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Foreword

loud forests are a rare habitat of tropical mountains
which have not received sufficient attention for their

exceptional concentrations of biodiversity and as
sources of freshwater. As Cloud Forest Agenda
demonstrates, these forests make up no more than 2.5 per
cent of the world’s tropical forests, but they harbour a
disproportionately large number of the world's species. This
wealth of biodiversity includes the wild relatives and
sources of genetic diversity of many of our staple crops,
such as beans, potatoes and coffee.

Cloud forests are also of vital importance to local
communities and downstream people for their unique
ability to capture water from the clouds, in addition to direct
rainfall. Cloud forests face many of the same threats to their
existence as other tropical forests, but their unique ecology
and their location on mountain slopes make them
particularly susceptible to habitat fragmentation and
especially to climate change.

Cloud Forest Agenda is a product of the Mountain
Cloud Forest Initiative, which is a partnership between the
United Nations Environment Programme (UNEP] and its
World Conservation Monitoring Centre (WCMC), the United
Nations Educational, Scientific and Cultural Organization
(UNESCO) and its Man and the Biosphere (MAB])
Programme and International Hydrological Programme
(IHP), and IUCN-The World Conservation Union and its
Commission on Ecosystem Management.

We present this report with the aim of stimulating
new initiatives and partnerships for the conservation and
restoration of cloud forests around the world. We invite
governments, non-governmental organizations (NGOs) and
the private sector to join us in making the vision and actions
presented in Cloud Forest Agenda a reality. We call on
leaders and organizations in the countries with cloud
forests to become ‘champions for cloud forests’, recognizing
the central conclusions of the Mountain Forum electronic
conference on mountain people, forests and trees (Butt and
Price, 2000):

1. Mountain people rely on the whole landscape for
their livelihoods. Consequently, policies and insti-
tutions for mountain forests and agroforestry must
recognize interactions between agricultural land use,
forests and trees.

2. Every strategy for ensuring that mountain people derive
sustainable livelihoods from their forests and trees
must be tailor-made for the local biological, cultural and
political environment - ways of responding to change
must always be included.

Cloud forest agenda

As representatives of international bodies we see
opportunities for the Cloud Forest Agenda to contribute to
the UN Millennium Development Goal to ensure environ-
mental sustainability, particularly with regard to access to
safe drinking water; to carrying out the World Summit on
Sustainable Development (WSSD) Plan of Implementation
regarding mountain ecosystems and biodiversity; to the
Programme of Work on Mountain Biodiversity of
the Convention on Biological Diversity; and to the imple-
mentation of the Proposals for Action agreed by the
Intergovernmental Panel and Forum on Forests. We will
also continue to build the Mountain Cloud Forest Initiative in
the following roles:

1 UNEP and the UNEP World Conservation Monitoring
Centre - by seeking to work with national and regional
agencies to conduct assessments of cloud forest status
and develop conservation strategies; and by continuing
to develop conservation-relevant information on the
world’s cloud forests and promoting networking through
the UNEP-WCMC website (http://www.unep-wcmc.org/
forest/cloudforest).

1 UNESCO - by promoting the conservation of cloud
forests and the identification of successful approaches
to sustainable mountain development through the Man
and the Biosphere (MAB) Programme; by continuing to
develop and disseminate knowledge on the manage-
ment and restoration of cloud forest watersheds through
the International Hydrological Programme (IHP).

a1 [UCN - by promoting initiatives by its government and
NGO members for conservation and sustainable use of
cloud forests, with the assistance of its Commission on
Ecosystem Management and the IUCN regional and
country offices.

Through this partnership between UNEP, UNESCO and
IUCN, we hope that the Mountain Cloud Forest Initiative will
stimulate wider cooperation and greater action to promote
the conservation, restoration and sustainable development
of mountain cloud forests everywhere.

Klaus Toepfer, Executive Director
United Nations Environment Programme

Koichiro Matsuura, Director-General
United Nations Educational, Scientific and
Cultural Organization

Achim Steiner, Director General
IUCN-The World Conservation Union
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Introduction

fragile ecosystem that is under threat in many parts

of the world. Urgent action is needed to conserve
these rich mountain forests, not only because they har-
bour concentrations of endemic and threatened species
but to maintain their vital role in the provision of
freshwater. All tropical forests are under threat but cloud
forests are uniquely threatened both by human pressures
and by climate change impacting on temperature, rainfall
and the formation of clouds in mountain areas.

This report aims to stimulate new initiatives to
conserve and restore cloud forests around the world. It
provides maps of their distribution, regional overviews of
the threats they face, and an agenda for priority actions. The
particular qualities of cloud forests and issues in their
conservation are identified, alongside examples of suc-
cessful conservation approaches.

T ropical montane cloud forests represent a rare and

THE MOUNTAIN CLOUD FOREST INITIATIVE
Cloud Forest Agenda is a product of the Mountain
Cloud Forest Initiative, which is a partnership between the
IUCN Commission on Ecosystem Management, UNEP and
its World Conservation Monitoring Centre (UNEP-WCMC),
and the UNESCO Man and the Biosphere and International
Hydrological Programmes.

The vision of the Mountain Cloud Forest Initiative is
a future where all cloud forests, with their unique plants and

Cloud forest agenda

animals and water catchment functions, are valued and

protected by mountain communities and downstream

users. Cloud forests are also recognized both as sensitive
indicators of climate change and areas that are under
particular threat from these changes. Their conservation is
strongly supported by the global community.

The Mountain Cloud Forest Initiative programme of
action includes:

1 promotion of prioritized agendas for the conservation
and management of cloud forests at regional and
local levels;

1 promotion of Ecosystem Approaches to cloud forest
management and restoration;

1 supporting local champions for
conservation;

1 generation and dissemination of information to decision-
makers and practitioners;

1 development of practical tools and models for the
conservation of cloud forests.

cloud forest

The
Initiative is available on its web pages (http://www.unep-
wemc.org/forest/cloudforest).

latest information on the Mountain Cloud Forest

WHAT ARE TROPICAL MONTANE CLOUD FORESTS?
Cloud forests are mountain forests defined and limited by
the persistent presence of clouds and mists. The term
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tropical montane cloud forest is used to include all forests
in the humid tropics that are frequently covered in clouds or
mist and so, in addition to rainfall, capture water droplets
that condense on the vegetation. The presence of clouds
and this additional input of water significantly influence the
hydrology, ecology and soil properties of cloud forests
(Stadtmuller, 1987).

The experience of being in a cloud forest is typically

one of an abundance of lush, evergreen vegetation in a cool,
humid atmosphere. If the clouds are in the forest, or have
recently passed through, there is a constant sound of water
dripping from the leaves. One of the characteristics of cloud
forests is the quantity and diversity of ferns, mosses,
orchids and other plants growing on every rock, tree trunk
and branch surface.

The form and appearance of tropical montane cloud
forests vary greatly according to how exposed they are to the
prevailing winds and clouds, their altitude and local soil
types. On lower mountain slopes, cloud forest trees are
usually 15-20 m tall. At higher altitudes, where the forest is
more consistently in the clouds and winds are greater, the
trees are more stunted and covered in more epiphytes.
Descriptions of the different types of cloud forest, such as
lower and upper montane and subalpine, can be found in
Bruijnzeel and Hamilton (2000) and on the Mountain Cloud
Forest Initiative web pages.

Cloud forests occur within a wide range of annual
and seasonal rainfall patterns, from 500-6 000 mm/year.
They are found wherever clouds and mist are frequently in
contact with a mountain slope. They typically form a belt of
vegetation over an elevational range of about 500 m, but
there is considerable variation in the altitude at which they
are found. On large inland mountain systems cloud forests
may typically occur between 2 000 and 3 500 m, whereas in
coastal and insular mountains this zone may descend to
1 000 m. Under exceptionally humid conditions a cloud
forest zone may develop on steep, tropical island or coastal
mountains at elevations as low as 500 m.

W.Ferwerda
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Mapping cloud forests

apping the area of tropical montane cloud
M forests is complicated because so many factors

can influence their location. Their exact
distribution depends upon latitude, altitude, winds,
rainfall patterns, and the size of the mountains and
their distance from the sea. The concept of cloud forests
as a distinct forest type has emerged from work in the

Americas but they are also of vital importance in the

other tropical regions.

This report presents the first global maps of
potential cloud forest distribution, produced from remote-
sensing data. The maps show forest cover in mountains
within defined altitudinal ranges that are likely to include
cloud forests. This forest distribution will also include
montane rainforests and drier forest types which are not
subject to frequent or seasonal cloud cover at vegetation
level. The maps are therefore a potential distribution of
cloud forest and may over-represent its occurrence to
some degree.

A second complicating factor in mapping cloud
forests is the fact that these forests tend to occur at higher
altitudes on higher mountains and at lower altitudes in
coastal and island areas. The altitudinal ranges upon which
we have based our assessment of potential cloud forest
distribution are shown on each map.

Ideally the distribution of cloud forests would be
determined from a combination of the location of frequent
cloud cover and of forest cover. Frequent cloud cover could,
in principle, be determined from satellite imagery, but no
such analyses have yet been conducted.

The distribution of cloud forests could also
potentially be determined from the occurrence of indicator
species restricted to cloud forests. Mosses and other
bryophytes have been suggested as such indicators,
because they are particularly sensitive to levels of atmos-
pheric humidity. An analysis by Long (1995) of threatened
and restricted-range bird species restricted to cloud
forests shows a clear correlation with the maps in this
report. The potential cloud forest distribution was based
upon:

1. AGIS base layer of the mountains of the world, using the
definition of mountains in Kapos et al. (2000).

2. An overlay of the mountain layer with coverages
of tropical montane rainforest, tropical lowland
evergreen and semi-evergreen rainforest, taken from
the UNEP-WCMC global forest coverage (lremonger
et al, 1997) compiled from national sources up
to 1997.

3. Anoverlay of the MODIS satellite coverage for vegetation

greater than 40 per cent canopy cover for the year 2000,
to update the coverage of forest.

4. Lastly, areas of mountain forest outside the altitudinal
ranges for the likely occurrence of cloud forests, as
determined for different mountain and island systems of
the world, were excluded.

The maps also include the location of cloud forest sites
as recorded in a worldwide inventory compiled by UNEP-
WCMC (Aldrich et al., 1997). This inventory was compiled
from literature searches and correspondence with
regional experts, and contains a total of 605 sites from
41 countries. The maps show a central location for each
site and do not distinguish the great variability in their
size, which ranges from 50 hectares to hundreds of
square kilometres.

The maps can also be viewed on the Mountain Cloud
Forest Initiative web pages, including separate maps for
potential distribution and sites (www.unep-wcmec.org/
forest/cloudforest).

The maps of potential distribution do not include
areas of sub-tropical montane cloud forest, such as the
‘Yungas' of northern Argentina. The Arabian Highland
woodlands and shrublands in Iran, Oman, Saudi Arabia,
United Arab Emirates and Yemen, which are seasonally
blanketed in fog and mists, are also not included.

M.E.D’amato/UNEP/Banson
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Map 1. Potential cloud forest distribution and sites in the Americas
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Map 2. Potential cloud forest distribution and sites in Africa
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Map 3. Potential cloud forest distribution and sites in Asia
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The importance of cloud forests

CLOUD FOREST IS A RARE RESOURCE

The potential global area of cloud forest is about 380 000
km?, which is approximately 0.26 per cent of the Earth’s land
surface. This figure is likely to be an overestimation of the
true area of cloud forest, as other forest types are included
within the altitudinal ranges used for this analysis. This
estimate of global area is considerably less than the only
other published figure of an estimated 500 000 km? of cloud
forests in the humid tropics (Bockor, 1979).

Cloud forest is not distributed equally across the
tropical regions. Of the global area of potential cloud forest
25.3 per cent occurs in the Americas, 15.0 per cent in Africa
and 59.7 per cent in Asia (Table 1). One of the most
noteworthy results of this analysis is the very large extent of
potential cloud forest in Asia, principally in Indonesia and
Papua New Guinea.

Cloud forest is a rare type of forest, making up only
2.5 per cent of the total area of the world’s tropical forests
(Table 2). In the Americas and Africa cloud forest is an
even rarer forest habitat, forming 1.2 per cent and 1.4 per
cent, respectively, of the tropical forests of these regions.
Cloud forests are also a scarce habitat amongst all forest
types in tropical mountain regions, occupying 8.4 per cent,
10.5 per cent and 14.6 per cent of tropical mountain forest
in the Americas, Africa and Asia, respectively (Table 2 and
Figure 1).

Like cloud forests, tropical dry forests have been
identified as a forest type with high levels of species
endemism and deforestation rates. A comparison of the
areas of these forest types (Table 3) shows that cloud forests
are much scarcer than tropical dry forest in the Americas
(13.8 per cent of dry forest area) and in Africa (41.4 per cent].
In Asia the relatively large area of potential cloud forest is

Table 1. Area of potential cloud forest by continental
region

REGIoN POTENTIAL CLOUD FOREST %
AREA (KM?) OF GLOBAL
CLOUD FOREST
Americas 96 394 25.3
Africa 57 190 15.0
Asia 227 582 59.7
Global total 381 166 100.0

Table 3. Potential cloud forest as a percentage of
tropical dry forest

REGION TOTAL DRY FOREST CLOUD FOREST AS
% TROPICAL
DRY FOREST
Americas 697 007 13.8
Africa 138 025 41.4
Asia 191 830 118.6
Global total 1026 863 37.1

Source: Data from Iremonger et al. (1997).

Table 2. Potential cloud forest as a percentage of all tropical forest and tropical mountain forest

REGIoN ALL TROPICAL FOREST CLOUD FOREST AS TROPICAL MOUNTAIN FOREST ~ CLOUD FOREST AS %
(km?) % ALL TROPICAL (km?) ALL TROPICAL MOUNTAIN
FOREST FOREST
Americas 7 762 359 1.2 1150 588 8.4
Africa 4 167 546 1.4 544 664 10.5
Asia 3 443 330 6.6 1562 023 14.6
Global total 15373 235 2.5 3257 275 1.7

Source: Data from Iremonger et al. (1997) and Kapos et al. (2000). The calculations by Kapos et al. (2000) of the areas of the world’s mountain

forests included altitudinal ranges from 300 m to above 4 500 m.

11



Cloud forest agenda

Figure 1. Area of potential cloud forest and tropical
mountain forest by continental region
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slightly greater in extent (118.6 per cent) than that of
tropical dry forests.

CLOUD FORESTS ARE VITAL WATER SOURCES

All mountain forests have an important role in stabilizing
water quality and maintaining the natural flow patterns of
the streams and rivers originating from them. Tropical
montane cloud forests have the unique additional value of
capturing water from the condensation from clouds and fog.
This ‘stripping’ of wind-blown fog by the vegetation becomes
especially important during the non-rainy season and in
areas with low rainfall but frequent cloud. Water originating
from cloud forests is also increased because water loss
from vegetation wetted by rain or fog is reduced. This
results in streamflows from cloud forest areas that are
greater and more dependable in dry periods.

Under humid conditions the amount of water
directly intercepted by the vegetation of cloud forests can be
15-20 per cent of the amount of direct rainfall, and can
reach 50-60 per cent under more exposed conditions.
These values tend to increase in cloud forests at higher
altitudes. In areas with lower rainfall, or during extended
dry periods, these percentages can be higher still and
equivalent to 700-1 000 mm of rainfall per year (Bruijnzeel
and Hamilton, 2000; Bruijnzeel, 2000).

A major element of the hydrology and ecology of
cloud forests is the abundance of epiphytic plants, that is
plants such as mosses, ferns and bromeliads that grow on
the trunks and branches of trees. Up to a quarter of all
cloud forest plant species may be epiphytes (Foster, 2001).
The epiphytes capture water directly from the fogs and
clouds and provide a variety of microhabitats for
invertebrates, amphibians and their predators (Benzing,

12

1998). Water storage in epiphytes has been calculated as
ranging from 3 000 litres/ha (Richardson et al., 2000) up
to 50 000 litres/ha (Sugden, 1981). Up to half the total input
of nitrates and other ions and nutrients to the forest can
come from water stripped from clouds by epiphytes
(Benzing, 1998).

The year-round and unpolluted water from cloud
forests is a vital resource in many regions. For example, the
cloud forests in La Tigra National Park in Honduras provide
over 40 per cent of the water supply for the 850 000 people
in the capital city, Tegucigalpa. Other capitals where cloud
forests augment water supplies are Quito, Ecuador, with 1.3
million people, and Mexico City with its 20 million people. In
the dry season 100 per cent of the water used by Dar es
Salaam, Tanzania, for drinking supplies and hydroelectricity
generation originates in the cloud forests of the Uluguru
Mountains. In Guatemala the Sierra de las Minas Biosphere
Reserve protects 60 per cent of the country’s remaining
cloud forest habitat. More than 60 permanent rivers drain
the reserve, making it the country’s biggest single water
resource. This is especially significant for the Motagua
Valley to the southeast of the Sierra, which is a rain-shadow
desert and heavily dependent on irrigation.

Similarly, the montane forests of Mount Kenya
guarantee the dry-season river flows to the semi-arid
lowlands, with the headwaters of the Tana River supplying
water to over 5 million people (Lambrechts, 2000). The
Mount Kenya catchment also provides 97 per cent of
Kenya's hydropower. The water from the river systems
originating from this mountain is used in several lowland
urban centres. In addition it supplies large-scale

horticulture for international markets, agro-pastoral
smallholders, large-scale ranches, pastoralists, tourism
and wildlife populations.
increasingly in conflict over the use of water resources, with
60-95 per cent of available river water in the Ewaso Ng'iro

These diverse users are

L.S.Hamilton



Basin abstracted during the dry season and the river drying
up completely in many years (Wiesmann et al., 2000).

CLOUD FORESTS ARE CONCENTRATIONS OF
BIODIVERSITY

Cloud forests have very high levels of endemism and are
home to many threatened species. On a global scale the
importance of cloud forests for biodiversity conservation is
demonstrated by the fact that 86 per cent of the cloud forest
sites identified in the UNEP-WCMC inventory are found
within the Global 200 Priority Forest Ecoregions identified by
the World Wide Fund for Nature (WWF] (Table 4).

The distribution of cloud forests shows an even
closer correlation with the Endemic Bird Areas identified by
BirdLife International (Table 5). Ten per cent of the world's
2 609 restricted-range bird species (those with a range of
less than 50 000 km?) are confined to or mainly found in
cloud forests, with a further 315 species (12 per cent) found
in both cloud forests and other habitats (Long, 1995). An
analysis of all 327 threatened bird species of the Americas
found that 38 species (11.6 per cent] are cloud forest
species. This concentration of threatened bird species in
northern Andean cloud forests is illustrated in Map 4.

Examples of the exceptional endemism of cloud
forests at a national scale are shown by data from Latin
America. In Mexico cloud forests cover less than 1 per cent
of the country but contain about 12 per cent of the country’s
3 000 plant species (Rzedowski, 1996). Up to 30 per cent of
these are endemic to the country. Young and Ledn (CPD,
1997) estimate that the eastern Peruvian Andean forest
harbours 14 per cent of Peru’s flora in 5 per cent of the
country’s area. Similarly, Balslev (1988]) estimates that half
of Ecuador’s species occur in the 10 per cent of the country
represented by middle-elevation (900-3 000 m) Andean
forests, and 39 per cent of these species are endemic to
Ecuador, compared with 16 per cent of lowland species.
Half the lowland species have a wide distribution, compared
with one quarter of the mid-elevation species and only one
sixth of the high-altitude species.

Gentry (1992) identified the Andean region as ‘of
exceptional importance as a repository for a dis-
proportionate part of the world’s biodiversity’. This high
species richness is due to the much greater endemism in
Andean forests than in other parts of the world: 'some plant
families seem to have evolved locally endemic species in
every patch of isolated Andean forest” (Gentry, 1992). For
example, 21 endemic tree species of Magnoliaceae were
discovered during the preparation of the Flora de Colombia
(Lozano, 1983). Gentry (1992) considered that, ‘while a high
proportion of the endemic [plant] species of Andean cloud
forests probably have not yet been described, it is clear from
what we do know that local endemism is a common

Cloud forest agenda

Table 4. Cloud forest sites in WWF Global 200 Priority
Forest Ecoregions

NO. OF CLOUD FOREST % OF CLOUD FOREST
SITES IN GLOBAL 200 SITES IN REGION IN GLOBAL
ForesT EcorecioNs 200 FoREST ECOREGIONS

REGION

Latin America

& Caribbean 210 75
Africa 86 92
Asia 223 98
Global total 519 86

Table 5. Cloud forest sites in Endemic Bird Areas

% OF CLOUD FOREST
SITES IN REGION IN

NoO. OF CLOUD FOREST
SITES IN ENDEMIC BIRD

REGION

AREAS ENDEMIC BIRD AREAS
Latin America
& Caribbean 272 97
Africa 70 72
Asia 217 95
Global total 559 93

evolutionary theme, with isolated ridges or ecologically
isolated habitat islands typically harbouring ca. 20 per cent
endemic species. A good example is the Centinella ridge in
western Ecuador where about 90 species were apparently
endemic to a forest area of ca. 20 km?.

13
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Map 4. Potential cloud forest distribution and density of
threatened bird species in the northern Andes
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High levels of endemism are also found amongst the
vertebrate fauna of Andean cloud forests. In Peru 32 per
cent of the 272 species of mammals, birds and frogs
endemic to the country are restricted to cloud forest (Leo,
1995). Mares (1992) showed that although the eastern
Andean montane forests occupy only 3.2 per cent of the
continental area, they are the habitat of 63 per cent of its
endemic mammals.

Fjeldsd and Hjarsen (1999) analysed areas of
‘hotspot” richness of highland bird species in the Andes,
using the distribution in 15-minute grid cells (ca. 27 x
27 km) of species that are well established above 2 500 m.
The areas identified are mainly humid montane forest and
the analysis found that all bird species in the tropical Andes
can be covered in just 80 grid cells. Amongst these the 50
highest scoring cells would contain 99.1 per cent of all
highland birds and 94.9 per cent of all those classified as
endangered. ‘Because of the aggregated (or nested)
distribution of the endemic species, the total Andean [bird]
fauna might be conserved in less than two percent of the
land area’ (Fjeldsd and Hjarsen, 1999).

Species inventories and analyses of endemism have
rarely been undertaken for invertebrates in cloud forests.
However, Anderson and Ashe (2000) surveyed 13 cloud
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forest sites in Honduras for beetles that inhabit leaf litter
and found 173 of 293 species (58.7 per cent] of Curculonidae
and 126 of 224 species (56.3 per cent) of Staphylinidae were
restricted to single sites.

One of the consequences of the high levels of
endemism in cloud forests is the regular discovery of new
species, even for well-known groups such as birds. For
example, in the Andes two narrowly endemic bird species
were discovered in the 1990s. The Jocotoco Antpitta
Grallaria ridgelyiwas found in about 5 000 ha of cloud forest
in Ecuador in 1997 (Krabbe et al, 1999). In 1996 the
Scarlet-banded Barbet Capito wallacei (O'Neill et al., 2000)
was discovered in the cloud forest on one mountain near the
headwaters of the Rio Cushabatay, Peru. A new genus of
the cow family and two new barking deer species were
discovered in the Annamite cloud forests of Laos and
Viet Nam in 1996.

An important but often overlooked characteristic of
cloud forests is that they are the natural habitat of the wild
relatives of many crop species. They are therefore important
gene pools for the continued improvement of these plants.
Debouck and Libreros Ferla (1995]) identified 12 crop genera
with wild relatives in Neotropical montane forests. These
include relatives of the papaya Carica papaya, the tomato
Lycopersicon esculentum, the tree tomato Cyphomandra
betacea, species of passion fruit, the avocado Persea
americana, beans of the genus Phaseolus, the blackberry
Rubus spp., the cucumber Solanum muricatum and the
potato Solanum spp. A wild relative of another crop genus of
major economic importance, the peppers Capsicum spp.,

was recently rediscovered in a Guatemalan cloud forest
reserve (Bosland and Gonzalez, 2000).

Philip Bubb
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Threats to cloud forests

their existence as other tropical forests, but their

unique ecology and their location on mountain
slopes make them particularly susceptible to some
deforestation forces and especially to climate change.

This report presents a first assessment of the
relative importance of these threats to cloud forests, using
information from the database of tropical montane cloud
forest sites (the WCMC directory) (Aldrich et al., 1997). The
database was compiled from correspondence with people
knowledgeable about cloud forests in different regions of
the world and from literature searches. A summary was
written of the locations and principal species of cloud
forests and their conservation issues for 41 countries. The
amount of information for each country is very variable, but
threats to cloud forests are mentioned for 15 African
countries, 11 Latin American countries and ten Asian
countries (see Appendix 1).

C loud forests face many of the same threats to

Conversion to agricultural land

Clearance of cloud forests for farming is the most widely
recorded threat. It is reported from 90 per cent of Latin
American and Asian countries and 53 per cent of African
countries. It is likely to be a major deforestation pressure in
all countries with cloud forests. The cleared land is
principally used for subsistence agriculture by resource-
poor farmers, although commercial production of

temperate-zone fruits and vegetables is expanding in cloud
forest areas in Asia.

There are complex processes driving this agricul-
tural clearance. They include poverty, population growth,
land degradation and marginalization of mountain commu-
nities and indigenous groups. Clearance for commercial
production of temperate-climate vegetables, fruits and
flowers is being driven by demand from expanding urban
centres in Asia and by the ease of transporting these
products by air to European and North American markets.

The other major commercial crop in cloud forest
areas is coffee, which is grown on the lower altitude slopes
of many cloud forest regions throughout the world. In Sri
Lanka and Tanzania cardamom is a significant tree crop in
cloud forest areas. In many regions lower montane forests
may have been cleared to a greater extent than higher
altitude cloud forests, due to their suitability for crops such
as coffee and their greater accessibility. In the Uluguru
Mountains of Tanzania this has resulted in the local
extinction of forest species restricted to lower slopes, with
the higher altitude cloud forest remaining as a watershed
protection forest (Burgess et al., 2002).

Conversion to grazing land

Clearance of cloud forests for cattle ranching was reported
in the WCMC directory from eight of 11 Latin American
countries, including all the Andean countries. Only Costa
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Rica and Mexico reported this threat in the Mesoamerican
region. In Colombia extensive cattle ranching has continued
to expand, at the cost of both Andean forests and arable
agriculture. This is despite a trend towards rural
depopulation. It is leading to a simplification of the
landscape as cattle pasture expands and erosion increases
(Etter and van Wyngaarden, 1999).

For Africa, grazing and conversion of cloud forests
to pasture was reported from eight of 15 countries. This
pressure is particularly significant in seasonally dry
regions where the moisture in the cloud forest zone
attracts farmers and herders. In contrast, in Asia livestock
grazing is only reported as a threat to cloud forests in the
Philippines.

Hunting

The most widely reported threat to cloud forests in Africa
(ten of 15 countries) is the hunting of their wildlife for
subsistence use and sale of meat. This is likely to be a
significant pressure in the cloud forests of all African
countries, whether they have a protected area status or not.
Hunting is particularly intense in areas of high human
population and social conflict, such as the Albertine Rift
Mountains of Burundi, the Democratic Republic of Congo
and Rwanda. Hunting is the third most widespread threat
to cloud forests in Latin America (seven of 11 countries)
and Asia (three of ten countries). Hunting threatens more
than the survival of animal species, as their loss can also
have a major impact on the ecology and regeneration of the
cloud forest.

This effect on the ecosystem is exacerbated where
cloud forests are fragmented, which is commonly the
situation. Tabarelli and Peres (2002) found that in the
montane Atlantic coast forests of Brazil the vertebrates
most vulnerable to extinction within forest fragments were
those with a large body size and a predominantly fruit-
eating diet (e.g. primates, cracids and toucans). These
species play a key part in the dispersal of medium- to large-
seeded plants (e.g. Myrtaceae, Lauraceae) in the forest.
Ongoing local extinction of large-bodied animals in the
remnants of these forests is a result of both habitat
fragmentation and subsistence hunting. Small forest
fragments can only accommodate small populations, are
more accessible to hunters, and cannot easily be
recolonized from nearby forests as these are also exposed
to hunting pressure.

Fire

In Africa fire was recorded as the second most widespread
threat to cloud forests (eight of 15 countries), but was
reported from only four Andean countries in Latin America
and only from Australia in Asia. The prevalence of fire as a
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threat in Africa is probably because cloud forests occur in
areas with a pronounced dry season and the forests are
vulnerable to fires started in surrounding lands.

Timber harvesting

Cloud forests were reported as being affected by timber
extraction and commercial logging in seven of the ten Asian
countries, with several reports from Indonesia, Malaysia
and the Philippines. This may reflect the presence of major
logging industries in these countries. Timber harvesting
was recorded for six African and six Latin American
countries, principally for local construction use. Cloud
forests are rarely managed for commercial timber
exploitation due to the steep topography, and the lower
stature and slower growth rates of trees at high altitudes.

Fuelwood harvesting

Collection of fuelwood and charcoal production were
reported from seven African and five Latin American
countries and only from the Philippines in Asia. However
this threat is probably widespread. It may be a locally
significant pressure on many cloud forests, especially in
areas with a high density of human population and few other
energy sources.

Roads

The construction of roads through cloud forests was
recorded as a threat in six Latin American countries. For
example, Sangay National Park in Ecuador has been
bisected by a major road. Road construction can have a
major impact in fragile montane environments. In a Puerto
Rican cloud forest it was estimated that soil biomass in
areas disturbed during road construction would take
200-300 years to recover to the levels of a mature forest
(Olander et al., 1998). The effects of roads in cloud forest
areas include fragmentation of the forest and increased
deforestation pressures, resulting from the ease with which
products can be extracted and the improved access to
markets (Young, 1994). In Ecuador montane forests have
been cleared by land speculators in anticipation of the
arrival of roads in remote areas (Rudel, 1999).

The WCMC directory of cloud forests does not record
roads as a threat in Africa, but road development and
associated tourist infrastructure such as hotels and golf
courses is threatening the montane forests of peninsular
Malaysia’s Genting and Cameron Highlands and Sabah’s
Mount Kinabalu.

Mining

Some cloud forest sites are severely affected by mining. In
the WCMC directory, mining is recorded as a threat in the
Democratic Republic of Congo and Rwanda, in Bolivia,



Ecuador and Venezuela, and in Indonesia and Malaysia.
Bruijnzeel and Hamilton (2000) also report cloud forests
affected by gem mining in Sri Lanka, geothermal
development in the Philippines and Java, and gold mining in
New Guinea.

Deforestation for drug cultivation

Clearance of cloud forests for the illegal production of
opium in Colombia is documented by Cavelier and Etter
(1995). This threat continues to increase (Etter and van
Wyngaarden, 1999). Cloud forest clearance for cultivation of
coca leaf is also a significant threat in Bolivia, Colombia,
Peru and Venezuela, where it is associated with high rates
of land degradation and rural poverty (Salis, 1999).

Alien species

The introduction of alien species was reported in the WCMC
directory as a threat to cloud forests only for Malawi and
Réunion. In these locations alien species have a major
impact. Cloud forests in Jamaica are being invaded by the
Australian tree Pittosporum undulatum (Goodland and
Healey, 2001), which is able to grow at higher densities than
any native species and, because it has a dense crown,
achieves a much greater dominance than the native trees.
In Hawaii feral pigs in the cloud forests have contributed to
plant and bird extinctions (Bruijnzeel and Hamilton, 2000).

HABITAT FRAGMENTATION AND DISTURBANCE

A feature of many cloud forest sites is their occurrence as
‘islands’ of evergreen forest on mountain tops or along
ridges. Cloud forests are often bounded both above and
below by drier vegetation types. Alternatively they may
intergrade with other humid tropical forests at lower
elevations. This is illustrated by Maps 5 and 6. Map 5 shows
how most of the Albertine Rift montane forests form the
eastern limit of the Congo Basin rainforest, whilst the cloud
forests of Kenya and Tanzania are ‘islands’ of humid forests
in drier lowlands. Map 6 shows how the cloud forests of the
northern Andes form broken ‘chains’ of this habitat along
the humid slopes of the Andean ranges. The eastern
Andean cloud forests grade into the lower montane
rainforests of the Amazon in southern Colombia and
Ecuador. The western Andean cloud forests form part of the
Choco rainforest system.

Deforestation and the building of roads, power lines
and pipelines have made habitat fragmentation and
isolation an even more pronounced threat to cloud forests in
many regions. This has a major impact on the ecology of the
‘islands’ of remaining cloud forests and has important
implications for their conservation.

At a fragmented cloud forest site in the western
Andes, 31 per cent of the original bird fauna became locally

Cloud forest agenda

Map 5. Forest in East Africa ranked by an index of
spatial integrity and potential cloud forest
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Map 6. Forest in northwest South America ranked by an
index of spatial integrity and potential cloud forest
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extinct over an 80-year period (Kattan et al, 1994). The
terrestrial and understorey insect-eating birds were
particularly susceptible to extinction. There is also evidence
in Colombia that the smallest and largest fruit-eating bird
species are most likely to be eliminated from disturbed and
fragmented montane forest habitats (Restrepo et al., 1997).

One of the factors in the extinction of bird species in
cloud forest fragments is nest predation, which was higher
in three small Andean cloud forest fragments (11, 13 and 29
ha) than in larger fragments of 75 and 300 ha (Arango-Vélez
and Kattan, 1997). This was considered not to be due to an
edge effect but the result of a greater abundance of nest
predators (small mammals) in the smaller fragments. A
similar pattern and explanation of higher predation of
experimental bird nests was found in Tanzanian montane
forest fragments (Carlson and Hartman, 2001).

Habitat fragmentation combined with subsistence
hunting can quickly cause local extinctions of large
vertebrates, with smaller forest fragments being more
accessible to hunters (Tabarelli and Peres, 2002). This loss
of large vertebrates has been hypothesized to have major
effects on future regeneration of the forest, as the
vertebrates are key dispersal agents for many trees.
Tabarelli and Peres (2002) predict that the species richness
of woody plants in secondary forests of highly fragmented
Brazilian Atlantic forest could eventually be reduced by as
much as one half, because of the failures in seed delivery
and plant recruitment in large-seeded plant species (e.g.
Myrtaceae, Lauraceae).

Habitat disturbance can have smaller scale
ecological effects similar to those of habitat fragmentation.
In montane forest in the Tam Dao Mountains of northern
Viet Nam, gaps created by illegal logging threatened
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restricted-range butterfly species that required closed
canopy habitat (Spitzera et al, 1997). In a seasonal cloud
forest in the Western Ghats of India habitat disturbance
reduced the reproductive success of three dioecious plant
(Somanathan and Borges, 2000).
regeneration was significantly affected by logging, firewood
extraction and grazing in a cloud forest in southern Mexico,

species Forest

resulting in the formation of a species-poor forest,
dominated by pines (Ramirez-Marcial et al., 2001).

CLIMATE CHANGE

Of all the types of tropical forest, tropical montane cloud
forests are especially vulnerable to climate change
(Markham, 1998). A wide range of potential negative impacts
has been identified (Foster, 2001). It is predicted that the
optimum climatic conditions for many mountain habitats will
increase in altitude by hundreds of metres in the second half
of the 21st century. This will be a direct result of temperature
and rainfall changes caused by a doubling of carbon dioxide
levels. This will lead to the replacement of cloud forests by
lower altitude ecosystems, and the extinction of cloud
forests currently found on mountain peaks where they are
unable to spread upslope. Cloud forests are also likely to be
uniquely affected by climate change due to a reduction in
cloudiness at lower altitudes as temperatures increase. This
phenomenon is supported by observations from Costa Rica
and is predicted by climate models. It will result in less-
frequent immersion of the forest in the clouds and reduced
capture of water by the vegetation, with a consequent drying
out of the ecosystem.

Cloud forest epiphytes and amphibians are
especially sensitive to changes in humidity and to water
stress. At the Monteverde cloud forest in Costa Rica, 25 of 50
frog and toad species disappeared in 1987 during an EL Nifio
event, including the golden toad Bufo periglenes, and only
five have reappeared since. At Monteverde the annual
abundance of amphibians is correlated with the number of
dry days in the dry season (Pounds et al, 1999). The
observed increase in the number of dry days and decrease
in the diurnal temperature range is correlated with a rise in
the overhead cloud bank. Still et al. (1999) found results
from climate change modelling for four cloud sites
supported an elevation of cloud banks.

The formation of cloud banks is affected not only by
global climate change; there is also evidence that regional
land-use change can have a significant influence. Lawton et
al. (2001) found that the deforested Caribbean lowlands of
Costa Rica remained relatively cloud-free in the dry season,
whilst adjacent forested regions had well-developed
cumulus cloud fields. These deforested lowlands are
upwind of the Monteverde cloud forests, where reduced
cloud cover had already been documented.
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Cloud forest conservation and

livelihoods

SUSTAINABLE FARMING FOR CLOUD FOREST
CONSERVATION

Since one of the most widespread threats to cloud forests is
conversion to agricultural land and pasture, many cloud
forest conservation projects have promoted sustainable
farming. Both human population growth and degradation of
farmed land are common major driving forces for the
clearance of more cloud forests. For example montane
forests, some of which are cloud forests, in the Eastern
Escarpment of Madagascar declined from 8 million ha
in 1900 to 7 million ha in 1950, and to less than 1 million ha
by 1995. This deforestation resulted from slash-and-burn
cultivation practised by a rapidly increasing human
population. These Madagascan farming systems need to be
intensified and made sustainable if they are to provide
sufficient food for the people and permit the survival of the
montane forests (Messerli, 2000).

Another cloud forest region with considerable
population pressure occurs in Burundi and Rwanda. These
two countries have a combined area of about 55 000 km? and
a population of about 13 million people, the highest density
in Africa at over 230 inhabitants per km?. More than 90 per
cent of the people are farmers and cattle breeders.
However, Burundi and Rwanda still maintain afromontane
forests in protected areas, all of which are located in