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INTRODUCTION

ALTHOUGH most of the genus Phalanger (as
presently constituted) are confined to New

Guinea and its offshore islands, extending to the’

Cape York Peninsula in Australia, two species (or
species-groups) range further to the northwest
than any other marsupial, as far as Sulawesi.
Their presence there is a zoogeographic prob-
lem: apart from them, the whole mammalian
fauna of Sulawesi is satisfactorily explained as a
long-established Oriental isolate (Groves 1976).

The two species in Sulawesi are (1) not closely
related to each other and so could not possibly
have arisen by in situ speciation, and (2) not con-
specific with any of the New Guinea taxa, so
could not have got to Sulawesi by Human agency.
Moreover, their relationships to extralimital taxa
are of quite different orders: P. ursinus is isolated
within the genus, having no close relations
elsewhere, while P. celebensts is a member of the P.
orientalis/gymnotis (phenetic) group and has been
supposed (Tate 1945; Feiler 1978) to be con-

nected to New Guinean members by a chain of

intermediate taxa, with which this paper will con-
cern itself. Presumably, therefore, different past
processes must be invoked to explain the present-
day distributions of the two Sulawesi species.

Tate (1945) considered the relationship of P.
celebensis 1o P. orientalis and assigned the inter-
mediate taxa from Maluku (the Moluccas) to one
or the other. While Tate was merely following the
fashion of his day in over-lumping taxa, the
potential role of taxonomy in so ordering the
data as to bring out phyletic affinities and provide
a basis for zoogeographic modelling is so import-
ant that the case of the Moluccan cuscuscs
demands reconsideration.

MATERIAL AND METHODS

Specimens of cuscuses of the P. orientalis group
were examined and measured in the following
institutions: British Museum (Natural History),
London; Museum National d’Histoire Naturelle,
Paris; Rijksmuseum van Natuurlijke Historie,
Leiden; Zoologisches Museum, Berlin; Museum
Zoologici Bogoriense, Bogor. 1 was also able to
borrow specimens from the American Museum
of Natural History, New York, which proved
crucial to the study.

Measurements taken were in the main those
previously used by Tate (1945), Hootjer (1950)
and Feiler (1978 [1, 2]). This enabled me to in-
corporate into the study the measurements of
specimens not seen personally and so enlarge the
samples. In a few cases, visual observation
suggested measurements which should be added
to the list to quantify obvious differences between
samples.

RESULTS

It soon became clear that one ol the taxa
included by Tate in P. celebensis fits very uneasily
in that species and is phenetically at least as close
to P. orientalis. This is the so-called Phalanger
celebensis rothschildi Thomas, 1898, from Pulau
Obi. Equally, one of those placed by him in P.
orientalis is very unlike other members of the
species, being in many ways close to rothschildi but
also having characters peculiar to itself:
Phalanger orientalis ornatus (Gray, 1860), from the
Halmaheira group.

The discovery of significant geographic
variation within P. celebensis [rom Sulawesi iself
raised the question of whether the taxa referred
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to that specaies from the islands immediately to
the cast (Peleng, Sula islands) were correctly so
placed. Cuscuses from these islands differ from
those of Sulawesi more than the latter differ
among themselves and it seemed appropriate to
keep them apart.

We now have not two but five separate quasi-
specific groups of cuscus from the region. They
are all sharply distinct from one another and can
be differentiated at a glance: they differ in the
same kinds of characters as have been assigned
(Tate 1945) to P. orentalts and P. celebensis; to
some extent, as has been emphasised by Feiler
(1978 [1,2]), they form a graded series, yet at the
same time each has its own characters and is no
mere intermediate. In this paper I make the case
that each should be considered as a separate
species. Synonymies and descriptions follow,
together with a consideration of geographic
variation within each.

1. PHALANGER CELEBENSIS (GRAY, 1858)

This species can be defined as per Table 1. Itis a
small-sized and relatively long-tailed species with
an evenly grey to fawn body colour. It has a
secator that is strongly skewed to the axis of the
toothrow, a rounded mastoid process, and a
characteristically shaped naso-frontal suture.
There are noticeable geographic variations, as
follows.

(a) Phalanger celebensis celebensis (Gray, 18358)

1858 Cuscus celebensis Gray. Macassar (Ujung
Pandang), South Sulawesi.

Table 1. Species of the Phalanger orientalis group in Indonesia.
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1950 Phalunger celebensis callenfelss Hoonjer. Pan-
ganreang Tudea cave, South Sulawesi (pre-
historic).

Distribution: South Sulawesi, probably south of
the Lake Tempe Depression (on the analogy of
other Sulawesi mammals).

Specimens seen: six, as follows: BM(NH) 57.8.6.3,
subadult skin and skull, Macassar (TYPE of
celebensis); BM(NH) 96.5.1.4, adult female skull
only, Indrulaman .(Bonthain district), S.
Sulawesi; BM(NH) 1939.3095, adult female skin
and skull, same locality as BM(NH) 96.5.1.4;
MZB 1058, adult male skin and skull, Ponabe,
South Sulawesi; MZB 8823, young adult female
skin and skull, Maros, South Sulawesi; AMNH
101241, adult male skin and skull, Wawa Karang,
2000 m, Lompobatang.

Description: Colour grey, generally iron-grey (ex-
ception: the AMNH skin, which is more buffy).
Tail averages shorter than head and body (Table
2). Cheekteeth (except for secator itself) rather
small; secator length averages 23.3% of tooth-
row. Nasals expanded in front of median con-
striction. Lower incisors robust. Horizontal man-
dibular ramus of nearly even height, not
markedly shallowing backwards. Fronto-nasal
sutures form an obtuse angle. P. ¢. callenfelsi was
described (Hooijer 1950) from lower levels (C-D)
of the Panganreang Tudea cave in South
Sulawesi, as a larger prehistoric precursor of the
living form. While a size decrease with time does
appear, it seems to have fluctuated to some
extent, while even the oldest sample shows differ-
ences from the modern South Sulawesi sample
which, while significant using a ¢-test, do not
reach traditional taxonomic levels (Table 3).

P.celebensis

P. pelengensis

P. rothschildi

P. ornatus

P. orientalis

Head + body length
Condylobasal length

Tail, cf. head +body

Ear

Secator, angle to
toothrow

Fronto-nasal
sutures

I’-C diastema
Mastoid processes

Zygomatic rootand
lower orbital rim

Toothrow
M*as % of M*?
Dorsal stripe

General body colour
Colour contrasts

Ventral colour
Ventralcf.

dorsal colouy

White spotting

usually <360 mm
usually <65 mm

>85%
>25 mm

30-45°

bowed forwards

present, 1-3 mm
rounded

slope backwards
straighter
85-92%

none or trace

grey to fawn
none

creamy toned

sharply sci-off

none

usually <365 mm
59-68 mm

<85%
<20 mm

<10°

bowed backwards

absent
pointed

slope backwards
more incurved
81-86%

none or trace

tawny to buffy
none

yelowish

grading
none or trace

usually 360-400 mm
65-75 mm

<85%
20-25 mm

20-30°

straightor

bowed backwards
presentbut <l mm
pointed

slope backwards
straighter
>86%

present, broken
onneck

rusty to bufty
shoulder, rump
and limbs paler

creamy toned

sharply set-off

none

usually 360-400 mm
65-75 mm

<85%
20-25 mm

20-35°
bowed backwards

present but <l mm
pointed

flare outwards
straighter
>86%

continuous,
crown to loins

rusty to buffy
rump and tail
greyer

white with red-
orange collar

sharply set-off

plentiful

>450 mm
>75 mm

>85%
>25 mm

<20°

straight or
bowed backwards

absent
pointed

slope backwards
straighter
>86%

continuous
crownto rump

grey-butftobrown
toreparts browner

creamy with red-
orange collar
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Table 2. Measurements of the samples of P. celebensis.
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Central Southeastern
Southern Sulawesi Sulawesi Northern Sanghir
Sulawesi i 2 1 2 Sulawesi Islands

Head + body length
Mean 330.3 330 315 311 - 316.9 390
s.d.(n) 44.52 (3) - - - 15.24 (9) -
Obs. range 294-380 300-340

Tail .
Mean 305.0 280 300 287 - 322.0 -
s.d.(n) 42.30(3) - - - - 21.06 (9) -
Obs. range 270-352 305-373

Ear
Mean 27.5 20 20 25 - 26.4 -
s.d.(n) —(2) - - - - 2.70(7) —
Obs. range 27-28 23-30

Skulllength
Mean 63.3 65.4 63.8 62.1 61.0 64.4 (58.5+)
s.d.(n) 2.27(5) - - - - 2.35(9) -
Obs. range 61.0-68.0 61.0-68.0

Cheekteethlength
Mean 18.1 20.2 19.5 18.5% 18.0 19.2 20.6
s.d.(n) - 0.62(6) - - - - 0.26 (6) -
Obs. range 17.3-19.1 18.7-19.6

Anterior nasal breadth
Mean 6.82 6.5 5.5 6.4 6.0 5.70 6.0
s.d.(n) 0.46(5) - - - 0.31(6) -
Obs. range 6.0-7.1 5.1-56.9

Length uppersecator 5
Mean 4.22 5.0 5.0 3.9 4.0 4.19 5.0
s.d.(n) 0.46 (6) - - 0.18(8)
Obs. range 3.7-4.5 4.0-4.5

Nasal notch to anterior zygomatic root
Mean 24.8 26.0 26.0 24.7 23.0 24.5 23.0
s.d.(n) 0.84(5) - - - - 0.87 (10) -
Obs. range 23.0-26.0 23.9-25.8

Lower incisor basal diameter (antero-posterior)
Mean 4.30 5.0 5.0 3.8 3.9 3.60 4.1
s.d.(n) 0.4 (6) - - - - 0.44(8) -
Obs. range 3.9-5.0 3.2-4.2

Mandible height at secator
Mean 9.60 11.0 9.5 8.9 10.0 9.90 10.3
s.d.(n) 0.91(5) - - - - 0.49(10) -
Obs. range 9.0-10.0 9.1-10.6

Mandible heightat M,
Mean 8.76 9.6 8.6 7.7 8.0 8.14 9.2
s.d.(n) 0.71(5) - - 0.54 (10) -
Obs. range 8.0-9.0 7.3-8.8

Depth of naked wedge under tail
Range in mm (n) 28-44 (4) 83-110(3) 50 (1) 79-87 (10) 42 (1)

(b) Phalanger celebensis sangirensis Meyer, 1896

1896 Phalanger sangirensis
Islands, north of Sulawesi.

Meyer. Sanghir

Distribution: Sanghir Islands; known from P.
Sangir and P. Siau. '

Description: Only one specimen has been seen by
me (BM(NH) 76.10.21.3). It is larger than others
of the species, but apparently shorter-faced; it
lacks the anterior nasal expansion of the nomino-
typical subspecies and has more slender lower
incisors and a larger secator (length 24.3% of
toothrow). The colour is dark brown with a
golden sheen and a trace of a dorsal stripe.

Although I have seen only a single specimen, this
is so strikingly different from all mainland
examples (especially in colour and size) that there
can be no doubt of its subspecies status.

(c) Phalanger celebensis feileri subsp. nov.

Dustribution: North Sulawesi. How far west along
the northern peninsula it extends is unclear.
Holotype: AMNH 196500 adult male, skin and
skull, from Rurukan, 1000 m, Minahassa, N.
Sulawesi. Collected by G. Heinrich, 2nd Feb-
ruary, 1931. Field number 212.

Paratypes: 17, as follows: AMNH: 11 skins and
skulls, various ages, all from Rurukan; RML:
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Table 3. Measurements of fossil and living P. celebensis from southern Sulawesi (calculated from dat

own data).

ain Hootjer (1950) and author’s

Panganrcang Tudea Batu Ejaya Bola Batu
C-D A-B (A.D. 1030) (17th cent.) Modern

Nasal notch to anterior zygomatic root

Mean 26.4 . - - - 24.8

s.d.(n) (1) - - - 0.84(5)
Lower secator length

Mean 4.13 4.05 4.05 3.84 3.92

s.d.(n) 0.205 (8) 0.177(8) [3.9,4.2](2) 0.152(5) 0.172 (6)
M, breadth :

Mean 3.21 3.07 3.10 3.08 3.05

s.d.(n) 0.135 (7) 0.153 (3) [3.1,3.11(2) 0.160 (6) 0.083 (6)
M, breadth

Mean 3.05 2.90 - 2.85 2.90

s.d.(n) (3.0,3.1(2) —() - [2.8,2.9](2) 0.210(6)
Mandible heightatsecator

Mean 10.47 10.28 10.45 10.68 9.60

s.d.(n) 0.856 (9) 0.433(8) [10.1,10.8](2) 0.629 (4) 0.906 (5)
Mandible heightat M,

Mean 9.09 8.66 8.75 9.54 8.76

s.d.(n) 0.518(12) 0.262 (8) [8.2,9.3](2) 0.688 (5) 0.709 (5)

2 skins and skulls, one male, one female, adult,
from Amurang, Minahassa, N. Sulawesi; MZB: 4
skins and skulls, two males, two females, from
Tonsea, Minahassa.

Diagnosis. This subspecies of Phalanger celebensis,
differs from nominotypical P. c. celebensis in the
more fawn colour of the upper parts; the hair
bases pinkish rather than pale fawn, the tips
brown rather than grey; midback less darkened;
cheeks lighter than rest of head, instead of the
whole face being pale; tail longer on average, the
naked portion sending a much deeper wedge for-
ward into the hairy portion on the underside;
nasals not expanded rostrally; teeth larger,
except for secator; lower incisors more slender;
body of mandible shallowing more markedly

posteriorly; naso-frontal sutures meet at less of

an obtuse angle. It differs from P. c. sangirensis in
its lighter, less fawn colour, with no trace of a
dorsal stripe; smaller size; longer rostrum and
smaller teeth; more posteriorly shallowing body
of mandible; and deeper ventral naked wedge on
underside of tail.

Description (Table 2). This subspecies is a warm,
slightly pinkish, brown or fawn colour; the
underside is creamy, less white than in
nominotypical P, ¢. celebensis and more narrowly
confined. It resembles P. ¢. celebensis in size and
general skull form; P. c¢. sangirensis in its
anteriorly expanded nasals and slender lower

incisors; and differs from both in its total Jack of

any trace of a dorsal stripe, the smaller secator
(length averaging only 21.8% of the toothrow),
the posteriorly shallowing mandibular body, the
more acute angle of the fronto-nasal sutures and

the deeper caudal wedge. This combination of

characters easily differentiates this new sub-
species from the other two described forms.
Indeed, the depth of the tail wedge by itself is
diagnostic.

Etymology: Named for Alfred Feiler, who has
revived interest in the taxonomy of Phalanger in
modern times.

(d) Other potential subspecies.

Two other geographic samples are available: 1,
Central Sulawesi: BM(NH) 40.688, adult skin
only (sex unknown), Quarles Range, 5400 feet,
Central Sulawesi; BM(NH) 40.689, adult female
skin and skull, same locality; BM(NH) 40.690,
adult female skin and skull, same locality; 2,
Southeastern Sulawesi: MZB 8828, adult skin and
skull (sex unknown), P. Muna; AMNH 101249,
skin and skull (sex unknown), Tangka Salokko,
2000 m, Mengkoka, southeastern Sulawesi.

Both these samples differ characteristically from
the named subspecies and appear to differ from
each other also. The southeastern skins resemble
the nominotypical form in colour; the central
ones resemble P. ¢. feileri. Tails are shorter than
head and body in all, resembling P. c. celebensis.
The ears are unusually short in the central
sample. The central skulls have long faces and
large teeth and the mandibles have strongly back-
wardly shelving horizontal rami. The south-
eastern skulls are small, with something of the
nominate form’s anterior nasal expansion. They
have small teeth, very slender lower incisors and
shelving mandibles. Both have the fronto-nasal
sutures forming at most a right-angle, as in P. ¢.
Jeileri. The inferior caudal wedge 1s long in the
central ones, as in P. c. feileri, but less so in the
southeastern specimens. The secator in the
southeastern specimens is short (average of two,
21.8% of toothrow), as in P. ¢. Jeileri, but in the
central specimens the largest in the species
(averaging 25.2% of the toothrow). Lack of suffi-
cient specimens and consequent uncertainty
about the constancy of the characters precludes
the naming of the two samples as subspecies.
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2. PHALANGER PELENGENSIS TATE, 1945
This species is very slightly larger than P. celeben-
sis and, like it, rather evenly coloured. It differsin
its much shorter tail and smaller ears, in the
secator not being skewed to the axis of the tooth-
row, in the different shape of the fronto-nasal
suture, the absence of a diastema between
incisors and canine, the posteriorly incurved
toothrow (distance across posterior molars is less
than 86% that across M%), and in its more tawny
colour with yellowish ventral surface which is not
sharply set off from the dorsal colour.

Its status as a full species, from the sharpness and
constancy of the differences from P. celebensis, is
quite clear. There are two subspecies.

(a) Phalanger pelengensis pelengensis Tate, 1945
1945 Phalanger celebensis pelengensis Tate. P.
peleng.

Distribution: Peleng island.

Description: The colour is a rich foxy brown with a
vaguely expressed dorsal stripe extending from
withers to midback. The underside is golden.
There may be weakly marked white flecks on the
dorsum.

I have seen eleven specimens of this form: ZMB
91407, 91408 (adult males) and 91276 (adult
female), skins and skulls: all, Peleng. MZB 8830-7
(both sexes), three adult, five subadult, skins and
skulls: all, Peleng.

(b) Phalanger pelengensis mendeni Feiler, 1978

1978 Phalanger celebensis menden: Feiler. Taliabu,
Sula Island, 300 m.

I have not seen this form but it is surely a sub-
species of P. pelengensis, both from the descrip-
tion and from the figures of the skull (Feiler 1978
[2]). Itis described as a fawn colour with no dorsal
stripe, the ventral colour as in the nominate race
and the ears reddish.

The measurements as given by Feiler would
suggest a small size, but his figure of the skull of
the type (and only known) specimen show an
individual that may not have achieved full
growth.

3. PHALANGER ROTHSCHILDI THOMAS,
1898
1898 Phalanger r()ths(hzldz Thomas. Lotwuj, Great
Obi.
Distribution: P. Obi Besar only (as far as is
known).
Description: The colour varies from rusty-red to
buffy-grey; the dorsal stripe is clear, but broken
on the neck. The underside is white or creamy,
sharply set off from the upper side. The rump
and limbs are paler than the body, as are the
shoulders. In size it is distinctly larger than the
previous two species. Other characters are listed
i Table 1.

4. PHALANGER ORNATUS GRAY, 1860

1860 Cuscus ornatus Gray.
Island.

Distribution:  Bacan,
Tidore, Morotai.

Batchian (= Bacan)

Halmaheira, Ternate,
Description: This is a highly distinctive species
which is immediately recognisable by its white
spots. On Bacan, males are red-brown to silver-
grey, with shoulders and arms paler. The under-
side is sharply white, this colour extending
forward to chin, but the throat and chest are
bright orange. The cheeks are yellow-creamy;
the tail and rump are buffy. The dorsal stripe is
continuous from crown to loins. Spotting varies:
some have only a few, rather inconspicuous spots
alongside the dorsal stripe; others have dense
spots that are partially fused together into
groups. Females are less variable, more or less
brown-grey, with other characters like males.

Specimens from Halmaheira, Ternate and
Tidore closely resemble those from Bacan, but
many have contrastingly red foreparts and grey
hindparts. The spots are generally less marked;
the white of the underside tends to be restricted
to a white streak on the chest, leaving the rest of
the underparts a red-gold tone.

Morotai skins have less contrast than those from
Halmaheira, but the underside has the same dis-
tribution of colours. The dorsal stripe tends to
fade on the loins. Spotting is plentiful and spots
are sometimes fused together.

These three geographic samples are somewhat
different and there might be grounds for their
subspecific separation. Further study must be
undertaken to determine the constancy of the
differences. There seem not to be any corres-
ponding skull differences. Skulls from Bacan
average 78.0 mm (n = 4) and those from
Halmaheira 78.3 (n = 3) but there is some slight
sexual size difference. Skulls from Ternate are
smaller: a male and a female are 73 and 71 m
long, respectively.

The skull is quite distinct from that of P. ortentalis
and P. rothschildi. It 1s smaller than the former but
similar in size to the latter. The superior temporal
lines are very high in the interorbital region but
do not fuse into a sagittal crest until halfway
down the braincase, if at all. In all other species of
the group they fuse not far behind the postorbital
constriction. The secator, which is narrower and
more bladelike than in other members of the
group, stands at a greater angle to the axis of the
toothrow than in any other species except P.
celebensis. The mastoids are more swollen out-
wards than in other species. The premaxillary
suture is straight, running up and somewhat
backward to meet the naso-maxillary suture for
the last third of its course. The zygomata, seen
from above, flare outward from their anterior

roots, altering the shape of the orbital rim and
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SPODHES IN FVOP T o

Fig. 1. Lateral view of crantum of: (a) Phalanger celebensis celebensis, adult %, AMNH 1012000 (b) Pooo feders, adult @, ANMNIH
196500; (<) P. c. feilers, young adult & AMNIL T96498; (d) P. o subsp. (Mengkoka, S.E. Sulawesi), adult 9, AMNH
101242, Size unit in mm.

giving 1t an added prominence. In all other
species of this group the zygomata slope back-
ward evenly. The lacrinial bone extends less onto
the facial portion of the skull, in front of the orbi-
tal rim, than P. oreentalts. In this character,
resembles P.ovothschildi and P.ocelebensis,

5. PHALANGER ORIENTALILS

(PALLAS, 1766)

For a survey of the distribution and subspecies of
thisspectes, see Tate (1945) and Fetler (1978 (11).
The extraordinary vartabilioy e colour and
colowr pattern of this speaes, even from asigle

locality, 1s quite charactenistic. The expression of
the dorsal stripe, the hue and extension of the
ventral pale zone and the degree of contrast
between browner foreparts and greyer hindparts
are considerably vartable features. All do, how-
ever, have some development of dorsal strpe and
Al have a red-orange “collar” on the neck and
chest.

The occurrence of white males entirely white,
with no pattern except atrace of dorsal stripe and
arcddenmyg on the throatand chest 15 curious.
They appear not to be known from New Gumea
tself, except from Cendrawasith, but predomu
maate on Ambon (P2 out ol 16 skins seen), Seram






