
Letters 

Large Estimates of Minimum Viable 
Population Sizes 

In a recent paper, Reed et al. (2003) 
define a minimum viable population 
(MVP) as one large enough to en- 
sure a 99% probability of persistence 
for 40 generations and conclude that 
"... in order to ensure long-term per- 
sistence [viability] of vertebrate pop- 
ulations, sufficient habitat must be 
conserved to allow for approximately 
7000 breeding age adults." The au- 
thors assume that the population is 
not affected by habitat loss and that 
the population is discrete and iso- 
lated. Their MVP model, ho^vever, is 
inconsistent w^ith an empirical, his- 
torical example of one large carni- 
vore species that w^as able to persist 
for much longer than 40 generations 
with a population much smaller than 
7000 reproductive individuals. The 
Bali tiger (Panthera tigris balica), 
^vhich has only recently gone extinct 
(probably shortly after World War II), 
thrived on that island for at least sev- 
eral centuries before habitat loss and 
human-caused mortality drove it to 
extinction. 

Even assuming that the w^hole area 
of Bali was suitable habitat for tigers 
for some time before the arrival of 
humans, the tiger population had an 
area of 5561 km^ of available habi- 
tat. The maximum density of tigers re- 
ported in the literature for other sites 
is 12 individuals/100 km^ (Karanth & 
Nichols 1998 and cited in Karanth et 
al. 2003), which means that the total 
population of tigers in Bali probably 
did not exceed a maximum of 667 re- 
productive individuals, far low^er than 
the MVP estimate of 7000 produced 
by the model of Reed et al. (2003). 
Based on the maximum tiger den- 
sity reported in the revie^v by Now^ell 
and Jackson (1996), 3-7 reproductive 
adults/100 km^ leads to a consider- 
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ably low^er estimate of the maximum 
size of the tiger population on Bali. 

Reed et al. (2003) also provide es- 
timates of MVP for several individual 
species, including tigers. Their low^er 
estimate for tigers is 2377 reproduc- 
tive adults. For Bali this w^ould mean 
a density of almost 43 tigers/100 
km^, and the overall estimate of 7000 
w^ould necessitate a density of 125 re- 
productive tigers/100 km^. The au- 
thors do provide estimates of MVP 
sizes uncorrected for the effect of the 
length of the study that resulted in 
those estimates. For tigers these es- 
timates of MVP size range between 
329 (B t. tigris) and 876 (i? t. altaica), 
w^hich are much closer to the esti- 
mates presented above. 

It could be argued that a very small 
tiger population on Bali persisted as 
a result of a rescue effect from other 
populations. Tigers have been re- 
ported to sw^im as far as 56 km across 
rivers and 8 km in the ocean (Now- 
ell & Jackson 1996). These observa- 
tions suggest that crossing the ap- 
proximately 3 km of sea that sep- 
arates Bali from Java w^ould be an 
easy feat for tigers. The fact that the 
Bali tigers w^ere a separate subspecies 
(Now^ell & Jackson 1996), how^ever, 
implies that immigration to the is- 
land w^as insufficient to prevent ge- 
netic separation. Therefore, inmigra- 
tion w^as most likely a rare event. 

Finally, the estimate of a maximum 
of 667 reproductive tigers in Bali as- 
sumes that all the island's area ^vas 
suitable for tiger occupation. In fact, 
Bali has been populated for at least 
1000 years. By the 1930s the human 
population had reached over 1 mil- 
lion, resulting in a human density of 
> 180 people/km^. Clearly, for a long 
period of time a great part of the is- 
land's area has not been suitable for 
tiger occupation. In short, the total 
population of tigers must have been 

substantially low^er than 667 repro- 
ductive individuals for much longer 
than 40 tiger generations. Lessons 
from the historical record, like the 
one discussed here, can provide "real- 
ity checks" on models of minimum vi- 
able populations and can contribute 
to developing more realistic models. 

So w^hy is a single case of tigers 
in Bali an example worth bringing to 
the attention of conservation biolo- 
gists? Because managers often elect 
tigers and other large carnivores as 
umbrella species. How could w^e jus- 
tify to managers and rural people the 
protection of a piece of land large 
enough to harbor a population of 
7000 large carnivores? For tigers this 
might mean a tract of land of 58,333 
km^. For pumas (Puma concolor) it 
would be 233,333 km^, assuming a 
fairly dense population of three re- 
productive pumas/100 km^ (Logan & 
Sw^eanor 2001). Perhaps the BaU pop- 
ulation of tigers does not exemplify 
all large mammals, but at least it is 
clear that a small population of carni- 
vores survived for much longer than 
40 generations. I w^ould rather cite 
empirical examples for small but vi- 
able populations than, for example, 
try to explain to rural people that we 
need to protect more than 21% of Bo- 
livia to ensure the viability of a single 
population of pumas. 
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Pacheco (2004, this issue) suggests 
that a population of the Bali tiger 
(Panthera tigris baltca) may have 
persisted for several hundred gener- 
ations at a population size of around 
500 individuals. We consider this ex- 
ample in the larger contexts of (1) the 
value of single examples and (2) his- 
torical data concerning minimum vi- 
able population sizes (MVPs). 

Pacheco's statement that our "... 
MVP model... is inconsistent w^ith an 
empirical, historical example of one 
large carnivore species that ^vas able 
to persist for much longer than 40 
generations ^vith a population much 
smaller than 7000 reproductive indi- 
viduals" is not accurate. Our models 
are not inconsistent w^ith this exam- 
ple because w^e made no claim con- 
cerning ho^v small a population can 
be and stlU persist for hundreds of 
generations. We used our models to 
raake probabilistic statements about 
ho^v population size affects persis- 
tence over time. Pacheco places em- 
phasis on our MVP estimate of 7000 
indivduals but ignores our claim that 

a 50% probability of persistence is ob- 
tained with only 550 individuals. 

The concluding sentence of the 
2003 paper by Reed et al. reads as 
foUo^vs: "Our goal in w^riting this pa- 
per is to stimulate a quantiative as- 
sessment of MVP approaches to con- 
servation planning and add to the 
body of literature that suggests that 
we should be thinking in terms of 
several thousands•not hundreds• 
of individuals in our goal to maintain 
viable populations of vertebrates." 
We do not doubt that examples like 
the Bali tiger exist, and w^e find great 
inspiration from them. It w^ould be 
rash, how^ever, to ignore the prepon- 
derance of evidence presented in our 
paper on the basis of one, or a fe^v, 
anomalous observations. 

We concur w^ith Pacheco that his- 
torical data on extinctions can pro- 
vide "reality checks" for more the- 
oretical treatments of MVPs. How- 
ever, historical data carry their own 
burden of assumptions. For example, 
Pacheco assumes that the dispersal 
of tigers from Java to nearby Bali has 
had a negligible impact on the per- 
sistence of the Bali population. Yet 
subspecies status could be aw^arded 
despite considerable gene flo^v, and 
such gene flo^v w^ould render the en- 
tire example moot. 

Historical reality checks have been 
performed, as suggested by Pacheco, 
and in our paper we cite examples of 
MVPs estimated for multiple species. 
An example, published after our pa- 
per ^vas submitted, is Harcourt's 
(2002) data for 12 species of primates 
on the islands of the Sunda Shelf. 
The median MVP for these popula- 
tions w^as 15,750. Some populations 
persisted ^vith much smaller sizes, 
how^ever, and some w^ent extinct de- 
spite being an order of magnitude 
larger Simarly there are many once- 
connected Indonesian islands of sim- 
ilar or larger size than Bali that do not 

have tigers on them and that presum- 
ably lost their tigers as a result of lo- 
cal extinction. In the models of Reed 
et al. (2003), median time to extinc- 
tion increased with increasing car- 
rying capacity (K) at approximately 
0.474ü:°-^I. Persistence for 500 gen- 
erations, which w^ould be "typical" 
for the primates examined by Har- 
court (2002), yields an MVP of 18,115 
individuals. When all the published 
data are considered, our conclusions 
do not seem overly pessimistic. 

David H. Reed 

Department of Biology, University of Missis- 
sippi, PO. Box 1848, University, MS 38677- 
1848, U.S.A., email dreed@olemiss.edu 

Julian J. O'Grady 

Department of Biological Sciences, Key Centre 
for Biodiversity and Bioresources, Macquarie 
University, New South Wales 2109, Australia 

Barry W. Brook 

Key Centre for Tropical Wildlife Management, 
Charles Darwin University, Darwin, Northern 
Territory 0909, Australia 

Jonathan D. Ballou 

Department of Conservation Biology, Conser- 
vation and Research Center, National Zoologi- 
cal Park, Smithsonian Institution, Washington, 
D.C. 20008, U.S.A. 

Richard Frankham 

Department of Biological Sciences, Key Centre 
for Biodiversity and Bioresources, Macquarie 
University, New South Wales 2109, Australia 

Literature Cited 

Harcourt, A. H. 2002. Empirical estimates of 
minimum viable population sizes for pri- 
mates: tens to tens of thousands? Animal 
Conservation 5:237-244. 

Reed, D. H., J. J. O'Grady, B. W Brook, J. D. Bal- 
lou and R. Frankham. 2003. Estimates of 
minimum viable population sizes for ver- 
tebrates and factors influencing those esti- 
mates. Biological Conservation 113:23-34. 

Conservation Biology 
Volume 18, No. 5, October 2004 


