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other estimates of national richness 
for mammals. When we regressed 
OUr figures against those given by 
WCMC (1994), we found that they 
agreed well (if run through the ori­
gin, r2 = 0.98, 13 ± SE = 0.94 ± 
0.01, and p < 0.001 for those 106 
COuntries jointly covered by our 
mammal database, the WCMC data­
base, and the costs database). Hence, 
although the mammal data are im­
perfect they are far more accurate 
than our costs data. 

COuntries Covered 

Altogether, we had both mammal 
lists and estimates of overall reserve 
Costs for 111 countries (from which 
We had records of 4228 mammal spe­
Cies). Notably biodiverse countries 
miSSing from this set (largely because 
they did not respond to the WCMC 
surveys) include Belize, Bolivia, Costa 
Rica, Cuba, El Salvador, French Gui­
ana, GUinea, Guyana, Haiti, Japan, Nic­
aragua, Panama, Philippines, Russia, 
Spain, Surinam, Venezuela, Vietnam, 
and Zambia. 

Priority-Setting Analyses 

AbSOlute Species Richness 

We ranked our set of countries in or­
der of decreasing species richness 
for mammals (according to the dis­
tribUtional database) to provide a 
baseline against which other, more 
SOPhisticated approaches could be 
assessed. The resulting priority se­
qUence was unsurprising, with the 
first 8 countries matching Caldecott 
et al.'s (1996) top eight countries for 
1l1ammal species richness (although 

in exactly the same order), and 
tncluded seven of the 12 so-called 
1l1egadiversity countries (McNeely et 
al, 1990; Mittermeier & Werner 1990; 
see 'fable 1). 
b PriOritiZing conservation investment 
Y speCies richness alone would be 

Comparing our overall 
ri Udget estimates with the mammal 
cbness scores, we found that coun-

tries with more mammal species 
would have to spend more to con­
serve their species richness properly 
(rs = 0.53, n = 111 countries, p < 
0.001). This result is probably driven 
at least partly by both variables be­
ing positively correlated with coun­
try area (mammal species richness 
vs. area: rs = 0.78, n = Ill, P < 
0.001; estimated conservation cost 
vs. area: rs = 0.72, n = Ill, P < 
0.001). 

As a consequence of the high cost 
of conservation in mammal-rich coun­
tries, priority sets based on absolute 
country richness generally included 
far fewer countries than priority sets 
costing the same total amount but 
derived in other ways (Table 1 lists 
alternative priority sets, each of them 
cut off at roughly the same arbi­
trarily determined total cost). More­
over, because of the positive link be­
tween country species richness and 
national reserve cost, the cumulative 
number of species represented when 
a set of countries is picked in order 
of decreasing species richness rises 
slowly when plotted against the coun­
tries' cumulative budget (Fig. 1). 

Absolute Richness in National Endemics 

Does focusing on nationally endemic 
species improve the cost-effective­
ness of priority sets? To test this 
idea, we classified a species as an en­
demic if it was recorded from Just 
one of the 111 countries in the data­
base. (A species may occur in other 
countries, but for illustrative pur­
poses we treated our subset of coun­
tries as though they represented the 
entire world.) We then ranked coun­
tries in order of decreasing richness 
for single-country endemics. There 
were again few surprises in the re­
sulting priority set (Table 1), with 
the two biggest island "megadiver­
sity" nations, Australia and Indone­
sia, heading the list and the top five 
countries corresponding to five of 
Caldecott et al.'s (1996) first six na­
tions for endemic mammals (their 
other top priority, the Philippines, 
was not included in our analyses). 

Costs and Prior/ties for Conservation 599 

Countries rich in endemic mam­
mals (like countries rich in mammals 
as a whole) are generally large and 
have high costs for conservation (en­
demic species richness vs. area: rs = 
0.67, n = 111,p < 0.001; endemic 
species richness vs. estimated con­
servation cost: rs = 0.61, n = Ill, 
P < 0.001). Consequently, and be­
cause Australia in particular has 
higher cost structures than other 
countries with fewer endemic spe­
cies but more mammals overall, the 
accumulation of species with increas­
ing overall budget was generally even 
slower when countries were picked 
in order of decreasing richness for 
endemics than when decreasing rich­
ness for all mammals was the crite­
rion (Fig. 1). It appears that increasing 
the cost-effectiveness of across-coun­
try priority setting may require ex­
pliCitly taking conservation costs into 
account. 

Richness to Cost Ratios 

One simple but potentially effective 
way to build cost considerations into 
cross-country priority setting is to di­
vide a country's richness score (for 
all mammal species or for endemics) 
by its estimated conservation costs. 
The reSUlting ratio of total species 
richness to cost is independent of 
country size (r, = 0.11, n = 111, not 
significant), and the ratio of endemic 
species richness to cost was less 
closely correlated with area than was 
absolute endemic richness (for all 
countries: rs = 0.39, n = 111, P < 
0.001; excluding 34 countries with 
zero mammal endemics: rs = -0.04, 
n = 77, not significant). Hence, 
small countries, unlikely to rank 
highly for absolute richness or ende­
mism, can nevertheless have high 
scores for either overall richness or 
endemic richness relative to cost. 

This means that for the same over­
all cost, priority sets derived by pick­
ing countries in order of decreasing 
ratios of total richness to cost or en­
demic richness to cost include far 
more countries, and in particular 
smaller countries, than sets derived 
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Table 1. Cumulative costs, species representation, and country membership of priority sets picked by alternative techniques, and all costing 
!!ughly $6.25 billion per year." 

!!:hnique 

Cumulative annual budget 
(billions of 1996 $ US) 

NUmber of countries 
CUmulative number of mammal 

species represented 

COuntries selectedb 

Absolute 
species 
richness 

7.55 
8 

2561 

Indonesia 
Brazil 
China 
Mexico 
Democratic 

Republic 
of Congo 

Peru 
Colombia 
United States 

Absolute 
richness for 

endemics 

6.41 
5 

1811 

Australia 
Indonesia 
Brazil 
Mexico 
United States 

Ratio of total 
species richness 

to cost 

6.45 
76 

3461 

Togo 
Montserrat 
Gambia 
Trinidad and Tobago 
Burundi 
Luxembourg 
Guatemala 
Chad 
Malawi 
Kenya 
Ghana 
Myanmar 
Cote D'lvoire 
Gabon 
Honduras 
Rwanda 
Peru 
Senegal 
Bhutan 
Sierra Leone 
Nepal 
Israel 
Belgium 
Uganda 
Colombia 
Central African 

Republic 
Ethiopia 
Chlle 
Cameroon 
Lao P,D,R, 
Saint Kitts and Nevis 
Angola 
Dominica 
Burkina Faso 
Zaire 
Mozambique 
Nlger 
Seychelles 
Congo 
Jumulca 
Tunzania 
Ecuador 
Nigeria 
Brunei Darussalum 
Sudan 
Cambodia 
Zimbabwe 
Samoa 
Madagascar 
Malaysia 
Panama 
Antigua and Barbuda 
Namibia 
Mexico 
Netherland Antilles 
Indonesia 
Papua New Guinea 

Ratio of endemic Linear programming, 
species richness maximizing species 

to cost for cost 

6,61 6,25 
39 50 

3640 3696 

Seychelles Indonesia 
Madagascar Brazil 
Peru Mexico 
Jamaica Democratic Republic 
Indonesia of Congo 
Australia Peru 
Colombia Colombia 
Ethiopia Kenya 
Kenya Tanzania 
Mexico Australia 
Chile Ecuador 
Papua New Guinea Malaysia 
Trinidad and Tobago Cameroon 
Cote D'lvoire Argentina 
Bahamas Sudan 
Malaysia Angola 
Mauritius Ethiopia 
Israel Myanmar 
Panama Papua New GUinea 
Zaire Panama 
Ecuador Ghana 
Honduras Cote D'lvoire 
Cameroon Mozambique 
Sri Lanka Guatemala 
Taiwan Honduras 
Brazil Namibia 
Myanmar Pakistan 
Guatemala Nepal 
Guadeloupe Senegal 
Tanzania LaoP.D,R, 
Argentina Burundl 
Morocco Afghanistan 
Fiji Madagascar 
Dominican Republic Mongolia 
Sudan Chad 
LaoP,D,R, Chlle 
Vanuatu Trinidad and Tobago 
Afghanistan Israel 
China Sri Lanka 

Morocco 
Greece 
Taiwan 
Finland 
Belgium 
Dominican Republic 
Jamaica 
Bahamas 
Guadeloupe 
Fiji 
Mauritius 
Seychelles 

Botswana 

'--~---------------------------------------------------------------------------------------continued 
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!!,ble 1. (continued) 

!!:hnlque 

-

Absolute 
species 
richness 

Absolute 
richness for 
endemics 

Ratio of total 
species richness 

to cost 

Afghanistan 
Bangladesh 
Pakistan 
Sri Lanka 
Kuwait 
Morocco 
Czech Republlc 
Taiwan 
Yemen 
Finland 
Hungary 
Bahrain 
Thailand 
Austria 
Greece 
Bahamas 
Australla 
India 

Costs and Priorities for Conservation 601 

RatiO of endemic 
species richness 

to cost 

Linear programming, 
maximizing speCies 

for cost 

:Tbe $6.25 billton per year is equivalent to 0.3 Cm. and Cm Is the minimum cost of including all 4288 mammal species in the set. 
COuntries are listed in order of decreasing priority. except in the final column (because for a given cost the linear programming solution picks 

(Ill countries simultaneously), where they are listed in order of decreasing absolute species richness. 

by focusing only on absolute rich­
ness measures (Table 1). Given the 
inaccuracies in the cost data for indi­
Vidual nations, it would be inappro­
Priate to explore in detail how the 
ranks of specific countries change 
once the priority-setting scheme in­
corporates cost. A general pattern 
that emerges (Table 1) is that, when 
cost data are included, some species­
rich countries-for which protect­
ing entire reserve networks is ex­
tremely expensive (e.g., United States) 
Or quite expensive (China in one set, 
India in another)-decrease in prior-

1 4000 

~]l e ~ 3000 
2j@ 
§~ 
c: Cl) 

~ .~ 2000 
:;:, 
.!ll 
;:, Cl) 

§ 
u 1000 

0 

6 5 10 

ity. They are replaced by many rela­
tively species-rich but smaller and 
cheaper countries that collectively 
span a broader geographical array of 
areas. Noteworthy additions to pri­
ority sets derived from scores for 
richness or endemic richness rela­
tive to cost include several central 
American countries, the remaining 
South American countries in the da­
tabase, many more African nations, 
Madagascar, and Papua New Guinea 
(Table 1). 

The broader geographical cover­
age of these new priority sets ex-

15 

Priority-selection using: 
v absolute speCies richness 
/;. absolute richness for endemics 
• total species richness:cost 
• endemic species rlchness:cost 
+ linear programming, maximising 

species for cost 

• random draw 
[J linear programming, maximising 

speCies for number of countries 
• linear programming, 

maximising species for area 

. 
20 

. 
25 

Cumulative annual budget for countries' reserves (billions of 1996 US $) 

plains why they are more cost·effec­
tive than the previous priority sets 
(Fig. 1). According to our mammal 
database, for example, the priority 
sets based on ratios of total richness 
to cost and of endemic richness to 
cost, which are listed in Table I, col­
lectively contain 35% and 42% more 
mammal species, respectively, than 
an absolute total richness set with 
roughly the same overall budget, 
and 91% and 101% more species 
than the same-cost absolute endemic 
richness set, These comparisons 
also show that substituting some 

Figure 1. The cumulative repre­
sentation of all mammal species, 
plotted as a function of tbe esti­
mated cumulative annual bud­
get of reserves in all selected coun­
tries, picked by alternative 
priority-setting metbods. Confi­
dence limits for tbe random draw 
lie so close to tbe mean that for 
clarity tbey are not plotted. 
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602 Costs and Priorities for Conservation 

large but costly countries with more, 
cheaper countries increases the cost­
efficiency of the priority set even 
more when attention is focused on 
endemics rather than on all species 
(Le., when at least some consider­
ation is given to complementarity). 

Maximizing Species Representation for 
a Given Cost 

'fo find out how much more cost­
efficiency could be improved if prior­
ity setting took into account pat­
terns of complementarity for all spe­
Cies, including nonendemics, we used 
Henar programming in the penulti­
mate set of analyses (implemented 
through CPLEX [ILOG 1999]) and es­
tablished the maximum number of 
mammal species that could be repre­
sented in priority sets costing partic­
Ular amounts. This required that we 
Solve a series of separate problems. 

First, we identified the cheapest 
set of countries that collectively rep­
resented all 4228 mammal species, 
and the minimum overall cost of so 
dOing (Cm)' To do this, we sought to 
minimize the total cost of conserva­
tion (summed across all countries se­
lected), 

n 

L CjXj' 
j~1 

(1) 

and ensured that each mammal spe­
Cies was represented at least once, 

n r aljxj ~ 1 (I = 1,2, ... , m.) (2) 
j-I 

Because our analysis was at the 
COUntry level, countries were either 
Selected or not, in their entirety: 

XjE {0,1} (j= 1,2, ... , n.) (3) 

In these expressions, m is the total 
nUmber of species, n is the total 
nUmber of countries, cj is the cost of 
COuntry j, alj is 1 if species i is 
~resent in} and 0 otherwise, and Xj 

IS 1 only if country} is selected. 
In the real world, finding even the 

minimal funding needed to conserve 
au mammal species (Cm) may not be 

;onscrvatton Biology 
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possible. Hence, we wanted to ex­
amine how changes in funding af­
fect the number of species pro­
tected. To do thiS, we calculated the 
maximum number of species that 
can be protected at a given fraction 
(f) of the minimum overall cost of 
protecting all 4228 mammal species 
(C~. We examined this for 11 levels 
ranging from 90% of funding to 2.5% 
of minimal funding (f E (0.9, 0.8, 
0.7,0.6,0.5,0.4, 0.3, 0.2, 0.1, 0.05, 
0.02S}). We determined the maxi­
mum number of species that can be 
represented at a cost not exceeding 
a given fraction of Cm (f X Cm) by 
solving the maximal covering loca­
tion problem 

m 

maximize L Y I ' (4) 
I si 

subject to species t being counted as 
represented only when at least one 
of the countries where it occurs is 
selected, 

n 

L aljxj ~YI (i = 1,2, ... , m;) (5) 
j=1 

the total cost of the countries se­
lected not exceedingf X Cm' 

n 

L CjXj ~fx Cm; (6) 

,= 1 

and countries being either selected 
or not and species represented or 
not, in their entirety, 

YIE {0,1} (t = 1,2, ... , m.) (7) 

In these expressions YI is 1 if species 
I is covered and 0 otherwise (and 
the other variables are as before). 

This problem may have different 
optimal solutions (with several sets 
of countries all containing the same 
number of species, but at slightly dif­
ferent costs, all :S (f X Cm))' In 
those cases we identified the one 
with the minimum cost. 

The output from these analyses 
were lists of those countries which 
collectively represent the maximum 
number of mammal species for a 
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given fractional cost of Cm' and the 
species they contain. These optimal 
solutions are plotted in Fig. 1, from 
which it can be seen that this ap­
proach-paying attention to all pat­
terns of complementarity, including 
those of nonendemics-does iden­
tify priority sets that are more cost­
efficient than those derived by sim­
ple ranking of ratios of total richness 
to cost or of endemic richness to 
cost. The differences are not great, 
however. The three cost-linked tech­
niques pick many of the same prior­
ity countries, and the optimal priority 
sets identified by linear programming 
contain a geographically broad scat­
tering of small and large countries 
(Table 1). 

Evaluating Other Approaches 

To put all our results in context, we 
conducted three additional anal­
yses. First, we quantified the cost­
effectiveness of priority sets picked 
entirely at random. We calculated 
the mean number (:!:9S% confidence 
limits) of species represented in 
10,000 sets of countries with approx­
imately the same total cost, for each 
of six different figures of total cost. 
We plotted the curves of the mean 
values derived from this random 
simulation (Fig. 1). This reveals that 
nearly all systematically selected pri­
ority sets performed better tllan ran­
domly selected sets, although some­
times not markedly so for those 
derived using species numbers alone. 

Second, to find out whether the 
gains in cost-effectiveness achieved 
by the linear programming approach 
are due primarily to addressing cost 
or to improved accounting for pat­
terns of complementarity, we ran a 
second series of linear programming 
analyses (essentially paralleling those 
detailed above) using just the spe­
cies X country data matrix. These 
analyses identified the smallest num· 
ber of countries that represented all 
4228 mammal species at least once 
(Nm ) and the maximum number of 
species that could be represented in 
sets of countries ranging from 5% to 
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90% of Nm. These priority sets were 
consistently less cost-efficient than 
any of the sets derived from cost 
data (Fig. 1). The gains in efficiency 
achieved by our ftrst linear program­
llling analyses are therefore largely 
due to inclusion of cost information 
and secondarily because they fully 
address patterns of complementarity. 

Finally, given that cost data are 
scarce and hard to acquire, we asked 
Whether similar increases in the cost­
efficiency of priority sets might be 
achieved by means of a more readily 
acquired proxy for the overall cost 
of a country's protected areas. Be­
cause of the reasonably close corre­
lation between total conservation 
cost and country area, we decided to 
focus on country area and examine 
the cost-efficiency of priority setting 
based solely on species distribution 
Patterns and country size (assuming 
no knowledge of costs). We again 
used linear programming to identify 
the set of countries that between 
them represented all 4228 mammal 
speCies in the smallest combined 
area (Am)' We then identifted the 
lllaxinmm number of mammal spe­
cies that could be represented in 
each of a series of total areas, rang­
ing from 5% to 90% of Am' and the 
COUntries comprising each of these 
Optimal sets. Determining the cost 
Of each of these solutions revealed 
that in practice they are generally 
lllore cost-efficient than priority sets 
derived from species numbers alone 
(Fig. 1). They are also consistently 
less cost-efflcient than any of the pri­
Oritization schemes that coupled bi­
Ological and cost data. Hence, in the 
tOtal absence of direct data, area 
lllay be worth using as a proxy for 
COst, but attempting to collect and 
COllate whatever cost information is 
aVailable seems highly desirable. 

Implications for Priority Setting 

Our heuristic analyses of the relative 
Performance of different priority-set­
ting techniques suggest that integrat­
Ing cost data with biological infor­
lllation substantially increases the 

cost-efficiency of reSUlting priority 
sets. Moreover, direct information 
on costs appears far more useful 
than data on potential proxies for 
cost, such as country size, although 
more thorough statistical models of 
international variation in conserva­
tion costs may suggest additional, 
readily measured variables that, in 
combination with country area, pre­
dict overall costs with reasonable ac­
curacy. Last, the linear programming 
results indicate that using informa­
tion on which species (rather than 
simply how many) occur where 
should yield additional conservation 
gains. These conclusions are subject 
to several important caveats, how­
ever. 

First, there are evident limitations 
to what we can infer given the scope 
and accuracy of Ol.lr data on distribu­
tions and, more important, conserva­
tion costs. The lists in Table 1 must 
be interpreted as merely indicative 
of the composition of different types 
of priority sets rather than in any 
way deftnitive. Many key nations 
were omitted from our analyses be­
cause of a complete lack of informa­
tion on costs and the ranking of cer­
tain others for which rather few cost 
data were available (e.g., India and 
China) may be misleading. Because 
of an even greater paucity of data, 
we ignored the costs of conserva­
tion in land that is not reserved, yet 
the fate of much biodiversity de­
pends on activities in the human­
dominated matrix surrounding re­
serves. And we focused entirely on 
mammal species, whose value as in­
dicators of priority areas for other 
taxonomic groups is open to ques­
tion. These and other issues of data 
coverage mean that the priority at­
tached to individual countries can be 
assessed properly only when more 
accurate cost data are assembled, for 
nearly all countries, and when infor­
mation on mammals is supplemented 
by data on at least one or two other 
groups. 

A second shortcoming in our ap­
proach is that, for Simplicity, we 
treated conservation investments in 
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countries as if they occurred in an 
integral manner: under this scenario, 
the protected-area network of prior­
ity country A is conserved in its en­
tirety before any funds are spent on 
the next priority, country B. In real­
ity this simpliftcation is inappropri­
ate because optimal investment strat­
egies involve investing in country A 
only as long as the marginal beneftts 
of further investment, measured at 
the global level, exceed those of start­
ing to invest in country B (C, D, etc.). 
Solving this more sophisticated in­
vestment problem is theoretically trac­
table (by applying the marginal value 
theorem; Charnov 1976) but requires 
far more detailed information than is 
currently available on how conserva­
tion returns diminish with increas­
ing conservation investment within 
individual countries. 

Third, as we have seen, addressing 
concerns about both costs and com­
plementarity results in a geographi­
cal broadening of international con­
servation priOrities, but scattering 
efforts widely may have several seri­
ous drawbacks. In particular, some 
of the smaller countries highlighted 
by cost-linked priority setting may 
be able to accommodate only rela­
tively small reserves, compared with 
the protected areas of larger coun­
tries, raising a raft of concerns about 
the long-term viability of conserved 
communities. As yet, we lack robust 
techniques for quantifying the abil­
ity of areas to retain their ecological 
and evolutionary viability in the face 
of ongoing anthropogenic challenges 
(see papers in Mace et al. 1998). 
There is a pressing need to develop 
such measures and to devise meth­
ods for integrating them, alongside 
data on species distribution and con­
servation cost, into more holistiC 
procedures for systematic site selec­
tion (Nicholls 1998; WiIliams 1998; 
Rodrigues et a1. 1999). Only then 
will we be able to properly evaluate 
how the potential costs of scattering 
conservation effort (in terms of re· 
serve viability) compare with the 
beneftts (in terms of increasing the 
efficiency of species representation). 
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Despite these concerns about the 
limitations of our fmdings, we sug­
gest that they do argue strongly for 
the direct incorporation of informa­
tion on costs into international prior­
ity setting. According to a recent, if 
rough, estimate, global spending on 
conservation in reserves currently 
tuns at just 20% of that needed to es­
tablish and maintain extensive and 
effective reserve networks in all 
COUntries (James et al. 1999a). As 
long as this situation persists (and 
We remain on the left-hand side of 
Fig. 1), then paying direct attention 
to between-country differences in 
the costs (and benefits) of conserva­
tion may greatly increase the overall 
proportion of biodiversity that we 
conserve. 

ACknowledgments 

We are grateful to M. Green and J. 
lIarrison for permission to use the 
World Conservation Monitoring Cen­
tre database on reserve expenditure, 
to the late E. Lefebvre, who com­
Piled the mammal database with 
additional input from A. Purvis, N. 
Walker, and N. Isaac, and to T. 
Brooks, ]. Ginsberg, R. Green, and 
G. Mace for helpful comments. This 
research was funded partly by a 
Small Grant from the National Envi­
ronment Research Council to A.B. 
and G. Mace. K.J.G. is a Royal Soci­
ety University Research Fellow. A.S.R. 
is funded by a Portuguese Founda­
tion for Science and Technology/ 
Jlraxis studentship. 

Andrew BaImford 

Conservation Biology Group, Department of Z()o 
Ology, University of Cambridge, Downing Street, 
Cambridge CB2 31;1, United Kingdom, email apb12 
@cam.ac.uk 

l(evinJ. Gaston and Ana S. L. Rodrigues 

8iodiversity and Macroecology Group, Depart­
ment of Animal & Plant Sciences, University of 
Sheffield, ShefOeld S10 2TN, United Kingdom 

Conservation Biology 
VOlume 14, No. 3,June 2000 

Alexander James 

Department of Land Economy, University of 
Cambridge, 19 Silver Street, Cambridge CB3 9EP, 
United Kingdom 

Literature Cited 

Ando, A., J. Camm, S. Polasky, and A. Solow. 
1998. Species distributions, land values, 
and efficient conservation. Science 279: 
2126-2128. 

Bryant, D., D. Nielsen, and L. Tangley. 1997. 
The last frontier forests: ecosystems and 
economics on the edge. World Resources 
Institute, Washington, D.C. 

Caldecott, J. 0., M. D. Jenkins, T. H. Johnson, 
and B. Groombridge. 1996. Priorities for 
conserving global species richness and en­
demism. Biodiversity and Conservation S: 
699-727. 

Charnov, E. L. 1976. Optimal foraging: the 
marginal value theorem. Theoretical Pop­
ulation Biology 9:129-136. 

Csuti, B., S. Polasky, P. H. Williams, R. L. Pres­
sey, J. D. Camm, M. Kershaw, A. R. Ki­
ester, B. Downs, R. Hamilton, M. Huso, 
and K. Sahr. 1997. A comparison of re­
serve selection algorithms using data on 
terrestrial vertebrates in Oregon. Biologi­
cal Conservation 80:83-97. 

ILOG. 1999. CPLEX 6.5. Gentilly, France. 
James, A. N., K. J. Gaston, and A. Balmford. 

1999a. Balancing the Earth's accounts. Na­
ture 401:323-324. 

James A. N., M. J. B. Green, and J. R. Paine. 
1999b. Global review of protected area 
budgets and stalf. World Conservation Moni­
toring Centre, Cambridge, United Kingdom. 

James, A., K. J. Gaston, and A. Balmford. 2000. 
Can we afford to conserve blodiverslty? 
BioScience: in press. 

Mace, G., and A. Balmford. 2000. Pages 27-52 
in A. Entwlstle and N. Dunstone, editors. 
Patterns and processes in contemporary 
mammalian extinction. Cambridge Univer­
sity Press, Cambridge, United Kingdom. 

Mace, G. M., A. Balmford, and J. R. Glnsberg, 
editors. 1998. Conservation in a changing 
world. Cambridge University Press, Cam­
bridge, United Kingdom. 

McNeely, J. A., K. R. Miller, W. V. Reid, R. A. 
Mittermeier, and T. B. Werner. 1990. Con­
serving the world's biological diversity. 
World Conservaiton Union, Gland, Swit­
zerland. 

Mittermeier, R. A., and T. Werner. 1990. 
Wealth of plants and animals unites mega­
diversity countries. Troplcus 4:4-5. 

Mittermeler, R. A., P. R. Gil, and C. G. Mltter­
meler. 1997. Megadlversity: Earth's biolog­
Ically wealthiest nations. CEMEX, MexiCO 
City. 

Mlttermeler, R. A., N. Myers, J. B. Thompsen, 
G. A. B. Fonseca, and S. Ollvleri. 1998. 
Global biodiversity hotspots and major 

Balmford et al. 

tropical wilderness areas. Conservation BI­
ology 12:516-520. 

Myers, N. 1988. Threatened biotas: 'hot spots' 
In tropical forests. The Environmentalist 
8:187-208. 

Myers, N. 1990. The biological challenge: ex­
tended hot-spots analysis. The Environ­
mentalist 10:243-256. 

Nicholls, A. O. 1998. Integrating population 
abundance, dynamics and distribution 
into broad scale priority setting. Pages 
251-272 in G. M. Mace, A. Balmford, and 
J. R. Ginsberg, editors. Conservation in a 
changing world. Cambridge University 
Press, Cambridge, United Kingdom. 

OIson, D., and E. Dinerstein. 1998. The GI()o 
bal 200: a representation approach to con­
serving the Earth's most biologically valu­
able ecoreglons. Conservation Biology 12. 
502-515. 

Pressey, R. L., C. J. Humphries, C. R. Margules, 
R. I. Vane-Wright, and P. H. WilIiams. 1993. 
Beyond opportunism: key prinCiples for 
systematic reserve selection. Trends In 
Ecology and Evolution 8: 124-128. 

Pressey, R. L., H. P. Possingham, and]. R. Day. 
1997. Effectiveness of alternative heuristic 
algorithms for identifying Indicative mini­
mum requirements for conservation re­
serves. Biological Conserv-.ltion 80:207-219. 

Rodligues, A. S. L., R. Tmtt, B. D. Wheeler, 
and K. J. Gaston 1999. The performance 
of eXisting networks of conservation areas 
In representing biodiverslty. Proceedings 
of the Royal Society of London, Series B 
266: 1453-1460. 

Sisk, T. D., A. E. Launer, K. R. Swltky, and P. R. 
Ehrlich. 1994. Identifying extinction threats. 
BioScience 44:592-604. 

Souh~, M. E., and M. A. Sanjayan. 1998. Con­
servation targets: do they help? Science 
279:2060-2061. 

Stattersfield, A. J., M. J. Crosby, A. J. Long, and 
D. C. Wege. 1998. Endemic bird areas of the 
world: priOrities for biodiversity conserva­
tion. BirdUfe, Cambridge, United Kingdom. 

WlIIiams, P. H. 1993. Measuring more ofbl()o 
diversity for choosing conservation areas, 
using taxonomic relatedness. Pages 194-
227 In T. Y. Moon, editor. International 
symposium on biodlversity and conserva­
tion. Korean Entomological Institute, Seoul. 

WiIIlams, P. H. 1996. WORLDMAP 4 WIN­
DOWS: software and help document 4.1. 
The Natural History Museum, London. 

Williams, P. H. 1998. Key sites for conservation: 
area-selection methods for biodiversity. 
Pages 221-249 In G. M. Mace, A. Balmfoed, 
and J. R. Glnsberg, editors. Conservation 
In a changing world: integmting processes 
Into priorities for action. Cambridge Unl· 
versity Press, Cambridge, United Kingdom. 

WlIson, D. E., and D.M. Reeder. 1993. Mam­
mal species of the world: a taxonomic and 
geogr.lphic reference. Smithsonian Institu­
tion Press, Washington, D.C. 

234 



BalmJord et al. 

WCMC (World Conservation Monitoring Cen­
tre). 1994. iliodiversity data sourcebook . 
World Conservation Press, Cambridge, 
United Kingdom. 

WCMC (World Conservation Monitoring Cen­
tre and World Conservation Union). 1998. 
1997 United Nations list of protected ar-

eas. Cambridge, Unitcd Kingdom , and 
Gland, Switzerland. 

IUCN (World Conservation Union) . 1993 . 
Parks for life: report o f the IVth World 
Congress on National Parks and Protected 
Areas. Gland, Switzerland . 

l UCN (World Conservation Union) . 1996. 

Costs and Priorities Jor Conservatioll 605 

1996 IUCN Red List of threatened animals. 

Gland, Switzerland. 
wwr and l UCN (World W ildlife Fund and 

World Conservation Union) . 1994- 1997 . 
Centres of p lant diversity: a guide and 
strategy for their conservation. 3 volumes. 
Oxford, United Kingdom . 

Conservation niology 
Volume 14, No. 3,)une 2000 

235 



Appendix 11 - Chown, 5.1., Rodrigues, A.S.L., Grernmen, N.J.M., Gaston, K,J. 2001. 
World Heritage Status and conservation of Southern Ocean Islands. Conservation Biology 
15,550-557. -

Issues in Internatlonal Conservation 

World Heritage Status and Conservation of Southern 
Ocean Islands 
STEVEN L. CHOWN,· ANA S.L. RODRIGUES,t NIEKJ.M. GREMMEN,* 
AND KEVIN]. GASTONt 
"Department of Zoology & Entomology, University of Pretoria, Pretoria 0002, South Africa 
tBiodiversity and Macroecology Group, Department of Animal & Plant Sciences, University of Sheffield, Sheffield 
810 2TN, United Kingdom 
tArctic Centre, University of Gronlngen, The Netherlands. Current address: Data Analyse Ecologie, Dwarsdrift 24, 
7981 AP Diever, The Netherlands 

Background 

'fhe islands of the southern ocean 
are of considerable conservation im­
POrtance. They provide the nesting 
grOunds of a significant portion of 
the world's procellariiform seabirds 
(Chown et aJ. 1998a), house a vari­
ety of endemic species (Holdgate 
1965; Gressitt 1970; Gremmen 1981; 
Woods 1988; Evenhuis 1989; Green­
slade 1990; Turbott 1990; Patrick 
1994; Morrone 1998), and, because 
of the paucity of land in this region, 
prOVide the only examples of mid- to 
high-latitude southern terrestrial eco­
systems (Bergstrom & Chown 1999). 
PrinCipally for these reasons, and 
based on two major workshops held 
by the Scientific Committee for Ant­
arctic Research (SCAR) and the World 
Conservation Union (mCN), interna­
tional agreement was reached that a 
JOint review of the World Heritage 
Potential of all of these islands, which 
are managed by several different na­
tions, should be undertaken to pro­
Vide a basis for their coordinated 
conservation (Walton 1986; Dingwall 
1987; mCN 1991; Dingwall 1995). 
An mCN working group was subse­
quently established to make a com­
parative assessment, in accordance 
\Vith World Heritage criteria, of the 
natural values of these islands (mCN 
1992). 
550 
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Using the objectives of the World 
Heritage Convention with respect to 
natural properties-Le., sites that are 
outstanding examples of major stages 
in the Earth's history, sites represent­
ing significant on-going ecological and 
biological processes, sites containing 
superlative natural phenomena or ar­
eas of exceptional natural beauty, or 
sites containing the most important 
and significant natural habitats for in 
situ conservation of biological diver­
Sity-this working group identified 
seven criteria in assessment of the 
conservation and World Heritage 
value of the sites (mCN 1992). Most 
notable among these criteria were 
that emphasiS should be given to as­
sessments of the comprehensive value 
of a particular island to science and 
global heritage conservation and that 
a comparative approach using objec­
tive and uniformly applicable guide­
lines among the islands should be 
adopted for site selection (ruCN 1992). 
The working group also noted that 
assessing the relative merits of the is­
lands in terms of the four natural-prop­
erties criteria might prove problem­
atic, chiefly because of the difficulties 
in comparing evolutionary processes 
and natural beauty across islands and 
of assessing the relationship between 
endemism and threat (Synge 1991). 
After noting several caveats, the work­
ing group nonetheless concluded that 

the most useful approach would be 
to undertake a comparative assess­
ment of the indigenous biodiversity 
of the islands and the extent of alien 
introductions and their effects (mCN 
1992), 

Such an assessment, based on a 
del phi analysiS examining geological 
character, landscape features, biodi­
versity, and human effects, was sub­
sequently done for the majority of the 
Southern Ocean islands, excluding 
tllose witl1in tile Antarctic Treaty Area 
covered by international legislation 
(Table 1; mCN 1995). It was con­
cluded that, so long as some caution 
is exerCised, the delphi analysis pro­
vides a reasonably objective ranking of 
various World Heritage attributes for 
the Southern Ocean islands and of 
the islands themselves (mCN 1995). 

Since this analysis, several nations 
have successful1y nominated South­
ern Ocean islands under their con­
trol for World Heritage status (Table 
1). In the case of the New Zealand 
subantarctlc islands, both the mCN 
report (mCN 1992) and the out­
come of tile delpW analysis (meN 
1995) were used in support of the 
nomination (Anonymous 1997). In­
deed, this nomination concluded th,lt 
the deJphi analysis "is a useful guide 
to the relative standing of the islands 
as potential World Heritage sites." 
Similarly. the 1990 nomination of 
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Table 1. Comparison between the islands nominated as World Heritage sites and the sets of islands selected based on the delphi and complementarity analyses. c 

;;; 
;:, 

Delphi analysisC ~ 

'" ,.... 

lowest Complementarity analysisd 

human 
total biodiversity effect min. no. min. no. alien min. no. alien 

max. no. max. no. alien spp. mammalspp. mammalspp. 
No. No. No. World top 5 top 5 top 5 indigenous indigenous (~90% (~90% (~90% 

indigenous unique alien Heritage + + + species on species on indigenous indigenous indigenous 
Island species speciesQ species (WH) site/' top 5 lVH top 5 WH top 5 WH 12 islands 18 islands spp.) spp.) bird spp.) 

East Falkland 338 65 109 or nr or nr nr nr ./ ./ ./ ./ 
West Falkland 289 33 103 or or or nr or nr ./ ./ ./ ./ 
Beauchene 63 16 1 or nr or nr or nr ./ ./ ./ ./ 
South Georgia 69 17 69 ./ ./ ./ ./ ./ ./ ./ 
Tristan da Cunha 136 20 164 ./ ./ ./ ./ 
Gough 111 17 36 ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Inaccessible 128 16 39 ./ ./ ./ ./ ./ ./ ./ 
Nightingale 90 13 12 ./ ./ ./ ./ ./ ./ 
Marion 67 0 38 ./ ./ ./ ./ 
Prince Edward 67 0 5 ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Cochon 68 4 14 ./ ./ ./ ./ 
Possession 97 18 111 ./ ./ ./ ./ 
Kergueien 92 12 59 ./ ./ ./ ./ ./ ./ 
New 

Amsterdam 60 19 106 ./ ./ ./ ./ 
St. Paul 31 6 25 ./ 
Heard 40 1 2 ./ ./ ./ ./ ./ ./ ./ ./ ./ 
McDonald 21 0 0 ./ ./ ./ ./ ./ ./ ./ ./ 
Macquarie 89 20 20 ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Auckland 470 175 59 ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Campbel 339 84 123 ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Snares 180 91 25 ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 
Antipodes 158 30 26 ./ ./ ./ ./ ./ ./ ./ ./ ./ 

& Bounty 21 5 0 ./ ./ ./ ./ ./ ./ ./ ./ ::: 
Go, 

'" :l 
No. islands 9 6 12 12 18 7 II 12 18 15 17 14 is 

Indigenous species (%) 61 21 66 59 75 28 65 94 99 90 93 92 
~. 
::: 

Alien species (%) 34 28 47 70 79 24 42 92 99 49 73 73 ~ 
<n ~ o 0 

a Species occurring on just one island. =::. c ::; 
"'" 3 ~ b Marked sites nominated based on biodiversity. ~ " ~ - ., C We considered the total del phi score and, separately, the delphi scores based on tbe assessment of biodiversity and Of buman effect. For eacb score, tbe first column (top 5) refers to the set of ?? V'I ~. 

- 0 islands tbat ranked 55 (in case of ties, more Iban five islands were selected); the second column (top 5 + WH) refers to the union of the top 5 islands and tbose deSignated as World Heritage 
Z '" '" ::: 
o '" sites; and nr means not ranked. ::: 
~o 

d Five sets of islands a re represented under tbe complementarity analysis: (1) and (2) maximize number of indigenous species that can be represented on 12 and on 18 islands, respectively (see Fig. 
;;; 

- 5" ., 
§ ~ J for details); ( 3) minimizes tbe number of alien species tbat need to be induded, subject to having more tban 90% of a/1 indigenous speCies represented (see Fig. 2 for details); (4) minimizes the ::: 

" 1:;-

'" number Of alien mammal specieS Ibat need to be induded, subject to having more than 90% of all indigenous species represented; and (5) minimizes tbe number of alien mammal specieS tbat need 
0 

IV 0 to be induded, subject to having more Iban 90% of indigenous bird species represented. the arcbipelago ofCrozet (Possession, Coacbon, Est, Pingouins, and Apotres) was treated as a u/lit in tbe del-
V> phi analysis; only Possession and Cocbon were induded in the complementarity analysis because it was not possible to obtain complete species lists for the remaining islands. V\ '-l V\ ... 



552 Conservation ojSollfhern Ocean/slands 

Heard and McDonald islands for in­
clusion on the World Heritage list 
was deferred by the World Heritage 
Committee until the islands' unique 
values had been compared to those 
of other subantarctic islands (Anony­
mous 1994). Heard Island was subse­
quently ranked highly by the IUCN 
Working group (IUCN 1995) and was 
included on the World Heritage list 
in 1997. Clearly, the outcome of the 
delphi analysis is now being widely 
Used in assessing the relative merits 
of the Southern Ocean islands for in­
clusion on the World Heritage list. 

Several other nations are currently 
preparing to nominate islands un­
der their control for inclusion on the 
list (e.g., Anonymous 2000a). There 
is some concern, however, that the 
Conclusions of the IUCN islands work­
ing group and the successful inclu­
sion of several Southern Ocean is­
lands on the World Heritage list 
Illight make subsequent nominations 
Considerably more difficult, especially 
if they do not rank highly in the del­
Phi analysis (Anonymous 2000b; J. 
Cooper, personal communication). In 
other words, Southern Ocean islands 
might now be considered well repre­
Sented, thus lessening opportunities 
for improving the conservation status 
of single islands or island groups, and 
Consequently the region as a whole. 

At the same time, concern for the 
conservation of the biotas of the 
Southern Ocean islands has been in­
creasing. Several recent studies have 
Shown not only that there is a clear 
relationship between the number of 
hlunans visiting ,m island and the num­
ber of alien species present (Chown 
et al. 1998b), but also that climate 
change is enhancing the likelihood 
of establishment of alien species and 
increasing the effect of those species 
already there (Kennedy 1995; Berg­
Strom & Chown 1999; Ch own et al. 
2000). In addition, there has been a 
dramatic increase in the effect of 
fisheries on populations of sea birds 
breeding on the islands (Cherel et al. 
1996; Gales et al. 1997; Weimerskirch 
&: Wilson 2000). As tourism to these 
iSlands increases (South Georgia re-
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ceived 473 tourists in 1995 -1996 
,md1357 in 1998-1999; IAATO 2000), 
more islands attract the attention of 
tourist ships (Heydenrych & )ackson 
2000), climates change (Frenot et 011. 

1997), the effects of invasive species 
increase (Huyser et al. 2000), ,md fish­
elY activity grows, the long-term con­
servation future of the Southem 
Oce,m island biotas is increasingly be­
ing questioned (Chevlier et al. 1997; 
Gremmen & Smith 1999; Chown & 
Gaston 2000). Consequently, t1lere are 
substantial grounds for consolidating 
conservation actions, including World 
Helitage listings, in the region. 

To do so will require several im­
portant policy decisions, including 
whether islands with relatively high 
human effects (e.g., Falklands, Tristan 
da Cunha) should be ignored in fa­
vor of those that are more pristine, 
whether islands identi.fied as most 
significant by the IUCN islands work­
ing group (Table 1) should be given 
priority, and whether tourism to cer­
tain islands should be prohibited, all 
based on the IUCN working group's 
analysis. Such decisions are likely to 
be effective only if they are based on 
appropriate regional information. At 
the moment, however, the only com­
parative infonnation available is that 
contained in the del phi analysis un­
dertaken by the IUCN (1995), the 
descriptive treatments of the major­
ity of the archipelagos provided in 
the report on the 1992 IUCN work­
shop (DingwaU 1995), and earlier, al­
though similar, such treatments (Clark 
& DingwaH 1985). Given the IUCN 
working group's caveats regarding 
the outcomes of their delphi analysis 
(IUCN 1992, 1995) and its increas­
ing use in the World Heritage site 
nomination and selection process, 
there is a clear need for a more rigor­
ous comparative assessment of the 
islands to consolidate conservation 
action in the region. 

Analyses 

To provide such a comparative as­
sessment, we used a comprehensive 

C/)OIVII et al. 

data set on the species richness of 
indigenous and introduced mammals, 
birds, insects, and vascular plants of 
these islands (Chown et al. 1998b) 
and explored the flexibility of mod­
ern analytical techniques for the se­
lection of priority areas for conserva­
tion (Rodrigues et al. 2000). These 
analytical techniques have been receiv­
ing increaSing support as tools for 
practical conservation pl,mning (e.g., 
Pressey et al. 1993; Dobson et al. 1997; 
Howard et al. 1998; Margules & Pres­
sey 2000). Because resources available 
for conservation purposes are limited, 
these tools are used to attain high ef­
ficiency (sensu Pressey & Nicholls 
1989) in the representation of biodi­
versity at minimum cost (here, in tile 
minimum number of islands) by iden­
tifying sets of sites that are comple­
mentary in terms of their biological 
composition. 

We also used this approach to as­
sess the utility of the prioritization 
scheme developed by the ruCN Soutll­
ern Ocean isl<mds working group for 
regional conservation decisions. 11lel'e 
are several reasons we conSider such a 
species-based approach to be useful. 

• Both Synge (1991) and the IUCN 
working group (lUCN 1992) argue 
that the most useful approach to 
developing regional conservation 
plans within a World Heritage site 
framework, for islands in general 
and the Southern Ocean islands 
specifically, is to make use of a 
comparative biodiversity-based as­
sessment. 

• 'nle majority of Southern Ocean is­
lands that have already been de­
clared World Heritage sites were 
nominated on grounds of biodiver­
sity (Table 1). 

• Among the most important chamc­
teristics of these islands are pro­
nounced endemicity and high sea­
bird diversity. 

• 'nle data set compiled by Chown et 
al. (l998b) includes both indige­
nous and introduced species, so it 
provides a means to assess the 
conservation value of the islands 

238 



ChoWII et (1/. 

from the perspective of both bio­
diversity and human effects. 

• Species foml a useful measure of 
biodiversity at both higher and 
lower hierarchical levels (Gaston 
1996), thus providing some mea­
Sure of the more nebulous and dif­
ficult concepts, such as ecosystem 
functioning , included in the World 
Heritage criteria. 

In the delphi analysis done by the 
IUCN working group (IUCN 1995), 
the Southern Ocean islands were di­
vided into cool temperate and sub­
Antarctic islands. They were then 
Scored separately on );l11dscape and 
geological features, biodiversity, and 
human effects, and finally on all four 
factors in a composite assessment. 
In this analysis (and by Dingwall 
[1995]), the Falkland Islands were 
inexplicably excluded, some archi­
pelagos were by necessity treated as 
single units (e.g., Crozet Islands), 
;lnd the South Sandwich Islands and 
Bouvet0ya were included. In our 
analysis we excluded the latter is­
lands because they do not house 
higher plants or insects (Dingwall 
1995), and we included the FaJkland 
ISlands because they house many 
SpeCies and are biogeographically 
linked to other Southern Ocean is­
lands (Chown et al. 1998b; Morrone 
1998), In addition, we treated aU is­
lands as single biogeographical units 
(Chown et al. 1998b; MOITOne 1998). 

Thus, in examining the utility of 
the delphi analysis we re-ranked the 
islands assessed by the IUCN work­
ing group (IUCN 1995) based on a 
Comparison of the scores of all of 
the islands as a group (where there 
Were ties, islands were accorded the 
same rank) . We then identified the 
five top-ranking islands (with ties, 
more than five islands were some­
times selected) based on their com­
POSite, biodiversity, and human-effect 
SCores (lUCN 1995). We also in­
cluded in a second set of islands 
those that had already becn accorded 
World Heritagc status and thc fivc 
top-ranking islands aftcr the World 
licritage sites were excluded from 

the ranking (Table 1). For each set 
we then summed the number of in­
digenous vascular plant, insect, land­
bird, and seabird species represented 
on these islands. For each set we 
compared the total species richness 
with that obtained from a random 
selection of the same number of is­
lands and with the maximum num­
ber of species that can pOSSibly be 
represented within that number of 
islands. 

Outcomes 

Irrespective of the way the islands 
arc scored, islands selected by the 
delphi analysis and the analysis in­
cluding currently designated World 
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Heritage sites representcd no more 
species than a random selection of 
the islands (Fig. I), nlis is true also 
of the current set of World Heritage 
sites, When the biodiversi ty assess­
ment is considered alone, the top 
sites (rank :55) perform substantially 
worse than random, These 12 sites 
represent just 59% of the indigenous 
vascular plants, insects, and birds, 
whereas 12 appropriately selected 
sitcs would represent 94% of the 
species (Table 1), The set obtained 
by including the currently designated 
World Heritagc sites (18 sitcs)-build­
ing on the existing network-also 
perfomls signi.ficantly worse than "l11-
dom and significantly worse than thc 
set of 18 islands that maximizes the 
total number of indigenous species 

10 12 14 16 18 20 22 24 26 

number of bland, 

Figure 1, Relationsbip between tbe percentage of indigenous species repre­
sented and Ibe numbet' of islands selected by d(fferent strategies: set of top­
ranking islands (rank :55) in terms of tbe total delpbl analysis score (black 
triangle); set of islands designated as lVorld Hedtage (lVH) siles (black dia­
mond); set of top-ranking islands (rank 5 5) in terms of tbe total score plus 
lVH sites (black squClt'e); set of top-r'anking islands (rank 5 5) in ter'ms of 
tbe biodiversity score (cross); set of top-ranking islands (mnk 5 5) in terms 
of tbe btodiversity score plus lVH sites (open triangle); set of top-ranking is­
lands (rank :55) in terms of tbe low Imman-impact score (open square); 
set of top-ranking islands (rank 5 5) in tenns of tbe low buman-impact 
SCOl'e plus lVH sites (open circle); maximum per'centage of speCies Ibat can 
be rept'esented by a given number of islan.ds (open diamonds), found by 
solving consecutive maximal-covering-Iocation prOblems (CI:mrcb et aI, 
1996) witb CPLt:X (fLOG 1999); most efficient sorting of the set 0/15 is­
lands tbat represents 90% of all indigenous species and minimizes tbe 
llttmbe'r of aliens (black dots; see Fig, 2), obtclined by selecting tbe island 
with m01'e species fit'sl cmd proceeding stepwise by selecting at eacb step tbe 
island tbat corlt1'ibutes tbe bigher number of unrepresented species; per­
centage of species repr'esented by sets of islands selected mndomly (mean 
values represented by tbe tbick continuous line; limits of tbe 95% confi­
dence interval represented by tbe tbin continuous lines; n = 100), 
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(which represents 99% of all spe­
cies; Table 1; Fig. 1). 

However, a high number of alien 
Species is included in these two sets, 
which maximizes species representa­
tion (Table 1). Although the number 
of alien species on an island might be 
no certain guide to the effect of such 
Species (IUCN 1992), it seems rea­
sOnable to assume that the lower the 
number of alien species the less the 
tOtal effect is likely to be (Chapuis et al. 
1994; Williamson & Fitter 1996; 
Chown et al. 1998b; Bergstrom & 
Chown 1999), if only on the basis 
that the probability declines that par­
ticularly problematic species will be 
represented. It is possible to perform 
a complementarity analysis that effi­
Ciently represents indigenous spe­
Cies and takes into account the effect 
of introduced species by minimizing 
the number of alien species that 
need to be included and ensuring the 
representation of a given number of 
indigenous species (Fig. 2). 

When compared with the mini­
Olum number of alien species that 
need to be included while represent­
ing the same number of indigenous 
Species, the del phi analysis and the 
analysis including currently desig­
nated World Heritage sites perfonn 
poorly (Fig. 2). The sets based on 
the biodiversity assessment perform 
even worse than a random selection 
of islands with the same number of 
indigenous species. Not surprisingly, 
the sets of islands that maximize spe­
cies representation on a given num­
ber of isltmds perform poorly as well, 
especiaHy those representing high 
percentages of natives (Fig. 2). This 
is because some of the islands with 
the largest human presence (e.g., 
Falklands, Tristan da Cunha), ,lIld of­
ten with the largest complement of 
alien species, are also among those 
that contribute most to the repre­
Sentation of large numbers of spe­
Cies in the region. This illustrates the 
need to select sites based on both 
alien and indigenous species. 

Although there is a significant rela­
tionship between the number of in­
digenous and alien species on each is-
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Figure 2. Relationship between the percentages of alien and indigenous 
species represented in sets of islands selected by different strategies: set of 
top-ranking islands (rank 55) in terms of the total delphi analysiS score 
(black triangle); set of islands designated as World Het·ttage (WH) sites 
(black diamond); set of tOll-ranking islands (rank 55) in terms of the total 
score plus WH sites (black squat'e); set of top-ranking islands (rank 5 5) in 
terms of the biodiversity score (cross); set of top-ranking islands (rank 5 5) 
in terms of the biodiversity score plus WH sites (open triangle); set of top­
ranking islands (rank 55) in terms of the low human-impact score (open 
square); set of top-ranking islands (rank 55) in terms of the low human­
impact score plus WH sites (open circle); max imum p ercentage of species 
that can be represented by a given number of islands (open diamonds; see 
Fig. 1); minimum percentage of alien species that need to be re/cl/ned while 
representing at least a given percentage of indigenous species (bla.ck dots); 
percentage of cllien species represented by rcmdomly selected sets of islands 
with a given per'centage of indigenous species (mean va.lues represented by 
the thick continuous line; limits of the 95% confidence intervall-epresented 
by the thin continuous lines). Each data point for the curve of the mini­
mum percentage of alien species that need to be retained while represent­
ing at least a given pet'centage of indigenous species was obtained by solv­
ing two coupled opUmizatiorl pmblems. 1he first obtains a set of islands 
tbat minimizes tbe number of aliens captured, subject to "epresentil1g 
more than a given 11umbet· of indigenous species; if mm'e Iban one soht­
lion exists, a second pmblem is solved tbat finds the sel of islands maximiz­
ing the number of indigenous species that can be represented while keep­
ing the number of aliens equal to tbe minimum value found in Ihe first 
problem. All problems were solved with CPLEX (fLOG, 1999). T7Je curve 
representing a random selection was obtained by randomly selecting 5000 
sets of islands (eacb set wilh a random nu.mber of islands) that were then 
grouped in 23 equal-interval classes In terms of overall species rlclmess. 
For each class, the average percentage of alien species and the correspond­
ing 95% confidence intervals were obtained (lbe number of sels in each 
class varied between 22 and 351). 

land (rs = 0.66; P < 0.001), there is 
still enough flexibility for the selec­
tion of sets of ishmds that represent a 
large fr'dction of the indigenous spe­
cies yet keep the fraction of alien spe­
cies relatively low (Fig. 3). This ex­
plains the shape of the curve of the 

minimum number of alien species 
that needs to be included to represent 
a given number of indigenous species 
(flat at ftrst, with a steep rise at dle 
end; Fig. 2). If sites are selected care­
fully more than 90% of all indigenouS 
spec'ies cm1 be represented and the 

240 



CboWII et al. 

number of alien species can be kept 
below 50% (Table 1). [f it is presumed 
that the alien species with the most 
marked effect on terrestrial fauna and 
flora are mamma1s (Chapuis et al. 
1994; Huyser et a1. 2000), the curve 
obtained is steeper from the begin­
ning, but it is still possible to obtain a 
set of islands with a high proportion 
of aU indigenous species relative to 
the total number of aliens (93% indig­
enous, 73% aliens; Table 1). A similar 
result is obtained when only indige­
nous birds are considered (92% indig­
enous, 73% aHens; Table 1). Although 
illustrative and perhaps significant from 
the perspectives of mamma1 manage­
ment and avian conservation, these 
latter results wiU not be considered 
further because there is consider­
able evidence that introduced inver­
tebrate and plant species also have 
marked effects on Southern Ocean 
iSland communities (Ernsting et al. 
1995; Gremmen et al. 1998; minel & 
Chown 1998). 

The complementarity analysis that 
minimizes the incidence of alien 
Species also indicates that for a 90% 
representation of species, only one 
iSland with significant numbers of 
human occupants (East Falkland) 
Continues to be included on the list 
of sites (Table 1; Fig. 3). Islands such 
as Tristan da Cunha, which has high 
human occupancy (Ch own et al. 
1998b), and South Georgia, which 
has high numbers of annual visits by 
tourists (International Association of 
Antarctica Tour Operators), are no 
longer included. Nonetheless, many 
islands, such as the Auckland Islands 
and Macquarie Island, which are reg­
ularly and increasingly visited by 
tourists (Oingwall 1995), remain Listed. 
Given the significant relationship be­
tween number of human occupants 
and number of a1ien species (Chown 
et al. 1998b) and recent realizations 
that even Iow-intensity human use 
Can have substantial effects on natu­
ral systems (Redford 1992; Terborgh 
1999), this provides grounds for con­
cern. 

Even in the case of islands that are 
not likely to be visited at all, visits to 
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Figure 3. Relationship between the number of alien and indigenous spe­
cies on each of the 23 islands analyzed (r2 = 0.24; P < 0.02). Open circles 
refer to the set of islands that maximizes the number of indigenous speCies 
in J 0 islemds; circles enclosed by diamonds refer to the set of islands that 
minimizes the number of alien species, subject to having more than 90% of 
all indigenous speCies represented (see Table J). Despite both sets helVing 
nearly the same number of indigenous species represented (9 J % and 90% 
of all natives, l'espectively), they have a diJferent number of alien speCies 
(89 % and 49%, respectively). 7'1Jis is because two different strategies have 
been applied to select the islcmds in each case. In maximizing the number 
of indigenous species, the primary tendency is to select islands witb r'e/a­
lively higb numbers of tbese species, iI,espective of the number of aliens 
present. lII'ben minimizing the number of aliens, the tendency is to select is­
lands with few of tbese speCies plus tbose that have bigb 1lumbers of indig­
enous species in relation to the numbet' of aliens. 

adjacent islands are likely to repre­
sent conservation problems over the 
long term. For example, although 
Prince Edward Island is included in 
the set that would represent 90% of 
indigenous species with minimum 
incidence of alien species (Table 1; 
Fig. 3), nearby Marion Island (20 km 
distant) is not and has been pro­
posed as a tourist destination (Hey­
denrych & Jackson 2000). There is 
now clear evidence that alien spe­
cies introduced to Marion Island have 
dispersed naturally to Prince Edward 
Island (Gremmen & Smith 1999). 
Thus, selection of sites to minimize 
the number of alien species while 
representing a high proportion of in­
digenous species is no guarantee of 
long-term conservation success in 
the region. Rather, the selected sites 
will have to be carefully managed, 
largely by restricting human activi­
ties and carefully controlling human 
activities in surrounding areas . This 

must include controlling on-going 
research activities, especially because 
it appears that research activities are 
a major cause of among-island spe­
cies transfers as scientists move be­
tween islands. For example, the es­
tablishment of Saglna procumlJens 
(Caryophyllaceae) on Gough Island 
(Gremmen 2000) appears to have 
taken place via the South African re­
search enterprises that routinely move 
between Marion Island, where the 
species has been recorded for many 
years (Gremmen 1981) and Tristan 
da Cunha and Gough Island. 

Conclusions 

Our analyses indicate that ll11 opti­
maUy selected set of 15 islands would 
result in representation of 90% of 
the higher plant, insect, and bird taxa 
found on Southern Ocean islands 
and would reduce alien species pres-
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ence to a minimum (fable 1). Some­
What fortuitously, but most likely due 
to the small numbers of sites involved, 
these 15 islands include all of the 
Currently declared World Heritage 
Sites (fable 1). In addition to these 
islands, East Falkland, Beauchene, In­
accessible, Nightingale, Prince Ed­
ward, and Cochon also merit special 
conservation attention. We are not 
Suggesting that the islands excluded 
from our list should not be con­
served. Indeed, smaller, rarely vis­
ited islands, such as some of those in 
the Crozet and Kerguelen archipela­
gos, can easily be protected with 
minimum effort. Rather, to retain 
90% of the species with minimal dis­
turbance by aliens, the islands we 
list here should not be subject to ad­
ditional visits by large numbers of is­
land-hopping visitors and should have 
active programs to reduce the num­
ber and effects of the alien species 
on them or on the islands in their vi­
cinity (e.g., Chapuis & Frenot 1997). 

Our analyses also raise several 
more general issues. First, they show 
that the outcome of the delphi analy­
sis (IUCN 1995), while perhaps use­
ful at tlle time it was undertaken, 
Should no longer guide conservation 
pOlicy. It performs no better than a 
random selection of islands in terms 
of the number of species represented 
(Fig. 1) and it is not effective in mini­
mizing the occurrence of alien species 
(Fig. 2). More broadly, this result in­
dicates that at least three, if not all, 
of the natural-properties criteria for 
selecting World Heritage sites could 
be assessed more objectively, at least 
in an island-based regional framework, 
through the kind of approach we have 
adopted. Thus, many of the problems 
associated with the selection of island 
Sites for World Heritage status would 
be resolved (Synge 1991). 

Second, 90% representation is an 
arbitrary benchmark that might be 
unacceptable to many conservation 
organizations. In the context of the 
Southern Ocean islands, this is per­
haps a reasonable level (Chown et al. 
1998a), but in many continental areas 
such a benchmark may already be un-
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realistiC. Nonetheless, there is no ob­
jective way to set benchmarks; "What 
kind of world do you want to live in?" 
(Morowitz 1991) perhaps expresses 
the conundrum most succinctly. 

Finally, if Southern Ocean islands 
are declared World Heritage sites, 
then exclusion of most human activ­
ity should accompany this declara­
tion. Although such a deCision would 
seem unpalatable, the available evi­
dence suggests that it is the only way 
to ensure the persistence of many re­
markable species and ecosystems. 
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