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Point Counter Point 

Is There Sufficient Evidence to Elevate 
the Orangutan of Borneo and Sumatra 
to Separate Species? 

Recently, Xu and Arnason (1996) proposed that the 
orangutan of Borneo and Sumatra be assigned separate 
species status. The proposed taxonomic change is based 
on comparison of a single Sumatran mtDNA sequence to 
a single mtDNA sequence found in Genbank (D38115). 
Two partial sequences were also included in their analysis. 

Xu and Arnason's proposal is not the only proposal 
for separate species status for the orangutan populations. 
Jancewski et al. (1990) alluded to such a notion and Zhi 
et al. (1996), in a paper published concurrently with that 
of Xu and Arnason, also propose that the subspecies be 
elevated to species status based on 2-D gel data, mtDNA 
RFLP data, and an RFLP assessment of a single mini- 
satellite locus. 

We do not agree with the taxonomic conclusions 
made by either group but will, for the purposes of this 
letter, concentrate on the conclusions of Xu and Arnason. 
We find their conclusions to be untenable for a number 
of reasons. These include their choice of species defini- 
tion, the sample size employed, and the reliance on a 
maternally inherited character for assessing gene flow. 
Since changes in the taxonomy of the orangutan are 
likely to have implications for their conservation, it is 
particularly important to not base these changes on 
flawed arguments. 

Xu and Arnason note that their proposal is at odds 
with the biological species concept (BSC) championed 
by Mayr (1965). The BSC has been widely criticized 
both on philosophical grounds and because it is directly 
testable in only a very limited number of cases (see Mal- 
let 1995). The orangutan is one of those cases. Not only 
do Bornean/Sumatran crosses result in viable and fully 
fertile offspring, but there are anecdotal reports that, at 
least in the captive setting, the orangutan prefers to "out- 
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cross." According to the Species Survival Plan orang- 
utan "Stud Book," of the 304 captive orangutans in 
North American zoos, 88 are Bornean/Sumatran crosses 
(L. Perkins, personal communication). 

Xu and Arnason did not actually state which species 
definition they used, but referenced Mallet (1996). Mal- 
let concludes that the genetic cluster method (GC) best 
meets the requirements that a method be applicable in the 
broadest possible range of cases and yield natural group- 
ings of organisms. His approach seems reasonable but 
requires identification of genetically definable clusters 
of individuals and the absence of intermediates. The 
samples employed by Xu and Arnason clearly do not fit 
these criteria: One individual from Sumatra (plus a par- 
tial from another) is compared to one from Borneo (plus 
partials from two others). All sequences were derived 
from zoo animals, and no geographic information is pro- 
vided beyond "Sumatra" and "Borneo." It is quite pos- 
sible that the two "Sumatran" representatives were con- 
nected by a short, uninterrupted maternal lineage. Since 
the partial sequence was identical to the homologous 
region of the complete Sumatran sequence, they base 
their conclusions on the single complete sequence. A 
single individual cannot represent a population. To make 
matters worse, deBoer (1982) asserts that there are at 
least two separate populations of orangutan in Sumatra. 

There are similar problems with the Bornean samples. 
According to the work of Zhi et al. (1996) and Muir et al. 
(1994), there is a significant substructure to the Bornean 
population. The Bornean orangutan could not possibly be 
represented by two partial and one complete mtDNA 
sequences of unknown geographic origins. There is no 
question that sequence divergence exists between indi- 
viduals from the two islands, but Xu and Arnason have 
made no attempt to assess the range of variation in the 
populations on either of these islands. 

Mallet's genetic cluster method clearly cannot be ap- 
plied to this data set. So what definition did Xu and 
Arnason use? They seem to rely entirely on the idea of 
"species level of divergence" (SLD) for their argument. 
Zhi et al. (1996) used the same notion. SLD is a term that 



379 

does not really apply to anything. The term implies that 

a certain amount of divergence is diagnostic of specia- 

tion, and in our view, betrays a fundamental misunder- 

standing of speciation. Jolly et al. (1995) pointed out that 

there is a 200-fold range of sequence divergence among 
sibling vertebrate species. This range can only increase 

as more sequences become available. Although it seems 
worthwhile to quantify speciation, everything we know 

about it suggests that speciation is not an algorithmically 

definable process. That a proportionality exists between 

speciation and the rate of acceptance of mutations re- 

mains unsupported. 

We believe sequence divergence is an inadequate ba- 

sis for defining species. But even if one holds the view 

that sequence divergence can define species, mtDNA 

cannot provide the information necessary. The mtDNA 

genome is inherited as a single genetic locus in a strictly 
maternal manner. A matemally inherited molecule is a poor 

choice for assessing total gene flow in an organism with 

two sexes. The inability of mtDNA to provide informa- 

tion about gene flow in males is particularly problematic 

with the orangutan since male and female home ranges 

are often significantly different (Galdikas 1985a,b). 

Zhi et al. (1996) recognize the need to include nuclear 

loci to understand gene flow in the orangutan. However, 

their attempt to address this need by employing an RFLP 

analysis of a single minisatellite locus falls short. Given 

the high rate of acceptance of mutations for minisatel- 

lites, in addition to increased likelihood for size homo- 

plasy in populations which have been isolated for a sig- 

nificant period (Garza and Freimer 1996), we suggest 

minisatellites are not a good choice either. 

A number of  studies have pointed out that changing 

taxonomy has implications for conservation (Zhi et al. 

1996; Mallet 1996; Uchida 1996). Here lies the danger in 

creating taxonomy which may have an influence on con- 

servation strategy. It is a seductive argument that orang- 
utan populations in Borneo and Sumatra should be main- 

tained and conserved because they are separate species, 
but using this argument, the populations become vulner- 
able if an expanded dataset argues against species-level 
designation. Utilizing this argument also ~hcilitates the 
prioritization of  conservation efforts based on species 
status. It is essential that conservation issues be removed 
from the vagaries of academic systematics arguments. Are 
we basing global conservation and endangered species leg- 

islation on a term which we have been unable to define for 

two centuries? In terms of conservation of the orangutan 

and other endangered species, a better more permanent case 

can be made for preserving diversity without tying the ar- 

gument to ephemeral species definitions. 

References 

deBoer LEM (1982) Genetics and conservation of the orangutan. In: 
deBoer LEM (ed) The orangutan. Its biology and conservation. Dr. 
W. Junk, The Hague 

Galdikas BMF (1985a) Sub-adult male orangutan sociality and repro- 
ductive behaviour at Tanjung Puting. Am J Primatol 8:87-99 

Galdikas BMF (1985b) Adult male sociality and reproductive tactics 
among orangutans at Tanjung Puting. Folia Primatol 45:9-24 

Garza JC, Freimer NB (1996) Homoplasy for size at microsatellite loci 
in humans and chimpanzees. Genome Res 6:211-217 

Janczewski DN, Goldman D, O'Brien SJ (1990) Molecular genetic 
divergence of orangutan (Pongo pygmaeus) subspecies based on 
isozyme and two-dimensional gel electrophoresis. J Heredity 
81:375-387 

Jolly CJ, Oates JF, Disotell TR (1995) Chimpanzee kinship. Science 
268:185-186 

Mallet J (1995) A species definition for the modem synthesis. Trends 
Ecol Evol 10:(7)294-299 

Mayr E (1965) Animal species and evolution. The Belknap Press of 
Harvard University Press, Cambridge, MA 

Muir C, Galdikas BMF, Beckenbach AT (1994) Genetic variability in 
orangutans. In: Nadler R et al. (eds) The neglected ape. Plenum 
Press, New York 

Ruvolo M, Pan D, Zehr S, Goldberg T, Disotell T, von Dornum M 
(1994) Gene trees and hominoid phylogeny. Proc Natl Acad Sci 
USA 91:8900-8904 

Uchida A (1996) What we don't know about great ape variation. TREE 
11(4):163-168 

Xu X, Arnason U (1996) The mitochondrial DNA molecule of Suma- 
tran and a molecular proposal for two (Bomean and Sumatran) 
species of orangutan. J Mol Evol 43:431-437 

Zhi L, Karesh WB, Janczewski DN, Frazier-Taylor H, Sajuthi D, 
Gombek F, Andau M, Martenson JS, O'Brien SJ (1996) Genomic 
differentiation among natural populations of orangutan (Pongo pyg- 
maeus). Curr Biol 6(10):1326-1336 

C. Cam Muir* 

Birute M.F. Galdikas 

Andrew T. Beckenbach 

Institute of Molecular Biology and Biochemistry 
Simon Fraser University 
Burnaby, B.C. Canada, V5A 1S6 

Response 

The topic of Xu and Arnason's (1996) study was clearly 

expressed in their Introduction: " In  the present study we 

address the systematic status of  the Sumatran and 

Bornean orangutans by quantifying their molecular dif- 
ference on the basis of  comparison of complete mito- 

chondrial DNA (mtDNA) molecules." They then com- 

pared this difference with the differences between "all 

closely related mammalian species pairs currently repre- 
sented by complete mtDNAs."  Xu and Arnason (1996) 
sequenced the complete mtDNA of one Sumatran speci- 

men and the complete control region of  another Suma- 


