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Systematics of Tarsiers and Lorises

Corin GROVES
Australian National University

ABSTRACT. It seems probable that there are more species (in the sense of sharply diagnosable entities)
than hitherto recognized among small Asian primates, and contrasting to some degree with larger-sized
taxa. This presumably relates to their lesser vagility and consequent reduced potential for gene-tlow.
Even. where some gene-flow can be demonstrated, as between Nycticebus coucang and N. bengalensis,
this appears to be very limited and does not affect the essentiai homogeneity and diagnosability of the
two taxa.

The biogeographic implications of the taxonomic findings of this study are noteworthy. They confirm
the distinciness of Sulawesi in contrast to a Sundaland/soathern Philippines link (Tarsius); the separation
of the Indochinese and Sundaic faunal subregions (Nycticebus): and the uniqueness of the Sri Lankan
“wet zone” {(Loris). Much more work needs to be done on all three genera, but their great taxonomic
interest, indicating much greater complexity than previously assumed, is apparent.
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GENERAL INTRODUCTION

The Asian prosimians belong to both extant suborders of Primates: the Loriformes to the
Strepsirrhini and the Tarsiiformes to the Haplorrhini. The term “prosimian” is no longer appropri-
ate in a formal taxonomic sense, but is still acceptable as long as one realizes that it belongs in
the realm of Folk Taxonomy, designating a small-brained primate, i.e. one that is not a monkey
or ape.

The definitive revision of the genus Tarsius was published by HiLL in 1953. Since that date,
three papers have proposed innovations (MUsSeR & DaGosTo, 1987; FeiLer, 1990 NIEMITZ et
al., 1991). .

Asian lorises (genera Loris and Nycticebus) were reviewed by HiLL (1952), and GROVES
(1971) revised Nycticebus. Since that date, no new contributions have been made.

This paper reports studies'in progress on these three genera, and proposes preliminary
changes to their taxonomy.

MATERIAL AND METHODS

L. Tarsius: As part of an ongoing study with G. G. MUSSER, I measured and took notes on
tarsier skulls and skins in the collections of the Museum Zoologici Bogoriense, Bogor; Natural
History Museum, London; and U. S. National Museum, Washington.

Skull measurements were as follows: greatest skull length, condylobasal length, biorbital
width, breadth of left orbit, braincase width, braincase height, bizygomatic breadth, palate
length, palate width (at widest point), bulla length (a) total, (b) anterior to, and (c) posterior to
carotid foramen, bulla width, height, and width of nasal aperture, ascending ramus height,
sigmoid notch depth.
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Tooth measurements were as follows: lengths of maxillary and mandibular postcanine
toothrows, crown heights of maxillary incisors and canines, lengths and breadths of all premo-
lars and molars in both jaws.

External measurements were as follows: flesh measurements (lengths of head and body, tail,
hindfoot and ear, and body weight) as recorded on label, length of pencilled portion on tail,
length of middle finger and middle toe, length and width of terminal pad on middle finger and
toe, length of nail on middle finger and toe. These were recorded where the skins in question
did not appear to be unduly shriveiled.

Metrical data, both craniodental and external, were subjected to discriminant function analy-
sis (DF) using SPSS for Windows. A cladistic analysis was run using 45 discrete characters,
mostly observational but some metrical.

2. The Loris study is based on the collections in the Natural History Museum, London, and the
United States National Museum. The skull measurements taken were greatest skull length,
biorbital breadth, palate length, staphylion to basion length, palate breadth {widest), bicanine
breadth, bizygomatic breadth, mandible length, and ramus height. No dental measurements
were taken. Flesh measurements were recorded, as given on museum labels.

A Principal Components Analysis (PCA), using MVNutshell (R. V. S. WRIGHT, University
of Sydney), was run using cranial (without mandibular) measurements; followed by a series of
Discriminant Analyses, using SPSS for Windows, on both skull and external measurements.

3. Nycticebus: The specimens used were in the U. S. National Museum, Natural History
Museumn (London), Muséum National d’Histoire Naturelle, Paris, Museum Zoologici
Bogoriense, and Zoological Reference Collection, Singapore. Measurements were the same as
for Loris. As before, a PCA was run, followed by Discriminant Analyses. The PCA was
restricted to the GROVES (1971) subspecies bengalensis, for which few sizeable samples from
restricted localities were available. One of the DF analyses tested the separation of the various
Sundaland populations from each other.

GENUS Tarsius
Introduction

After at least half a century of confusion, HILL (1953) straightened out the nomenclature and
demonstrated the existence of three sharply distinct taxa, which he awarded specific rank as
Tarsius spectrum (Sulawesi and neighbouring islands), 7. syrichta (southern Philippines), and
T. bancanus (Sumatra, Bomeo, and intervening islands).

Musser and DaGosTto (1987) showed that a fourth species, T. pumilus, was present in the
highlands of Sulawesi. Despite its poor representation in museum collections (they could find
only two specimens), this species differs so sharply from all others that there can be no doubt
about its validity. They divided the genus into two informal groups: (1) T. syrichta and T.
bancanus and (2) T. spectrum and T. pumilus. The zoogeographic implications of this are inter-
esting: an early separation of the Sulawesi representative, but a late dispersal between Borneo
and the southern Philippines.

FEILER (1990) briefly described the type of Tarsius sangirensis MEYER, 1895, from the
Sangihe Islands north of Sulawesi, and drew attention to features in which it appeared to

GHIer {rom 1. spectrum as described by MusseR and DacosTo (1987). He proposed that T,

sangirensis be restored to specific rank as a fifth species,
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NIEMITZ et al. (1991) described a sixth species, Tarsius dianae, from low altitudes in Central
Sulawesi. It could not be confirmed whether the new species replaced T. spectrum in Central
Sulawesi, or was sympatric with it. There were now six species recognized in the genus.

The measurements and descriptive notes on Tarsius specimens were in part designed to test
the taxonomic claims of HiLL (1953), MussEr and DAGOSTO (1987), FEILER (1990), and
NIEMITZ et al. (1991).

RESULTS

In the first Discriminant Analysis using craniometric data (Fig. 1), the samples were
analyzed at species level as determined by HiLL (1953), except that the single available skull of
T. pumilus was entered as an unknown. The three quasi-specific units are clearly separated, but
T. syrichta and T. bancanus almost form a continuum, while 7. spectrum is strongly separated
from them. This supports the groupings proposed by MuUssER and DAGOSTO (1987). The single
skull of 7. pumilus, however, is far from any of the three samples. Almost all the discrimina-
tion (95%) resides in the first Discriminant Function, which is most highly correlated with
orbit width, anterior bulla length, palate width, whole bulla length, biorbital breadth, maxillary
toothrow length, and bulla breadth. The second Function (5%) correlates with skull length,
toothrow length, sigmoid notch depth, and anterior buila length (positive) versus posterior
bulla length (negative).

A separate analysis using dental measurements gives much the same picture (Fig. 2), except
that T. syrichta is better separated from T. bancanus, while T. pumilus is less far removed from
T. spectrum.

Inspection of the individual cranial and dental measurements shows that 7. spectrum has,
compared to the other two species samples, a short and narrow bulla, especially short anterior
to the carotid foramen; small orbits: narrow palate; low snout; short toothrows: and small
molars, especially M3. T. syrichta differs from 7. bancanus in having a deeper sigmoid notch,
longer toothrows, and higher-crowned incisors.

Tarsius: cranial variables
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Fig. 1. Tarsius, cranial variables: Discriminant Functions | and 2.
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Tarsius: dental variables
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Fig. 2. Tarsius, dental variables: Discriminant Functions 1 and 2.

The discriminant analysis on external measurements show exactly the same picture as those
for cranial and dental measurements, except that the axes are reversed. All four species are
again well separated; T. pumilus (two specimens) and T, Spectrum are reasonably close, as in
the case of the dental variables. Function 1 (89% of total variance) correlates positively with
length of tail pencil and negatively with length of third finger and of its terminal pad. Function
2 (9%) correlates positively with pencil length, length and breadth of pad, and finger length,
negatively with length of nail on third finger.

A striking aspect of all three of these figures is the degree of separation of the taxa, the scale
being in standard deviation units. In Figure 1 the centroid of the T Spectrum scatter is sepa-

Tarsius: external variables
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Fig. 3. Tarsius, external variables: Discriminant Functions 1 and 2.
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Tarsius spectrum: cranial variables
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Fig. 4. Tarsius cf, spectrum, cranial variables: Discriminant Functions Land 2.

rated from that of 7. bancanus by more than seven un
much (combining the separation on the two axes). Figures 2 and 3 show similar degrees of
separation; in these cases, 7. syrichta is almost as well sepdrated from 7. bancanus. T. pumilus
is aiso strongly separated from 7. spectrum, at least in Figure 1. The large separations are not
due to combining different types of measurements: thus cranial variables, which are subject to
parated from dental variables, which are not.

to me, commenting on an earlier draft of this
paper, that such separation is more in line with what one would expect when comparing differ-
ent genera rather than species within a genus.

its. and from that of T, syrichta by as
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Samples within T. bancanus and T. syrichta were not large enough to make it worthwhile
analyzing geographic variation within either of them. Within T. spectrum, however, there were
four geographic samples containing a reasonably large number of specimens: the northern arm
of Sulawesi; Central Sulawesi; Peleng; and Sangihe. In addition, there was a specimen from
Salayar; and a specimen from Central Sulawesi which appeared to show some of the external
features ascribed by NiemiTz et al. (1991) to T. dianae (shape of eye, median nasal cleft, larger
black paranasal spots, and dark nails). These specimens were kept apart in the intraspecific
analyses.

In the analysis of cranial measurements (Fig. 4), Central is distinguished on average from
North (though overlapping), and Sangihe, Peleng, and Salayar are distinguished from both, but

Table 1. Characters used in cladistic analysis of Tarsius.

1. M3 hypoconulid: short, elongated*
2. Talonids cf. trigonids: broader, equal in width
3. Dentition: very small (<1 1mm), small (12.0—13.5), larger (>13.5)
4. Paraconids: very mesial*, less so, level with protoconids
5. Upper molars, distolingual comners: absent*, very slight, bigger. strong
6. P2 cf. canine: reduced in size, larger
7. Molar wear compared to premolars: equal, much heavier
8. Lower incisors: spaced but slant medially, closely apposed*
9. Maxillary incisor-canine diastema: present, usually absent*
10. 1! height: high (>3.6mm)*, low (3.3—3.6), very low (<3.3)
11. 12 height: high (>2.5mm)*, medium (1.9~2.2), low (1.7), very low (<1.7)
12. Upper lateral incisor: upright*, slanting forward
13. Upper canine height: very high (>2.8mm)*, high (2.3~2.8), low {<2.3)
14. Incisor and canine cingulum: slight, well-developed
15. Lateral projection of orbital rims: little*, enormous
16. Dorsal projection of orbital rims: little*, enormous
17. Interorbital space: wide*, narrow, very narrow (rims touch)
18. Lateral emargination in orbit: small*, deep
19. Nasal bones: short (not projecting), mediurmn. long (projecting)
20. Pyriform aperture: narrower. wider
21. Bulla length anterior to carotid foramen: <dmm*, 4.7—6.6, >6.6
22. Palate: narrow (<15.7mm), wide (>15.7)
23. Median occipital convexity: absent*, prominent
24. Inion: flattened, slightly ridged. prominent
25. Sides of rostrum: evenly converge, pinched in behind premolars
26. Occipital condyles: rim-like, prominent
27. Foramen magnum: rounded. elongated (lozenge-shaped)
28. Cranial vauit: flattened, arched
29. Coronoid process: high and vertical, low and slopes back. very low
30. Gonion: produced backward, not produced
31. Sigmoid notch: deep (>1.5mm), shallow (<1.5)
32. Fur: woolly, finer. silky
33. Black paranasal spot: absent*, poor if present, present, expanded
34, Bare subauricular patch: no, no or slight, yes
35. Postauricular light spot: none*, slight, prominent
36. Tarsus: naked, sparsely haired, fully haired*
37. Tail ventral surface: smooth*, ridged, scaly
38. Tail tuft length: none, short (39—61mm), intermediate (95), long (>100)*
39. Tail tuft colour: none, light brown. black
40. Eyes and orbits: smailer (orbit breadth <17mm)*, larger (>17)
41. Ears: short, relatively short, long
42. Nails: well-developed, somewhat reduced. very reduced
43. Third finger: short (usually <25mm), longer (25), very long (>25mm)
44, Vocal duets: no, yes

45, Dinloid chromosorme number: 80. 46

*Presumed primitive states. All multistate characters are ordered (unpolarized).
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Peleng is, counterintuitively, closest to North. The “cf. dianae” specimen is just outside the
Central polygon. The first function (58% of variance) correlates positively with bulla length
and breadth, negatively with orbit breadth; the second (19%) positively with toothrow length,
palate breadth, bulla length, orbit breadth, and biorbital breadth, negatively with bulla breadth
and basion-bregma height.

In an analysis based on dental variables (Fig. 5, Central is again distinguished from North,
Peleng, and Sangihe, and Salayar is far from all others. Function | (62% of total variance) cor-
relates positively with upper canine and incisor crown heights and negatively with second
molar length; Function 2 (15%) positively with breadth of first and second molars and length
of first molar, negatively with lateral incisor and canine crown heights.

Comparing individual measurements, Sangihe is distinguished from mainland Sulawesi
samples in being large and broad-skuiled, with long toothrows and short lateral incisors and
canines. The Salayar specimen has a very long maxillary toothrow and very long lateral
incisors and canine. Peleng is less distinctive, but tends to be large, with short third lower
molars. The mainland samples differ only slightly from each other. The cf. dianae specimen is
noticeably longer-skuiled than other Central Sulawesi specimens, but not different in breadth:
with shorter toothrows.

The 45 characters used for the cladistic analysis are listed in Table 1. The two sharply dis-
tinct cf. spectrum samples, Sangihe and Salayar (the latter represented by a single specimen),
are scored separately. With an isolated genus like Tarsius there is of course no logically satis-
factory outgroup; in this case some (dental) characters were polarized by reference to the states
depicted in the descriptions of fossil species (T. eocaenicus: BEaRD et al., 1994: T, thailandi-
cus: GINSBURG & MEIN, 1987), others by assumptions of global plesiomorphy (thus. less
expanded orbits were considered more primitive than more expanded ones).

Sangihe tarsiers have a higher, less sloping coronoid process, a more poorly marked paie
postauricular spot and finer, less woolly fur; the Safayar specimen has a deeper sigmoid notch,
a much shorter tail tuft, longer fingers; they both have more sparsely haired tarsus than is usual
in T. spectrum; and the incisor and canine differences have already been mentioned. The num-
ber of taxa is small enough to be run using MacClade 3.1. The shortest tree (length 87, consis-
tency index 0.75) is shown in Figure 6a. Making T. pumilus, rather than Salayar, the most

outgroup
syrichta
bancanus
pumilus
spectrum
sangirensi
Satayar

Fig. 6a. Shortest cladogram of Tarsius spp. Length 87, C. 1.0.75.
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Fig. 6b. Distribution of derived (dark) character states among Tarsius spp.

divergent of the Sulawesi group adds one to the tree length and reduces the consistency index
to 0.74. The distribution of primitive and derived conditions is shown in Figure 6b, and the dis-
tinguishing features, both polarized and unpolarized, of the two species groups are shown in
Table 2.

DISCUSSION

Mussgr and DAGosTO (1987) are correct in seeing the living tarsiers as split into two very
distinct groups: the bancanus-syrichta group and the spectrum-pumilus group. These differ as
listed in Table 2. It could be maintained that the two groups represent different genera; the type

Snenies of Tarsius STORR, VI%0 and of Macrotarsius Livk, V1945 T. syrichta; Cephalopachus

i
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Table 2. Derived characters of the two species-groups in Tarsius.

T. spectrum group T. bancanus group

M3 hypoconalid shortened
Diastemna between I? and canine
Black paranasal spot
Postauricular bare patch

Tail scaly on ventral surface

Lower incisors spaced cervicaily, slope medially
Strong lateral orbita} flare

Bulla enlarged anterior to carotid foramen

Eyes larger

Tail hair greatly reduced

Unpolarized differences between the two species-groups

7. spectrum group T. bancanus group

Molar talonids Broad Narrow
Dentition in general Smaller Larger
Maxillary incisor/canine cingulum Poorly developed Prominent
Pyriform aperture Wide Narrow
Palate Narrow Wide

Inion, in lateral view Not prominent Very prominent

Sides of rostrum Pinched in Converge evenly
Occipital condyles More knob-shaped Rim-like

Cranial vault Flattened Arched

Jaw angle Not prominent Produced backward
Ears Longer Shorter

Very small
Very elongated

Better developed
Less elongated

Nails on fingers and toes
Fingers and toes

SWAINSON, 1835 and Hypsicebus LEsson, 1840 (type species T. bancanus) would be syn-
onyms. The name Rabienus GraY, 1821 (type species T. spectrum) would appear to be avail-
able for the Sulawesian group if generic separation is required. The enormous degree of
separation in the morphometric analyses would fully support generic separation between
Sulawesi and other tarsiers, and might raise questions about the separateness of Bornean and
Philippine taxa as well.

Within the Sulawesian group, differences between the Sangihe tarsier and the rest are
absolute and clear-cut, and following FEILER (1990), but for different reasons (the cranial fea-
tures listed by FEILER turn out, on larger samples, to be variable}, I propose to recognize
Tarsius sangirensis MEYER, 1897, as a distinct species.

The single available specimen from Salayar is even more distinct. I do not propose to name
a new species at this time, given the availability of only one preserved specimen.

The northern and central populations of T, spectrum are distinct at least at subspecific level.
The rich material in the American Museum of Natural History must be taken into account
before formalizing this taxonomy. The Peleng population is distinct, more than the two main-
land samples but less than that from Sangihe, and could perhaps equally well be recognized as
a subspecies (T. spectrum pelengensis) or as a full species. As far as T. dianae is concerned, all
that can be said at present is that a specimen showing similarities in external features to those
described for this taxon by NIEMITZ et al. (1991) does seem to differ in cranial characters from
other Central Sulawesi tarsiers. The status of this putative species remains in doubt.

GENUS Loris
Introduction

Ever since HiLL (1933, 1952), all members of the genus Loris have been ascribed to a single
species, L. tardigradus, with six subspecies:






