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thick blanket of clouds
shrouds the higher
reaches of the Tilaran

Mountain Range of Costa Rica,
protecting the vast community of
plants and animals that inhabit its
steep slopes. Over time, mists
have swept up the Caribbean side
of these mountains with a rhythm
guided by global climatic
phenomena (Pounds et al. 1999,
Still et al. 1999). During the dry
season in particular, these mists
are critical to the survival of many
reptiles, butterflies, and other
species that inhabit the forest
(Haber 2001, Pounds 2003a,
Pounds 2003b).

Although the Monteverde
Reserve was established to
protect this unique place, recent
evidence suggests that all is not
well here. In response to global
warming trends, the mists do
not bring water to the area as
frequently as they used
to, and the base of the
clouds has shifted
upslope (Pounds et al.
1999, Still et al. 1999). 1.2
This shift in the cloud
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Reserve (McCarty
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The birds of
Monteverde have also
been affected by
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recent shifts in cloud patterns: at
least 15 species of birds that
previously lived only at lower
elevations, such as Keel-billed
toucans, have moved upslope to
compete for food and other
resources with other birds such as
resplendent quetzals that historically
inhabited the cloud forest (Pounds et
al. 1999).

Evidence that climate change is
already taking its toll on plant and
animal communities, regardless of
the presence of protected area
boundaries, is unfortunately not
limited to the mountains of Costa
Rica. In North America, the entire
range of the arctic fox is shifting
northward (Hersteinsson and
MacDonald 1992), while butterflies
in Europe are also heading north in
search of cooler temperatures
(Parmesan et al. 1999). In Southeast
Asia, warmer ocean waters during El
Nifio years have caused coral reefs

Global Changes Affecting Biodiversity
Figure 1. Relative effect of global drivers

of change on biodiversity

to bleach and die, impacting both
marine biodiversity and fisheries
(Reaser et al. 2000).

And in South Africa, rising
temperatures and reduced
precipitation have already led to
local extinctions of some rare
species in a group of plants known
as succulents (Midgley 2003).
These plants are adapted to hot,
dry weather conditions and store
water in their leaves. If climate
predictions for South Africa are
correct, however, the entire
succulent karoo biome that hosts
these plants is expected to shift
southward, and drastically reduce
in size as it approaches the
southern tip of Africa (National
Botanical Institute 2003).

Global Change and
Ecosystems

These stories of plants and
wildlife already adversely
affected by climate change at
the local level are grim, and
warn of further changes to
come if global temperature
continues to rise. Global
climate change, however, is
only one in a set of ongoing
global changes that have
implications for all life on
Earth. Global changes other
than warming include habitat
loss and fragmentation,
introductions of non-native—
often invasive—species to
ecosystems, sea level rise,
nitrogen deposition from
industrial and agricultural
pollution sources, and
increasing concentrations of
atmospheric carbon dioxide
(Miller 2003, Sala 2000).
Because they are global in
nature, these factors both link



and affect protected areas
efforts worldwide.

Global change factors are
unified by the fact that their
causes- whether economic,
political, or social- extend
beyond the local level. Among
others, major root causes of
global ecosystem changes
include growing population,
intensified land use, and
changing systems of
governance. Since ecosystems
provide services to people—
including flood control, water
filtration, and local climate
control (WRI 2000)--in addition
to providing habitat for plants

Converted Areas Span the Globe

Figure 2: Global Map of Converted Areas

species caught in its path.
Worldwide, humans have already
converted approximately 29 percent
of land area—almost 3.8 billion
hectares—to agriculture and urban
or built-up areas (WRI 2000).
Habitat fragmentation is even more
pervasive than habitat loss, and
results in pieces of original habitat
that are too small to maintain
populations of some species (Meffe
and Carroll 1997, p.148; Miller

2003). While Figure 1 shows a graph

comparing the relative impact of the
five drivers of global change on
biodiversity, Figure 2 shows a map
of areas of the world converted to
croplands and urban areas.
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and animals, global change has
inevitable consequences for
both humans and wildlife.

Of the five primary global
change drivers, land use change
will be the primary driver of
change to biodiversity—the
delicate balance of plants,
wildlife, and microbes—in the
21st century (Sala et al 2000).
This prediction is consistent
with past trends (Vitousek et al.
1997, Pimm and Raven 2000).
Habitat destruction acts like a
cookie-cutter, stamping out

Early known victims of land use
change in the U.S. include four
species of birds that were eliminated
when primary forests were cleared
for agriculture by early settlers
(Gibbs 2001). Human victims of
land use change include the nearly
18,000 people who lost their lives
when steep agricultural land that had
been cleared from tropical forest
failed to absorb the flood-waters of
Hurricane Mitch in 1998 (DFID et
al. 2002).

After land use change, climate
change will be the second biggest

factor to affect biodiversity in the
21st century (Sala et al. 2000).
Already, global climate has
increased by more than 0.6 °C
during the past 100 years (IPCC
2001), and is thought to be the
direct result of anthropogenic
activities such as fossil fuel burning
and forest clearing (Levitus et al.
2001, IPCC 2001). In the context
of geological history, this rate of
change is unprecedented: the rate
of global temperature increase over
the past 100 years has been 20
times the average rate of increase
since the end of the last ice age
18,000 years ago (Wilcott and
Thomas 2001). Warming trends
are expected to continue
throughout the next century, and
the planet is expected to be 1.4 to
5.8 °C warmer in the year 2100 as
compared with today (IPCC 2001).
The increase in global temperature
over the past 100 years has been
accompanied by a global increase
in precipitation of 5 to 10%, an
increased frequency of extreme
weather events such as hurricanes,
and sea level rise. See Figure 3 for
a graph of past and future climate
trends.

Biotic change caused by
invasive species is another example
of global change that is affecting
protected areas efforts worldwide.
Invasive species often travel with
people- such as in the ballast of
ships or in cargo holds of airplanes.
When these vehicles reach their
destinations, alien species are
released, wreaking havoc in their
destination ecosystems, either by
predating on, or competing with,
native species. Invasive species
have also intentionally been
released into new ecosystems, with
unintended consequences for local
or regional ecosystems (WRI
2001).
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A Coming Century of Warming Trends

Figure 3: Observed and Expected Change in Slobal Temperature
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dynamic and
changing, however,

Grappling with Global
Change: Protecting the
Planet in the Next
Millennium

Despite the fact that that natural
systems on this planet are
undergoing un-naturally rapid
amounts of change, people
worldwide are making
unprecedented strides to protect
them. Representative of this
effort is the fact that
governments have established
protected areas to manage
threatened ecosystems and
ecosystem services, protect
species from extinction, and to
maintain cultural diversity and
resources. To date, more than
98,000 nature reserves, national
and state parks, protected
landscapes, and managed
resource areas have been

established to protect more than 10
percent of the earth’s terrestrial
surface. In addition, more than 3800

marine protected areas have been
established to protect marine
biodiversity and fisheries worldwide
(UNEP-WCMC 2003). Figure 4
shows a global map of the percent of

Changing Hahits: Establishing Prote

protected areas
remain static. Although current
protected area boundaries may be
adequate to protect many species
and ecosystems in the short term, it
is becoming evident that current
boundaries may be inadequate
when faced with the unpredictable
shifts associated with changing

cted Areas to Manage Threatened Ecosystems

Figure 4: Parcent of Total Land Area that is Protected, 2003
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climate and invasive species.
These factors of global change
produce new challenges for
local protected area managers,
who see the effects of global
change increasingly on the land
that they are charged to protect.
It is apparent that our
dynamic planet will require
more dynamic strategies for
keeping protected areas healthy.
There are certain ways that
reserves can be designed to
protect their biodiversity despite
change, such as by making them
large in area, span latitudinal
(north-south) or elevation
gradients, and use biological
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