specimens. Tail short as in all
bandicoots and is dark brown above and greyish below.
Ears are light brown and rounded. Forefeet and hind
feet are light brown on the dorsal side and white on
the ventral side. The overall size of the subspecies is the
smallest with head body = 155-210mm.

In lateral view, the infraorbital canal is long, longer than
half the molar row. The bullae are large and prominent,
but they are the smallest out of all subspecies of . aura-
tus. In ventral view, only one accessory fenestra is pre-
sent, the one on the right only. The septa diving the
maxillopalatine fenestrae is very thin, as in /. a. bar-
rowensis, thinner than in other subspecies. The maxil-
lopalatine fenestrae are smallest of all subspecies of /.
auratus. Lateral walls are present bordering the lateral
sides of the presphenoid-basisphenoid suture.

Accessory cusps on C1 are present. P1 is shorter than
P2, as in all subspecies of I. auratus, except I. a. arn-
hemensis. The central cusp of P1 and P2 is not inflated as
in I. 0. arnhemensis. P2 is subequal in length to P3 as in
all subspecies except . a. barrowensis. A buccal shelf is
present on the P3 as in . a. arnhemensis. The M1 is lack-
ing an anterior cingulum unlike all subspecies of I. aura-
tus which have a small one. StA is small. StB and StC are
fused as a single cusp. The preparacrista is posterobu-
cally orientated to connect to a posteriorly located StB,
as in all subspecies of I. auratus except . a. arnhemen-
sis. On the M2, the anterior cingulum connects to the
talon. StB is oval in shape and has a crest present. On
the M3, a large anterior cingulum is present and con-
nected to talon as in all subspecies of /. auratus except /.
a. arnhemensis. The posterior cingulum is narrow as in /.
a. arnhemensis. The postprotocrista ends on the posteri-
or flank of the metacone. On M4, StB is small. The post-
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Figure 12. Holotype of Isoodon auratus marchinbarensis new subsp., MAGNT U5735. Alcohol preserved body in dorsal (A), lateral
(B) and ventral views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 2cm.

protocrista ends posterior to the most posterior end of  p2. The p2 and p3 are subequal in length. An anterior
the postparacrista. StC/D is present. cusp is absent on the p3. A cusp is present on m1-3 with-
in the hypoflexid. The paraconid of the m1 is antero-
labial to the metaconid as in /. a. arnhemensis and |.
a. bundilarri. The paracristid connects the paraconid to

Accessory cusps on c1 are present. The p1 is shorter
than p2 or p3, with a short diastema between p1 and
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the protoconid. The posthypocristid of m1 and m2 is
oblique to the tooth row. On the m3, cristid obliqua ter-
minates lingual to the midpoint of the tooth width on
m3. The posthypocristid of m3 connects to entoconid as
the hypoconulid is absent. The talonid of m4 is smaller
in size than in any subspecies of /. quratus. The cristid
obliqua of m4 terminates lingual to the midpoint of the
tooth width. The posthypocristid of m4 is perpendicular
to the tooth row. The entoconid is small unlike all other
subspecies of I. auratus.

Remarks. Previously part of /. a. arnhemensis but shown
here to be a distinct subspecies. Only two specimens
exist in museum collections, both at MAGNT and both
wet specimens only, which makes it hard to compare to
dry types.

Distribution. Marchinbar Island.

Isoodon fusciventer (Gray, 1841)

urn:lsid:zoobank.org:act:A62724C3-ED62-42CA-
A72F-1B3FB6CFF538

Perameles fusciventer Gray, 1841:407.
Common name. Quenda

Remarks. /soodon fusciventer was first described as a species
but later on considered to be a subspecies of /soodon obesu-
lus. From a total evidence analysis (combination of genetics
and morphology), Travouillon and Phillips (2018) provided
evidence that it was a unique species distantly related to
I. obesulus. Adelaide Hills, Kangaroo Island and Nuyts Arch-
ipelago populations previously part of /soodon obesulus but
moved to /. fusciventer here as a result of the genetic results
showing no close affinities with /. obesulus and forming a
clade within /soodon fusciventer from Western Australia.

Emended species diagnosis. /soodon fusciventer
(except I f. insulanus, I. f. nauticus, I. f. terrenus) differs
from all species of /soodon in having a large StA on M1
(except . o. affinis) a premolar-like 15 (except /. f. halae),
anterior cingulum of M1 connected to talon. Isoodon fus-
civenter differs from I. microtis, |. auratus and I. penin-
sulae in being larger in size, and smaller in size to /.
macrourus. Isoodon fusciventer (except I f. fusciventer
and /. f. terrenus) differs from I. macrourus, I. moresbyen-
sis and I. peninsulae in having a moderately expanded
submasseteric crest. /soodon fusciventer differs from /.
microtis and I. peninsulae in having a small or large ante-
rior cingulum on M2 connected to the talon. /soodon
fusciventer differs from I. microtis, I. obesulus and . penin-
sulae in having the alisphenoid tympanic process ter-
minating anterior to the transverse foramen. I/soodon
fusciventer differs from I. microtis and I. obesulus in hav-
ing the posthypocristid oblique to the tooth row on m1.
Isoodon fusciventer differs from [ macrourus and |.
moresbyensis in having a pair of accessory fenestrae,
I3 larger than 12 or 14, small metacone on M4 (except
in some [. f. fusciventer), preentocristid absent on m4.
Isoodon fusciventer differs from /. microtis in having small
posterior palatal fenestrae, larger bullae, the paraconid-

metaconid distance shorter than the metaconid-proto-
conid distance on m1.

Isoodon fusciventer fusciventer (Gray, 1841)

Figure 13

urn:lsid:zoobank.org:act:A62724C3-ED62-42CA-
A72F-1B3FB6CFF538

Perameles fusciventer Gray, 1841: 407.

Holotype. NHMUK 1841.1176, adult, sex unknown (most like-
ly female based on canine morphology), skin and skull

Type locality. King George Sound, Western Australia.

Emended subspecies diagnosis. /soodon fusciventer
fusciventer differs from all other subspecies in having
a well-developed lingual shelf on P3 that extends on
the buccal side, no stylar crest connected to StD on
M1, postprotocrista of M4 ends level or posterior to the
most posterior end of the postparacrista, p2 shorter
or equal to p3, paraconid is anterior to metaconid on
m1. Isoodon f. fusciventer differs from I. f. halae, I. f.
dawensis, |. f. nauticus and 1. f. insulanus in being larger,
with longer feet, having deep and wide expansion of the
submasseteric crest. Isoodon f. fusciventer differs from
I. f. halae and . f. dawensis in having P1 as long as P2,
posthypocristid is perpendicular to the tooth row on
m3. Isoodon f. fusciventer differs from /. f. halae, I. f. insu-
lanus, I. f. nauticus and . f. terrenus in having a premolar-
like 15, cristid obliqua terminates lingual to protocone on
m1. Isoodon f. fusciventer differs from I. f. dawensis, |I. f.
insulanus, I. f. nauticus and . f. terrenus in having StC/D
on M4 present. Isoodon f. fusciventer differs from /. f.
nauticus and 1. f. insulanus in having P2 and P3 subequal
in length, a large anterior cingulum connected to talon
on M1, large StB on M4. Isoodon f. fusciventer differs
from I f. insulanus, I. f. nauticus and I. f. terrenus in hav-
ing a preparacrista posterobuccally orientated on M1,
large StA on M1, nasals terminate just anterior to the
orbit, p1 is shorter than either p2 or p3, large entoconid
on m4. Isoodon f. fusciventer differs from . f. dawensis, .
f- nauticus and I. f. insulanus in having the supraoccipi-
tal taller than it is wide, sagittal crest present in males.
Isoodon f. fusciventer differs from /. f. insulanus and I. f.
terrenus in having a short diastema between p1 and p2.
Isoodon f. fusciventer differs from 1. f. halae, I. f. nauticus
and I. f. insulanus in having a large StE on M1 and M2.
Isoodon f. fusciventer differs from I. f. halae, I. f. dawen-
sis and |. f. terrenus in having a large hypoconulid on m3.
Isoodon f. fusciventer differs from I. f. halae in having a
posthypocristid of m4 oblique to the tooth row. /soodon
f- fusciventer differs from I. f. dawensis in having later-
al walls of presphenoid/basisphenoid suture are pre-
sent, small anterior cingulum on M2, postparacrista of
M4 curves as a small centrocrista, cristid obliqua termi-
nates lingual to the protocone about midpoint to the
tooth width on m4, hypoconulid small or absent on m4.
Isoodon f. fusciventer differs from /. f. nauticus in having a
large anterior cingulum on M4. Isoodon f. fusciventer dif-
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Figure 13. Holotype of /soodon fusciventer, NHMUK 1841.1176. Study skin in dorsal (A), lateral (B) and ventral views (C). Skull
and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 2cm.

fers from I. f. insulanus in having a stylar crest present  Distribution. Forested areas of south-west Western
on M2. Australia.

Remarks. No subspecies previously recognised.
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Isoodon fusciventer halae new subsp.
Figure 14

urn:lsid:zoobank.org:act:3E916357-3570-4C9F-956A-
E26036F5BB43

Holotype. WAM M64190, adult male, skin and skeleton.

Type locality. Normans Beach Nature Reserve, Western Aus-
tralia.

Paratype. WAM M63972, adult female, skin and skeleton,
Cape Arid, WA; M4521, adult male, skin and skull, from Lake
Grace, WA; M6016, adult female, skin and skull, from
Wyalkatchem, WA.

Etymology. Named in honour of Marie Hale (nee Cooper), for
her research on the Quenda, and being the first to identify
this new taxon.

Subspecies diagnosis. /soodon fusciventer halae differs
from all other subspecies in having the posthypocristid
of m4 perpendicular to the tooth row. /soodon f. halae
differs from I. f. fusciventer and I. f. dawensis in having a
canine-like 15, postprotocrista of M4 ends anterior to the
most posterior end of the postparacrista, cristid obliqua
terminates buccal to protocone on m1. Isoodon f. halae
differs from I f. fusciventer, I. f. nauticus and I. f. insu-
lanus in having a well-developed lingual shelf that does
not extend to the buccal side on P3. Isoodon f. halae dif-
fers from . f. fusciventer, I. f. nauticus, I. f. terrenus and /. f.
insulanus in having P1 shorter than P2, posthypocristid
is oblique to the tooth row on m3. /soodon f. halae dif-
fers from I. f. fusciventer, I. f. dawensis, . f. terrenus and /.
f- insulanus in having a small StE on M1 and M2. [soodon
f. halae differs from [. f. fusciventer and . f. terrenus in
being smaller, with shorter feet, having moderate
expansion of the submasseteric crest. Isoodon f. halae
differs from . f. fusciventer in having stylar crest present
and connected to StD on M1, paraconid is anterolabial
to metaconid on m1. Isoodon f. halae differs from /. f.
dawensis, |. f. insulanus, I. f. nauticus and I. f. terrenus in
having StC/D on M4 is present. Isoodon f. halae differs
from I f. fusciventer, I. f. terrenus and I. f. insulanus in
having p2 longer than p3. Isoodon f. halae differs from
I. f. dawensis, I. f. nauticus and I. f. insulanus in having
the supraoccipital taller than it is wide, sagittal crest
present in males. Isoodon f. halae differs from /. f. nau-
ticus and /. f. insulanus in having P2 and P3 subequal
in length, a large anterior cingulum connected to talon
on M1, large StB on M4. Isoodon f. halae differs from
I. f. insulanus, |I. f. nauticus and . f. terrenus in having a
preparacrista posterobuccally orientated on M1, large
StA on M1, StE present on M3, nasals terminate just
anterior to the orbit, p1 is shorter than either p2 or p3,
large entoconid on m4. /soodon f. halae differs from |I.
f- insulanus and . f. terrenus in having a short diastema
between p1 and p2. Isoodon f. halae differs from I. f.
fusciventer, I. f. nauticus and I. f. insulanus in having a
large hypoconulid on m3. Isoodon f. halae differs from .
f. dawensis and |. f. terrenus in having no buccal shelf of
P3. Isoodon f. halae differs from I. f. dawensis in having a

pair of accessory fenestrae present, lateral walls of pre-
sphenoid/basisphenoid suture are present, small ante-
rior cingulum on M2, postparacrista of M4 curves as a
small centrocrista, cristid obliqua terminates lingual to
the protocone about midpoint to the tooth width on
m4, hypoconulid absent on m4. Isoodon f. halae differs
from I. f. nauticus in having a large anterior cingulum on
M4, a median buccal cusp present in the hypoflexid of
m1-3. Isoodon f. halae differs from /. f. terrenus in having
a small or no anterior cusp on p3. Isoodon f. halae differs
from I f. insulanus in having a stylar crest present on M2.

Description. The fur on the dorsal side of the skin is
dark brown in colour, grizzled with light brown. The ven-
tral fur is cream to off-white. Tail is short about a quar-
ter of the body length and is dark brown above and
greyish below. Ears are rounded, dark brown on the out-
side, and bicoloured on the inside. The colour is golden
near the edge of the ears, and dark brown on the inside.
Forefeet and hind feet are light brown with patches
of dark brown on the dorsal side and cream on the
ventral side. The holotype is the largest specimen of
this subspecies collected and has very worn teeth. It's
hindfeet are 58mm in length, this ranges 60-50mm for
other similar aged males in the subspecies. This is a
useful way to distinguish this subspecies from /. f. fus-
civenter, which has a range of 75-67mm for similar aged
males. For females, the hindfeet of adult females (worn
teeth) ranges from 54-42mm, compared to /. f. fusciven-
ter, which has a range of 63-55mm. The overall size
of the subspecies (ranging from 355-220mm for head-
body) is smaller than I f. fusciventer (ranging from
445-235mm for head-body), but bigger than /. f. dawen-
Sis.

In dorsal view, a short sagittal crest is present in males,
but smaller than in . f. fusciventer. The snout length (tip
of snout to orbit) is equidistant to the cranium length
(orbit to back of skull), which make the snout length sig-
nificantly shorter than /. f. fusciventer, which has a snout
length longer than cranium length. In lateral view, the
infraorbital canal is long, longer than half the molar row
in some specimens (mostly males), and short in oth-
ers (mostly females) as in /. f. fusciventer. The bullae
are large and prominent, similar in size for males of /.
f. fusciventer but smaller in size in females. In ventral
view, accessory fenestrae are present but small. The
septa dividing the maxillopalatine fenestrae is very thin,
and the maxillopalatine fenestrae are smaller in females
compared to /. f. fusciventer. The bullae are more round-
ed in shape in females, compared to . f. fusciventer. In
the dentary, there are three mental foramina on the left
side in males, two on the right side. They are positioned
under the p1, p3 and m1 respectively. In females and in
I. f. fusciventer, there are only 2 mental foramina, posi-
tioned under the p1 and m1. The submasseteric crest is
moderately expanded, smaller than in /. f. fusciventer.

The 15 is pointed and canine-like in shape. Accessory
cusps on C1 are absent. P1 is shorter than P2 (P1 is
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Figure 14. Holotype of Isoodon fusciventer halae new subsp., WAM M64190. Study skin in dorsal (A), lateral (B) and ventral views
(C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm.

as long as P2 in [. f. fusciventer). The central cusp of P1
and P2 is inflated as in /. f. fusciventer. P2 is subequal in
length to P3. The P3 has a well-developed lingual shelf
but does not extend buccally as it does in /. f. fusciven-
ter. No buccal shelf present on P3. The StD of M1 is coni-

cal but it is not connected to the stylar crest (stylar crest
is absent in /. f. fusciventer). StE is small on M1 and M2.
On the M2, the anterior cingulum is small and connects
to the talon as in /. f. fusciventer. On the M3, there is no
stylar crest between StD and the metastyle, except for a
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remnant of StE (sometimes present in /. f. fusciventer. On
M4, the postparacrista is curved as in . f. fusciventer. The
postprotocrista ends anterior to the most posterior end
of the postparacrista. The metacone is small and StC/D
is present.

Accessory cusps on c1 are present in females but absent
in males. The p1 is shorter than p2 or p3, with a short
diastema between p1 and p2. The p2 is longer than p3
unlike 1. f. fusciventer where p2 is shorter or subequal to
p3. An anterior cusp is absent on the p3. A cusp is pre-
sent on m1-3 within the hypoflexid. No anterior cingulid
on m1 (sometimes present in /. f. fusciventer). The para-
conid of the m1 is anterolabial to the metaconid unlike
I. f. fusciventer (anterior to metaconid). Cristid obliqua
of m1 terminates buccal to the protoconid. The
posthypocristid of m3 is oblique to the tooth row (per-
pendicular in I f. fusciventer). The hypoconulid of m3 is
large. The cristid obliqua of m4 terminates lingual to the
protocone about midpoint of the tooth width as in /. f.
fusciventer. The posthypocristid of m4 is perpendicular
to the tooth row. The hypoconulid of m4 is absent.

Remarks. Recognised as a distinct taxon in Marie Hale's
PhD Thesis, but not formally described.

Distribution. Woodland areas of south-west Western
Australia.

Isoodon fusciventer dawensis new subsp.
Figure 15
urn:lsid:zoobank.org:act:4318AD99-FC69-4907-9A3B-6EOBCFECA844
Holotype. WAM M3230, adult male, skin and skull.

Type locality. Daw Island, Recherche Archipelago, Western
Australia, Australia.

Paratype. WAM M3229, adult female, skull only; WAM
M4011, adult male, alcohol specimen and skeleton; WAM
M25556, adult male, alcohol specimen.

Etymology. Named after the type locality.

Subspecies diagnosis. /soodon fusciventer dawensis dif-
fers from all other subspecies in having a large anterior
cingulum on M2, postparacrista of M4 is straight, post-
protocrista of M4 ends posterior to the most posterior
end of the postparacrista, cristid obliqua terminates lin-
gual to the midpoint of the tooth width on m4, large
hypoconulid on m4, lateral walls of presphenoid/
basisphenoid suture are absent. Isoodon f. dawensis dif-
fers from I f. fusciventer and I. f. halae in having the
StC/D on M4 is absent. Isoodon f. dawensis differs from
I f. fusciventer, I. f. halae and I. f. terrenus in having the
supraoccipital as tall as it is wide, no sagittal crest in
males. Isoodon f. dawensis differs from 1. f. fusciventer, I. f.
nauticus and 1. f. insulanus in having a well-developed lin-
gual shelf that does not extend to the buccal side on P3.
Isoodon f. dawensis differs from |I. f. fusciventer, I. f. nau-
ticus, I. f. terrenus and 1. f. insulanus in having P1 short-
er than P2, posthypocristid is oblique to the tooth row
on m3. Isoodon f. dawensis differs from 1. f. fusciventer,

I. f. terrenus and . f. insulanus in having p2 longer than
p3. Isoodon f. dawensis differs from I. f. fusciventer, |I. f.
nauticus and 1. f. insulanus in having a large hypoconulid
on m3. /soodon f. dawensis differs from /. f. fusciven-
ter and /. f. terrenus in being smaller, with shorter feet,
having moderate expansion of the submasseteric crest.
Isoodon f. dawensis differs from I. f. fusciventer in hav-
ing stylar crest present and connected to StD on M1,
paraconid is anterolabial to metaconid on m1. /soodon f.
dawensis differs from . f. halae, I. f. insulanus, I. f. nauti-
cus and 1. f. terrenus in having a premolar-like 15, cristid
obliqua terminates lingual to protocone on m1. Isoodon
f. dawensis differs from I. f. nauticus and I. f. insulanus
in having P2 and P3 subequal in length, a large ante-
rior cingulum connected to talon on M1, large StB on
M4. Isoodon f. dawensis differs from I f. insulanus, |I. f.
nauticus and . f. terrenus in having a preparacrista pos-
terobuccally orientated on M1, large StA on M1, StE pre-
sent on M3, nasals terminate just anterior to the orbit,
p1 is shorter than either p2 or p3, large entoconid on
m4. Isoodon f. dawensis differs from I. f. halae, |. f. nauti-
cus, I. f. terrenus and I. f. insulanus in having no accesso-
ry fenestrae present. /soodon f. dawensis differs from .
f- insulanus and . f. terrenus in having a short diastema
between p1 and p2. /soodon f. dawensis differs from I.
f- halae, I. f. nauticus and |. f. insulanus in having buccal
shelf of P3 present, a large StE on M1 and M2. Isoodon f.
dawensis differs from /. f. halae in having posthypocristid
of m4 oblique to the tooth row. Isoodon f. dawensis dif-
fers from /. f. nauticus in having a large anterior cingulum
on M4, median buccal cusp present in the hypoflexid of
m1-3. Isoodon f. dawensis differs from /. f. terrenus in hav-
ing a small or no anterior cusp on p3. Isoodon f. dawensis
differs from /. f. insulanus in having a stylar crest present
on M2.

Description. The holotype is the only dry skin in exis-
tence in museums. The rest are all alcohol specimens or
skulls and skeletons. As a result, the description of the
skin is based only on the holotype. The fur on the dor-
sal side of the skin is lighter brown than the mainland
subspecies. The ventral fur is cream. The tail is damaged
and likely missing at least a third of its length. It is dark
brown above and greyish below. Ears are dark brown on
the outside, and tri-coloured on the inside, going from
white to gold to dark brown. Forefeet and hind feet are
light brown to cream all around, with unusually long
foreclaws. The overall size of the subspecies is the small-
est with head body =212mm.

Overall, the skull of males is significantly smaller than
that of I f. fusciventer and . f. halae, about 2/3 of their
length, but females are only 20% smaller than /. f. fus-
civenter, and only just smaller than female /. f. halae. In
dorsal view, no sagittal crest is present, unlike males of /.
f- fusciventer and I. f. halae. The snout length (tip of snout
to orbit) is equidistant to the cranium length (orbit to
back of skull) as in /. f. halae, shorter than . f. fusciven-
ter. In lateral view, the infraorbital canal is short. The
bullae are smaller and less prominent than in 1. f. halae.
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Figure 15. Holotype of Isoodon fusciventer dawensis new subsp., WAM M3230. Study skin in dorsal (A), lateral (B) and ventral
views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).

In ventral view, accessory fenestrae are absent, as in /.
macrourus. The septa dividing the maxillopalatine fenes-
trae is very thin, and the maxillopalatine fenestrae are
similar in size to /. f. halae. The lateral walls of presphe-
noid/basisphenoid suture are absent (presentin I. f. fus-

civenter and 1. f. halae). The supraoccipital is as tall as it
is wide, while it is taller in /. f. fusciventer and |. f. halae.
In the dentary, there are 2 mental foramina, one under
the p1 and one under m1, as in /. f. fusciventer. The sub-
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masseteric crest is moderately expanded, smaller than
in I f. fusciventer.

The 15 is premolar-like in shape as in I. f. fusciventer.
Accessory cusps on C1 are absent. P1 is shorter than
P2, similar to /. f. halae. The central cusp of P1 and P2
is inflated. P2 is subequal in length to P3. The P3 has a
well-developed lingual shelf as in /. f. halae. A small buc-
cal shelf is present on P3. The StD of M1 is conical but
it is not connected to the stylar crest as in /. f. halae. StE
is distinct on M1 and M2. On the M2, the anterior cingu-
lum is wide and connects to the talon On the M3, there
is no stylar crest between StD and the metastyle, except
for a remnant of StE as in /. f. halae. On M4, the post-
paracrista is straight. The postprotocrista ends posteri-
or to the most posterior end of the postparacrista. The
metacone is small and StC/D is absent.

Accessory cusps on c1 are present in both males and
females. The p1 is shorter than p2 or p3, with a short
diastema between p1 and p2. The p2 is longer than
p3 as in I. f. halae. An anterior cusp is absent on the
p3. A cusp is present on m1-3 within the hypoflexid.
No anterior cingulid on m1. The paraconid of the m1
is anterolabial to the metaconid as in I. f. halae. Cristid
obliqua of m1 terminates lingual to the protoconid. The
posthypocristid of m3 is oblique to the tooth row as in
I. f. halae. The hypoconulid of m3 is large. The cristid
obliqua of m4 terminates lingual to the midpoint of the
tooth width. The posthypocristid of m4 is oblique to the
tooth row as in /. f. fusciventer. The hypoconulid of m4 is
present and large.

Remarks. Previously not recognised as a distinct sub-
species.

Distribution. Daw Island, Western Australia.

Isoodon fusciventer nauticus (Thomas, 1922)
Figure 16

urn:lsid:zoobank.org:act:92AA7347-70B3-4E9C-
A7B5-477D7C8F2DFE

Isoodon nauticus Thomas, 1922: 678
Holotype. NHMUK 1922.4.15.6, adult male, skin and skull

Type locality. Franklin Island, Nyuts Archipelago, South Aus-
tralia.

Emended subspecies diagnosis. /soodon fusciventer
nauticus differs from all other subspecies in having P2
longer than P3, small anterior cingulum on M4. [soodon
f- nauticus differs from |I. f. terrenus and I. f. insulanus in
having a short diastema between p1 and p2. Isoodon f.
nauticus differs from I f. dawensis and 1. f. terrenus in
having no buccal shelf of P3. Isoodon f. nauticus differs
from . f. fusciventer and I. f. terrenus in being smaller,
with shorter feet, having moderate expansion of the
submasseteric crest. Isoodon f. nauticus differs from /. f.
terrenus in having no anterior cusp on p3. Isoodon f. nau-
ticus differs from I. f. fusciventer, I. f. dawensis, I. f. ter-
renus and /. f. insulanus in having a small StE on M1 and

M2. Isoodon f. nauticus differs from I. f. terrenus, . f. fus-
civenter, I. f. halae and I. f. dawensis in having a small
anterior cingulum not connected to talon on M1, small
StB on MA4. Isoodon f. nauticus differs from /. f. terrenus,
I. f. insulanus, I. f. halae and 1. f. dawensis in having no
median buccal cusp present in the hypoflexid of m1-3.
Isoodon f. nauticus differs from I. f. fusciventer, I. f. ter-
renus and I. f. insulanus in having p2 longer than p3.
Isoodon f. nauticus differs from 1. f. fusciventer, I. f. halae
and [. f. terrenus in having the supraoccipital as tall as
it is wide, no sagittal crest in males. Isoodon f. nauticus
differs from I. f. halae, I. f. dawensis and . f. terrenus in
having a hypoconulid that is small on m3. Isoodon f. nau-
ticus differs from /. f. fusciventer and . f. dawensis in hav-
ing a canine-like 15, postprotocrista of M4 ends anterior
to the most posterior end of the postparacrista, cristid
obliqua terminates buccal to protocone on m1. /soodon
f. nauticus differs from I. f. fusciventer, I. f. halae and |. f.
dawensis in having a weakly developed lingual shelf on
P3, a preparacrista buccally orientated on M1, small StA
on M1, StE absent on M3, nasals terminate well anterior
to the orbit, p1 is as long as p2 or p3, small entoconid
on m4. Isoodon f. nauticus differs from [. f. halae and .
f- dawensis in having P1 as long as P2, posthypocristid is
perpendicular to the tooth row on m3. Isoodon f. nauti-
cus differs from . f. fusciventer and |I. f. halae in having
StC/D on M4 absent. Isoodon f. nauticus differs from /. f.
fusciventer in having a stylar crest present and connect-
ed to StD on M1, paraconid is anterolabial to metaconid
on m1. Isoodon f. nauticus differs from I. f. dawensis in
having a pair of accessory fenestrae present, small ante-
rior cingulum on M2, postparacrista of M4 curves as a
small centrocrista, cristid obliqua terminates lingual to
the protocone about midpoint to the tooth width on
m4, hypoconulid small or absent on m4, lateral walls of
presphenoid/basisphenoid suture are present. /soodon
f- nauticus differs from I. f. insulanus in having a stylar
crest present on M2. [soodon f. nauticus differs from /. f.
halae in having the posthypocristid of m4 oblique to the
tooth row.

Remarks. Previously a subspecies of /. obesulus.

Distribution. Franklin Island, South Australia.

Isoodon fusciventer insulanus new subsp.

Figure 17

urn:lsid:zoobank.org:act:98BB8375-BD5F-40DD-
AF67-ACF9925AAF31

Holotype. SAMA M8646, adult male, skull only.

Type locality. St Francis Island, Nyuts Archipelago, South
Australia.

Paratype. SAMA M8647, adult female, skull only, from St
Francis Island, SAMA M8547, adult male, alcohol specimen,
from St Francis Island, SAMA M8548, adult female, alcohol
specimen, from St Francis Island.

Etymology. From Latin meaning islander, in reference to
being only found on St Francis Island.
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Figure 16. Holotype of Isoodon fusciventer nauticus new stat, NHMUK 1922.4.15.6. Study skin in dorsal (A), lateral (B) and ventral
views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 2cm.

Subspecies diagnosis. /soodon fusciventer insulanus dif-
fers from all other subspecies in having P2 shorter than
P3, no StE on M1 and M2, no stylar crest present on M2.
Isoodon f. insulanus differs from . f. fusciventer and /. f.
terrenus in being smaller, with shorter feet, having mod-

erate expansion of the submasseteric crest. /soodon f.
insulanus differs from 1. f. terrenus in having, no anterior
cusp on p3. /soodon f. insulanus differs from 1. f. dawensis
and /. f. terrenus in having no buccal shelf of P3. Isoodon
f- insulanus differs from I. f. fusciventer, I. f. halae, |. f.
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Figure 17. Holotype of Isoodon fusciventer insulanus new subsp., SAMA M8646. Skull and dentary in dorsal (A), ventral (B) and
lateral views (C). Scale bar = 2cm.

dawensis and I. f. nauticus in having no diastema
between p1 and p2, p2 subequal in length to p3. Isoodon
f- insulanus differs from 1. f. terrenus, I. f. fusciventer, |. f.
halae and I. f. dawensis in having a small anterior cin-
gulum not connected to talon on M1, small StB on M4.
Isoodon f. insulanus differs from I f. fusciventer and I.
f. dawensis in having a canine-like |5, postprotocrista
of M4 ends anterior to the most posterior end of the
postparacrista, cristid obliqua terminates buccal to pro-
tocone on m1. Isoodon f. insulanus differs from 1. f. fus-
civenter, I. f. halae and I f. terrenus in having the
supraoccipital as tall as it is wide, no sagittal crest in
males. Isoodon f. insulanus differs from 1. f. fusciventer, .
f. halae and I. f. dawensis in having a weakly developed
lingual shelf on P3, p1 is as long as p2 or p3. /soodon
f- insulanus differs from 1. f. fusciventer, I. f. halae and |I.
f- dawensis in having a preparacrista buccally orientat-
ed on M1, small StA on M1, StE absent on M3, nasals
terminate well anterior to the orbit, small entoconid on
m4. Isoodon f. insulanus differs from I. f. halae and |I. f.
dawensis in having P1 as long as P2, posthypocristid is
perpendicular to the tooth row on m3. /soodon f. insu-
lanus differs from . f. fusciventer and . f. halae in having
StC/D on M4 absent. Isoodon f. insulanus differs from /.
f. halae, I. f. dawensis and I. f. terrenus in having a large
hypoconulid that is small on m3. /soodon f. insulanus
differs from I f. fusciventer in having a stylar crest pre-
sent and connected to StD on M1, paraconid is antero-
labial to metaconid on m1. Isoodon f. insulanus differs
from 1. f. nauticus in having a large anterior cingulum
on M4, median buccal cusp present in the hypoflexid
of m1-3. Isoodon f. insulanus differs from I. f. dawensis
in having a pair of accessory fenestrae present, small
anterior cingulum on M2, postparacrista of M4 curves
as a small centrocrista, cristid obliqua terminates lingual
to the protocone about midpoint to the tooth width on

m4, hypoconulid small or absent on m4, lateral walls of
presphenoid/basisphenoid suture are present. /soodon
f- insulanus differs from [ f. haloe in having the
posthypocristid of m4 oblique to the tooth row.

Description. Two of the paratypes are alcohol speci-
mens which are the only representation of the skin of
this subspecies. Both are in poor condition with patch-
es of fur missing, open gut, tail broken or missing and
fixed in a position which made it too difficult to photo-
graph. These are not illustrated as a result. The fur on
the dorsal side of the skin is golden brown in colour,
grizzled with black. The ventral fur is cream. A short por-
tion of the tail is preserved in SAMA M8586, and is gold-
en brown above, and cream below. Ears are rounded.
They are dark brown on the outside, and golden and
dark brown on the inside. Forefeet and hind feet are
golden on the dorsal side and cream on the ventral side.

The skull is similar in size to that of I f. nauticus, but
about 20% shorter and less wide than /. f. terrenus. In
dorsal view, no sagittal crest is present. The snout
length (tip of snout to orbit) is equidistant to the cra-
nium length (orbit to back of skull). In lateral view, the
infraorbital canal is short. The bullae are smaller than
those of either /. f. nauticus or I. f. terrenus. In ventral
view, accessory fenestrae are large, larger than those of
I. f. nauticus or I. f. terrenus. The maxillopalatine fenes-
trae are the same size as those of /. f. terrenus despite
having a smaller skull. The dividing septa are thicker
than those of /. f. terrenus. The bullae are more rounded
in shape than 1. f. terrenus, smaller in size than /. f. nau-
ticus and similar in both males and females.The paraoc-
cipital process is short and does not extend above the
petrosal. The supraoccipital is as tall as it is wide. In the
dentary, the posterior mental foramen is below the pos-
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terior root of m1, as in /. f. nauticus. The submasseteric
crest is moderately expanded.

Accessory cusps on C1 are absent. P1 is as long as P2
with their central cusps inflated. P2 is shorter in length
than P3. The P3 has a weakly developed lingual shelf
similar to 1. f. nauticus, much smaller thanin I. f. terrenus.
No buccal shelf present on P3. The anterior cingulum of
M1 is small and does not connect to the talon asin /. f.
nauticus. The StD of M1 is conical but there is no stylar
crest between StD and the metastyle. StE is absent on
M1 and M2. On M4, the anterior cingulum is large and
wide as in /. f. terrenus. The StB is small as in /. f. nauticus.
The metacone is small as in I. f. nauticus.

Accessory cusps on c¢1 are present in females but absent
in males. There is no diastema between p1 and p2 as
in I. f. terrenus. The p2 is subequal in length to p3 as
in I f. terrenus. An anterior cusp is absent on the p3 as
in I f. nauticus. A cusp is present on m1-3 within the
hypoflexid similar to 1. f. terrenus. The posthypocristid on
m3 is perpendicular to the tooth row as in /. f. nauticus.
The hypoconulid of m3 is small as in /. f. nauticus. The
hypoconulid of m4 is absent as in /. f. nauticus.

Remarks. Previously part of I. 0. nauticus.

Distribution. St Francis Island, South Australia.

Isoodon fusciventer terrenus new subsp.
Figure 18
urn:lsid:zoobank.org:act:3DDOF410-B8FE-46FA-8DF4-8744BC4C0335
Holotype. SAMA M25880, adult male, skin and skull.

Type locality. 10.8km West South West of Mount Barker,
South Australia, Australia.

Paratype. SAMA M8640, adult female, skin and skull, from
Carey's Gully, South Australia.

Etymology. From Latin meaning earthly, in reference that it
is on the mainland instead of an island.

Subspecies diagnosis. /soodon fusciventer terrenus dif-
fers from all other subspecies in having a large anterior
cusp on p3. Isoodon f. terrenus differs from . f. halae, I. f.
dawensis, I. f. nauticus and . f. insulanus in being larger,
with longer feet, having larger expansion of the submas-
seteric crest. Isoodon f. terrenus differs from /. f. nauticus
and . f. insulanus in having P2 and P3 subequal in length,
large anterior cingulum connected to talon on M1, large
StB on M4. [soodon f. terrenus differs from I f. halae, .
f- nauticus and 1. f. insulanus in having a large StE on M1
and M2, a well-developed shelf on P3. Isoodon f. terrenus
differs from I f. fusciventer, I. f. halae, I. f. dawensis and |.
f- nauticus in having no diastema between p1 and p2, p2
subequal in length to p3. Isoodon f. terrenus differs from
L. f. dawensis, I. f. nauticus and I. f. insulanus in having the
supraoccipital taller than it is wide, small sagittal crest
present in some males. Isoodon f. terrenus differs from /.
f. fusciventer and I. f. dawensis in having a canine-like 15,
postprotocrista of M4 ends anterior to the most posteri-

or end of the postparacrista, cristid obliqua terminates
buccal to protocone on m1. Isoodon f. terrenus differs
from I f. fusciventer and I. f. halae in having StC/D on
M4 absent. Isoodon f. terrenus differs from . f. fusciven-
ter, I. f. nauticus and 1. f. insulanus in having a well-devel-
oped lingual shelf that does not extend to the buccal
side on P3. /soodon f. terrenus differs from . f. fusciven-
ter, I. f. halae and I. f. dawensis in having a preparacrista
buccally orientated on M1, small StA on M1, StE absent
on M3, nasals terminate well anterior to the orbit, p1 is
as long as p2 or p3, small entoconid on m4. /soodon f.
terrenus differs from I. f. halae and I. f. dawensis in hav-
ing P1 as long as P2, posthypocristid is perpendicular to
the tooth row on m3. Isoodon f. terrenus differs from |.
f. fusciventer, I. f. nauticus and . f. insulanus in having a
large hypoconulid on m3. Isoodon f. terrenus differs from
I. f. fusciventer in having a stylar crest present and con-
nected to StD on M1, paraconid is anterolabial to meta-
conid on m1. /soodon f. terrenus differs from . f. dawensis
in having a pair of accessory fenestrae present, small
anterior cingulum on M2, postparacrista of M4 curves
as a small centrocrista, cristid obliqua terminates lingual
to the protocone about midpoint to the tooth width on
m4, hypoconulid small or absent on m4, lateral walls of
presphenoid/basisphenoid suture are present. /soodon
f. terrenus differs from I. f. nauticus in having a large
anterior cingulum on M4, median buccal cusp present in
the hypoflexid of m1-3. [soodon f. terrenus differs from
I. f. insulanus in having a stylar crest present on M2.
Isoodon f. terrenus differs from I. f. halae in having the
posthypocristid of m4 oblique to the tooth row.

Description. The fur on the dorsal side of the skin is
golden brown in colour, grizzled with black. The ventral
fur is cream in colour. Tail is short about a third of
the body in length and is dark brown above and cream
below. Ears are rounded with dark brown on the out-
side, and golden and dark brown on the inside. Forefeet
and hind feet are grey-brown on the dorsal side and
golden-cream on the ventral side.

In dorsal view, the holotype lacks a sagittal crest, but
instead has two crests converging at the back of the cra-
nium. Sagittal crests are rare in this subspecies, with
most specimens having the same morphology as the
holotype, minus the small foramen that seems to be an
unusual trait in the holotype. The snout length (tip of
snout to orbit) is equidistant to the cranium length (orbit
to back of skull). In lateral view, the infraorbital canal
is shorter than half the molar row. The bullae are large
but end level with the molar row (they extend below
the molar row in /. f. nauticus). In ventral view, accesso-
ry fenestrae are present and large. The maxillopalatine
fenestrae are large, extending from the P3 to the M2,
with a thin dividing septum. Four small palatal fenestrae
are present. The bullae are more elongated in males
compared to females. The paraoccipital process is tall,
extending well above the petrosal. The supraoccipital is
taller than it is wide. In the dentary, the posterior men-
tal foramen is below the anterior root of m1 (below the
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Figure 18. Holotype of Isoodon fusciventer terranus new subsp., SAMA M25880. Study skin in dorsal (A), lateral (B) and ventral
views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).

posterior root of m1 in /. f. nauticus). The submasseteric  to P3 (P2 is longer than P3 in /. f. nauticus). The P3 has
crest is moderately to deeply expanded. a well-developed lingual shelf compared to 1. f. nauticus.
A buccal shelf is present on P3 (absent in /. f. nauticus).
The anterior cingulum of M1 is large and connects to the
talon (small and not connected to talon in /. f. nauticus).

Accessory cusps on C1 are absent. P1 is as long as P2
with their central cusps inflated. P2 is subequal in length
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The StD of M1 is conical but it is not connected to the
stylar crest as itis in /. f. nauticus. StE is large on M1 and
M2 (small in I. f. nauticus). On M4, the anterior cingulum
is large and wide (small and thin in 1. f. nauticus). The StB
is large (small in . f. nauticus). The metacone varies in
size from small to large.

Accessory cusps on c1 are present in females but absent
in males. There is no diastema between p1 and p2,
unlike . f. nauticus which has a short one. The p2 is sube-
qual in length to p3 (p2 is longer than p3 in I. f. nauti-
cus). An anterior cusp is present on the p3 (absentin /. f.
nauticus). A cusp is present on m1-3 within the hypoflex-
id, which is absent in I f. nauticus. The posthypocristid
on m3 is perpendicular to the tooth row in some spec-
imens, and oblique in others. The hypoconulid of m3 is
large (small in /. f. nauticus). The hypoconulid of m4 is
present in some specimens as a small cusp, absent in
others.

Remarks. Previously part of /. obesulus.

Distribution. Historically, mainland South Australia,
from northern side of Murray River to coastal Eyre
Peninsula (including York Peninsula, and Flinders Island)
but now restricted to Mount Lofty Ranges, Fleurieu
Peninsula and Kangaroo Island.

Isoodon macrourus (Gould, 1842)
urn:lsid:zoobank.org:act:F3736692-2239-40E0-B718-74150184B96E

Perameles macrourus Gould, 1842: 41
Common name. Northern Brown Bandicoot

Emended species diagnosis. /soodon macrourus differs
from all species of Isoodon in being the largest in size.
Isoodon macrourus differs from all species of Isoodon
except . moresbyensis in having no accessory fenestrae,
I3 the same size as 12 or 14, a large anterior cingulum
on M2, enlarged metacone on M4 (except I. m. capensis),
preentocristid present on m4 (except I peninsulae).
Isoodon macrourus differs from all species of /soodon
except I. f. fusciventer, I. f. halae and I. a. marchinbarensis
in having StC/D present on M4. [soodon macrourus dif-
fers from all species of Isoodon except /. f. insulanus,
I. f. nauticus and I. f. terrenus in having the postpro-
tocrista on M4 end anterior to the most posterior end
of the postparacrista. Isoodon macrourus differs from all
species of /soodon except I. peninsulae, I. f. fusciventer
and 1. f. terrenus in having a deep and wide submasse-
teric crest. Isoodon macrourus differs from all species of
Isoodon except 1. f. fusciventer in having no stylar crest
connected to the metastyle on M1. Isoodon macrourus
differs from I microtis, I. obesulus and I. peninsulae in
having the alisphenoid tympanic process terminating
anterior to the transverse foramen. Isoodon macrourus
differs from all other species except I f. fusciventer, I. f.
dawensis, I. f. halae and I. auratus in having a posterobu-
cally orientated preparacrista on M1. Isoodon macrou-
rus differs from I auratus, I. obesulus and I. peninsulae
in having cristid obliqua of m1 terminating buccal to the

protocone. Isoodon macrourus differs from 1. f. insulanus,
I. f. nauticus and |. f. terrenus, . microtis, I. auratus, I. obe-
sulus, and I. peninsulae in having a well-developed lin-
gual shelf on P3 that extends to the buccal side of the
tooth. Isoodon macrourus differs from I. microtis and .
obesulus in having the posthypocristid oblique to the
tooth row on m1. Isoodon macrourus differs from /. f.
fusciventer and I. f. dawensis in having a canine-like 15,
St A on M1 is small. Isoodon macrourus differs from
I. peninsulae in having no St E or a remnant on M3.
Isoodon macrourus differs from I. microtis in having small
or no palatal fenestrae, larger bullae, the paraconid-
metaconid distance shorter than the metaconid-proto-
conid distance on m1. Isoodon macrourus differs from f.
insulanus, 1. f. nauticus and I. f. terrenus in having a large
entoconid on m4.

Isoodon macrourus macrourus (Gould, 1842)

Figure 19
urn:lsid:zoobank.org:act:F3736692-2239-40E0-B718-74150184B96E
Perameles macrourus Gould, 1842: 41

Holotype. NHMUK 1842.5.26.11, adult male, skin and skull
Type locality. Port Essington, Northern Territory

Emended subspecies diagnosis. /soodon m. macrourus
differs from all subspecies of I. macrourus in having the
preentocristid on m4 oblique to the tooth row. /soodon
m. macrourus differs from I. m. torosus and I. m. capensis
in having a large shelf between the base of the meta-
cone and the metaconule on M3. /soodon m. macrourus
differs from . m. torosus in having P1 as long as P2,
the anterior cingulum of M1 not connected to the talon,
StB and StC on M1 clearly identifiable as cusps, with
StC larger than StB, having a large anterior cingulum on
M4. Isoodon m. macrourus differs from I. m. capensis in
having its nasals terminate well anterior to the anteri-
or margin of the orbit, the postprotocrista of M1 ends
at the lingual flank of the metastylar tip, a large anterior
cingulum on M3, a large metacone on M4 expands the
length of the tooth, p2 shorter than p3.

Remarks. No changes to this subspecies.

Distribution. Kimberley (Western Australia) and Top
end (Northern Territory), Australia.

Isoodon macrourus torosus (Ramsay, 1877)

Figure 20

urn:lsid:zoobank.org:act:65CCE15C-
C739-439D-8964-34E381CEB431

Perameles macroura var. torosus Ramsay, 1877: 12

Syntypes. MAMU M471, adult male, skin mount. MAMU
M1153, skull, matching tentatively matched to M471 by Parn-
aby and Gill (2021).

Type locality. Near Cooktown, Queensland, Australia.
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Figure 19. Holotype of Isoodon macourus, NHMUK 1842.5.26.11. Study skin in dorsal (A), lateral (B) and ventral views (C). Skull
and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm.

Emended subspecies diagnosis. /soodon m. torosus dif-
fers from all subspecies of Isoodon macrourus in having
P1 longer than P2. Isoodon m. torosus differs from . m.
macrourus and . m. capensis in having a small anterior
cingulum on M4. /soodon m. torosus differs from . m.

macrourus in having a small shelf between the base of
the metacone and the metaconule on M3, the preen-
tocristid on m4 anteroposteriorly directed, the anterior
cingulum of M1 connected to the talon, StB and StC
on M1 undistinguishable as separate cusps. Isoodon m.
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Figure 20. Syntype of Isoodon macourus torosus, MAMU M471 (mounted skin) and MAMU M1153 (skull). Mounted skin in lateral
view (A). Skull and dentary in dorsal (B), ventral (C) and lateral views (D). Scale bar = 3cm.

torosus differs from . m. capensis in having its nasals ter-
minate well anterior to the anterior margin of the orbit,
the postprotocrista of M1 ends at the lingual flank of the
metastylar tip, a large anterior cingulum on M3, a large
metacone on M4 expands the length of the tooth, p2
shorter than p3.

Remarks. Parnaby and Gill (2021) identified skull MAMU
M1153 as tentatively matched M471, considering it a

syntype.

Distribution. East coast of Australia, from Sydney to
Cooktown (south of Endeavour River).

Isoodon macrourus capensis new subsp.
Figure 21
urn:lsid:zoobank.org:act:9F5058F0-BAEE-44A5-B28F-69CF1C9E0993
Holotype. ANWC CM794, adult male, skin and skull.

Type locality. Iron Range, Cape York Peninsula, Queensland,
Australia.

Paratype. QM JM14109, adult female, skull.

Etymology. Named after the type locality.

Diagnosis. /soodon m. capensis differs from all other
subspecies of I. macrourus in having a thin anterior cin-
gulum on M3, the metacone on M4 is small, p2 longer
than p3. Isoodon m. capensis differs from I. m. macrourus
and . m. torosus in having its nasals terminate just ante-
rior to the anterior margin of the orbit, the postpro-
tocrista of M1 ends posteriorly to the midpoint of the
postmetacrista. Isoodon m. capensis differs from . m.
macrourus in having a small shelf between the base of
the metacone and the metaconule on M3, the preen-
tocristid on m4 anteroposteriorly directed. /soodon m.
capensis differs from Isoodon m. torosus in having P1 as
long as P2, a large anterior cingulum on M4.

Description. The fur on the dorsal side of the skin is a
mixture of dark brown, light brown, golden brown and
black. The ventral fur is white. The tail is dark brown
above and white below. Ears are dark brown on the out-
side, but as the ears are shrivelled, it is not possible to
know what the inside colour is. Forefeet and hind feet
are white on both sides. The overall size of the sub-
species is the same as . m. macrourus and I. m. torosus.

There is no difference in size of the skull compared to
I. m. macrourus and . m. torosus. In dorsal view, a sagit-
tal crest is present in all males and some of the larg-
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Figure 21. Holotype of Isoodon macrourus capensis new subsp.,, ANWC CM794. Study skin in dorsal (A), lateral (B) and ventral
views (C). Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm.

er females may have a short one. The snout length (tip
of snout to orbit) is slightly shorter than the cranium
length (orbit to back of skull). The posterior end of the
nasals terminates just anterior to the orbit, but termi-
nate much more anteriorly in . m. macrourus and |.

m. torosus. In lateral view, the infraorbital canal is long
(longer than half the molar row). The bullae are large
and of similar size to other subspecies of I. macrourus.
In ventral view, accessory fenestrae are absent, as in all
other subspecies of I. macrourus. The septa dividing the
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maxillopalatine fenestrae is very thick (this can vary in
thickness in . m. macrourus and . m. torosus). The maxil-
lopalatine fenestrae are small, usually the level with the
anterior and posterior ends of M2, but in some speci-
mens extends a little anteriorly or posteriorly. In no cas-
es does any specimen have the fenestrae as large as in
other subspecies, which usually run from the anterior of
M1 to the posterior of M2. The presence of palatal fen-
estrae is variable, from none to 4 small ones. The lateral
walls of presphenoid/basisphenoid suture are present.
The supraoccipital is as tall as it is wide. In the dentary,
there are 3 mental foramina, one under the p1, one
under the p3 and one under m1. These can vary in num-
ber and position between specimen as in all other sub-
species of . macrourus. The submasseteric crest is deep
and wide.

The I5 is pointed and strongly canine as in other sub-
species of . macrourus but there is a diastema between
the 14 and I5, which is not always present in other sub-
species. Accessory cusps on C1 are absent. P1 is as long
as P2, as in other subspecies except I. m. torosus. P2 is
shorter than P3 as in other subspecies. The P3 has a
well-developed lingual shelf that extends to the buccal
side as in all other I. macrourus. On the M1, the post-
protocrista ends posteriorly to the midpoint of the post-
metacrista, unlike other subspecies which ends below
the metastyle. On the M3, the anterior cingulum and
posterior cingulum are smaller than in other sub-
species. The shelf between the metacone and meta-
conule is small like in . m. torosus (large in other
subspecies). On M4, the anterior cingulum is large as
in I. m. macrourus (small in other subspecies). The post-
paracrista is curved as in other subspecies. The meta-
cone is small unlike other subspecies.

Accessory cusps on c1 are usually absent in males and
present in females as in other subspecies. The p1 is
shorter than p2 or p3, as in other subspecies. The p2
is longer than p3 unlike other subspecies. An anterior
cusp is present on the p3 as in other subspecies. On the
m3, the hypoconid is buccal to the protoconid as in oth-
er subspecies. On the m4, the preentocristid is antero-
posteriorly directed, as in other subspecies except /. m.
macrourus.

Remarks. Previously part of . m. torosus.

Distribution. Cape York, north of Endeavour River.

Isoodon microtis new sp.
Figure 22
urn:lsid:zoobank.org:act:F1944572-4EDF-4761-BF77-D466339A7EE1

Holotype. SAMA M1981, adult. sex unknown (probably
female due to smaller canines), skull only.

Type locality. Unknown, probably Eyre Peninsula, South
Australia (see remarks).

Paratype. MV C33107, sex unknown (probably male due to
larger canine), skull; MV ex C33107, sex unknown (probably

female), skull. SAMA SF347, two left adult dentaries with p1-3
(probably female), left subadult maxilla with C1, P1-2, M1-2
(probably male due to larger teeth), right adult maxilla frag-
ment with M2 (probably male).

Etymology. Microtis, which is a noun, meaning small ear in
Greek, in reference to the small inner ear bones (alisphenoid
tympanic process) in the skull.

Species diagnosis. /soodon microtis differs from all
species of /soodon in being the smallest in overall size
and having very large posterior palatal fenestrae, much
smaller bullae, no anterior cingulum on M2, paraconid-
metaconid distance equidistant to metaconid-proto-
conid distance on m1. [soodon microtis differs from all
species of Isoodon except I. obesulus in having the
posthypocristid perpendicular to the tooth row on m1.
Isoodon microtis differs from [. f. insulanus, I. f. nauticus
and 1. f. terrenus, I. macrourus and I. moresbyensis in hav-
ing the postprotocrista of M4 end level with the most
posterior end of the postparacrista. Isoodon microtis dif-
fers from 1. macrourus, I. moresbyensis, I. peninsulae, I.
f- fusciventer and I. f. terrenus in having a moderately
expanded submasseteric crest. Isoodon microtis differs
from I. auratus, I. obesulus, I. peninsulae, I. macrourus
and 1. f. fusciventer in having a small lingual shelf on P3.
Isoodon microtis differs from [. aquratus, I. obesulus and
I. peninsulae in having cristid obliqua of m1 terminating
buccal to the protocone. Isoodon microtis differs from
I. auratus, |I. fusciventer, I. macrourus and I. moresbyensis
in having the alisphenoid tympanic process terminating
at the transverse foramen. Isoodon microtis differs from
I. auratus, |. f. fusciventer, I. f. halae, I. f. dawensis and .
macrourus in having a buccally orientated preparacrista
on M1. Isoodon microtis differs from I. macrourus and /.
f- fusciventer in having a stylar crest connected to the
metastyle on M1. Isoodon microtis differs from I. f. fus-
civenter and I. f. dawensis in having a canine-like 15, ante-
rior cingulum of M1 not connected to talon, St A on M1
is small. Isoodon microtis differs from I. macrourus and
I. moresbyensis in having a pair of accessory fenestrae,
I3 larger than 12 or 14, small metacone on M4, StC/D
absent on M4, preentocristid absent on m4. /soodon
microtis differs from [ peninsulae in having no St E on
M3. Isoodon microtis differs from I. f. insulanus, I. f. nauti-
cus and . f. terrenus in having a large entoconid on m4.

Description. There are no skins associated with any of
the specimens. The skull is small compared to other
species of /soodon, as small as the smaller subspecies
of I. auratus. In dorsal view, the distance between the
tip of the snout and the orbit is equal to that of the
orbit to foramen magnum. There is no sagittal crest pre-
sent. In lateral view, the infraorbital canal is short, short-
er than half the molar row. The bullae are extremely
small for a species of Isoodon, similar sized to the larg-
er species of Perameles, but not rounded in shape (in
ventral view), ovoid as in all [soodon. In ventral view, the
incisive fenestrae are small, but the accessory fenestrae
are large like in I. auratus and I. peninsulae. The maxil-
lopalatine fenestrae are large but similar sized than in
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Figure 22. Holotype of Isoodon microtis new sp., SAMA M1981. Skull and dentary in dorsal (A), ventral (B) and lateral views (C).
Scale bar = 1cm.

I. auratus. The septa dividing the maxillopalatine fenes-
trae is broken but its anterior and posterior ends sug-
gest it was very thin. There are 4 palatal fenestrae, two
small anterior fenestrae and two large fenestrae, larger
than in any other species of /soodon (second largest
in size is Isoodon fusciventer nauticus). Lateral walls are
present bordering the lateral sides of the presphenoid-
basisphenoid suture.

No accessory cusp on C1 is present. P1 is shorter than
P2. The central cusp of P1 and P2 is inflated. P2 is short-
er in length to P3. A small lingual shelf is present on
the P3. The M1 has a small anterior cingulum which
does not connect to the talon. StA is small. StB and StC
are fused as a single cusp. The preparacrista is buccal-
ly orientated then change to a posterobuccal direction
before connecting to StB. On the M2, there are no ante-
rior cingulum present. StB is conical in shape and has
no crest connection. On the M3, a small anterior cin-
gulum is present and connected to talon. The posterior
cingulum is narrow. The postprotocrista ends posteri-
orly to the midpoint of the postmetacrista. On M4, a
small anterior cingulum is present and connected to the
talon, StB is large. The postprotocrista ends posterior to
the most posterior end of the postparacrista. StC/D is
absent.

Accessory cusps on c1 are present in some specimens.
The p1 is shorter than p2 or p3, with a short diastema
between p1 and p2. The p2 is longer than p3. An anteri-
or cusp is absent on the p3. There is no cusp within the
hypoflexid of m1-3. The paraconid of the m1 is antero-
labial to the metaconid. The paracristid connects the
paraconid to the protoconid. The posthypocristid of
m1-3 is perpendicular to the tooth row. On the m3,
cristid obliqua terminates lingual to the midpoint of the
tooth width on m3. The posthypocristid of m3 connects

to the hypoconulid, which is large in size. The cristid obli-
qua of m4 terminates lingual to the protocone, about
midpoint to the tooth width. The posthypocristid of m4
is oblique to the tooth row. The entoconid is large.

Common name. Little Brown Bandicoot.

Remarks. The holotype is a skull donated by Mrs
Symonds Clark in October 1920, after her husband had
passed away on the 10th July 1920. Her husband was
an aviculturist and ornithologist, but he sometimes col-
lected mammal skulls, which he then donated to the
South Australian Museum (Sutton, 1929). The holotype
was collected by him, most likely between 1876 (the
year he last donated specimens to the South Australian
Museum, recorded in the museum database) and 1914
(the last entry in his diary, stored at the State Library of
South Australia), somewhere in South Australia. None of
the bandicoot specimens mentioned in his diary can be
matched with certainty to the holotype. Between 1876
and 1914, the only trip he did outside of Adelaide was to
Eyre Peninsula, which is also where the paratype SAMA
SF347 came from. This is the most likely place where he
could have acquired the holotype.

Both paratype MV (C33107 and MV ex C33107 were
exchanged from the South Australian Museum to Muse-
um Victoria, with no data other than it was from Mr
Waterhouse. Mr Frederick George Waterhouse was the
first curator of the South Australian Museum in October
1861, which later opened in January 1862. He resigned
in February 1882. These two skulls must have been col-
lected and exchanged during that 20-year period
(1862-1882). We searched the South Australian Museum
archives and found in the Waterhouse reports one men-
tion of two bandicoots being sent to Museum Victoria
between November 1866 and January 1867, along with
other specimens. This narrows down the period of col-
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lection from 1862 to 1866. During that period, Water-
house went on one major expedition, John McDouall
Stuart's sixth expedition, which took him from Adelaide
to Chambers Bay in the Northern Territory, via Gawler,
Moolooloo, Chambers Creek, Newcastle Waters and
Daly Waters (Kraehenbuehl, 1976). A species with small
bullae is unlikely to have come from central Australia,
as animals in the arid zone tend to have large bullae.
As a result, it is unlikely that the two skulls were collect-
ed during this trip. Between this expedition and 1866,
there are no records of Waterhouse collecting speci-
mens. Instead, Waterhouse was receiving specimens
donated to the museum. There are only 5 records of
bandicoots being donated in the catalogue: on the 11th
July 1864, Mr L. Clark donated a stuffed bandicoot; on
the 10th January 1865, Dr Goldsmith donated 2 young
bandicoots; on the 10th April 1865, Mr William Spencer
donated a skin of a bandicoot from King George's
Sound; on the 12th March 1866, Mr Withers donated
two mounted bandicoots; and on the 8th June, Mr
Andrews two skins of bandicoots. It is therefore impos-
sible to narrow down the locality for these two speci-
mens when localities haven't always been recorded.

In order to identify a locality for this new species, sub-
fossil material in the collection of the South Australian
Museum was examined. Of all the specimens registered
in the collection, only one match the morphology of
holotype, SAMA SF347. This specimen is a set of 3 den-
taries and 2 maxillae, representing at least 3 individuals
(based on dental wear), collected at South Block Site
(near Edillilie, approximately 8km east of Coulta, South
Australia) on Eyre Peninsula, in an area that has not
been cleared for agriculture. These specimens provide
a locality for the species that the holotype and other
paratypes can't provide.

Distribution. Eyre peninsula.

Isoodon moresbyensis (Ramsay, 1877) new
stat.

Figure 23

urn:lsid:zoobank.org:act:1125C5C0-BB74-487D-
ADE2-61CC18863572

Perameles moresbyensis Ramsay, 1877: 14
Syntype. AMS M2554, adult male, skin mount and skull.
Type locality. Port Moresby, Papua New Guinea.

Emended species diagnosis. /soodon moresbyensis dif-
fers from all species of /soodon except I. macrourus in
having no accessory fenestrae, 13 the same size as 12
or 14, a large anterior cingulum on M2, enlarged meta-
cone on M4 (except I. m. capensis), preentocristid pre-
sent on m4 (except . peninsulae). Isoodon moresbyensis
differs from all species of Isoodon except I. f. fusciventer,
I. f. halae, I. macrourus and I. a. marchinbarensis in having
StC/D present on M4. [soodon moresbyensis differs from
all species of Isoodon except I. f. insulanus, I. f. nauticus

and /. f. terrenus and I. macrourus in having the postpro-
tocrista on M4 end anterior to the most posterior end
of the postparacrista. Isoodon moresbyensis differs from
all species of Isoodon except I. peninsulae, |. f. fusciven-
ter, . macrourus and /. f. terrenus in having a deep and
wide submasseteric crest. /soodon moresbyensis differs
from . microtis, I. obesulus and I. peninsulae in having
the alisphenoid tympanic process terminating anteri-
or to the transverse foramen. /soodon moresbyensis dif-
fers from I. f. fusciventer and I. f. dawensis in having a
canine-like 15. Isoodon moresbyensis differs from I. penin-
sulae in having no St E or a remnant on M3. Isoodon
moresbyensis differs from /. microtis in having small or
no palatal fenestrae and larger bullae. /[soodon mores-
byensis differs from I f. insulanus, I. f. nauticus and I.
f. terrenus in having a large entoconid on m4. /soodon
moresbyensis differs from I. macrourus in being smaller
in size overall, having P2 subequal in length to P3, the
lingual shelf of P3 not extending to the buccal side, buc-
cal shelf on P3 is absent, postparacrista of M4 is straight,
hypoconid of m3 is directly posterior to the protoconid.

Common name. New Guinea Brown Bandicoot.

Remarks. Parnaby and Gill (2021) identified additional
possible syntypes, but the original description only men-
tions one animal in the description, suggesting only one
syntype was used (Ramsay, 1877).

Distribution. Southern parts of Papua New Guinea.

Isoodon obesulus (Shaw, 1797)
urn:lsid:zoobank.org:act:3064B194-4268-4350-AEBA-
A3369BC21B24

Didelphis Obesula Shaw, 1797: Text to Plate 298.
Common name. Southern Brown Bandicoot

Emended species diagnosis. /soodon obesulus differs
from . microtis, I. peninsulae and I. macrourus in having
a small anterior cingulum on M2 connected to the talon.
Isoodon obesulus differs from all species of Isoodon
except . microtis in having the posthypocristid perpen-
dicular to the tooth row on m1. Isoodon obesulus differs
from I. macrourus, I. moresbyensis, I. peninsulae, I. f. fus-
civenter and . f. terrenus in having a moderately expand-
ed submasseteric crest. /[soodon obesulus differs from /.
microtis, I. macrourus, I. f. insulanus, I. f. nauticus and I.
f. fusciventer in having a well-developed lingual shelf on
P3, not extending to the buccal side. Isoodon obesulus
differs from I f. insulanus, I. f. nauticus and |. f. terrenus,
I. macrourus and I. moresbyensis in having the postpro-
tocrista of M4 end level with the most posterior end
of the postparacrista. /soodon obesulus differs from /.
microtis, I. f. insulanus, I. f. nauticus and |. f. terrenus and
I. macrourus in having cristid obliqua of m1 terminating
lingual to the protocone. /soodon obesulus differs from
I. auratus, I. fusciventer, I. macrourus and I. moresbyensis
in having the alisphenoid tympanic process terminating
at the transverse foramen. Isoodon obesulus differs from
I. auratus, I. f. fusciventer, |. f. halae, I. f. dawensis and .
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Figure 23. Syntype of Isoodon moresbyensis, AMS M2554. Mounted skin in dorsal (A), lateral (B) and ventral views (C). Skull and
dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm.

macrourus in having a buccally orientated preparacrista
on M1. Isoodon obesulus differs from I. macrourus and
I. f. fusciventer in having a stylar crest connected to the
metastyle on M1. Isoodon obesulus differs from I. f. fus-
civenter and /. f. dawensis in having a canine-like 15, ante-

rior cingulum of M1 not connected to talon, StA on M1 is
small (except /. o. affinis). Isoodon obesulus differs from /.
macrourus in being smaller in size. /soodon obesulus dif-
fers from I. macrourus and I. moresbyensis in having a
pair of accessory fenestrae, 13 larger than 12 or 14, small
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metacone on M4 (except in some /. o. obesulus), StC/D
absent on M4, preentocristid absent on m4. Isoodon
obesulus differs I. peninsulae in having no StE on M3.
Isoodon obesulus differs from . microtis in having small
posterior palatal fenestrae, larger bullae, the paraconid-
metaconid distance shorter than the metaconid-proto-
conid distance on m1. /soodon obesulus differs from /. f.
insulanus, I. f. nauticus and I. f. terrenus in having a large
entoconid on m4.

Isoodon obesulus affinis (Waterhouse, 1846)
Figure 24
urn:lsid:zoobank.org:act:16045CDB-7500-4630-AEE6-8177D0C31E24
Perameles affinis Waterhouse, 1846: 373.

Holotype. NHMUK 1841.1173, juvenile, sex unknown, skin
and skull.

Type locality. Kangaroo Point, near Hobart, Tasmania.

Emended subspecies diagnosis. /soodon obesulus affi-
nis differs from /. 0. obesulus in having a long infraorbital
canal (longer than half the molar row), StA on M1 is
large, StB an StC are fused on M1, but not clearly identi-
fiable as separate cusps, StB on M2 is oval with a stylar
crest running through it, p1 shorter than either p2 or p3,
the hypoconulid on m3 is large.

Remarks. It forms a monophyletic group in nuclear and
mitochondrial trees, though is paraphyletic within /. obe-
sulus.

Distribution. Tasmania.

Isoodon obesulus obesulus (Shaw, 1797)
Figure 25

urn:lsid:zoobank.org:act:3064B194-4268-4350-AEBA-
A3369BC21B24

Didelphis Obesula Shaw, 1797: Text to Plate 298.

Neotype. AMS M1182, adult male, skin and skull, body in
spirit.
Type locality. Ku-ring-gai Chase National Park, New South
Wales.

Emended subspecies diagnosis. /soodon obesulus obe-
sulus differs from 1. o. affinis in having a short infraorbital
canal (shorter or equal to half the molar row), StA on
M1 is small, StB an StC are fused on M1, but are clearly
identifiable as separate cusps, StB on M2 is conical with
no stylar crest connection, p1 as long as p2 or p3, the
hypoconulid on m3 is small.

Remarks. Previously included population from Adelaide
Hills and Kangaroo Island.

Distribution. Southeastern Australia, from Sydney to
Victoria, and southern part of South Australia, on the
south-eastern side of the Murray River.

Isoodon peninsulae Thomas, 1922

Figure 26
urn:lsid:zoobank.org:act:D92D1872-77F9-4DD8-8A1B-6A5C7CD79CAF
Isoodon peninsulae Thomas, 1922: 679.

Common name. Cape York Brown Bandicoot

Holotype. NHMUK 1915.3.5.71, adult male, skin and skull
Type locality. Utingu, Cape York, Queensland.

Emended species diagnosis. /soodon peninsulae differs
from all species of Isoodon except I. auratus in having
a small anterior cingulum on M2 not connected to the
talon. Isoodon peninsulae differs from all species of
Isoodon except I. f. fusciventer, I. f. halae, I. f. dawensis
in having a large StE on M3. Isoodon peninsulae differs
from 1. microtis, I. macrourus. 1. f. insulanus, I. f. nauticus
and I. f. fusciventer in having a well-developed lingual
shelf on P3, not extending to the buccal side. /soodon
peninsulae differs from all species of /soodon except /.
macrourus, |. moresbyensis, I. f. fusciventer and |. f. ter-
renus in having a deep and wide submasseteric crest.
Isoodon peninsulae differs from I f. insulanus, I. f. nau-
ticus and I f. terrenus, I. macrourus and I. moresbyensis
in having the postprotocrista of M4 end level with the
most posterior end of the postparacrista. Isoodon penin-
sulae differs from I. microtis, I. f. insulanus, I. f. nauticus,
I f. terrenus and I. macrourus in having cristid obliqua of
m1 terminating lingual to the protocone. Isoodon penin-
sulae differs from I. auratus, I. fusciventer, |. macrourus
and I. moresbyensis in having the alisphenoid tympanic
process terminating at the transverse foramen. /soodon
peninsulae differs from [. auratus, I. f. fusciventer, I. f.
halae, I. f. dawensis and I. macrourus in having a buccally
orientated preparacrista on M1. [soodon peninsulae dif-
fers from . macrourus and I. f. fusciventer in having a
stylar crest connected to the metastyle on M1. Isoodon
peninsulae differs from I. microtis and I. obesulus in hav-
ing the posthypocristid oblique to the tooth row on m1.
Isoodon peninsulae differs from 1. f. fusciventer and |. f.
dawensis in having a canine-like 15, anterior cingulum of
M1 not connected to talon, StA on M1 is small. Isoodon
peninsulae differs from I. macrourus and . moresbyensis
in being smaller in size and having a pair of accessory
fenestrae, 13 larger than 12 or 14, StC/D absent on M4,
Isoodon peninsulae differs from /. microtis in having small
posterior palatal fenestrae, larger bullae, the paraconid-
metaconid distance shorter than the metaconid-proto-
conid distance on m1. Isoodon peninsulae differs from /.
f-insulanus, I. f. nauticus and 1. f. terrenus in having a large
entoconid on m4.

Remarks. No changes to this species.
Distribution. Cape York, Queensland.

The updated distribution of all the taxa above is shown
in Fig. 27.
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Figure 24. Holotype of Isoodon obesulus affinis, NHMUK 1841.1173. Study skin in dorsal (A), lateral (B) and ventral views (C).
Skull and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 2cm.
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Figure 25. Neotype of /[soodon obesulus, AMS M1182.Study skin in dorsal (A), lateral (B) and ventral views (C). Skull and dentary
in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).
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Figure 26. Holotype of Isoodon peninsulae, NHMUK 1915.3.5.71. Study skin in dorsal (A), lateral (B) and ventral views (C). Skull
and dentary in dorsal (D), ventral (E) and lateral views (F). Scale bar = 3cm (skin); 2cm (skull).

museum specimens overseas and in Australia. We
would like to acknowledge the contribution of the Oz
Mammals Genomics Initiative consortium
(https://ozmammalsgenomics.com/consortium/) in the
generation of data used in this publication. The Initiative

was supported by funding from Bioplatforms Australia
through the Australian Government National Collabora-
tive Research Infrastructure Strategy (NCRIS). We thank
staff at the Australian Museum in Sydney (Sandy Ingle-
by, Harry Parnaby and Anja Divjan), Museum Victoria in

VERSION OF RECORD



http://ttps/ozmammalsgenomics.com/consortium/)

TRAVOUILLON ET AL. | REASSESSMENT OF THE GENUS ISOODON AND DESCRIPTION OF NEW SPECIES AND SUBSPECIES

I a. arphemensis I. a. marchinbarensis
sl

T £ insulanus@
L . dawensis

LT halae

Isoodon auratus 'ﬁ

Isoodon macrourus s

Isoodon moresbyensis

1 0. obesulus

Isoodon obesulus U

w I o affinis

Figure 27. Updated distribution of species and subspecies of Isoodon. Dark colour = current distribution; light colour = historical
distribution at European arrival in Australia; black dots = subfossil sites; red dots = translocation sites.
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