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Abstract. The conservation of species requires preservation of natural habitats. Where 
the integrity of natural habitats has been upset, species go extinct. All natural habitats are 
continuing to decline, both inside and outside of reserves. Habitat change is partly a natural 
process (e.g., succession), but human activities have accelerated the process of decay so 
that natural rates of renewal are insufficient to maintain natural habitats. We argue that our 
only recourse, in light of these scenarios, is to adopt a new conservation strategy that 
considers the importance of habitat renewal in addition to habitat preservation. Accordingly, 
in our management decisions we must not only choose the size of area to preserve but also 
the size of area that balances habitat loss with habitat renewal. We also suggest that this 
habitat equilibrium point, H*, needs to be decided upon urgently, otherwise many species 
will become extinct in the next 50 yr according to numerous predictions. There are two 
ways to achieve H*. The first is to set habitats aside in protected areas in perpetuity. There 
are two reasons why this protection alone is insufficient: (1) protected areas continue to 
decline, albeit at a slower rate than outside of their boundaries, and (2) achieving H* simply 
by setting aside protected areas is no longer an option in many areas where severe habitat 
degradation or fragmentation has already occurred. The other way to achieve H* is to 
promote the restablishment of natural habitats, or "habitat renewal." This concept is il- 
lustrated using a simple trade-off model that balances habitat decay and habitat renewal. 
We then provide examples of habitat loss outside and inside of protected areas and discuss 
the potential for habitat renewal to offset these losses. We conclude that continued emphasis 
needs to be placed on setting aside natural habitat in protected areas. However, our examples 
of habitat loss show that this policy alone is most likely doomed to failure, so a policy of 
habitat renewal is also required. 
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INTRODUCTION 

There is increasing concern worldwide about the loss 
of biodiversity. If current rates of habitat loss continue, 
many habitats will be completely eliminated between 
2030 and 2080, and result in the extinction of many 
endemic species (WCED 1987, Diamond 1989, Ehrlich 
and Wilson 1991, Soul6 1991, Raven and Wilson 1992, 

Terborgh 1992, Tolba et al. 1992, Whitmore and Sayer 
1992, Scudder 1993, Smith et al. 1993, Wilson 1994). 
Habitat loss has resulted in the loss of biodiversity in 
many aquatic and terrestrial habitats (Wilson 1988, Tol- 
ba et al. 1992, World Resources Institute 1992, Smith 
et al. 1993, Skole and Tucker 1993); for example, na- 
tive fish in Lake Victoria (Kaufman 1992), birds in 
fragmented Brazilian forests (Willis 1979), and small 
mammals in arid Australia (Woinarski and Braithwaite 
1990, Newsome 1994). Government and non-govern- 
mental agencies alike are spending large sums on set- 
ting aside habitats to maintain at least a portion of 
biodiversity for posterity and in perpetuity (McNeely 
and Millar 1984). While these are admirable goals, they 
are based on an assumption that reserved habitat will 
remain intact, undisturbed, and uncompromized by sur- 
rounding influences. However, there is increasing ev- 
idence that, over and above natural processes, all hab- 
itats erode over time through human disturbances, 
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FIG. 1. Relationship between the percentage area of orig- 
inal tropical forests remaining and human population density 
in 17 countries in southeast Asia (Collins et al. 1991). 1 = 
Australia, 2 Bangladesh, 3 = Brunei, 4 = Burma, 5 = 
Cambodia, 6 China, 7 = India, 8 = Indonesia, 9 = Laos, 
10 = Peninsular Malaysia, 11 = Sabah and Sarawak, 12 
Papua New Guinea, 13 = Philippines, 14 = Singapore, 15 
= Sri Lanka, 16 = Thailand, 17 = Vietnam. Note logarithmic 
scale on X axis. 

whether they are protected or not. Thus, the current 
policy of establishing habitat preserves will not prevent 
a catastrophic loss of biodiversity. 

We suggest that biodiversity can only be conserved 
by balancing habitat loss with habitat renewal. How- 
ever, we show that natural renewal rates are not suf- 
ficient to offset current rates of habitat loss. Conser- 
vation biologists must decide, a priori, what renewal 
rates will be consistent with the goal of habitat pres- 
ervation for perpetuity and make deliberate attempts 
to reach the specified rates of habitat renewal. In this 
paper we sketch out a simple model that formalizes our 
thinking about the processes of habitat loss and renew- 
al. The model is not intended as a precise description 
of the processes involved. Rather, in the spirit of Mac- 
Arthur and Wilson (1967), we hope to draw attention 
to the potential problem with current approaches to 
habitat preservation by offering a new perspective 
about the dynamical processes that ought to be con- 
sidered. Our analyses are supported by empirical ex- 
amples from a variety of managed and unmanaged sys- 
tems. We raise the unsettling proposition that many of 
our efforts to preserve habitat may not be achieving 
their stated goals and, in some cases, if we do not act 
immediately, our efforts will be irrevocably doomed to 
failure. 

A SIMPLE MODEL OF HABITAT DECAY AND 
HABITAT RENEWAL 

Natural habitat loss tends to be balanced by natural 
renewal through succession over the long term. Hu- 

mans have altered this balance by accelerating the de- 
cay rate directly through urbanisation, farming, and 
other activities (Soul6 1991, Geer 1992, Tolba et al. 
1992, Myers 1993, McNeely 1994), and indirectly 
through global warming, which alters the range of cli- 
matic conditions so that species may not be adapted to 
new conditions (Peters and Darling 1985, Clark 1992, 
Peters and Lovejoy 1992, Kareiva et al. 1993). Habitat 
loss can be directly correlated with human population 
pressures, as illustrated for tropical forests in southeast 
Asia (Fig. 1). 

The traditional recourse in conservation of setting 
aside portions of natural habitat assumes that this land 
will be protected from human interference. We examine 
this assumption using a simple model (Fig. 2). Habitat 
decay involves any process that reduces the area or 
natural integrity of a habitat. Linear decay models have 
been used to illustrate end-points (Raven and Wilson 
1992, Terborgh 1992), but we suggest that a negative 
exponential is also appropriate because the rate of de- 
cline decreases as habitat approaches zero (Fig. 2). This 
could arise because the present rate of increase in the 
human population (1.7%/yr) is projected to slow to 1% 
by AD 2025 (Anonymous 1992), and because the social 
pressure for protection will increase as habitats dis- 
appear. The real decay curve is probably somewhere 
between linear and negative exponential, but since the 
shape of the curve does not affect the conclusions, the 
negative exponential is sufficient to examine present 
conservation practices. 

In Fig. 2, a reserve is set aside at time to and the 

H 

I /2 
r ~ ~ ~ r 

H*_ 

to t1 t2 t3 t4 

TIME - 

FIG. 2. Relationship between habitat decay and habitat 
renewal. Habitat area (H) decays (d,) towards zero at time 
t3. If a portion of the habitat is reserved at to the mean decay 
rates of total area (reserved and unreserved, d2) are lower and 
zero habitat is reached later at t4. To achieve a constant habitat 
(H*), habitat accumulated under renewal (broken lines) with- 
out reservation requires a higher mean renewal rate (r,) than 
would be needed if habitat is reserved (r2). Thus, reservation 
of habitat buys time (t2 - t,) to implement renewal if it is 
adopted at to. Without renewal H* will not be achieved even 
with habitat reservation. 
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(Oedekoveny 1988); (M) Cosadagacar: total area: 587,990 kM2 

(Sader and Joyce 1988, Hartshorn 1992); (A) Vancouver Is- 
land, British Columbia: total area: 32,000 kM2 (Sierra Club 
of Western Canada 1993). (B) Proportional loss of wetland 
habitat on Canadian prairies based on total wetland area in 
1950: Manitoba (0) 1903 kM2; Alberta (O) 4064 kM2 (R. 
Bethke and T. D. Nudds, unpublished manuscript). 

instantaneous decay rate (d) changes from d, in unre- 
served area to d2 in the combined reserved and unre- 
served area. Habitat, and therefore species number, still 
approaches zero whether or not the area is protected 
(see Prins 1992, Sinclair and Arcese 1995, Figs. 3 and 
4 below). However, in the long run, habitat reservation 
has the effect of delaying the time when habitat ap- 
proaches zero, from t3 to t4. If we want to retain some 
constant amount in perpetuity, (H*), we must replace 
(through renewal) what is lost, at an instantaneous re- 
newal rate, r, such that r = d when we have H* left. 
With reserves there is more time (t2 -to) to achieve 
H* than without reserves (t - to), and so reservation 
buys time to change conservation practice. The natural 
habitat equilibrium, H*, is the sum of what is undis- 
turbed within and outside of reserves. To maintain H* 
additional areas for habitat renewal must come from 

the already-degraded habitat either within or outside of 
the reserves. Such areas can be thought of as earlier 
succession stages. They need to be set aside in advance 
for as long as it takes to develop the desired habitat. 
In Fig. 2 it is the rate of addition of such areas that 
counters the decay rate. Reserves become important 
because the renewal rate, r2, that we must apply to 
counteract the decay, d2, is less than r,, the renewal 
rate required in the absence of reserves. 

The significance for conservation is that it is the 
replacement rate as well as the decay rate that deter- 
mine how much habitat is saved. To maintain a habitat 
we must replace it either before or (at the very least) 
at the same time as other portions of the habitat are 
exploited. For example, if 100 ha of old-growth forest 
that forms part of H* is to be logged, then another 100 
ha of old-growth forest must be grown before the log- 
ging, not 200 yr later. Therefore, we must make a de- 
liberate decision where we want H* to lie, otherwise, 
as the following empirical observations suggest, all 
habitat decays to zero with time, whether reserved or 
not. We must use the time gained from setting aside 
reserves to foster habitat renewal. 

OBSERVED RATES OF HABITAT DECAY 

To maintain biodiversity we must preserve natural 
habitats. Yet there is extensive evidence from around 
the world that natural, unexploited habitats are disap- 
pearing at an accelerating rate (Harris 1984, Myers 
1989, 1993, Prance 1990, Rosencranz and Scott 1992, 
Tolba et al. 1992, World Resources Institute 1992, 
Groom and Schumaker 1993, Myers 1993). This loss 
encompasses terrestrial, aquatic, and marine habitats 
and is illustrated for tropical and temperate forests, 
wetlands, and rangelands below. 

Decay outside of protected areas 

Example]: Tropical and temperate forests.-Rates 
of deforestation have increased in tropical and tem- 
perate primary forests since 1950 (Fig. 3A). Although 
there are some difficulties in measuring deforestation 
rates because of changes in the definition of various 
forest types (e.g., whether regrowth is included or not) 
and in measurement techniques over time (Whitmore 
and Sayer 1992), overall forestry practices do not ap- 
pear to be sustainable. 

Example 2: Wetlands.-Maintenance of natural 
wetlands has received low priority in most areas of the 
world. For example, in two Canadian prairie provinces 
wetland habitat has declined since 1950 in favor of 
increasing the amount of land used for agricultural pur- 
poses (R. Bethke and T. D. Nudds, unpublished manu- 
script). In Manitoba the habitat area has remained con- 
stant since 1980; however in Alberta the area of 
wetland habitat decreased by 50% during this same 
period (Fig 3B). A similar pattern exists in the United 
States. The percentage of wetlands lost between the 
1780s and 1980s ranges from >90% in California to 
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<1% in Alaska. Overall, 50% or 289 X 106 ha of wet- 
lands have been lost in 200 yr (NRC 1992), and there 
is no indication that the rate at which wetlands are being 
drained is decreasing (Gosselink and Maltby 1990). In 
the developing world, loss of wetland habitat is also 
accelerating as mangroves are converted to rice paddy 
and for aquaculture (Williams 1990, Tolba et al. 1992). 

Example 3: Rangelands.-On a global scale, it has 
been estimated that 45% of rangelands have suffered 
severe degradation (Tolba et al. 1992). Heathcote 
(1983) summarized figures indicating that the area of 
the world's rangeland affected by desertification was 
3.6 X 107 kM2, and that this area was increasing by 
10% annually. Often this degradation has occurred rap- 
idly. The settlement of arid Australia during the late 
1800s led to rapid deforestation and clearing of land 
for livestock. Many unsuitable habitat types were ex- 
ploited for this purpose, and one consequence was ex- 
tensive soil erosion (Noble et al. 1984, Lines 1991). 
Soil erosion and pasture degradation has continued to 
be a problem in Australia (Condon et al. 1969, Woods 
1984). There are no accurate estimates of the rate or 
degree of degeneration of Australian rangelands, but 
an overall estimate of 65% for moderate and severe 
degradation of shrublands, 30% for low woodlands, and 
15% for grasslands has been reported (Wilson and 
Graetz 1979). 

Australian rangelands are not the only arid and semi- 
arid areas to suffer long-term degradation from over- 
stocking. In southern New Mexico (USA) grazing prac- 
tices have led to significant increases in the area of 
grasslands occupied by woody shrubs, from 5.6% in 
1858 to 63.1% in 1963 (Buffington and Herbel 1965). 
Similar patterns have been observed across large areas 
of the southwestern United States (Herbel 1979) and 
the Sahel of Africa (Sinclair and Fryxell 1985). 

Decay within protected areas 

Conservation organizations have responded to hab- 
itat loss and species extinction by legally protecting 
land in national parks, reserves, or similar areas (Reed 
1978, WCED 1987, Collins et al. 1991, Tolba et al. 
1992), and there has been a significant increase in the 
total area of protected habitats during the last two de- 
cades. However, contrary to expectation, protected ar- 
eas have been subject to many of the same losses as 
unprotected areas. In general, attrition within protected 
areas is common in both tropical (Sader and Joyce 
1988, Hartshorn 1992, Collins et al. 1991, Redford 
1992, Wells 1993, Sinclair and Arcese 1995) and tem- 
perate reserves (Reed 1978, Frome 1982, National Park 
Service 1988). It appears that all reserves are likely to 
suffer attrition of natural, undisturbed habitat due to 
the activities of an expanding human population. 

Both theory and empirical observation suggest that 
the number of species in a reserve increases with re- 
serve area, and extinction rates are higher in smaller 
reserves (Preston 1962, MacArthur 1972, Shafer 1990, 

Tolba et al. 1992). Although some areas are experi- 
encing a natural loss of species through "faunal relax- 
ation" (Brown and Gibson 1983), the attrition in le- 
gally protected areas through human interference is 
resulting in further species extinctions. For instance, 
the extinction of large mammals in western North 
American national parks is higher in small parks com- 
pared to larger parks (Newmark 1987), reinforcing the 
suggestion that as the boundaries of existing protected 
areas are reduced the likelihood of species extinctions 
will increase. 

Example 1: A tropical ecosystem: the Serengeti- 
Mara, East Africa.-An example of the progressive 
accumulation of reserve area and its subsequent loss 
is the Serengeti-Mara ecosystem (Fig. 4), one of the 
highest priority World Heritage areas. Since 1928 the 
legally protected area has increased to -70% of the 
original ecosystem. However, despite protection, loss 
of the natural ecosystem has continued. The decay in 
natural, undisturbed area (1) accelerated during the pe- 
riod of maximum conservation effort (1960-1980), (2) 
took place within the legal boundaries, and (3) prompt- 
ed the contraction of the legal boundaries themselves 
due to external human pressure (Dublin et al. 1990, 
Sinclair and Arcese 1995). 

Example 2: A temperate forest: Strathcona Provin- 
cial Park, British Columbia, Canada.-Another ex- 
ample of reduction of protected habitats in reserves is 
seen in Strathcona Park, Vancouver Island, where the 
lower altitude temperate rainforest has been progres- 
sively logged since 1962. The park was disbanded and 
realigned in 1987 to exclude much of the lower altitude 
forest for logging. The new park is 15% smaller in 
area, but this underestimates the forest habitat protected 
because much of the forested area was withdrawn and 
replaced by nival and alpine habitats (Strathcona Park 
Advisory Committee 1988). Temperate rainforests on 
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FIG. 4. Loss of protected natural habitat (solid line) in 
the Serengeti-Mara ecosystem as a proportion of the original 
ecosystem ca. 1910 (30,143 kin2). Broken line shows the total 
area given legal protection (Sinclair and Arcese 1995). 
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Vancouver Island remain poorly protected (Sierra Club 
of Western Canada 1993). 

Example 3: A marine system: the Great Barrier Reef 
Marine Park, Australia.-The Great Barrier Reef off 
the Queensland Coast is the world's most extensive 
coral reef system. This area (340,000 kM2) was for- 
mally protected in 1975. However, National Park status 
does not mean protection from development. There are 
three main causes of habitat loss on the reef: tourism, 
marine pollution, and commercial fishing (Great Bar- 
rier Reef Marine Park Authority 1990, Lines 1991, 
Steven and Larkum 1993). 

In 1989 1.5 X 106 people visited the reef, and this 
number is increasing by 30% each year. Nevertheless, 
the value of tourism is high, and an estimated US$200 
X 106 was spent in 1987-1988 at island resorts (Tolba 
et al. 1992). In 1986 the Queensland government 
passed legislation permitting tourist developers to con- 
vert leasehold land on islands to freehold title, thus 
encouraging large-scale residential sub-division on 
Great Barrier Reef islands. Another threat is marine 
pollution. In 1990 the Commonwealth government an- 
nounced a comprehensive program for the release of 
offshore areas for petroleum exploration. Although 
there are no estimates of areas of the Great Barrier 
Reef lost since 1975, decay is progressive and sub- 
stantial in an area that is of limited extent and has little 
potential to expand. This is an example where habitat 
renewal from areas outside of the protected area is 
impossible. 

In summary, habitat decay occurs in unprotected as 
well as protected areas, whether tropical or temperate, 
and in both developed and developing regions of the 
world. 

ASSESSING THE POTENTIAL FOR 
HABITAT RENEWAL 

The conservation literature contains many examples 
of attempts to conserve individual species but the focus 
of conservation needs to be placed on preserving the 
integrity of entire habitats (Walker 1992). Maintenance 
of H* the desired area of habitat to be preserved in 
perpetuity, falls broadly into two categories: (1) setting 
aside undisturbed areas in reserves, and (2) restoration 
of disturbed habitats through habitat renewal. 

It is important to note that both habitat reservation 
and habitat restoration are expensive processes and that 
outside pressures continue to push for exploitation of 
resources within the protected areas. Many protected 
areas are subject to harvest by aboriginal peoples and 
there are few examples of native cultures or ancient 
civilizations living in balance with nature in the long- 
term (McNeely 1994). 

Increasing protected natural habitats to 
achieve H* 

Example 1: South Morseby National Park, British 
Columbia, Canada.-In 1988 the governments of Can- 

ada, British Columbia, and the Haida First Nation es- 
tablished a new national park on South Morseby Island, 
British Columbia. This park protects 1470 km2 of old- 
growth temperate rainforest, which is 75% of the island 
withdrawn from forestry companies at this time. The 
total cost of preserving this area was =US$20 X 106. 

Example 2: Costa Rican National Parks.-For the 
past 15 yr several environmental groups in developed 
countries, particularly the United States and Canada 
(e.g., The Nature Conservancy), have encouraged cit- 
izens to purchase a hectare of rainforest in Costa Rica. 
These programs contribute to the establishment and 
maintenance of protected areas in Costa Rica, such as 
Guanacaste National Park (McLarney 1989). Debt fi- 
nancing of conservation (the purchase of a country's 
debt notes in exchange for investment in conservation) 
has also led to the establishment of new national parks 
in Costa Rica and other Third World countries (Dogse 
and von Droste 1990). Nevertheless, Costa Rica has 
suffered rapid deforestation (see Fig. 3A), and efforts 
to protect natural habitat (renewal) lag far behind rates 
of decay. Even though ~80% of remaining forests in 
Costa Rica are now protected, >50% of primary forests 
were harvested between 1940 and 1983 (Sader and 
Joyce 1988). 

Example 3: Antarctic Treaty.-The Antarctic region 
as a whole is protected by the most comprehensive 
international agreements for environmental protection. 
A protocol for the comprehensive conservation of the 
Antarctic environment, including the exclusion of min- 
eral exploration for at least 50 yr was signed in 1991 
(IUCN 1991, Cullen 1994). Although the environment 
of this continent is still threatened by the effects of 
global change and of offshore fisheries, there is strong 
international support to protect this area. However, this 
conservation opportunity may be unique to the Ant- 
arctic region, where extraction of minerals is still pro- 
hibitively expensive and there are no concerns about 
indigenous cultures. Maintaining protection for the 
Antarctic environment will become increasingly dif- 
ficult as global demand for resources increase. 

Setting aside disturbed areas to achieve H* 

There are numerous examples of habitat restoration 
or rehabilitation projects (e.g., Cairns 1988, Wali 1992, 
Hobbs and Saunders 1993). Characteristics that these 
projects share include a high level of uncertainty as to 
the effectiveness of the program and a high cost. Two 
recent large-scale attempts to increase H* are used to 
illustrate these points. 

Example 1: Diamantina Lakes National Park, 
Queensland, Australia.-The bilby or rabbit-eared ban- 
dicoot (Macrotis lagotis) is the only extant member of 
the marsupial family Thylacomyidae. At the time of 
European occupation the bilby was distributed through 
>69% of the Australian mainland but is now restricted 
to < 19% of this range and is still declining. The current 
range area corresponds best with an absence of pas- 
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toralism and rabbits. These two factors along with the 
cessation of aboriginal burning and increased predation 
by introduced foxes and cats are probably responsible 
for their decline (Southgate 1987). 

The most suitable areas for conserving bilby habitat 
are presently controlled by graziers. Since 1989 the 
Queensland government has purchased 1.45 X 106 ha 
of land (for A$32.5 million), including the 470,000-ha 
Diamantina Lakes pastoral property (Roberts 1994). 
This area was reserved as Diamantina Lakes National 
Park (Anonymous 1993). In early 1994 the government 
made an offer to purchase 17% of an adjacent property 
(228,000 ha), which would be added to the new national 
park, but this offer has been declined by the landholder 
(Roberts 1994). Although the government retains the 
option of unilaterally resuming the land, this example 
demonstrates the difficulties of implementing a policy 
of habitat renewal when conservation is in conflict with 
other land uses. 

Example 2: Kissimmee River Restoration Project, 
Florida, USA.-The objective of the Kissimmee River 
Restoration Project is to return a disturbed aquatic eco- 
system to its natural state (NRC 1992, Cairns 1993). 
The Kissimmee River system was originally disturbed 
in the 1960s when the U.S. Army Corps of Engineers 
turned 165 km of meandering river into a 90-km canal. 
The restoration costs to return the river to a natural 
state are estimated to be US$422 X 106, but the long- 
term benefits appear to balance this cost (Cairns 1993). 
It remains to be seen if this highly disturbed river eco- 
system can be restored and eventually recolonized by 
indigenous species. 

In general, the high cost and extreme difficulty of 
implementing habitat renewal suggest that the, earlier 
it is started the more likely it will succeed in increasing 
H*. 

ESTABLISHING THE EQUILIBRIUM H* 

Figs. 3 and 4 suggest that habitat loss is accelerating 
rather than leveling out towards some constant value. 
This loss reflects changes in both protected and un- 
protected habitat. There is little evidence that adequate 
habitat renewal is taking place. What is the necessary 
amount of habitat to protect in order to preserve bio- 
diversity? i.e., What value of H* should we maintain? 
The Brundtland report (WCED 1987) has suggested 
that an arbitrary figure of 12% of habitat be conserved. 
This figure is derived from an ad hoc calculation that 
since -4% of habitat is currently reserved (McNeely 
and Miller 1984), our goal should be three times this 
amount. There is a danger that such an ad hoc number 
will become a standard before we have any evidence 
that it is sufficient to protect biodiversity. For example, 
in British Columbia the 12% figure is already consid- 
ered an upper limit (Cashore 1993). Moreover, a single 
figure is highly unlikely to be suitable for all habitat 
types. Rare habitats may require 100% maintenance. 
Establishing a value for H* in different habitats re- 
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FIG. 5. Relationship between area of tropical forest hab- 
itat currently remaining and that currently in preserves in 
southeast Asia. The solid line indicates the percentage of the 
remaining area that must be reserved if 12% of the original 
habitat is to be maintained. The broken line indicates a con- 
stant if only 12% of the remaining habitat is to be reserved. 
The divergence (AH*) between the amount of habitat cur- 
rently reserved in each country (points) and the solid line is 
proportional to the habitat which must be created through 
renewal in order to maintain H* at 12% of the original habitat. 
Countries are the same as in Fig. 1 (Collins et al. 1991): 1 
= Australia, 2 = Bangladesh, 3 = Brunei, 4 = Burma, 5 = 
Cambodia, 6 = China, 7 = India, 8 = Indonesia, 9 = Laos, 
10 = Peninsular Malaysia, 11 = Sabah and Sarawak, 12 = 
Papua New Guinea, 13 = Philippines, 14 = Singapore, 15 
= Sri Lanka, 16 = Thailand, 17 = Vietnam. 

quires a more rigorous methodology of identifying 
which habitats are most significant to the maintenance 
of regional and global biodiversity (e.g., Williams and 
Gaston 1994). 

To determine H* we need to ask "12% of what?" 
(using 12% only to illustrate this point). The only con- 
sistent answer is 12% of the original unexploited hab- 
itat area. This means more than 12% must be reserved 
for already-exploited habitats. This is shown in Fig. 5 
for the forests of the 17 southeast Asian countries re- 
ferred to in Fig. 1. The solid line indicates the pro- 
portion of area remaining that must be reserved if 12% 
of the original habitat is to be maintained. The broken 
line indicates a constant if only 12% of the remaining 
habitat is to be reserved. In this case protected areas 
will become very small as an increasing proportion of 
the original habitat is degraded. The divergence be- 
tween each point and the solid line represents the 
amount of habitat that must be created through renewal 
in order to maintain H* at 12% of the original habitat. 
These data show that 12 of 17 countries fall well below 
the 12% curve. Therefore, habitat renewal as a policy 
is already necessary and in some cases it may already 
be too late to implement it. 
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DISCUSSION 

The important points of our discussion are, that (1) 
biological diversity can only be maintained by pres- 
ervation of habitats. Much of all conservation efforts 
have focused on species, and while these undertakings 
are absolutely essential, they have overshadowed the 
importance of conserving large, intact tracts of natural 
habitat. Often there are situations when species-level 
conservation actions are appropriate, but these situa- 
tions should be strategic. They are not long-term so- 
lutions (e.g., the transfer of wild rhinos to small pro- 
tected sanctuaries; Berger and Cunningham 1994). 

(2) habitats can only be preserved if they are treated 
as a renewable resource; otherwise all habitat will de- 
cay to zero. A survey of currently available data shows 
that habitats are decaying at an accelerating rate. This 
suggests that renewal is either not occurring or is doing 
so at a slower rate than the decay rate. Our third point 
follows directly. (3) Without renewal, setting aside hab- 
itat as preserves will not result in the conservation of 
biodiversity. The establishment of protected areas 
merely slows the rate of decay, and, at best, gives us 
more time to implement a policy of habitat renewal. 
The proportion of the world's biodiversity conserved 
will be higher for a given rate of renewal if reserves 
are set aside. Also, with reserves, a set habitat equi- 
librium, H*, can be achieved with a slower renewal 
rate and, hence, at lower cost. 

Caughley (1994) has recently discussed the need to 
understand the mechanisms leading to the decline of 
populations. The causes of habitat decline are clearer; 
what we urgently require is a means of reversing this 
global trend. The methodology for restoration of de- 
graded areas is an area of ongoing research (e.g., Noble 
et al. 1984, Cairns 1988, Wali 1992, Aronson et al. 
1993, Hobbs and Saunders 1993). How renewal is 
achieved is complex both in terms of policy and bi- 
ology, and we see this as an area for urgent future work 
(Walker and Nix 1993, McNeely 1994, Norgaard 1994). 

(4) Our main point here is that unless we use the 
time bought by habitat reservation to implement re- 
newal, conservation will not counter the decline of bi- 
ological diversity. If we are to achieve our goal of 
maintaining global biodiversity then we must decide 
on the eventual equilibrium habitat size, H*, we want 
to maintain for each habitat, and we should develop 
the means of providing new habitat to offset the decay 
of original habitat. 
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