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Upgrading three subspecies of babirusa (Babyrousa

sp.) to full species level

Erk Megaard and Colin Groves, Schoo! of Archaeolosy and Anthropology, Australian National University, ACT 0200,

Australia. Email: erik.meijaard@any.edu.an

Introduction

Babyrousa babyrussa 1s an endemic pig species of Sulawesi. It
is the sole living representative of the subfamily Babyrousi-
nae, and it 1s generally considered to be in an isolated posi-
tion with regard to the other living suids (Macdonald 1993).
In recent publications Groves (2001) and Mefjaard and
Groves (2002) proposed to upgrade the four subspecies of
Babyrousa to species level. These proposals were based on
the external morphology of the Babyrusa taxa and descrip-
tions of denrtal characteristics, and led to us distinguishing
between B. cekbensis from northern Sulawesi, B. logearnensiy
from the Togian Islands, and B. bubyrussa from Buru and
the Sula Islands. A fourth species, B. bolubatuenssy, is known
only as subfossil from the scuthern peninsula. Here we pre-
sent the results of a statistical analysis of skull and teeth
measurements to further investigate the taxonomy of the

genus.
Methods

One of us, CG, mvestgated 108 skulls of Babyrousa in the
collections of the following museums: American Museum
of Natural History, Washington (n=16); Nawrhistorisches
Museum Basel, Switzerland (n=6); The Natural History
Museum, Loadon, UK (n=19); Cambridge Zoology Mu-
seum, UK (n=1); Zoologisches Institut und Museum,
Flamburg, Germany (n=4); Museum National d'Histoire
Naturelle, Paris, France (n=2); Museo Civico di Storia
Naturale, Genoa, ITuly (n=2); Museum Zoologicum Bo-
goriense,  Cibinong, (n=18); Nationaal
Natuurhistorisch  Museum The Netherlands
(n=21); and Zodlogisch Museumn, Amsterdam, The Nether-
lands (n=16). Additional measurements of 3 skulls from
the Staatliches Museum fiir Tierkunde, Dresden, Germany
were obtained from the literature. Of the 108 skulls, 11
were females and 97 were males. The tollowing measure-
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ments were taken: Skull length (abbreviated as ‘skull);
condylo-basal length (cbl); bizygomatic width (bizvg); pala-
tal length (pall); length of upper tooth row (teeth); occipital
breadth (occbr); occipital height (occht); width across ca-
nines where they emerge (croots); width across the middle
of the canines (cmid); length of 3« and 4 upper premolars
(PU3, PUDH; length of 1st, 2nd and 3« upper molars (MU1,
MU2, MU3); leagth of lower 3« and 4t premolars (PL3,
PL4); and length of 1%, 2, and 3 lower molars (ML1,
ML2, ML3). CG took all measurements with an accuracy of
0.5 mm with a pair of Vernier callipers, and aged all skulls
as etther adult (n=94) or young adult (n=14), based on the
closure of the basilar suture.
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[nitally the skulls were assigned to 6 regions: north Sulawesi,
north-west Sulawesi (including the Bumbulan area and fur-
ther west), central Sulawesi (only one skull from Kulawi),
Togtan Islands, Sula Islands, and Buru Island, based on the
distinctions described in Groves (1980).

In addition to the museum specimen measurements, we used
sub-fossil teeth dumensions of* B. babyrussa bolabaluensis pro-
vided by Hootjer (1950). These are specimens from the
south-western arm of Sulawest, for which no recent museum
specimens are available (as the population is probably ex-
tinct). The deposits of Hootjer’s site have been dated at Late
Holocene (Hoogler 1950; van Heekeren 1972). Hootjer
(1950) provided data for 10 upper jaw fragmeats, in which
he measured PU3, PU4, MU1, MU2, and MU3, although not
alljaw fragments contained all teeth. We used these measure-
ments in our multuvariate statistical analysis. In additon,
Hootyjer provided the dimensions of 240 individual teeth,
both from lower and upper jaws, which we used to compate
the means of individual teeth from different parts of Su-
lawest. We used further MU3 and ML3 measurements of
babirusa from Holocene deposits in Ulu Leang, also in the
south-western arm of Sulawesi as reported 1 Clason (1976).
These deposits have been dated at 8,000 — 6,000 vears before
present.

We analysed skull measurements using SSPS 11.0 software
(@ SPSS Tnc. 1989-2001). Firstly, we determined whether
there was a significant difference between skull measure-
ments of males and females within each age class; secondly,
whether there were significant differences between the skull
measurements of the different age classes. As skull measure-
ments between age classes and between sexes differed con-
siderably we analysed them independently. The collection of
female and young adult skulls w; too small for meaningful
statistical analysis, and we analy zed only male adult skulls in
derail. Also the tooth measurements between males and fe-
males ditfered significantly and again we analysed only males.

Results

A discriminant analysis of adult male skull measurements
(means provided in Table 1) over 6 regions resulted in
groupings in which the Togian Islands specimens stand apart
from all other specimens, both in graphs of the 15 and 2nd,
and of the 1%t and 3« discriminant function values (Figure 1).
The other specimens mixed to some extent, although indi-
vidual geographic groups such as the Sula Islands or north
Sulawest were somewhat distinct. Because several measure-
ments were mussing from the central Sulawesi spectmen, we
did not include it in this analysis.




north north-west Togian Sula central | Bola Batu
Sulawesi Sulawesi Buru Islands Islands Sulawesi| (sub-fossil)
mean n |SD jmean n SD |meann |SD mean n SD fmean n [SD |mean n jmeann [SD
PU3 10.9 7 (2 1o 1t jt2 97 13 06 110 5 ]().O 9.6 14 0.7 [11o |1 9.9 25 0.5
PU4 9.9 7 0.7 |10.1 It 0.6 P9 |6 JO‘S 100 5 07 94 14 0.8 100 |1 p6 32 04
MU 124 7 b 134 It 09 12,1 15 09 128 5 0.5 125 |13 0.7 [13.0 |l {13.3 B35 0.5
MU2 176 113 L0 176 |12 [T 11635 24 09 (164 5 06 (165 (14 0.8 [17.0 |l |16.7 47 0.7
MU3 246 B 1.6 253 12 2.t 221 |6 !;1.3 21.0 5 0.7 220 14 1.2 P40 11 P24 63 13
PL3 1.8 8 10 {118 12 1.1 104 16 0.6 (120 5 (1.0 [10.L {14 09 |40 11 1059 0.4
PL4 1.8 8 07 (118 12 09 114 {16 ;0.5 120 5 0.7 (11,1 {14 0.6 {130 1 JNL5 13 03
IML1 140 8 09 |43 12 09 126 16 06 128 5 08 [124 13 05 [140 |1 {13.5 12 0.6
MIL2 164 B8 05 169 12 09 [16.5 |16 fO.’/ 5.8 5 05 |le.t 14 0.8 {16.0 |1 [16.2 8 0.5
IML3 258 8 1.7 R272 12 24 P43 {16 [1.3 236 5 0.6 244 |14 09 R3.0 |1 R3.7 22 1.1
SKULL 12933 R - 95 298.7 14 139 280.127 155 3090 5 6.8 [279.6 14 [14.2 R52.0 |I
CBL 2748 {12 99 813 |14 104 265524 128 2852 5 4.4 2663 |12 125
BIZYG 1267 21 6.3 (1332 15 6.1 127127 49 1290 5 3.7 {123.6 |14 [7.1 [128.0
PALL 181.7 21 |83 |I1853 |15 7.7 |179.3R27 [R5 |I85.4 5 3.9 {1792 14 9.9
TEETH (768 © 49 784 |11 29 695 6 2.1 722 5 131683 3 1.5 690 |1
OCCBR (706 |12 |81 169.3 |14 81 169.0 27 5.6 684 |5 3.9 l649 |14 59 340 11
OCCHT 4.8 12 W9 [67.0 14 43 pld R6 [55 2.8 5 40 587 {12 [7.6
CROOTS 56.5 |12 (3.2 624 |15 58 549 R6 ©3 L0 5 2.4 500 14 5.2 510 |1
CMID S46 |11 1602 18.6 it [12.2 557 20 0311100 5 0.0 8.9 3 bi2]i00 1

Table 1. The means and standard deviation of skull and teeth measurements for the 6 regional Bubyrusa groups.
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Function
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SKULL 670"} .035 | .347 | -.303
CBL 523%1 176 | 104 | -.408
CROOTS 495 | .658*|.322 { .153
BIZYG .282 | .6127] .195 | -149
OCCHT 311 1.324 | 693 | -.371
OCCBR .102 | .136 | 430"} .280
PALL 291 | .116 | .264 | -.345*

*. Largest absolute correlation between each
variable and any discriminant function

Figure 1. Graphs of the discrimant scores for discriminant functions 1 and 2 (Fig 1a) and 1 and 3 (Fig 1b) for male

Babyrousa skulls, and the corresponding structure matrix.
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Separaton within Function 1, which accounts for 62.4% of
the total vartance (Eigenvalue = [.44), s mostly caused by
skull length and cbl, while croots and bizyg correlate
strongly with discnminant function 2, which accounts for
22.7% of the total varance (Eigenvalue = 0.33). Function 3,
which accounts for 9.8% of the total variance (Eigenvalue =
0.22), 15 most strongly influenced by variation in occipital
height and width.

To investigate the variation in teeth measurements, we ini-
tally entered all teeth measurements in the analysis, but this
resulted 10 too many missing values and therefore we ex-
cluded the length of tooth row, which resulted in 50 valid
cases. A discriminant analysis of the male teeth measure-
ments (see Figure 3) resulted in a 68% cotrect classification
of the specimens to their tespective geographic groups. Dis-
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skull measurements (skull, byzyg, occbr)
Function 1

To include the central Sulawesi specimen in the analysis, we
conducted a discriminant analysis over the only 3 skull
measurements that were avaiable for this specimen, ie,
skull, bizyg, and occbr, and entered the central Sulawesi
skull as an unknown. Despite this, the central Sulawesi
specimen showed complete separation from all others
(Figure 2).

criminant function 1 accounted for 61% of the total vari-
ance and discriminant function 2 for 26.9% of the total vari-

ance.

Again the Togian Islands specimens separated well from the
other specimens, while the north and north-west Sulawest
specimens and the Buru and Sula Islands specimens

Structure Matrix

4
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N /% N 1 2 3 4
j/ v"‘,‘ MLA 728" A27 | 134 ) 212
5 V ! MU3 615" -203 | 276 | -.055
%\ //o/‘—‘\\a ML3 521" -6 | -150 | 391
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S ) , PL3 | 428 6577 192 | .071
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o~ A > Buru PU3 .385 395 | -.209 | 409"
[~y »
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E 3 ® N Suawesi *. Largest absolute correlation between each
2 > 3 > variable and any discriminant function
Function 1

Figure 3. Graph of the discrimant scores for discriminant functions 1 and 2 for male Bubyrousa teeth measurements, with

the correlation between each variable and Function 1 and 2 in the adjacent table
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grouped together. When we analyzed Canonical Discriminant Functions
the combined north/north-west and 4

Buru-Sula groups, then the correct clas-
sification percentage increased to 92% S g >
(see Figure 4). The central Sulawest

specimen was in closest ProXimity to
the Togian specimens; it was set apart \

from all others by the very long PL3
and PL4.

The Togian Island specimens were pri- 0.
marily set apart from the others by their
small molars, espectally MU3, ML2 and > C Suawesi
ML3, and their large premolars, espe-
cially PL3, PL4, and PU3. The north-

north-west Sulawesi specimens and the

2 Buru and Sula Island

D0 -+ DT M

V Togian Islands

Buru-Sula specimens were mostly sepa-

® N and NW Sulawes

N
]
w

rated by size, the maintand Sulawest -4 )

specimens having larger teeth than the
island specimens from Buru and Sula. Function 1

Finally, we investigated the relationship . . S C e .

i 2 . Figure 4. Graph of the discriminant scores for discriminant function 1 and 2 for
between the subfossil teeth from Bola , . )
. . . male Babyrousa teeth measurements, with Sula and Buru, and N and NW Sulawesi
Batu in southwest Sulawesi and the oth- . d i
.. . specimens grouped together.
ers. Initially, we included the teeth from P group =

the 4 subfossil jaw fragments in the

analysis (Figure 5). For comparisons 3 . .

. C. Sulawesi specimen
among all the teeth we took the means a
of all individual subfossil teeth and used
them as one related set of teerh in the

analysis (Figure 0).
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Text cont. below 0 ¢ sl
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K 7 Togian
Figure 5. Discriminant analysis of <4 S, > Bu
teeth measurements (PU3, PU4, MUIL, %; % N
MU?2). The arrow points to the C. Su- Z B ~ 1 - - | N
lawesi specimen, which overlaps with a
specimen from Togian Island Function 1
3
A
Cont. 2
The analysis did not separate the Bola .
Batu teeth from the others, but they
seemed to be similar to the Sula/Buru 0 .5 _
ola Batu composite
teeth. The teeth from central Sulawest .
and Togian again grouped closely to- A ve
gether. A Sula
-2 </ Togian
c; » Buru
N o . £ 5 NW
Figure 6. Discrimant analysis of all 2
teeth measurements, including a com- 4 . : T r 3 : N
posite set of teeth from Bola Batu,
south-west Sulawesi Function 1
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