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Gigantism is a common phenomenon observed in murids from islands, particularly the Indonesian
islands belonging to the Lesser Sunda chain. Rats in this island group are often considerably larger than
their continental sister taxa and have been reported from the islands of Timor, Sumba, and Flores. Here,
we describe the first record of a giant rat from the island of Alor, at the northeastern end of the Lesser
Sundas. Alormys aplini gen. et sp. nov. is described from isolated molars and a partial lower jaw from
excavations in the twilight zone of Makpan Cave, a lava tube cave situated on the southwestern margin of
the island. Speleological and taphonomic information suggests that these remains were deposited as a
result of owl activities. Alormys aplini is characterized by its large size relative to members of Rattus and a
relatively unspecialized, moderately hypsodont dentition. Among the larger rodents of the Lesser Sunda
chain, Alormys most closely resembles Milimonggamys and Papagomys. Carbon and oxygen isotope
analysis indicates that it consumed C3 plants almost exclusively. Its extinction in the late Holocene
appears coeval with the disappearance of Timor’s and Sumba’s giant rats and may be related to increased
aridity and deforestation on these islands.

� 2018 National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA), Publishing
Services by Elsevier. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The Lesser Sunda Islands commonly preserve fauna considered
archetypical of the “island rule” (van der Geer et al 2011). For
example, stegodons from Sumba, Flores, and Timor are much
smaller than their mainland congenerics (Hooijer 1969; van den
Bergh 1999). Conversely, several extinct, and one extant, species
of murine attained significantly larger sizes than rats found on
mainland Southeast Asia. These have included at least four genera
(three currently undescribed) from Timor (Aplin and Helgen 2010),
three from Flores (Musser 1981), and two recently described from
Sumba (Turvey et al 2017). Here, we add to the giant rat diversity of
this island group and describe a new genus and species from the
island of Alor, the most northeastern example of gigantism in
Wallacean archipelago rodents known to date.
r for Human Evolution, Envi-
rsity, Nathan, QLD, Australia.
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Alor is the largest island of the Alor Archipelago, situated on the
Banda Volcanic Arc, north of Timor and east of Flores (Figure 1). It is
a volcanic island of high topographic relief, although Pleistocene
uplift has produced coral and limestone terraces, mostly located on
the northern and northwestern flanks of the island. The majority of
the island is formed from the Alor Formation, comprising bluish-
black glass-rich andesite agglomerates, with some alternating
tuffs, pyroxene-andesite volcanic bombs, and basalts (Heering
1941). During much of the Pleistocene, it formed a larger island of
approximately 3,800 km2, when it merged with neighboring
islands, particularly Pantar, after glacial falls in sea level (O’Connor
et al 2017). However, Alor has never been connected physically to
islands further west in the chain, and it was always separated by sea
fromFlores. No giant rats have been reported fromany of the islands
between Alor and Flores. No detailed palaeoenvironmental records
exist for Alor; however, conditions were probably similar to that
found in nearby Timor. Monk et al (1997) reconstructed this as a
mosaic of evergreen, semi-evergreen, and deciduous forests, with
drier areas supporting sclerophyll vegetation. The region around the
site today, and indeed much of the southwest coast, is comprised of
grasslands and open savannah eucalyptus woodlands (Figure 1).
d Korea National Arboretum (KNA), Publishing Services by Elsevier. This is an open
c-nd/4.0/).
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Figure 2. Stitched photographs showing the series of holes in the roof of Makpan,
which have acted as roosts for owls. Left-hand side is the western floor, and right-hand
side is the eastern floor.

Figure 1. Location map: A, regional setting; B, Alor Island, shown in relation to some of the other islands in the Nusa Tenggara island chain; C, landscape surrounding Makpan; D,
location of Makpan on Alor, shown with the island’s capital Kalabahi and the archaeological site of Tron Bon Lei, where the taxon was first reported; E, plan of Makpan Cave,
showing the position of the archaeological and owl roost excavation.
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Material and methods

Dental material, obviously belonging to a very large rodent not
observed in modern owl roost collections from the island, was first
noted from Tron Bon Lei rockshelter, an archaeological site in the
south of the island (Hawkins et al 2018). Partial dental fragments
were recovered from the lowest levels of the site alongside a rich
icthyoarchaeological assemblage (Samper Carro et al 2016; 2017).
Additional dental material subsequently recovered from an owl
roost deposit situated in the twilight zone of Makpan, a volcanic
lava tube cave located in the northwest corner of the island
(Figure 1; Louys et al 2017), is the subject of this report.

Makpan is a long flattened tubular cave measuring at least 92 m
in length and approximately 30 m at its widest point (Figure 1). It is
filled with loose sediment that slopes down slightly toward the
cave entrance. A series of erosional features in the cave roof, con-
sisting of several holes in sequence in the host volcanic rock
(Figure 2), were observed near the midpoint of the cave. They are
likely produced by dissolution erosion along a joint and actioned by
carbonate-charged water producing speleothems observed below.
Makpan was the focus of an archaeological excavation near the
mouth of the lava tube; however, modern owl roost remains were
observed toward the rear, one of which was targeted for excavation
to act as a naturally accumulated contrast to the archaeological
sequence.

A 1 �1 m test pit was placed over the top of the owl roost talus
deposit, and the top of the talus excavated level to the base of the
lowest topographic point in the square (XU 1). Subsequent spits
were excavated in 5 to 7-cm aliquots to a maximum depth of 1 m.
Each spit was sieved on site and sorted in the field and/or the
laboratory. Charcoal samples observed during excavation were



J Louys et al. / Journal of Asia-Pacific Biodiversity 11 (2018) 503e510 505
collected in situ and recorded to spit level. Seventeen spits were
excavated, at which point the walls of the excavation proved too
unstable to continue. The deposit continues to an unknown depth.
The excavated units (XU) consist of a relatively well-stratified
sequence, with the top spits dominated by recent, but increasingly
consolidated typical owl roost material (poorly sorted sandy silt
predominately composed of disarticulated but mostly complete
microfaunal remains). This layer extends to approximately 20e
30 cm below the surface and corresponds to XUs 1e4. No giant rats
have been observed in these layers. Below this, a fine-grained sandy
silt with numerous ash patches was encountered (corresponding to
XUs 5e6), with a much smaller faunal component than the layers
above. A single radiocarbon date from this layer returned an age of
3376e3214 cal BP (S-ANU 53109). Many large rocks were recovered
from the base of this unit. Excavation units 7e10 largely consisted
of unconsolidated, poorly sorted sand with pebbles. The majority of
radiocarbon dates were recovered from this layer and returned ages
indistinguishable from the layer above (Figure 3), suggesting very
rapid sedimentation. Artefacts (stone tools and a polished bone
point) were recovered in small numbers from the deposit below
XUs 1e4, suggesting that the rapid sedimentationmay be related to
human use of the cave. The lower levels (XUs 11e17) largely con-
sisted of a consolidated to semi-lithified white and yellow chalky to
light brown fine-grained silt. A single radiocarbon date from these
layers returned a date of 7912-7663 (S-ANU 51738), suggesting
much slower sedimentation and/or an unconformity in the
sequence. Giant rat material described herewas recovered from the
sequence below XU4. Only isolated molars and one mandibular
fragment of a giant rat was recovered, and giant rat remains were
rare in comparison with other smaller rodent remains. No giant rat
cranial fragments were identified.

Terminology of cusps and crests of molars follows Musser (e.g.
Musser 1981; Musser and Heaney 1992), based in turn on Miller
(1912; modified by Misonne 1969) and van de Weerd (1976) for
upper and lower molar, respectively. These are illustrated by Aplin
and Helgen (2010: figure 3), and we follow their use of the term
lamina to refer to the transverse rows of cusps. Upper and lower
molar row lengths from representative specimens of Rattus from
the Lesser Sunda islands of Adonara, Alor, Flores, Komodo, Lem-
bata, Lombok, Rinca, Roti, Sawu, Semau, Sumba, Sumbawa, and
Timor were measured for comparative purposes and are housed
in the Western Australian Museum (see Supplementary Informa-
tion). Dental measurements were taken with handheld digital
calipers (Mitutoyo CD-6” ASX, accuracy �0.02 mm) recorded to
the nearest 0.01 mm. Measurements were taken along the
approximate midline of the tooth by J.L. with calipers held in the
occlusal plane.
Figure 3. Stratigraphic plan of the Makpan owl roost excavation. All radiocarbon samples w
Dating Centre (Fallon et al 2010) and calibrated using OxCal v. 4.3 (Bronk Ramsey 2009) w
Nine isolated molars recovered from the deposit were subjected
to carbon and oxygen stable isotope analysis in an effort to deter-
mine paleodiets and paleoecology of the taxon. The teeth were
selected based on being represented solely by molar crowns of
juvenile individuals without any adhering dentine. Damaged or
partial teeth were preferred. Each tooth was crushed with mortar
and pestle. The powdered enamel was then chemically treated
using 30% H2O2 and 0.1 N acetic acid to remove organics. Samples
were measured using a Thermo Finnigan DeltaPlus XP mass spec-
trometer at the University of Rochester Stable Isotope Ratios in the
Environment Analytical Laboratory (SIREAL). C and O isotopes are
reported in permil (&) and standardized to Vienna Pee-Dee
Belemnite (V-PDB).
Systematic accounts

Family Muridae
Subfamily Murinae
Genus Alormys n. gen.
LSID urn:lsid:zoobank.org:act:E784C18B-B2BB-4B8D-9DEF-
31145B7217D5

Type species. Alormys aplini n. gen. et n. sp.
Etymology. Alor, the island fromwhich the only specimens have

been recovered, and -mys (Greek), a mouse.
Description. As for the monotypic species.
Remarks. A genus of large-bodied murine distinguished from all

others by the following combination of morphological features:
large size, moderately inclined hyposodont molars, trilobed t1-3
lamina on M1, trilobed t4-6 lamina on M1 and M2, with each of
these lamina separated by deep valleys, M1 with five roots, upper
molars lacking cusp t7 and posterior cingulum, second molars
generally wider than longer, lower molars lacking anterior
cingulum, presence of weakly to moderately developed poster-
olabial cusplet on m1 and m2. Among the giant murines of Nusa
Tenggara, it differs from Raksasamys in having a well-developed t1
cusp on M1, a moderately well-developed t3 cusp on M2, in pos-
sessing a posterior cingulum on m1 and m2. It differs from Mil-
imonggamys in possessing squarer (length to width ratio) molars
except in the m1, a well-developed t1 cusp on M1, t4 and t6 cusps
similar in size and alignment inM1; amore anteriorly positioned t4
cusp, a better developed t3 cusp on M2, and in lacking a posterior
cingulum on M3. It differs from Coryphomys in having a narrower
M1, a moderately well-developed t3 cusp on M2, and lacking a
posterior cingulum in M1-3, lacking an anterocentral cuspid, and
more transversely orientated lamina on m3. Differs from Papag-
omys in having a more strongly developed t1 and t4 cusp on M1, a
ere charcoal collected from the sieve, with analysis performed at the ANU Radiocarbon
ith the Southern Hemisphere Atmospheric curve [SHCal2013] (Hogg et al 2013).
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more anteriorly positioned t4 cusp on M2, a more strongly devel-
oped t9 cusp on M3, less well-developed anterolabial cuspids and
posterolabial cusplets on m2. It differs from Hooijeromys in lacking
an anterocentral cuspid, and anterolabial cuspids on the m2 and
m3. It differs from Speleomys in possessing much simpler, laminar
cusps and cuspids and lacking well-developed auxiliary cusps and
cuspids.

Alormys aplini n. sp.
(Figures 4e6)
LSID urn:lsid:zoobank.org:act:B2990292-194C-4189-B391-
7F29A320F162

Etymology. Named for Ken Aplin, a giant of murid research.
Holotype. MGB-102509, a left upper first molar from spit 7 of the

Makpan Owl Roost excavation, Alor Island, Indonesia.
Referred specimens. MGB-102510 to MGB-102523, inclusive. All

specimens are lodged in the Museum Geologi Bandung, Indonesia.
Description. The species is represented almost exclusively by

isolated molars, all of which showminimal wear. Only the holotype
preserves tooth roots. A right anterior mandible fragment is also
assigned to this species. All specimens described in the following
are derived from spit 7 of the excavation. Dental measurements are
listed in Table 1.
Figure 4. Upper dentition of Alormys aplini. MGB-102509, left M1; MGB-102510, left
M1; MGB-102511, right M2; MGB-102512, left M2; MGB-102513, right M3; MGB-
102514, left M3. Scale bar represents 1 mm.

Figure 5. Lower dentition of Alormys aplini. MGB-102515, left M1; MGB-102516, left
M1; MGB-102517, left M1; MGB-102518, right M2; MGB-102519, left M2; MGB-102520,
left M2; MGB-102521, right M3; MGB-102522, left M3. Scale bar represents 1 mm.

Figure 6. Partial lower jaw of Alormys aplini (MGB-102523). Top, buccal view; bottom,
lingual view. Scale bar represents 1 mm.



Table 1.Measurements of upper and lowermolars attributed to Alormys aplini in mm, comparedwith select species of Rattus collected from the Lesser Sunda Islands held in the
Western Australian Museum. Maximum and minimum lengths of molar rows of Alormys aplini calculated by summing maximum and minimum molar lengths.

Registration number Symmetry First molar
length

First molar
width

Second molar
length

Second molar
width

Third molar
length

Third molar
width

Upper dentition
MGB-102509 Left 4.77 3.62 e e e e

MGB-102510 Left 4.40 3.51 e e e e

MGB-102511 Right e e 3.19 3.59 e e

MGB-102512 Left e e 3.10 3.26 e e

MGB-102513 Right e e e e 2.89 2.73
MGB-102514 Left e e e e 3.01 2.66
(n) e 2 2 2 2 2 2
Mean e 4.56 3.57 3.15 3.43 2.95 2.7
Range (1 decimal) e 4.4e4.8 3.5e3.6 3.1e3.2 3.3e3.6 2.9e3.0 2.7

Alormys aplini Rattus rattus diardii (n) Rattus exulans (n) Rattus hainaldi (n)

Maximum length upper molar row 10.97 7.43 e 5.77 5.84 e

Minimum length upper molar row 10.39 5.41 e 4.46 4.59 e

Mean length upper molar row 10.66 6.50 40 5.02 59 5.40 28

Registration number Symmetry First molar
length

First molar
width

Second molar
length

Second molar
width

Third molar
length

Third molar
width

Lower dentition
MGB-102515 Left 4.31 2.64 e e e e

MGB-102516 Left 4.43 2.94 e e e e

MGB-102517 Left 4.09 2.85 e e e e

MGB-102518 Right e e 3.26 3.23 e e

MGB-102519 Left e e 3.2 3.21 e e

MGB-102520 Left e e 3.11 3.19 e e

MGB-102521 Right e e e e 2.26 2.47
MGB-102522 Left e e e e 2.79 2.95
(n) e 3 3 3 3 2 2
Mean e 4.28 2.81 3.19 3.21 2.53 2.71
Range (1 decimal) e 4.1e4.4 2.6e2.9 3.1e3.2 3.2 2.3e2.8 2.5e3.0

Alormys aplini Rattus rattus diardii (n) Rattus exulans (n) Rattus hainaldi (n)

Maximum length lower molar row 10.48 7.35 e 5.65 e 5.57 e

Minimum length lower molar row 9.46 5.56 e 4.36 e 4.84 e

Mean length lower molar row 10.00 6.36 40 4.84 59 5.36 26
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Upper molars are relatively hypsodont and represented by
largely united to semi-united cusps forming discrete transverse,
usually trilobed lamina. The occlusal plane is difficult to determine
confidently due to the very limited wear on the molars but appears
to be tilted slightly outward, toward the labial surface.

M1: Two specimens, both left. Tooth roughly oval, MGB-102509
slightly longer and narrower than MGB-102510. A short, rounded,
unworn cusp t1bis is present in MGB-102509; it sits at the junction
of cusp t1 and t2, level with the dorsal bulb of t1 near the base of
the tooth. Cusp t1bis is absent from MGB-102510. Cusp t1 is a
rounded column, separated from t2 until about a third of the un-
worn tooth height by a very restricted valley. Cusps t2 and t3 have
largely fused, although in both teeth occlusal wear has not yet
joined the occlusal surfaces, which remain as separate circular
areas. A well-defined groove between t2 and t3 extends almost to
the base of the tooth. Deep valleys separate all lamina. Cusp t5 has a
flattened-kidney shape; it sits anterior to cusps t4 and t6, with
these latter cusps in the same sagittal plane posterior to t5.
Together, cusps t4-6 form a trilobed lamina, with visible grooves
between cusps extending to the juncture with the t1-3 lamina.
Cusp t7 is absent; in contrast, cusp t8 is a well-developed apical
structure that is fused to cusp t9. This latter cusp is small and
positioned anterolabially to t8, with a round anterolabial expres-
sion more muted in MGB-102510. MGB-102509 has five clear,
though broken, roots: a large, semi-circular (in cross section)
anterior root; two small, circular lingual roots; a small bifurcate
labial root; and a large oval posterior root positioned at the ante-
rolabial corner of the tooth.

M2: Two specimens are presented, a right (MGB-102511) and
left (MGB-102512). This tooth is a fat, bulbous triangle. Cusp t1 has
a circular occlusal surface. It is columnar, wider mediolaterally than
anteroposteriorly. A small cusp t3 extends to about halfway up the
tooth; in neither specimen is it in occlusal wear. It connects with
the anterior surface of t5 medially but forms a deep deeper valley
with t6. Cusps t4, t5, and t6 areworn to the point where they form a
single laminar in MGB-102512; however, t4 remains isolated in
MGB-102511. A deep valley separates t1 and t4, extending almost to
the base of the tooth. The t4-t6 lamina is strongly trilobed, with t5
the largest cusp of the three. Cusp t4 is positioned posteriorly to t5
and t6. A deep valley divides t4-6 from t8-9. Cusp t9 is positioned
much more anteriorly than t8 but is the smaller cusp and in both
specimens is worn such that the lamina occlusal surface presents as
a quarter circle along the posterolabial margin of the tooth. This is
more pronounced in MGB-102511.

M3: Two specimens, a right (MGB-102513) and a left (MGB-
102514). The tooth is a rounded triangle, anteriorly wider than
posteriorly. Cusp t1 is bulbous, sharply divided from t4 by a deep
valley that extends to the anteromedial margin of t5. A short pro-
trusion on the anterolateral margin of t5 represents a heavily
reduced t3. Occlusal outline of t1 is oval, being restricted ante-
roposteriorly. Cusps t4-t6 form a trilobed lamina, with t5 being the
largest cusp. The lamina is transverse, with t5 positioned slightly
more anteriorly than t6, in turn slightly more anterior to t4. This
lamina is roughly parallel with the t8-9 lamina. This latter is
bulbous and columnar, divided from t4-6 by a deep valley
extending almost to the base of the tooth. No posterior cingulum is
observed.

Lower molars are also moderately hypsodont and represented
by separate to just united cuspids, forming distinct chevron-shaped
lamina in the m1 and m2; the lamina being parallel in m3. Lamina



Table 2. Carbon and oxygen isotopes for specimens attributed to Alormys aplini.

Laboratory ID Tooth Spit# d13C SD d18O SD

G-6161 M2 8 �12.5 0.10 �6.9 0.11
G-6162 M2 8 �9.6 0.07 �6.8 0.10
G-6163 M2 8 �9.7 0.07 �6.9 0.23
G-6164 M2 8 �10.7 0.06 �6.6 0.25
G-6165 M1 7 �14.3 0.07 �5.0 0.13
G-6166 m2 7 �12.2 0.06 �4.0 0.21
G-6167 m2 7 �11.8 0.08 �4.6 0.22
G-6168 M1 8 �13.0 0.08 �5.9 0.15
G-6170 M1 9 �16.2 0.07 �3.4 0.09

SD, standard deviation.
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are divided from each other by deep valleys. Occlusal wear is
strongly inclined toward the midline of the tooth; however, as in
the upper molars in all specimens examined, this wear is minimal.

m1: Three specimens (MGB-102515, MGB-102516, and MGB-
102517), all left teeth, one (MGB-102516) with a very small frag-
ment of the mandible still adhering to the tooth. Tooth oval shaped,
tapering anteriorly. Lingual cuspids more anteriorly positioned
than labial. Anterolabial cuspids smaller anterolingual, and no
anterocentral cuspid present. Cuspids remain distinct in all speci-
mens observed, becoming more inclined relative to the central
occlusal valley posteriorly. Occlusal wear on anterolingual and
anterolabial cuspids oval to irregular in shape. Protoconid and
metaconid are the most well-connected cuspids, particularly in the
more worn specimen (MGB-102515). Both cuspids are approxi-
mately the same size. Hypoconid and entoconid lamina narrower
mediolaterally than the protoconid and metaconid lamina due to
an acuter angle between them; however, all four of these cuspids
are approximately the same size. A distinct columnar posterolabial
cusplet is present on the anterolabial margin of the hypoconid. In
none of the specimens is it inwear. The posterior cingulid is circular
to oval in occlusal view, being generally wider lingually and
tapering somewhat labially.

m2: Three specimens, one right (MGB-102518), two left (MGB-
102519, MGB-102520) at different stages of wear although cuspids
always distinguishable. Roughly circular tooth, wider anteriorly
than posteriorly. The lamina are orientated more transversely
anteriorly, with the hypoconid and entoconid at a more acute angle
than the protoconid and metaconid. These latter two cuspids have
fused in the more worn specimen (MGB-102518) providing a
somewhat rectangular occlusal surface. A distinct anterolabial
cuspid is present on this tooth (H) but missing from the other
specimens. Protoconid is larger than the metaconid, with a higher
degree of wear which runs in the dorsal plane. Metaconid is
medially inclined. Hypoconid and entoconid are roughly equal in
size, with occlusal surfaces oval. A posterolabial cusplet is present
on all three specimens, but variably defined and most strongly
expressed and columnar in MGB-102518, whereas in MGB-102519
and MGB-102520, it is less clearly defined from the hypoconid.
One specimen (MGB-102519) has a posterolingual cusplet which is
smaller and more ventrally located, but better defined than the
posterolabial cusplet. The posterior cingulid presents with a sub-
ovate occlusal surface, wider mediolaterally, with the occlusal
plane significantly more ventral than the conids.

m3: Two specimens, one right (MGB-102521) and one left
(MGB-102522). Protoconid slightly larger than metaconid, both
fused in a transverse lamina. Anterolabial cusplet is clearly differ-
entiated from the protoconid inMGB-102521, but is little more than
a slight bump inMGB-102522. Hypoconid and entoconid fused into
a single lamina, transversely orientated. Posterior cingulum is a
gently sloping surface to the tooth root.

Mandible: A single right mandible fragment (MGB-102523). It is
broken posteriorly at the level of them2, and ventrally at the incisor
alveoli. The m1 alveoli is well preserved such that four root cavities
are present: one large, circular anterior cavity, two small circular
labiolingual cavities, and a large, transversely orientated bifurcate
posterior root cavity. Two further cavities in the m2 alveoli are
preserved and circular in expression. Overall, both the tooth cav-
ities are quite large relative to the bony framework. The symphysis
is incomplete but appears to have been limited anteroposteriorly,
although a ridge extends along the dorsal surface of the diastema
posteriorly from the symphysis to about midway between molars
and incisor cavities. The inferior mandibular process is a sharp,
well-defined crest running obliquely across the surface of the
fragment. There is damage to the specimen at the anterodorsal
extent of this crest; however, the mental foramen is preserved
anterior to this. It is anterior to them1 root andwell posterior to the
maximum extent of the symphyseal ridge. The incisor cavity in-
dicates that a deep but narrow incisor would have been present.

Results

Intraspecific and interspecific comparisons of individual molar
dimensions and molar row lengths, respectively, are presented in
Table 1 (full list of measurements given in the Supplementary In-
formation). Even when the smallest dimensions of Alormys are
compared to the largest values measured for Rattus, Alormys is
more than 20% larger than the modern rats. Isotope data are shown
in Table 2. Carbon isotope values ranged from �9.6&, which could
indicate a very small portion of C4 in the diet of this individual,
to �16.2 &, indicating a strong C3 dietary signal. Oxygen isotope
values ranged from �3.4 & to �6.9 &, which probably reflects the
effects of different meteoric water sources on these individuals.

Discussion

The excavation area was chosen due to the occurrence of a very
recent owl roost deposit observed on the surface, in the hopes that
a long, naturally deposited sequence would inform on palae-
oenvironments and palaeodiversity of the area independent of
humans. There are three species of owl identified on Alor today
including the eastern barn owl (Tyto delicatula), the southern
boobook (Ninox boobook), and a species of scop owl of the genus
Otus, although of these only barn owls would be likely to be tar-
geting juvenile giant rats as they can take prey upward of 300 g
(Trainor et al 2012). The clear preference of owls for this area of the
cave can be explained by the series of erosional features in the cave
roof (Figure 2). These obviously served as suitable roosting space
for owls, and it is very likely that these holes, and therefore po-
tential owl roosts, have been available throughout the period of
deposition of the site. Given this, as well as the preservation of
other faunal remains recovered with A. aplini and the fact that only
lightly worn specimens of this species have been recovered, it
seems most parsimonious to conclude that the juvenile A. aplini
remains accumulated as a result of owl predation.

The phylogenetic relationship of Alormys is difficult if not
impossible to accurately establish due to high homoplasy present in
murid morphological characters (Aplin and Helgen 2010) and the
fact that currently it is almost exclusively represented by tooth
crowns. Thus, further exploration of this question awaits genetic
analysis, which will require more completely preserved material to
proceed. The first molars, relatively unspecialized, closely
resemble the dentition of Rattus-group species except for its much
larger size. Superficially, Alormys most closely resembles Mil-
imonggamys and Papagomys of the giant murids of Nusa Tenggara.
In turn, it has been suggested that Papagomys and other Flores
murines are more closely related to each other than to other taxa
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(Musser 1981) and that Milimonggamys resembles Komodomys as
well as other Southeast Asian Rattini (Turvey et al 2017). A poorly
resolved morphology-only phylogenetic analysis recovered Rak-
sasamys and Papagomys as sister taxa (Turvey et al 2017). It is
certainly possible that a small-bodied common ancestor of all the
large genera dispersedwidely through Nusa Tenggara and that each
achieved gigantism independently building from the same South-
east Asian rattine bauplan. However, given the isolation of Sumba
and Flores from Alor and each other and their common environ-
mental and ecological history, the resemblances noted could just as
likely be the result of convergent evolution of distantly related
murines dispersing through the archipelago.

Alormys has a relatively unspecialized, moderately hypsodont
dentition, and isotope analysis indicates that it consumed C3 plants
almost exclusively. It is therefore likely that, similar to the extant
Papagomys armandavillei from Flores, it fed primarily on leaves,
buds, and fruits and was probably a forest dweller. This contrasts
markedly with the environment around the cave today (Figure 1).
However, a marked contrast between local vegetation and the
carbon isotopic signal in tooth enamel is not unusual for rodents.
Other rodent species recovered from open, C4-dominated habitats
have been shown to preferentially seek and consume C3 plants
(Leichliter et al 2017). Furthermore, owls have home ranges that
commonly extend more than w25 km2 (e.g. Tyto furcate: 28.5 km2

(Hindmarch et al 2017); Asio otus: 25.6 km2 (Wijnandts 1984)). On
Alor, such a range would include ecotones between forested areas
from higher elevations and grasslands closer to the shore. Thus, the
isotopic results, while informing on the paleobiology of this mu-
rine, may not necessarily be indicative of the environmental con-
ditions present during the middle-to-late Holocene immediately
around Makpan.

It is possible that this species is still extant and that future
exploration of the interior of Alor may uncover a living specimen.
However, we consider this highly unlikely. Extensive coastal sur-
veys as well as one inland survey have not produced any specimens
of this species from any modern owl roost or other modern con-
texts (Louys et al 2017). Additionally, no specimens of A. aplini have
been recovered from Tabubung 4, a late Holocene site in north-
western Alor, dated up to 2012-1863 cal BP in age (Louys et al 2017).
At Makpan, no specimens were recovered from spit 4 or above. Spit
5, immediately below, has preserved charcoal dated to 3376-3214
cal BP. Extrapolating these data to determine a last appearance
datum for this taxon is tentative; nevertheless, from these, it is
highly likely that the Alor giant rat became extinct during the late
Holocene. This extinction chronology is remarkably similar to the
timing of extinctions of both Timor’s and Sumba’s giant rats
(O’Connor and Aplin 2007; Turvey et al 2017). The cause of these
extinctions is unclear but may be related to increasing aridity and
periodicity of rainfall from about 2500 years ago (Gagan et al 2004)
coupled with deforestation accompanying the introduction of
metal artefacts into the islands in the last few thousand years
(Louys et al 2015).
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