






















































































































































































































































































































































































































































































































































































































































































Chapter  13

Wildlife Conservation in Agroforestry
Buffer Zones: Opportunities and Conflict

Lisa Naughton-Treves and Nick Salafsky

Conservationists now recognize the need to work beyond protected areas if
they are to sustain viable populations of wildlife and large-scale ecological
processes. Given that many tropical forest parks and reserves are surrounded
by some form of agriculture, finding more space for wildlife is difficult. Too
often, conservationists draw ambitious maps extending wildlife corridors and
buffer zones far beyond protected area boundaries without considering the
practical and political feasibility of promoting wildlife in preexisting land use
systems. Unless such maps are drawn with participation and input from resident
populations, conservationists risk creating paper buffer zones. By ignoring
local attitudes toward wildlife, protected area managers may miss opportuni-
ties to build alliances or, worse, antagonize people and turn them against con-
servation.

In this chapter we survey the opportunities and conflicts associated with
wildlife conservation in agroforestry buffer zones. Drawing on several cases
from across the tropics, we reveal how the local social and physical context
shapes the viability of wildlife management and the value wildlife has for for-
est farmers and protected area managers. We also show that the relative costs
and benefits of wildlife in agroforestry buffer zones depend on individual per-
spectives. For example, a mountain gorilla foraging on crops outside a park
may be a precious endangered animal to the conservationist but a menacing
pest to the local farmer. Sensitivity to local context and local perspectives is
essential to finding workable arrangements for winning space for wildlife
beyond protected area boundaries. Managers must think creatively and build
alliances with local communities while they ameliorate conflict. They must
also recognize that their authority beyond protected area boundaries may be
uncertain, making the need to incorporate local residents as planners and deci-
sion makers all the more important.
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In the tropics, protected forest areas and agriculture meet and mix in innu-
merable ways. A towering stand of old growth may abut a tea plantation, or a
grove of fruit trees may gradually blur into secondary forest. As in this book’s
other chapters, we adopt a broad definition of agroforestry and consider an
agroforestry buffer zone as any land use system combining trees with agricul-
tural crops that lies adjacent to a park or reserve. The nature of the park-
agriculture interface shapes wildlife survival and local tolerance of wildlife
(Newmark et al. 1994; Hoare and du Toit 1999). For example, wildlife may
not venture far outside a protected area surrounded by densely settled agricul-
ture, but when it does, it causes intense conflict (Woodroffe and Ginsburg
1998). Conversely, in a sparsely inhabited extractive reserve, wildlife may
range throughout a forest-agriculture mosaic and be managed as game by local
farmers (although here too there is the potential for wildlife to cause conflict;
Naughton et al. 1999). Equally important to understanding local attitudes are
the access rules to wildlife in the agroforestry system. Farmers probably will
respond differently to an animal they are free to hunt than to a strictly pro-
tected one. Taken together, these physical and social parameters shape local
attitudes toward wildlife and its status as a pest or valued resource. Therefore,
as we analyze the costs and benefits of wildlife for different stakeholders, we
explain how the local physical and sociopolitical context shapes these
appraisals. In this way, we hope to provide fresh insights on the viability of
wildlife conservation beyond protected area boundaries in different situations.

Case Study Sites on a Continuum from 
Forest-Agriculture Mosaics to Hard Edges
To identify key factors shaping the viability of wildlife management in agro-
forestry buffer zones, we describe human-wildlife interactions around three
national parks, each from a different tropical region, each surrounded by dif-
ferent types of agroforestry land uses (Table 13.1). The most remote of the
three sites is Bahuaja-Sonene National Park (BSNP), located in the southeast
Peruvian Amazon (Figure 13.1). BSNP is a 1-million-ha uninhabited park
bordered by the 252,000-ha Tambopata National Reserve (TNR).1 Adjacent
to these protected areas is a sparsely inhabited (less than 1 person per square
kilometer) 272,582-ha buffer zone (Figure 13.1) whose residents plant rice,
cassava, and maize in shifting cultivation fields. The second site is Gunung
Palung National Park (GPNP), in West Kalimantan, Indonesia (Figure 13.2).
GPNP is a 90,000-ha uninhabited park surrounded by production forests and
agricultural lands of varying population densities where local residents grow
lowland and upland rice, other grains, and fruits. The third site is the 76,000-
ha Kibale National Park, located in western Uganda. Kibale is an uninhabited
park surrounded by densely inhabited land (90–242 people per square kilo-
meter) used for permanent agriculture (Figure 13.3). Kibale is an example of
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Table 13.1. Social and physical attributes of three study sites.

Gunung Palung
Bahuaja-Sonene National Park, Kibale National  

National Park, Peru Indonesia Park, Uganda

Year established 1996a Early 1900s 1933b

Forest type Lowland rainforest Lowland rainforest Premontane humid 
to cloud forest to cloud forest forest

Size of park (ha) 1,000,000 90,000 76,000

Elevation range 220–2,700 0–1,000 1,110–1,590
(m above sea level)

Rainfall (mm yr–1) 1,200–4,000 4,000 1,100–1,600

Legal uses of national park Hunting by indigenous Research, ecotourism Water collection, 
people using tradi- ecotourism, medi-
tional technology, cinal plant harvest, 
ecotourism wild coffee harvest

Number of residents in park 0 0 0

Threats to park Hunting, mining, Small-scale logging, Hunting, fire, agri-
logging, oil explorationc conversion to agri- cultural encroach-

cultural land, non- ment, charcoal 
timber forest product manufacture, pit-
harvesting sawing

Legal status of buffer zone Ambiguousd Production forest, agri- Nonee

cultural lands

Land use in buffer zone Cultivating rice, maize, Forest gardens Cultivating maize, 
cassava, and plantains sweet potatoes, 
in 0.5- to 1-ha shifting plantains, and about 
cultivation plots 20 other crops in 

short fallow fields, 
eucalypts, and fruit 
trees in small plots

Population density in < 1 0f 92–242
buffer zone 
(individuals km-2)

Average landholding size 40 1.2 1.4
in buffer zone (ha)

aOriginally 325,000 ha when established, expanded to 1,000,000 ha in year 2000.
bOriginally established as a forest reserve for logging, reclassified as a national park in 1993.
cExxon-Mobile occupied an exploratory concession for oil and gas in 1996–2000. Commercially viable
reserves were not found, and the land under concession was added to the national park.
dBuffer zones are not included in the categories of protected areas defined by the Peruvian Institute of Nat-
ural Resources (INRENA). According to government officials, INRENA can state an opinion over land use
in the buffer zone and has the “final voice” (C. Landeo, director Bahuaja-Sonene National Park [BSNP],
pers. comm., March 2002). Currently, 271,582 ha are designated as a buffer zone, adjoining the Tambopata
National Reserve (252,000 ha), an uninhabited area that in turn neighbors BSNP.
eThe Ugandan Wildlife Authority is undertaking a planning exercise to establish a multiple-use buffer zone
just inside the park boundary (size has yet to be determined; A. Mugisha, pers. comm.., 2001).
fThe forest gardens are largely on hills above the village. People generally do not live in the forest gardens
themselves but in cleared village areas below.



a hard edge, where forest conditions and land use types change abruptly at the
park boundary. In addition to marked variation in human population density
and land use intensity, these three sites vary by access rules to wildlife and for-
est resources and cultural values of wildlife. In Table 13.1 we list key social and
ecological attributes for each site. Detailed site descriptions are available in
other publications (Salafsky 1993, 1994; Foster 1994; Lawrence et al. 1995;
Chapman and Chapman 1997; Struhsaker 1997; Naughton-Treves 1998,
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1999; Chicchón 2000). Our information is drawn from semistructured inter-
views, participatory rural appraisal exercises (PRAs), and systematic measure-
ment of wildlife presence on farms.2

Costs and Benefits of Wildlife beyond Protected
Area Boundaries
Residents of agroforestry buffer zones hold varied attitudes toward wildlife.
Their attitudes are shaped by their culture, economic situation, political
context, education level, and geographic location. Some people value
wildlife primarily in utilitarian terms and hunt animals to obtain food or
money for school fees. For other residents, particularly indigenous groups,
wildlife holds cultural and symbolic value. Among colonists and indige-
nous groups alike are people who value the beauty of wildlife and have
moral reasons for letting them survive. Our observation from extensive
interviews at these three sites is that most buffer zone residents support
wildlife conservation in principle, but they do not necessarily want wild
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animals on their land. Or they may desire the presence of certain species
but dislike others.

To understand the complex attitudes among residents of buffer zones, we
focus on the relative costs and benefits of wildlife presence in agroforestry
landholdings outside parks in the three case studies. In each of these sites, wild
species cross park boundaries to forage or hunt in surrounding agroforestry
zones. This boundary crossing produces both costs and benefits for different
stakeholders. In Table 13.2 we list costs and benefits of maintaining wildlife
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in buffer zones for two principal stakeholders: forest farmers (i.e., people resid-
ing in agroforestry buffer zones or cultivating crops there) and protected area
managers. In the discussion that follows, the contrasting perspectives of these
two stakeholder groups emerge.

Bahuaja-Sonene National Park: Hunting
Opportunities for Neighboring Farmers
Among the three sites, BSNP presents the best conditions for sustainable
hunting in the surrounding buffer. BSNP is located in the Department of
Madre de Dios, one of the most remote and biodiverse regions of Peru (Fig-
ure 13.1; Foster 1994; Ascorra et al. 1999). This lowland, forested region was
isolated from external markets until the rubber boom of the late 1800s. The
arrival of 6,000 rubber workers gave rise to ribereño society (Amazonian resi-
dents of mixed ancestry), while enslavement and epidemics decimated indige-
nous populations (e.g., the Ese’eja peoples; Varcarcel 1993; Chicchón et al.
1997). After the collapse of the rubber industry in the early 1900s, the local
population was stable until the mid-1960s, when a road was constructed into
Madre de Dios. Andean peasants were drawn to the region by gold, land avail-
ability, and economic incentives for ranching and farming (Chicchón et al.
1997; Alvarez and Naughton-Treves 2003). Tambopata’s population grew five-
fold in 25 years, reaching 76,610 in 1997, with roughly half the population
residing in the capital city of Puerto Maldonado (GESUREMAD 1998).
Despite rapid population growth, Madre de Dios continues to have the low-
est population density for Peru (0.9 inhabitant per square kilometer), and the
largest tracts of undisturbed forest (GESUREMAD 1998).

BSNP is vast and uninhabited (Table 13.1). Large mammals that are
endangered or rare elsewhere in the Amazon are abundant in the park, includ-
ing white-lipped peccaries (Tayassu pecari ), giant otters (Pteronura brasiliensis),
tapirs (Tapirus terrestris), and large-bodied primates (Foster 1994). Intact pri-
mary forest blankets most of the park and most of the adjacent TNR. Forest
predominates in the buffer zone, but it includes logged forest, regenerating
shifting cultivation fallows, and forest under extractive use. In the buffer zone,
about 3,000 farmers clear 0.5-ha shifting cultivation plots to plant rice, maize,
and cassava. Roughly 10 percent of the buffer zone residents are indigenous
Ese’eja people who live on communally owned land. This case study focuses
on ribereños, the dominant social group in the buffer zone. Ribereño landhold-
ings average about 40 ha in size, of which 21 ha is under mature forest, 7 ha
fallow land, 5 ha annual crops, and 5 ha pasture (Alvarez 2001). Agriculture
is the most common economic activity among local residents, but like most
Amazonian residents, they pursue other economic activities (e.g., fishing,
mining, Brazil nut [Bertholletia excelsa] collecting, and logging) in response to
resource availability and boom and bust economic cycles. Roughly 20 percent
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of residents in the buffer zone keep cattle (average 15 head per household),
primarily as an investment. Most people (more than 90 percent) raise small
livestock for home consumption (average 20 animals per household, includ-
ing pigs, poultry, and guinea pigs). Precise income figures for local residents
are unavailable, but the minimum wage in 2000 was 5 soles (US$1.40 in
2000) per day.

Roughly half of buffer zone residents hunt (Chicchón 1996). No single
law pulls together hunting rules in Peru; instead, regulations are tied to
forestry and other laws and often change from year to year (Ascorra 1996).
Local residents and park guards have confused understandings of what ani-
mals can be killed where, particularly in light of recent changes in protected
area boundaries at BSNP. But in general, Peruvian law designates wildlife as
national patrimony and places responsibility for its protection with the
national government. All Amazonian species are now protected from hunting
except for 15 game species. The game species include red brocket deer
(Mazama americana), peccaries (Tayassu pecari and Tayassu tayacu), tapirs,
pacas (Agouti paca), agoutis (Dasyprocta variegata), capybaras (Hydrochaeris
hydrochaeris), armadillos (Dasypus novemcinctus), turtles, and some game birds
(Varese 1995). For these 15 game species, hunting is allowed for subsistence
and local sale in small communities, including those in reserves and buffer
zones. Hunting is also legal whenever wildlife threatens crops or livestock
(Ascorra 1996). Local residents call this form of hunting cacería sanitaria
(“sanitary hunting”), particularly in reference to predator removal (Ascorra
1996). The majority of hunters use shotguns to kill prey. The trapping of ani-
mals is rare.

Local Agriculturalists’ Perspective
Local residents around BSNP commonly call wildlife species as presa (“game”)
or plaga (“pest”; Ascorra 1996). Their classification depends on the mar-
ketability of the species and its potential to cause significant crop or livestock
losses (Table 13.3). The local abundance of a species and the farmer’s ability
and interest in hunting also shape individual attitudes towards wildlife.
Ribereños and indigenous people are more likely to hunt than are colonists,
who lack the requisite detailed knowledge of the forest (Redford and Robin-
son 1987; Naughton-Treves 2002). Even colonists living in game-rich areas
hunt less frequently than ribereños or indigenous people (Loja et al. 2000).
Hunters at Tambopata generally are more positive than nonhunters toward
having wildlife on their farms, particularly high-value or large species such as
pacas, brocket deer, tapirs, and white-lipped peccaries. Those who live adja-
cent to the park are fortunate to hunt large and high-value game on their
farms, easily offsetting the crop losses caused by these and other wild animals.
But farmers residing farther from the park boundary (more than 700 m), are
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more likely to encounter only smaller, highly adaptable species such as
armadillos (Dasypus sp.), collared peccaries (T. tajacu), tayras (Eira barbara),
and agoutis (Dasyprocta spp.). Agoutis are responsible for the greatest amount
of damage to maize and cassava in the buffer zone, and people complain that
this 4-kg rodent is “not even worth a bullet” (Naughton-Treves 2002).

Just as hunting benefits are not equally shared in the local community, the
costs of raiding are unevenly distributed. On average, residents in the buffer
zone lose negligible amounts of crops (maize, cassava, rice, and plantain). A
study of wildlife damage from 1998 to 2000 found that wildlife damage aver-
ages less than 3 percent by area or roughly $13 per planting season (for details,
see Naughton-Treves 2002), but average values mask the skewed distribution
of loss. Most farmers lost little to wildlife, whereas a few lost significant
amounts (up to 47 percent). Generally, losses to prime game species, such as
pacas, tapirs, and peccaries, are better tolerated than losses to small game (e.g.,
agoutis) or nongame species (e.g., tayras, a member of the weasel family that
thrives in agroforestry mosaics; Bisbal 1993). Residents who hunt in shifting
cultivation fields or fallows in the buffer zone (i.e., garden hunters) capture on
average 9 kg or about $14 of game meat per hunter during a planting season
(about 5 months) (Naughton-Treves 2002). (Game meat values are expressed
here in U.S. dollars to allow comparison to crop damage values; in reality
some hunters share the meat with their families, others sell it to neighbors, and
others illicitly sell it to intermediaries for eventual sale in Puerto Maldonado.)
The average gains are roughly equivalent to the average crop losses to wildlife.
But systematic monitoring of 24 garden hunters in the broader region revealed
that only three earned more income from meat than they lost in crop damage.
These hunters lived close to the reserve boundary and were able to shoot tapirs
and white-lipped peccaries in remote areas, including heavily forested areas in
the buffer zone and the reserve. For farmers further from the reserve boundary,
it is more difficult to balance crop losses with hunting gains given the scarcity
of big game. Moreover, many hunters do not enjoy hunting in the brushy, hot
fallows and fields, where visibility is poor. They prefer to hunt in unsettled
forests, where they can fell larger animals. Several hunters describe hunting in
agroforests as an activity for the old and weak.

The one type of wildlife universally considered a pest in Tambopata is
predators. Neither hunters nor farmers tolerate predators such as jaguars
(Panthera onca), pumas (Felis concolor), ocelots (Leopardus pardalis), and
jaguarundis (Felis yagouaroundi) on their land. In a random sample of 60
farmers in the buffer zone, the majority (75 percent) reported losing poultry
or pigs to wild predators. The wild animals most frequently blamed were
ocelots (identified by 31 percent of farmers) and hawks (28 percent), fol-
lowed by jaguars (5 percent). Also mentioned were tayras, jaguarundis,
pumas, and bush dogs (Speothos venaticus). Farmers residing close to the
reserve reported losing more domestic animals to a greater variety of predators
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than did those farther from the reserve. The value of the livestock reported
lost per farmer for those complaining of jaguar attacks averaged $118 per
year (range $6–$294, SD = $121, n = 9). The value of livestock lost to other
carnivores averaged $49 per year (range $6–$194, SD = $54.3, n = 24).
Among those suffering losses, jaguar attacks were reported every 2.6 years,
compared with every 1.1 years for other predators. (Note: These reported
losses were not verified and offer only an estimate of losses.) Hunters reported
losing fewer domestic animals to predators than did nonhunters (Naughton-
Treves 2002).

In addition to direct benefits from hunting, wildlife potentially provides
buffer zone residents indirect benefits. The economic concerns of many of
Tambopata’s buffer zone residents are tied to Brazil nut production. Roughly
20 percent of local residents collect Brazil nuts for commercial sale (Chicchón
1996). Brazil nut trees need healthy populations of euglossine bees if they are
to be pollinated and yield abundant fruit. These bees in turn depend on an
intact forest. Therefore, the yield of Brazil nut trees is tied to the health of local
bee populations, which in turn need an intact forest. On the other hand, peo-
ple often shoot macaws and parrots that arrive to feed on ripening Brazil nuts.
Biologists report that contrary to local belief, parrots and macaws cause negli-
gible damage to Brazil nut yields, and they are now leading a campaign against
macaw hunting, explaining that shooting macaws costs more in ammunition
than it saves in fruits (Ortiz 1995). When the fruits mature and fall to the
ground, agoutis open the fruits and bury the nuts one by one, usually within
100 m of the tree (Ortiz 1995). Very few seeds germinate because most are
later consumed by agoutis or other animals who discover the agoutis’ caches.
Thus, Brazil nut trees need agoutis for seed dispersal, but an overabundance
of agoutis probably would inhibit their regeneration. Instead of intentionally
conserving or managing agoutis on their concessions, Brazil nut harvesters
hunt them with shotguns or machetes whenever the opportunity arises. In this
way, agoutis contribute to protein needs of Brazil nut harvesters. Brazil nuts
are an example of the interdependence of insects, trees, wildlife, and local peo-
ple in managed tropical forests.

Finally, wildlife is a potential source of income as an ecotourism spectacle.
Ecotourism is booming in the Tambopata region. However, tourists generally
bypass inhabited regions, and their dollars flow to a minority of people who
run lodges in the buffer zone or reserve. Hunting, agriculture, and ecotourism
cannot all be managed in the same place. One indigenous community in the
buffer zone, the Esse’eja, negotiated an agreement with a tour operator that
guaranteed them 60 percent of profits and half the decision-making authority,
and in turn they have agreed not to hunt or farm in 4,000 ha of their land
(Stronza 1998). It is more difficult for the individual landholder to do this.
Given that most of the people manage their land independently in 40-ha
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parcels, zoning must come from higher representative institutions (e.g., a
farmers’ union).

Park Managers’ Perspective
The institution officially responsible for managing BSNP and TNR is Peru’s
Institute for Natural Resources (INRENA). Its authority over the buffer zone
is less certain. According to Peruvian law, buffer zones are not protected areas,
but INRENA staff claim to have the final voice in land use planning in the
buffer zone (C. Landeo, pers. comm., 2002). In practice, INRENA has lim-
ited control over human activities in all three areas, given the large size of the
areas and given INRENA’s meager budget (e.g., $35,000 for BSNP in 2000;
A. Bruner, pers. comm., 2002). The area has so far been protected mainly
because it is so remote. Given these conditions, INRENA’s primary manage-
ment goal is to stabilize land use along colonization fronts. To this end, it is
working with local stakeholders (e.g., environmental nongovernment organi-
zations [NGOs], agriculturalists’ unions, indigenous federations, and tourism
companies) to establish zones in the TNR where land use of varying intensity
is allowed (Ascorra et al. in preparation). Managers view the national reserve
neighboring the park as a buffer region where economic development and bio-
diversity conservation can be combined. They also see the reserve and the
buffer zone beyond as a source of additional habitat for wildlife. But managers
fear that hunters are already eliminating large and slowly reproducing species
throughout the buffer region (Loja et al. 1999). Large mammal populations
outside the park, even in sparsely inhabited areas, already show signs of over-
exploitation. In essence, the buffer zone is acting as a sink for some vulnera-
ble species (e.g., large-bodied primates, jaguars, tapirs, white-lipped peccaries;
Novarro et al. 2000). In the long run, this dynamic is acceptable to conserva-
tionists, provided that source areas are sufficiently large and well protected in
the park. Hill and Padwe (2000) estimate a ratio of 7:1 for source area to sink
area for hunting in the sink to be sustainable.

An NGO called Conservación Internacional–Peru has been working with
two communities in the buffer zone to promote more sustainable hunting
practices. Urban demand for game meat and uncertain property rights make
sustainability elusive, but some promising examples exist of communities vol-
untarily setting aside no-hunting areas and monitoring game populations in
their area. Paradoxically, although a minority of avid hunters threaten the sur-
vival of game populations, they are the ones most interested in programs to
conserve wildlife (Naughton-Treves 2002). Most farmers hunt only occasion-
ally, or not at all, and for them wildlife is not a significant resource. These peo-
ple support wildlife conservation programs in general, although they would
rather not have wildlife visiting their fields.
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Gunung Palung National Park: A Spectrum 
of Land Uses
GPNP, in West Kalimantan, Indonesia, contains a range of tropical habitats
from mangrove swamps to lowland forest to cloud forest at 1,000 m above sea
level (Figure 13.2). The park is home to a wide range of flora and fauna
including dipterocarp trees, orangutans (Pongo pygmaeus), gibbons (Hylobates
agilis), sun bears (Helarcto malayanus), and several hornbill species (Buceros
rhinoceros, Anorrhinus spp.). Many of the animal species in the park use a
range of different habitats throughout the year. Over the past few decades, the
forested lands around the park have been logged or converted into agricultural
lands, leaving the park increasingly isolated.

The villages on the western edge of the park along the coast have been
inhabited for several centuries, largely by Islamic families, most of whom are
of Malay ancestry, and by some families of Chinese ancestry who migrated to
the area in the early twentieth century. In the past few decades, a number of
transmigrants from Bali and Java have also settled in the area. Villages on the
interior borders of the park are inhabited largely by Dayak families.

Residents of the villages on the western edge of the park have developed a
complex land use system that includes farms, homegardens, forest gardens,
and extractive areas from which they harvest rattan, specialty timbers, and
other forest products in a gradient that leads away from the village toward the
park (Salafsky 1994; Lawrence et al. 1995). Key crops that are grown in the
forest gardens include durian, rubber, coffee, and other crops for market sale
(for the structure and biodiversity of such complex agroforests see also Chap-
ter 10, this volume). In the farm areas, the main crops include paddy rice,
maize, and vegetables. Officially, the border between the park and the villages
on the western edge is the bottom of several small hills that are in the park;
there is no officially recognized buffer zone. Over the past few decades, how-
ever, local villagers have been steadily expanding their forest gardens up the
hill, taking over land that is technically part of the park. This case thus pres-
ents an example in which the agroforestry buffer zone is encroaching on the
forest lands of the park.

Forest Garden Owners’ Perspective
In a study of forest garden owners’ perspectives on wildlife, the most critical
factor determining attitudes toward wildlife was religion. In villages on the
western edge of the park, although some families hunted larger deer (Cervus
unicolor and Muntiacus spp.) and the Balinese and Chinese families hunted
pigs (Sus barbatus), the majority of the village residents did not eat much
bushmeat at least in part because of Islamic religious prohibitions against eat-
ing wild animals other than deer. As a result, one could commonly encounter
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gibbons, hornbills, and other large diurnal animals in the forest gardens
located quite close to Islamic villages. In Dayak villages on the northern edge
of the park, by contrast, people hunted all kinds of animals (Lawrence et al.
1995). As a result, there are far fewer animals in the forest gardens near Dayak
villages.

Based on a survey of community members in the Islamic villages (Salafsky
1993), animals that were common in the forest gardens included maroon lan-
gurs (Presbytis rubicunda), long-tailed macaques (Macaca fasicularis), gibbons,
various squirrels (Callosciurus prevostii and Ratufa affinis), civets (Paradoxurus
spp.), flying foxes (Pterpus vampyrus), and sambar deer (Cervus unicolor). Res-
idents also said that orangutans and sun bears were seasonally present in the
forest gardens but did not venture into the farm areas. Pigs, deer, and
macaques were also frequently found in farm areas, although they generally
only foraged there and then returned to the adjacent forest.

Local residents clearly distinguished between benign species and crop
raiders (Table 13.3). Specific animals that were most problematic included
langurs, long- and pig-tailed macaques, squirrels, rats and mice, pigs, and sam-
bar deer, which caused minor to severe damage to planted crops. Residents
claimed that weasels (Mustela spp.) and leopard cats (Felis bengalensis) killed
their chickens and ducks. Residents also believed that the flying foxes ate the
durian tree flowers, not recognizing the pollination role that they play. On
average, residents reported that they lost 9.0 percent (SD = 10.4 percent of
their gross income (the range was 0–50 percent) to damage caused by all ani-
mals (including rats, mice, and flocks of small birds). This figure does not
include the time, labor, and equipment that residents invested in guarding
crops before harvesting them. For example, residents slept in the fields for a
week or two before harvest to protect their rice crop from being eaten. A few
residents (mostly men who had spent a great deal of time working in the for-
est) expressed enjoyment or interest in observing and discussing what animals
did. However, most residents had ambivalent or even negative attitudes con-
cerning the presence of animals.

Park Managers’ Perspective
GPNP is home to a wide variety of life, including endemic proboscis monkeys
(Nasalis larvatus) and the largest remaining orangutan population in Kaliman-
tan. It also contains one of the last remaining corridors of natural habitat from
the ocean to the cloud forest in West Kalimantan. Unfortunately, as described
earlier, the park is fast becoming an island of forest surrounded by agricultural
lands. Furthermore, forest within the park is being steadily cleared at its edges
by timber harvesting and conversion of land to agricultural uses.

As in much of Indonesia, the national park authority has traditionally had
only a weak presence on the ground near the park. There are only a handful
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of park guards, and given their meager salaries, it is easy for the guards to
become engaged in illegal resource extraction activities including timber and
nontimber forest product harvesting and fishing. Agroforestry buffer zones are
also vulnerable to illicit harvesting. In fact, buffer zones were created on what
used to be park lands as a means to deal with ongoing resource extraction.
Although these zones are less diverse than primary forest, they at least main-
tain forest cover and therefore are preferable to monocultures. In other words,
these buffer zones provide spatial buffering that increases the distance between
the villages and the forest. The buffer zones also provide habitat for some
wildlife species and can help create corridors to permit migration of key ani-
mal species.

Kibale National Park: Conflict and Compromise
along a Hard Edge
Located in western Uganda, Kibale is a 76,600-ha remnant of midaltitude for-
est that is much celebrated for its exceptional diversity and density of primates,
including chimpanzees (Pan troglodytes), eight monkey species, and three
prosimians (Struhsaker 1997). Also present at Kibale are species notorious for
raiding crops, such as olive baboons (Papio anubis), red-tail monkeys (Cerco-
pithecus ascanius), bushpigs (Potamochoerus porcus), and elephants (Loxodonta
africana), a species reduced by more than 90 percent in Uganda over the past
30 years (Hill 1998; Amooti 1999). Hunting in Kibale is illegal, although
snares are regularly encountered in the park. Outside the park, citizens may
hunt only “vermin” (baboons, vervet monkeys [Cercopithecus aethiops], and
bushpigs) and only with permission from the Ugandan Wildlife Authority (see
Naughton-Treves 1999 for a description of colonial underpinnings of
Uganda’s hunting rules and recent efforts at reform).

Roughly 54 percent of land within 1 km of Kibale’s boundary is used in
smallholder agriculture (Mugisha 1994). Agriculturalists in the area belong to
two predominant ethnic groups: the Batoro, whose presence in the area dates
to the 1890s, and the Bakiga, who began settling in the area in the 1950s
(Turyahikayo-Rugyema 1974; Naughton-Treves 1999). The Batoro chiefs at
the time allocated land to immigrants on the outskirts of their settlements,
hoping to buffer Batoro farmers from crop damage by wildlife. Today, both
groups plant a mixture of more than 30 species of subsistence and cash crops,
including bananas, maize, beans, yams, coffee, and fruit trees. Farm sizes are
small (1.4 ha on average) and are managed individually. In this diverse farm-
ing system, various animals forage on crops, resulting in much frustration and
resentment against the park among local cultivators. In a 1992–1994 study,
the most crop damage was observed within 200 m of the park boundary, and
losses averaged between 4 and 7 percent by area per season. However, as in
BSNP in Peru, the distribution of loss was highly uneven. More than half of
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all farmers within 500 m of the boundary lost no crops to wildlife, but 7 per-
cent lost more than half their crops (Naughton-Treves 1997, 1998). Certain
villages were particularly vulnerable to elephant damage and suffered the high-
est losses.

Forest Farmers’ Perspective
Farmers appreciate the drinking water, fuelwood, and medicinal plants they
gather from Kibale (Naughton-Treves 1998). They also acknowledge receiving
indirect environmental services from the forest, and they believe the forest is
important for maintaining clean air and abundant rainfall. But most respon-
dents did not recognize the role of wildlife in maintaining forest ecosystem
function. “Why can’t the government move the animals to some other park?”
some respondents asked. Another typical outburst was, “These animals leave
us poor and hungry. Why should we starve so that baboons may eat?” (see
Table 13.3). Their perception of risk reflects extreme damage events, not aver-
age losses. Perceptions oriented toward extreme events may also explain why
farmers complain less about small animals, such as redtail monkeys, than
about large animals, such as elephants. Animals such as redtail monkeys visit
many farms and may cause greater aggregate damage but do not destroy an
entire field in a single raid; their damage is self-limiting (Naughton-Treves
1997). Elephants, meanwhile, affect fewer farmers but can cause catastrophic
damage and pose a physical threat to farmers. Among the various crop-raiding
species, only elephants are capable of causing damage so severe as to cause peo-
ple to abandon their farms around Kibale.

Farmers residing in the buffer area adjoining Kibale vary in their capacity
to cope with crop loss to wildlife. By far the most common defensive strategy
is guarding (60 percent). Half of the farmers leave land fallow at the forest
edge, where the risk of loss is high. Farmers are reluctant to admit killing
wildlife, as it is illegal, but snares or poison were encountered on 15 percent
of farms along the boundary (Naughton-Treves 1997). Some farmers are able
to mitigate risk by creating buffers within their farms. For example, affluent
owners of large farms occasionally use pasture or plant coffee or tea to sepa-
rate their food crops from the forest. But the owner of a small farm has little
leeway for arranging crops of different palatability to wildlife and may wind
up planting maize directly on the boundary. Similarly, more affluent farmers
may employ others (often others’ children) to guard their fields, whereas
poorer farmers must either face the risk of crop loss with no guard posted or
sacrifice other opportunities such as schooling to leave a child guarding crops.
An added cost of guarding is increased exposure to malaria, given that most
raiding occurs at dawn or dusk, when Anopheles mosquitoes are active. Ulti-
mately, these passive defense measures were considered costly by most farmers
and only partially effective (Naughton-Treves 1998).

13. Wildlife Conservation in Agroforestry Buffer Zones 335



Although farmers around Kibale do not work communally to defend their
crops, an individual’s vulnerability is influenced by his or her neighbors’ activ-
ities. For example, a farmer living in a village where several others hunt in their
fields probably will suffer lower levels of damage by bushpigs, even if he or she
does not hunt (Naughton-Treves 1998). Ultimately, a farmer’s best defense
against losing crops to wildlife is to have a neighbor’s crops between his or her
farm and the forest, so that the damage is incurred on the neighbor’s land
rather than his or her own. Some large landholders (more than 8 ha) take
advantage of this defense by leasing plots to other farmers immediately along
the forest boundary. Researchers elsewhere in Africa have also noted that a
densely settled band of farms forms the best barrier to wildlife incursions deep
into agricultural lands (Bell 1984; Hawkes 1991; Hill 1997).

Beyond spatial patterns of risk, tolerance to wildlife at Kibale is shaped by
the political context. Many buffer zone residents bitterly call crop-raiding ani-
mals “the government’s livestock” and believe the government must help
guard, cull animals, or build a fence. Farmers repeatedly draw the analogy of
the government being a bad neighbor, allowing its “livestock” to damage other
people’s crops. They point out that under customary rules, farmers must reim-
burse their neighbors for any damage caused by their livestock. Seldom do
they mention that many farmers often graze their cattle and goats illegally in
the park. Obviously, the traditional local social contracts regarding grazing
rights and restitutions for animal crop damage are not operating between
farmers and Kibale National Park authorities. Some people’s complaints
against wildlife are magnified by their general resentment of the park. When
Kibale was upgraded to a national park from a reserve in 1993, thousands of
people were forcibly evicted from the Kibale game corridor and resettled else-
where. Residents remaining in the area are apprehensive that any park inter-
vention on their land could result in more evictions.

Park Managers’ Perspective
From a manager’s perspective, crop losses of 4–7 percent in a narrow band of
farms appear to be a trivial price for maintaining endangered wildlife and for-
est habitat. In fact, the zone of heaviest crop loss (about 200 m beyond the
forest boundary) could be considered 3,000 ha of extra wildlife habitat at
Kibale (Mugisha 1994). But living in this extra habitat are approximately
4,000 frustrated farmers who protest vehemently against the use of their land
as “a park for grazing wild animals.” This resentment is an obstacle to alliances
between conservationists and local residents. However, most managers recog-
nize that there is no alternative but to reach out to local communities. Wild
animals inevitably cross park boundaries, and when they do, they are vulner-
able to snares and poison. Up to 20 percent of one community of chimpanzees
in Kibale have lost a foot or hand to snares they picked up when foraging in
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crops outside the boundary (R. Wrangham, pers. comm., 1996). More
broadly, Uganda is moving toward decentralized management of resources,
motivated as much by the donors’ emphasis on community participation as by
budget shortfalls in national agencies. All these factors together make it more
important to raise public support for wildlife.

To date, managers have experimented with planting nonpalatable crops at
the park boundary, such as soybeans, sunflowers, tobacco, tea, and Mauritius
thorn (Caesalpinia decapetala). To be successful as a buffer, a cultivar must be
profitable, unpalatable to wildlife, and planted over a large enough area to
reduce the attractiveness of crops beyond. Most farmers around Kibale own
small landholdings (1.4 ha) and do not cooperate with neighbors with regard
to crop selection, planting, or maintenance. This limits the success of buffers.
For example, when a single farmer planted tea on the forest boundary and
maize 100 m beyond, baboons simply traveled through his neighbor’s fallow
land to reach the maize. Given the small landholding on the edge of Kibale, a
buffer is a viable option only if neighbors collaborate in their planting. Better
results have been achieved in communal efforts to plant Mauritius thorn bar-
riers along the boundary. Tea is a popular buffer crop in highland Africa
because it is not consumed by any wildlife species. But a tea buffer must be
planted continuously and extensively and pruned frequently. Such a planting
regime is beyond the scope of an individual farmer and would take collective
or corporate ownership. Where tea buffers were planted around Kenya parks,
the land cleared came from the national park, a significant sacrifice given the
small and isolated nature of most highland parks. The barrier that many
Kenyan park managers have resorted to is an electric fence. Many of Kibale’s
neighbors have demanded a fence, particularly those who live in sites vulner-
able to elephant raids. But fences are costly ($1,000–$2,000 per kilometer in
moist forest environments; Hoare 1995) and are anathema to conservation
biologists striving to connect ecosystems and reduce the isolation of wildlife
populations.

To raise local tolerance to wildlife, Kibale managers have also launched
tourism revenue-sharing programs. Kibale is visited by roughly 1,000 tourists
a year, each of whom pays US$10 for a guided forest walk that offers an
opportunity to see chimpanzee (Archabald and Naughton-Treves 2001). To
date, 5 out of 27 parishes neighboring Kibale have participated in revenue-
sharing projects. Together, they received $3,000 of tourism revenue in a 3-year
period to support schools and clinics. Although the sum is modest, park man-
agers enjoyed better relationships with residents from recipient communities.
It is uncertain whether these communities receiving community revenue hunt
less than those who do not, although at a neighboring park, recipient commu-
nities assisted in the capture of mountain gorilla (Gorilla gorilla beringei )
poachers (Archabald and Naughton-Treves 2001). Interestingly, many partic-
ipants ranked receiving revenue sharing as a greater advantage of being a park
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neighbor than gaining access to nontimber forest products (Archabald and
Naughton-Treves 2001). In addition to raising significant revenue, selecting
the appropriate community in the buffer zone to enjoy tourism revenue shar-
ing is a serious challenge, echoing general dilemmas in integrated conservation
and development project (ICDP) design (Agrawal 1997).

Managing Agroforestry Buffers for Wildlife
Conservation: Conditions of Success
Managers aiming to promote wildlife survival in agroforestry landscapes
beyond protected area boundaries must carefully consider the social and phys-
ical parameters of their site and tailor their approach to local context. Where
wildlife populations are fairly abundant and human population densities in
surrounding buffers are low (e.g., BSNP), managers can encourage the main-
tenance of wildlife habitat by promoting sustainable hunting among local res-
idents (see also Chapter 14, this volume). Although this hunting may enhance
the local value of wildlife for hunters, it is critical that access rules to game
(e.g., who gets to hunt which animals and where) be clearly communicated
and enforced or else wildlife probably will be exhausted as an open access
resource. Managers must also realize that hunting opportunities are not evenly
distributed in a buffer zone, and people who live close to a park and have eco-
logical knowledge will best be able to exploit wildlife. On the other hand,
many farmers have no interest in hunting (e.g., recent colonists who lack
knowledge or experience in tropical forests). Rarely is hunting a collective,
organized activity for rural communities in the way that harvesting other non-
timber forest products (e.g., rattan, Brazil nuts, or firewood) may be. Further-
more, the ecological viability of hunting in agroforestry buffer zones depends
on the size and growth rate of source game populations in the park and the
hunting intensity in the surrounding buffer zone (Novarro et al. 2000). For-
est interior species and large-bodied species probably will be depleted in agro-
forestry zones unless there are stringent cultural or legal prohibitions on hunt-
ing (see Chapter 14, this volume). Some adaptable species with high
reproductive rates may thrive in agroecosystems. These tend to be smaller, cos-
mopolitan species such as agoutis, bushpigs, baboons, cane rats (Thryonomys
spp.), and macaques.

In areas such as Gunung Palung, where parks and forests are becoming
increasingly isolated islands, agroforestry practices can be used in buffer zones
to provide spatial buffering for the protected area and can, at least in theory,
provide corridors to connect forest areas. However, the utility of these lands
depends in large part on the degree to which farmers can be protected from
crop-raiding animals and wildlife from local hunting pressure.

In high-conflict, high-risk situations, such as Kibale, there is less room to
maneuver given the endangered status of some crop raiders (e.g., chim-
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panzees) and conditions of land scarcity and poverty at the protected area
edge. At such sites, expensive and management-intensive interventions such as
revenue-sharing schemes, buffer crop planting, land buyouts, and fences may
be appropriate (Naughton-Treves 1997). Compensation and insurance
schemes have a dismal track record in most tropical countries because of cor-
ruption, administrative inefficiency, and other problems (Booth et al. 1992),
but they deserve consideration, particularly in sites where there are highly
endangered species and secure conservation funding. Compensation is a stan-
dard practice for conserving wildlife outside protected area boundaries in the
United States and Europe, and it has been used to build political support for
conserving wildlife that threaten livestock and crops, such as timber wolves
and bears (Naughton-Treves et al. 2003).

Kibale is also a difficult site because of the presence of elephants. Elephants
and other megafauna (animals weighing more than 1,100 kg, e.g., hippos
[Hippopotamus amphibus], buffalo [Syncerus caffer]) present special problems
in buffer zones because they can cause catastrophic crop damage and threaten
lives. Large carnivores present similar challenges. Conservationists should not
expect people to accept these animals on their farms unless they are compen-
sated for losses. Even in celebrated examples of community-based wildlife
management, farmers turn to barriers. For example, in the CAMPFIRE
(Communal Areas Management Programme for Indigenous Resources) pro-
gram, 20 percent of safari hunting revenue is spent on electric fences encir-
cling farms (World Wildlife Fund 1998). From a conservation standpoint, it
is better to enclose agriculture than wildlife, but rarely is this politically or
financially feasible.

Conclusions
Human-wildlife interactions show wide variation both between and within
the three sites described in this chapter. Therefore, there are no one-size-fits-all
recommendations for using agroforestry to promote wildlife conservation.
However, there are a few basic concepts that managers may want to keep in
mind in determining whether this approach will be useful under local condi-
tions.

Distance from Natural Forest Matters
In all three sites, the population farming closest to the protected area bound-
ary pays the greatest costs and receives the greatest benefits of wildlife. In the
case of BSNP in Peru, many protected area neighbors enjoy hunting large
game on their farms, easily offsetting crop losses to wildlife. In Kibale, where
hunting is illegal, large species threaten the lives and livelihoods of those resid-
ing on the boundary. In Indonesia, the forest gardens and fields nearest the

13. Wildlife Conservation in Agroforestry Buffer Zones 339



park suffer the most damage from crop-raiding animals. Furthermore, in all
three cases, with increasing distance from the park, large and interior forest-
dwelling wildlife species are replaced by adaptable, fast-reproducing species
such as rodents, cervids, wild pigs, and (in the paleotropics) semiterrestrial pri-
mates. This observation is confirmed in the broader literature on hunting in
forest gardens (Koch 1968; Nietschmann 1973; Peterson 1981; Denevan et al.
1984; Irvine 1987; Bahuchet and Garine 1990; Dove 1993; Fairhead and
Leach 1996). Even in sparsely inhabited, heavily forested buffer zones (e.g.,
BSNP), hunting pressure can quickly reduce endangered or rare species (see
Chapter 14, this volume). As a result, the value of the agroforestry systems for
wildlife may diminish as one moves away from areas protected from hunting.
Other factors that are important in determining the value of agroforestry for
wildlife include the composition and structure of the agroforestry areas and
the degree to which they are connected to remnant forest patches.

Hunting Is a Critical Variable
Across all three sites, hunting is a critical variable that influences both local
attitudes toward wildlife and the effect local people have on wildlife. In BSNP,
indigenous groups and ribereño communities are more likely to value wildlife
than are recent colonists, who rarely hunt and have poor knowledge of the for-
est. But although local hunters may value game, they are overexploiting many
species. Wildlife is an open access resource around BSNP, and until there are
publicly accepted rules governing access to wildlife, wildlife will be vulnerable
in the buffer zone and accessible areas of the reserve. In Indonesia, religion is
a major factor determining who hunts and who does not. Although the peo-
ple who hunt may value wildlife more, greater numbers of animals can be
found around the villages where only limited hunting takes place. At Kibale,
strict prohibitions on hunting amplify local feelings of vulnerability to crop
loss and lead to resentment of the “government’s livestock.” The small size and
individual nature of farms around Kibale also limit people’s options to buffer
themselves from damage. Although collective losses to wildlife are low for
buffer zone residents, the risk of catastrophic individual loss to elephant raid-
ing and resentment over park evictions of corridor residents have led to gen-
erally negative feelings. The experience at all three sites indicates that negoti-
ating hunting rules and refuges is important if game species are to survive in
agroforestry systems.

Collective Action to Counter Crop Raiding May Be Needed
Another challenge facing those promoting wildlife in agroforestry buffer zones
is the potential for collective action by buffer zone residents. Given the natu-
ral tendency of wild animals to cross property boundaries, it is important that
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there be consensus and enforcement of hunting rules, or wildlife will be 
vulnerable to overexploitation by individual hunters. Similarly, individual
farmers alone cannot protect themselves effectively from raiding by wildlife,
particularly by animals such as elephants. Managers should protect and pro-
mote collective land management practices to build effective barriers or guard-
ing regimes. In forest farming communities, individuals have variable capacity
to take advantage of the presence of these species (or cope with pests). Afflu-
ent farmers with larger landholdings can better mitigate their risks from
wildlife, although they are often the worst complainers and may have greater
political influence (Naughton-Treves 1999).

Local People’s Environmental Agendas May or May Not Include
Wildlife Conservation
Agroforestry farmers in all three sites were concerned with environmental pro-
tection. They recognized the vital environmental services provided by natural
forests and agroforestry, including soil and water protection, firewood and
construction materials, and medicinal plants. But farmers were less likely to
acknowledge the role of wildlife in maintaining ecosystem function via polli-
nation, seed dispersal, and predation. Recent colonists in rainforests are likely
to be unaware of these indirect functional roles. Long-term residents may
understand complex plant-animal interactions in rainforests, but if they are so
poor as to be unable to meet their subsistence needs, it is unlikely that they
will be greatly concerned about a long-term decline in tree species or the other
consequences of removing wildlife from forests.

Culture and politics are equally important in understanding local tolerance
and the viability of wildlife conservation in buffer zones. Local communities
are heterogenous, and their members probably will have different values for
wildlife depending on the degree of benefit they get from hunting and the
crop and other losses they suffer. Other stakeholders (e.g., loggers, ecotourists,
and rural populations beyond the agroforestry buffer zone) will hold still dif-
ferent values and may use their political influence or directly intervene to
shape the composition and abundance of wildlife in agroforestry areas.

Overall, it is clear that protected area managers and local people may have
very different perspectives about the value of wildlife in the buffer zone areas
(Table 13.3). Protected area managers and conservationists aiming to promote
wildlife survival in agroforestry buffer zones need to relinquish appealing but
impractical notions of smallholder agriculturalists welcoming all wildlife on
their farms. Neighboring farmers may support the general ideal of wildlife con-
servation, but they probably will respond to wildlife on their farms according
to their individual economic needs and cultural values. Those who hunt may
be most tolerant of wildlife, but they probably will also have the greatest direct
impact on wildlife populations. As a result, managers need to work closely with

13. Wildlife Conservation in Agroforestry Buffer Zones 341



local communities to develop solutions that work for both wildlife and
humans. An important first step toward collaborative wildlife management in
agroforestry landscapes is the exchange of information. Park managers need to
be educated about the urgent economic needs and particular environmental
agendas of farmers at their site. Agroforestry farmers may be more likely to
accept wildlife if there is collaboration between them and park managers.

Endnotes
1. In 2000, Peruvian authorities expanded Bahuaja-Sonene National Park to 1 million ha

and reduced the previous 1.5-million-ha transient zone called Tambopata-Candamo
Reserve Zone (TCRZ) to a 252,000-ha Tambopata National Reserve. The human-
wildlife interactions reported here were observed from 1997 to 1999 in the TCRZ in
the area that was later designated as the buffer zone (Figure 13.1).

2. BSNP data collected from 1997 to 2000: 65 interviews, 60 farms monitored, 12
PRAs. GPNP data collected from 1989 to 1992: 88 households interviewed (15 per-
cent), 42 forest gardens mapped. KNP data collected from 1992 to 1997: 245 inter-
views, 103 farms monitored, more than 20 PRAs.
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Chapter  14

Hunting in Agroforestry Systems and
Landscapes: Conservation Implications in
West-Central Africa and Southeast Asia

David S. Wilkie and Robert J. Lee

Growing human demand for land, goods, and services is increasing incentives
to convert highly diverse natural landscapes into agroecosystems where a larger
proportion of the nutrients and energy is captured by the few plants and ani-
mals of direct use to people. Although this process increases the production of
goods for humans, it progressively fragments the landscape, creating islands of
natural habitat embedded in a matrix of human-modified plant communities
that range from the simple to the complex. If these remnant islands of natu-
ral habitat are not of sufficient size and composition to meet the habitat needs
of certain wild species, then the land cover characteristics and land use prac-
tices within the matrix between islands become particularly important as a
source of food and shelter or as a threat to long-term wildlife conservation.

In addition to the fragmentation and degradation of the world’s forests, the
growing demand for protein is driving many large-bodied forest mammals to
local extinction, particularly in areas where wild animals are hunted for food
and hunting is unregulated. Loss of these large mammals is likely to have pro-
found and permanent effects on forest composition and function because the
ecological services they provide (grazing, browsing, trampling, seed dispersal,
and excavation) are disproportionately large relative to their total numbers.
Loss of these megafauna risks the same cascade of extinctions of smaller ani-
mals that occurred in the late Pleistocene, when early hominids hunted out
the large mammals of North and South America (Martin 1973).

At present, although nearly 30 percent of the world’s terrestrial landscape
is made up of forests (FAO 2000), a mere 6–10 percent is under formal pro-
tection (James et al. 1999). Given the wide-ranging behavior of large-bodied
mammals such as elephants, rhinos, buffalos, and giant forest hogs, even large
protected areas are seldom large enough to provide all the habitat needs of
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these area-demanding species. Therefore, it is critical from a biodiversity con-
servation perspective to examine whether agroecosystems and, more specifi-
cally, agroforestry systems promote or hinder long-term persistence of wildlife
populations.

Other chapters in this volume tackle the issue of whether agroforestry sys-
tems provide habitat and movement corridors suitable for wildlife conserva-
tion. This chapter examines agroforestry systems by looking at one land use
practice: hunting. We discuss hunting in agroforestry systems and landscapes
through a lens directed at West and Central Africa and Southeast Asia. These
regions are very different ecologically, culturally, and economically but show
common patterns associated with hunting. We consider a number of factors
relevant to hunting such as land cover, animal densities in different habitats,
reasons for hunting, and human population density and economies. With
these factors and patterns, we illustrate what sort of hunting is sustainable
under what conditions and practices. Finally, we examine the trade-offs that
planners and conservationists must consider with regard to hunting and agro-
forestry land uses and potential approaches to reconcile human demand for
resources and conservation of wild animals and their habitats.

Brief Overview of Hunting
People hunt wild animals in both forested and savanna regions in the tropics
to provide meat and medicine, to control agricultural crop pests, to reduce
perceived threats to human safety, and to collect trophies. In Africa and South-
east Asia, the meat of wild animals in rural areas and in many urban areas typ-
ically is less expensive and more available than is the meat of domesticated ani-
mals (Caldecott 1987; Caspary 1999; Barnett 2000; Bennett and Robinson
2000). Not surprisingly, wild animals often are the primary source of animal
protein in the diets of low-income rural and urban households (Chin 1981;
Redford 1993; Chardonnet 1995; Alvard 2000). In Africa, hunting also pro-
vides higher-than-average annual incomes to hunters and to many traders
(Dethier 1995; Ngnegueu and Fotso 1998; Auzel and Wilkie 2000; Barnett
2000). In some traditional Asian cultures, wild meat and animal parts are an
economic and social currency (Ellen 1975; Dryer 1985; Bennett et al. 1997).

In certain regions of the tropics where hunting pressure is high, defauna-
tion is a more immediate threat to wildlife populations than is habitat loss and
disturbance (Robinson et al. 1999; Wilkie and Carpenter 1999; Bodmer and
Lozano 2001). When hunting pressure exceeds the reproductive output of a
given population, that population will decline, potentially to local extinction
(Winterhalder and Lu 1997). Because tropical forests are an order of magni-
tude less productive than tropical savannas in terms of wildlife biomass, forest
wildlife populations are more prone to overexploitation (Robinson and Ben-
nett 2000).
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Hunting in Central and West Africa
In regions of the Democratic Republic of Congo and the Republic of Congo
where rural human populations are sparse (Table 14.1), agroforestry land-
scapes composed of agricultural fields and plantations dotted in more exten-
sive forested fallow lands make up a small percentage of the landscape (Table
14.2), and hunting pressure is not high, large-bodied animals are abundant
and constitute the bulk of the wildlife biomass harvested (Wilkie and Carpen-
ter 1999). However, when consumer demand is high and wild animals are
progressively overhunted, we see a decline in the average adult body size of
wild species harvested and sold in markets (Steel 1994; Fa 1999; Barnett
2000). In a decade-long study of wildlife hunting for food in equatorial
Guinea, John Fa and his colleagues showed that as large game were progres-
sively depleted by overhunting, the proportion of rodents and other small
game being harvested increased until they constituted 37 percent of the wild
meat biomass sold in markets (Fa et al. 2000). In Ghana a combination of for-
est loss and overhunting has resulted in small game (less than 5 kg average
adult body weight) now constituting 90 percent of all individuals and 54 per-
cent of total biomass harvested by hunters in forested regions of the nation
(Ntiamoa-Baidu 1998). Similarly, in the Côte d’Ivoire small game make up 68
percent of the total biomass of wildlife hunted for food (Caspary 1999). In
Nigeria rodents make up 50 to 60 percent of wild animals sold for meat in
urban markets (Martin 1983; Anadu et al. 1988).

Hunting in Southeast Asia
With the exception of Borneo and Papua New Guinea, which still retain large
blocks of intact forest, most of Southeast Asia is made up of small patches of
forest surrounded by agroforestry landscapes composed of agricultural fields,
1- to 10-year fallow areas, and older secondary forests. This is not surprising
because human population density in Southeast Asia averages 100 people per
square kilometer, and population growth is almost 2 percent.

Five Southeast Asian countries (Indonesia, Malaysia, Cambodia, Laos, and
Vietnam) are considered hotspots for conversion of forest frontiers into agri-
cultural land (FAO 2000). Based on present rates of population growth and
deforestation, by 2010 forests are expected to cover 45 percent of Southeast
Asia, compared with 47 percent at present (Table 14.3), although 7 percent of
the land classified as forest by the Food and Agriculture Organization of the
United Nations (FAO) is actually postagricultural secondary vegetation.

The ambiguity in FAO’s forest classification is reflected by the inhabitants
of Indonesia’s outer islands, northern Thailand, Cambodia, and Laos, who
sometimes make little distinction between forests and gardens. In particular,
shifting cultivators see forests and gardens as part of a dynamic agricultural
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system that continually rotates through the processes of ecological succession
to meet the needs of local agricultural production (Boserup 1966). In a study
that extended over 40 years, Fox (1999) used aerial photographs to track
changes in the landscape in northeastern Cambodia. The results showed that
the percentage of forest cover remained constant as a result of long fallow peri-
ods between crop rotations. Although trees apparently remained on the land-
scape during fallow-crop rotations, it is unclear whether these agroforestry
areas support anything like the full range and abundance of wildlife found in
undisturbed forests (Padoch and Peter 1993; see also Chapter 8, this volume).
Like the agroforestry areas of West Africa, these anthropogenic landscapes are
unlikely to support large mammals that compete with humans for space but
may be breeding grounds for small, rapidly reproducing human commensals
such as rodents.

In Southeast Asia wild animals are hunted for food and medicinal use. In
the past decades, trade in wildlife has paralleled the region’s economic growth,
and wildlife traders in Southeast Asian countries have strengthened an already
extensive export network that reaches Eastern Asia (Luxmoore and Groom-
bridge 1989; Groombridge and Luxmoore 1991; Wenjun et al. 1996; Van
Dijk et al. 2000). In Lao People’s Democratic Republic, yearly wildlife sales at
major markets in the capital city included carcasses of 10,000 mammals,
6,000–7,000 birds, and 3,000–4,000 reptiles totaling more than 33,000 kg
(Duckworth 1999). Although most meat is eaten, animal parts such as horn,
bones, skin, and dried internal organs are shipped to Eastern Asian countries
for the traditional Chinese medicine markets (Fujita and Tuttle 1985; Duck-
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Table 14.2. U.S. Geological Survey land cover characteristics of a sample 
of nations.

Forest Crops and Wetlands 
Country Forest Fallow Pasture and Water Grasslands Other

West Africa
Côte d’Ivoire 14.91% 11.64% 8.36% 2.77% 62.30% 0.03%
Ghana 6.56% 17.84% 4.25% 7.21% 64.00% 0.14%

Central Africa
Congo 50.94% 3.49% 1.98% 3.40% 40.14% 0.06%
Democratic 64.35% 7.63% 2.66% 3.74% 21.27% 0.34%

Republic of 
the Congo

Southeast Asia
Cambodia 39.34% 11.93% 41.63% 3.38% 1.54% 2.18%
Lao People’s 80.68% 8.37% 6.70% 0.94% 2.52% 0.79%

Democratic 
Republic
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worth 1999). Between 1992 and 1998, as much as 578,607 kg of hard-shelled
turtle shells and 120,438 kg of soft-shelled turtle shells were shipped from
Southeast Asian countries to Taiwan alone (Chen et al. 2000). The use of
wildlife for medicines in particular is important in Asia because of the volume
and range of species exploited.

In the context of Southeast Asia we cannot look simply at whether protein
or calorie needs are being met through hunting when assessing whether agro-
forestry areas can provide enough wildlife for consumptive use. We must ask
whether hunted species are hunted for food or medicine. If hunting includes
the latter, conservation plans cannot be confined simply to producing a higher
volume of meat.

Hunter Preference for Large-Bodied Animals
As long as humans have hunted, they have preferred large-bodied animals.
Some argue that early hominids hunted to extinction almost all the megafauna
of North and South America in the late Pleistocene (Martin 1973). Loss of the
gomphotheres (prehistoric elephants) from the rainforests of South America
more than 10,000 years ago may be a reason for the present patchy and lim-
ited distribution of plants with large seeds (Janzen and Martin 1982). More-
over, slaughter of these and other megaherbivores and the loss of their pivotal
role in biodiversity maintenance may be why at the end of the Pleistocene it
was not just the megafauna themselves that became extinct but also a wide
variety of smaller mammals and birds. In Java, less than half the mammal
fauna survived the mid-Pleistocene and the arrival of humans (McNeely
1978).

Large mammals yield a high volume of meat, trophies, and other byprod-
ucts such as horns, hides, and bones. Therefore, they typically generate the
most value per unit effort invested in hunting (Redford 1993; Wilkie and
Godoy 1996; Freese 1998). Most studies of hunting show that large-bodied
mammals have decreased in numbers and face extirpation in areas of high
hunting pressure. Lee (2000) showed that wild meat demand was depleting
large mammal populations in the forests of North Sulawesi, Indonesia, and
hunters were moving farther south to find the preferred large-bodied species.
Hunters switch to hunting small game only when large game densities have
declined significantly (Barnett 2000; Fa et al. 2000).

However, as predicted by optimal foraging theory (Stephens and Krebs
1986), although a large-bodied and valuable animal may become scarce, a
hunter will attempt to capture it whenever he encounters it. Similarly, even
the least common antelope will be killed if it steps into and springs a leg snare.
As a result, hunting is likely to result in the local extinction of large game as
long as small game densities continue to make hunting wildlife for food eco-
nomically worthwhile (Wilkie and Godoy 2001), and large animal abundance
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tends to decrease with increasing proximity to human settlements (Dethier
1995; Ngnegueu and Fotso 1998; Noss 1998; Fimbel et al. 2000) and the age
of settlements (Naughton-Treves 1997), as does hunter success (Blake 1994;
Auzel 1996). Although hunters prefer large animals that are typically more
abundant far from settlements, that is not to say that they do not hunt close
to their settlements and that they do not hunt small animals; in fact, they do
both (Lee 2000). The question we need to resolve is whether hunting close to
settlements in disturbed habitat and agroforestry areas promotes or hinders
wildlife conservation.

Conservation Value of Hunting in Agroforestry
Systems
For hunting in agroforestry systems to have a conservation payoff, it must
accomplish one or all of the following: provide a sufficient and sustainable
source of animal protein to eliminate the need to hunt in natural habitat,
compete with hunters’ labor such that they are unable to hunt elsewhere, and
not exert so much pressure as to prevent the safe passage of animals that
depend on agroforestry lands as movement corridors between patches of
undisturbed forest. We focus on the first criterion because if this is not met,
the second is moot, and the third is addressed elsewhere in this book (see
Chapter 13, this volume).

Do Agroforestry Systems Produce Sufficient Wildlife to Meet
Protein Demand?
The forested regions of West and Central Africa (see Table 14.1) offer an inter-
esting comparative perspective for reviewing the role that hunting in agro-
forestry landscapes plays in conservation of forest wildlife. To narrow the
scope of the discussion and to best reflect the sparse available information, this
section focuses on Ghana, the Côte d’Ivoire, the Republic of Congo, and the
Democratic Republic of Congo.

According to the U.S. Geological Survey global land cover characteristics
database (Table 14.2), forests in Ghana and the Côte d’Ivoire cover 24 percent
and 27 percent of the landscape, respectively (FAO 2000 estimates: 28 percent
and 22 percent). Yet most of these forests are a mosaic of crops and forest fal-
low (73 percent and 44 percent, respectively; Table 14.2). In contrast, forests
in the Republic of Congo and the Democratic Republic of Congo still cover
54 percent and 72 percent of the landscape, respectively, and only 6 percent
and 11 percent of that is disturbed (Table 14.2). Consequently, whereas the
landscapes of Ghana and the Côte d’Ivoire are dominated by seas of disturbed
agroforestry areas with small islands of intact forest, the opposite is true for the
two Congo countries where agroforestry areas are limited to narrow bands
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along major rivers and roads. This difference in relative abundance of agro-
forestry and fallow-forest lands between nations in West and Central Africa
allows us to compare and assess heuristically and empirically the conservation
implications of hunting in these human-dominated forested landscapes.

In a review of available literature on the sustainability of hunting of
wildlife for food in intact tropical forests, Robinson and Bennett (2000) note
that “the carrying capacity for people depending exclusively on game meat will
not greatly exceed one person per km2, even under the most productive cir-
cumstances” (p. 24). We also know that tropical savannas are an order of mag-
nitude more productive for herbivores than are forests (Robinson and Bennett
2000). Agroforestry landscapes are regularly and extensively disturbed; as a
result, they may be more productive for herbivores than are intact forests. That
said, even if herbivore productivity was four times that of intact forests,
human carrying capacity might still only be four to eight people per square
kilometer.

Using published data on human population densities, human protein
needs, and wildlife productivity, we should be able to assess whether agro-
forestry landscapes are likely to be able to sustainably supply sufficient wildlife
to meet the human demand for protein.1 To estimate potential maximum
wildlife productivity in agroforestry landscapes, we need to determine what
species are likely to persist in such systems and at what densities. For this chap-
ter we assume that humans will not tolerate and therefore will extirpate from
agroforestry areas large-bodied species such as elephants (Loxodonta africana),
buffalos (Syncerus caffer), mandrills (Papio sphinx), and baboons (Papio spp.)
that can destroy farmers’ crops.

We know from the literature that the density of large-bodied animals
increases with distance from hunter settlements (Wilkie 1989; Ngnegueu and
Fotso 1998; Fimbel et al. 2000). If we assume that hunters have largely extir-
pated large game from forest fallows and farm bush that typically surround vil-
lages, then these areas will support primarily rodents and the smallest ante-
lope. Therefore, expected annual production of wildlife, based on available
density and productivity estimates, would be less than 7 kg per hectare per
year (15 kg per hectare per year if one includes all forest species in Table 14.4).
We assume that short-lived species with high reproductive rates can tolerate a
harvest intensity of 60 percent of annual production (Robinson and Redford
1994). Thus human carrying capacity in Central and West African forest areas
that support only rodents and other small-bodied wildlife harvested for food
would be four people per square kilometer. This figure rises to six people per
square kilometer if all species in Table 14.4 are included and sustainable off-
take is reduced to 40 percent of annual production to account for the slower
growth and reproductive rates of larger-bodied species. The situation is likely
to be similar in South America, where human carrying capacity using the
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wildlife production figures in Table 14.5 is two people per square kilometer
under both the small mammal and all species scenarios.

Now that we have estimated human carrying capacity in disturbed forest
areas we can determine, at least for Congo, the Democratic Republic of
Congo, Ghana, and the Côte d’Ivoire, whether human population density is
likely to exceed the capacity of wildlife to sustainably meet their protein needs.

Using land cover data from the U.S. Geological Survey global land cover
characteristics database and population data from the Center for International
Earth Science Information Network, Colombia University, we were able to
show that population density in all forest areas of the Côte d’Ivoire and Ghana
exceeds estimated carrying capacity for people who depend exclusively on
wildlife for protein. In contrast, in Congo forests only in the extreme south
and in the southwest on the border with Gabon does human population den-
sity exceed five people per square kilometer and thus human carrying capac-
ity. It is important to note that in estimating human carrying capacity we
assume that all animals harvested are consumed directly by the hunter’s fam-
ily and are not traded extralocally. If wild animals are hunted for extralocal
markets, then estimates of carrying capacity based on in situ consumption
alone will underestimate hunting pressure and overestimate carrying capacity.
In the Democratic Republic of Congo, the human population in most of the
central basin forests is below carrying capacity for local consumption of
wildlife as a primary source of protein.

These data suggest that wild animals in agroforestry land use mosaics in
the Côte d’Ivoire and Ghana are highly unlikely to meet a significant portion
of residents’ daily protein needs. In contrast, human population density
throughout much of the forests of Congo and the Democratic Republic of
Congo is low enough to suggest that hunting for local consumption could
meet residents’ dietary protein needs. Again, we would like to reiterate that
these estimates are based on the assumption that wild animals are consumed
locally and are not traded to meet urban demand and other extralocal markets.

Does Hunting in Agroecosystems Limit Hunting in Intact
Forests?
Areas in Congo, the Democratic Republic of Congo, Ghana, and the Côte
d’Ivoire under intact and disturbed forest were estimated using the U.S. Geo-
logical Survey global land cover characteristics database. Because forest fallow
(crop, forest, and grassland mosaic) makes up only 3.5 percent and 7.6 per-
cent of total land cover in Congo and the Democratic Republic of Congo,
respectively, it is highly unlikely that hunting in agroecosystems alone would
be sufficient to meet the protein needs of forest residents.

Wilkie (1989) showed that in the Ituri forest of northeastern Democratic
Republic of Congo in the early 1980s, 59 percent of all wild animals were
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killed in forest fallows. However, these areas generated only 39 percent of total
wildlife biomass, and hunting in intact forests provided most of the protein
consumed by subsistence foragers. Fallow forests were limited to within 3 km
of settlements, constituted only 26 percent of land cover, and occurred in
small patches surrounded by a sea of old-growth forest. Although fallow
forests were repeatedly and successfully hunted, they were probably being con-
tinuously replenished with wildlife from the more abundant old-growth
forests (Novaro et al. 2000). Thus, in areas where fallow forests are sparse rel-
ative to old-growth forest it is unlikely that wildlife production in these areas
will be sufficient to meet household demand for protein, and surrounding
old-growth forests will continue to be hunted, reducing their capacity to serve
as a source pool of wildlife for intensively exploited forest fallows that lie closer
to settlements.

In Ghana, the area of fallow forest is more than twice the area of intact
forests. In the Côte d’Ivoire, the area of disturbed forest and intact forest is
roughly equivalent (Table 14.2). Not surprisingly, rodents and other small
game constitute approximately 90 percent of wildlife carcasses sold in markets
for food in Ghana (Ntiamoa-Baidu 1998) and 68 percent in the Côte d’Ivoire
(Caspary 1999). Although fallow forests clearly provide large numbers of wild
animals, this does not prevent hunters from entering parks and reserves 
to hunt, and poaching wildlife for food is still considered the primary threat to
wildlife conservation in Ghana and the Côte d’Ivoire.

In Southeast Asia intact forests are rare. Although closed forests as defined
by FAO make up a large percentage of Asian forests, reality contradicts what
is seen on paper. Hunting trails cross commonly through “intact” forests.
Throughout Southeast Asia, forests and agricultural areas are intermixed in a
mosaic of small landscape patches. If we look at protected forests in Indone-
sia, for example, we find that most are smaller than 50,000 ha and tend to be
oblong, with more edge than interior surface area. As a result, many families
find it convenient to use forests as an extension of their gardens and make lit-
tle distinction between the two. In Indonesia, agricultural fields are inter-
spersed throughout forests, attracting commensal animals such as pigs, mon-
keys, deer, rodents, and bats. Rather than using rifles, a labor-intensive
hunting technique, farmers use passive techniques that can be incorporated
into their daily farming routines. Snares and traps are placed near gardens.
Therefore, hunting achieves three tasks at once: cultivating crops, obtaining
wild meat, and preventing crop predation. Linares (1976) called this garden
hunting, a practice common in the forest-garden mosaic of Sulawesi, Indone-
sia (Lee 2000).

Given the mosaic nature of most of the forests of Southeast Asia, if we con-
sider all small forests (less than 10,000 ha) as parts of agroforestry landscapes,
then clearly people are using agroforestry landscapes to hunt wildlife. The
question remains: if people are hunting in these agroforestry landscapes, are
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wildlife populations withstanding the hunting pressures? In general, the
answer is “no.” Examples from Malaysia, Indonesia, Thailand, and the Philip-
pines indicate that wildlife populations are being reduced by hunting. A num-
ber of studies in Sarawak show a reduction in animal densities and geographic
range associated with intensive hunting (Medway 1977; Rabinowitz 1995)
and density (Bennett 1992; Bennett and Dahaban 1995; Bennett and Robin-
son 2000). Studies from Sulawesi (Alvard 2000; Lee 2000; O’Brien and Kin-
naird 2000) show significant reduction of large mammals from hunting.
O’Brien and Kinnaird (pers. comm., 2001) show an inverse relationship
between density of mammals and distance from park borders at Bukit Barisan
National Park in Sumatra. Most striking, results from small mammal trapping
at the Crater Mountain Wildlife Management Area in Papua New Guinea
showed a clear difference in small mammal diversity and abundance between
intact forest and agroforestry areas. Wright and Mack (pers. comm., 2001)
caught 115 individuals from 10 species, including a bandicoot (Peroryctes raf-
frayana) and cuscus (Phalanger carmelitae), in forest as compared with five
individuals and three species in adjacent agroforests using comparable trap-
ping intensity. Lynam (pers. comm., 2001) shows that browser and grazer
density and, in turn, large carnivore density, are significantly lower in hunted
areas. Reports from Laos indicate that wildlife hunted for food consists mainly
of small animals including small birds such as myna (Acridotheres spp.), flow-
erpecker (Dicaeum spp.), and thrushes (Turdus spp.; Duckworth 1999). All
these findings indicate directly and indirectly that large-bodied animals have
been lost in most forest areas and that hunters have been forced, through over-
hunting, to target small-bodied animals.

Alternatives to Wild Meat Consumption
Wild meat consumption is not unique to developing countries. It has been a
common part of human existence for millennia. However, commercial wildlife
hunting for meat is almost never sustainable (Freese 1997, 1998; Wilkie and
Carpenter 1999). In fact, of all the animal species known to have become
extinct worldwide since 1660 and whose causes of extinction were known, 27
percent went extinct as a direct consequence of hunting (Smith et al. 1995),
including the Steller’s sea cow (Hydrodamalis gigas), the great auk (Pinguinus
impennis), the dodo (Raphus cuculatus), and the heath hen (Tympanuchus
cupido cupido).

Almost everywhere that wild animals are hunted for meat, consumption
patterns follow the same trajectory as they did in the United States: wildlife
are viewed as a gift of nature and are hunted as food until animal populations
are so scarce that wild meat prices finally exceed the costs of raising livestock.
In the United States, this transition began after the Civil War in the 1860s,
when the western grasslands were converted to cattle ranches and the
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transcontinental railroad provided ready access to eastern and western mar-
kets. Once people switch to eating the meat of domestic animals, wildlife, for
the majority of consumers, shifts from a necessity to a luxury item, eaten only
on special occasions. That said, in the United States today, wild animals
remain, somewhat remarkably, an important source of meat for poor families
in the forests of New England, Appalachia, and the boreal North. If history is
left to repeat itself, wild animals in most parts of the world will be hunted to
extinction, at which time all but the poorest families will switch to eating the
meat of domestic animals. The questions we have to ask, therefore, are
whether history is likely to be repeated in developing countries where wildlife
still exist in high numbers and what policy levers are available to change the
historical trajectory of the wild meat trade.

The Growing Demand for Meat
At present, the world is experiencing a livestock revolution, particularly in
developing countries (Delgado et al. 1999), with livestock production grow-
ing faster than human population (Table 14.6). From the beginning of the
1970s to the mid-1990s, meat consumption in developing countries increased
by 70 million metric tons, a volume more than twice the increase in developed
nations (Delgado et al. 1999). However, in West Africa, Central Africa, and
Southeast Asia production of cattle, sheep, and goats in all nations other than
the Central African Republic does not come close to meeting the protein
needs of the human population (about 106 kg of undressed animal per person
per year). Moreover, as economies modernize and incomes rise, demand for
meat typically increases faster than population growth. From 1982 to 1994,
the demand for meat in developing countries grew by 5.4 percent per year.

Central and West Africa reflect this trend. Many people in the Congo Basin
eat as much meat as do Europeans and North Americans (about 70 kg per per-
son per year), and 60–80 percent of the meat that rural families eat comes from
wildlife (Wilkie and Carpenter 1999). Wildlife consumption may have been
sustainable at the end of the nineteenth century, when the population of Africa
was 100 million. However, by 1990 the human population had increased to
800 million and is expected to double again by 2025. In the Congo Basin
today, more than 30 million people eat more than 1 million metric tons of
wildlife each year, the equivalent of more than 4 million cattle or 200 million
blue duikers (Cephalophus monticola; Wilkie and Carpenter 1999).

Wilkie and Godoy (2001) showed that, at least in neotropical forests, con-
sumption of wildlife as food resembles a Kuznets curve (inverted U ) with
household income. That is, consumption rises from a low level as household
incomes grow but begins to decline with income when families have reached
a certain level of wealth. In economic terms, wildlife protein is a necessity for
poor families and an inferior good for wealthy families. If we assume that the
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same is true in Africa and Southeast Asia, then economic development is likely
to result in increased demand for wildlife until household incomes rise suffi-
ciently for demand to switch to substitutes. In the case of wildlife use for med-
icinals, substitutes may not exist, and the demand curve may not resemble an
inverted U.

Given present human population and economic growth rates in Africa and
Asia, demand for meat is likely to increase by at least 3 percent per year and
to double in 20 years. Because most wildlife populations are not growing as
fast as is demand, hunting wildlife for food and medicines will become
increasingly untenable unless a significant portion of demand for meat is sup-
plied by domestic livestock and demand for wildlife medicines met with mod-
ern pharmaceuticals.

Unsustainable hunting for meat and medicines will mean the loss of a valu-
able source of food and income for the large number of families involved in
wildlife trade. Finding ways to conserve threatened and endangered wildlife
species without compromising the health and welfare of poor rural and urban
families is a challenge. Shifting demand to regionally produced alternatives to
wildlife protein and modern pharmaceuticals and revitalizing the traditional
agricultural economies of recent entrants into the wildlife trade are two key
steps in curbing the commercial wildlife trade without jeopardizing the health
and security of West-Central Africans and Southeast Asians.

That said, before donors, governments, and conservation organizations try
to increase small and large livestock production in regions of the world where
wildlife constitutes a significant component of household diets, we need to
understand the role of livestock raising in rural and urban households, the rel-
ative costs of livestock production and hunting, the influence of incentives to
increase livestock production in rural and periurban tropical forested areas on
forest clearing rates, and whether promotion of livestock production would
merely substitute deforestation as the primary threat to wildlife conservation.
We now turn to a brief discussion of these points.

Raising Domesticated Livestock and Not Wildlife
One approach to reducing the unsustainable use of wildlife as food is to pro-
mote consumer access to substitute sources of protein. A number of projects
have been started to domesticate and raise selected wildlife species (e.g., cane
rats, duikers, forest antelope, bush pigs), under the assumption that families
in the region like the taste of wildlife so much that only if captive-bred wildlife
is raised and offered for sale will the need to hunt wild animals decline (Rahm
1962; Tewe and Ajaji 1982; Codjia and Heymans 1990; Zongo et al. 1990).
Unfortunately, the logic behind captive breeding of wildlife species is flawed
for several reasons and therefore is unlikely to significantly reduce the demand
for wildlife or decrease the hunting of wild animals for food.
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First, there is little evidence that families in the region would continue to
eat meat from wildlife if other sources of protein were available and cheaper.
In fact, outside of urban areas people appear to eat wild meat because it is
almost always the cheapest source of meat in markets (Wilkie and Carpenter
1999; Barnett 2000). Furthermore, preliminary evidence from Bolivia and
Honduras (Wilkie and Godoy 2001) shows that consumers are very price sen-
sitive and that as the price of wildlife substitutes drop, consumption of wildlife
meat declines even more rapidly.

Second, captive breeding of wildlife makes little sense for low-productivity
species such as large antelope, primates, and most reptiles. Even production
rates of cane rats (Thryonomys swinderianus), with a gestation of 5 months and
6–13 months to reach an adult size of 4–5 kg (Houben 1999), are far lower
than for domestic pigs and chickens (D. Messinger, pers. comm., 2001). Rais-
ing mollusks and reptiles as a staple food is unlikely to be cost effective because
they are slow to reach slaughter size and inefficient at transforming food into
meat. For example, a green iguana (Iguana iguana) consumes as much food as
a chicken but takes 3 years instead of 4 months to reach a slaughter weight of
3 kg (Werner 1991). Similarly, Smythe (1991) calculated that captive raising
of pacas (Agouti paca), though feasible, was economically irrational because
the meat would have to be sold for more than $20 per kilogram to cover costs.
Feer (1993) argues that meat productivity decreases from pigs to zebu cattle to
cane rat to duikers. Consequently, increasing the supply of meat through hus-
bandry of truly domesticated livestock such as pigs, goats, chickens, and
ducks, which have been selectively bred for more than 5,000 years to convert
feed into meat most efficiently, makes much more sense than attempting to
raise wildlife in captivity, which is merely the first step in the long process of
domestication.

Small livestock production (NRC 1991; Branckaert 1995; Hardouin
1995) such as rabbit raising has been adopted by households in Cameroon in
areas where wild animals are already scarce (HPI 1996). Raising small domes-
ticated animals such as rabbits and chickens is attractive in that methods of
husbandry and veterinary care are well known. Small animal raising has been
shown to be viable in periurban areas that are close to sources of demand and
where proximal wildlife species populations have already been depleted
(Lamarque 1995). However, pig or rabbit rearing as an alternative to wildlife
hunting is likely to be successful only when the labor and capital costs of pro-
duction are less than the costs of wildlife hunting and marketing (i.e., when
game becomes too scarce to be worth searching for and transportation costs
are not prohibitive). Of course, if domestic meat production becomes eco-
nomically viable only after wildlife have become so scarce as to be unprofitable
to hunt, the strategy clearly is ineffective as a conservation measure.

Promoting small livestock raising in periurban areas will disrupt the flow
of economic benefits from urban consumers to poor rural producers of
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wildlife and may, perversely, encourage intensification of wildlife hunting to
maximize profits before prices drop as domestic substitutes enter the market
in increasing quantities.

The situation is even more complex in Southeast Asia, where wildlife is
hunted for medicines as well as food. Raising domestic livestock may help reduce
the latter but clearly will do little to reduce demand for wildlife as traditional Chi-
nese medicine. Only education and enforcement are likely to convince or pres-
sure consumers to change their preferences. However, there are hopes that the
widespread availability of inexpensive Western medicines such as Viagra may help
reduce demand for traditional wildlife-based aphrodisiacs in China.

Addressing Differences in Production Costs
In many areas of the world regulatory mechanisms to control the number of
hunters and the quantity of wildlife harvested are weak or nonexistent, so
hunters have free access to wildlife. Under these circumstances, production
costs of wildlife are simply the costs to acquire hunting technology and the
opportunity costs of labor associated with traveling to hunting areas, search-
ing for wildlife, and transporting killed animals back to settlements or mar-
kets. In contrast, the cost of livestock husbandry includes the capital to acquire
breeding stock, the labor invested in protecting animals from predators or
thieves, the labor and capital used to provide food for livestock (e.g., grazing
lands, forage crops), and the risk of losing animals to disease, predators, and
theft. Although no empirical data exist that explicitly assess the relative costs
of producing wildlife meat and the meat of livestock in the same community,
it is likely that wildlife meat production in areas were access is unregulated or
poorly regulated is much less costly than is livestock rearing. In this context
the price of wildlife meat is always likely to be less than the price of livestock
meat, and consumers will continue to opt for the cheaper alternative.

Given this, policymakers have at least three options: use law enforcement
to reduce the supply of wildlife meat in markets, thus raising the price relative
to that of alternatives; promote livestock production in areas where wild
species have already been severely depleted and the costs of hunting exceed or
equal those of livestock rearing; and subsidize the production or sale of live-
stock in areas of high biodiversity conservation value where wildlife meat
hunting is still the most economically rational mode of meat production. If
the first alternative were undertaken in periurban areas that are close to cen-
ters of demand for meat, transportation costs would be kept below those for
wildlife meat harvested in more distant, intact forests. Moreover, because peri-
urban areas typically have already been deforested for fuelwood or crop pro-
duction, promoting pasture development and livestock production in these
areas would not increase forest degradation or clearing rates.
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Ranching for Food, Not Insurance
In many rural areas of the world where wild animals are a significant source of
household protein, livestock are raised not primarily as a source of food but as
savings and insurance to smooth consumption after a shock (Fafchamps and
Gavian 1998; Godoy et al. 1998). This suggests that providing livestock pro-
ducers with formal capital markets and other alternative ways to save and
insure against shocks may be a prerequisite to increasing livestock raising for
food. It should be possible to assess the utility of this proposal by looking at
how successful microcredit schemes such as Grameen banking have changed
the use of livestock in communities that traditionally used them for savings or
insurance.

Avoiding Forest Depletion
Some conservationists are likely to cringe at the suggestion of promoting live-
stock production to reduce pressure on wildlife that is hunted for food because
they are concerned that this will increase incentives to convert forest to pasture
and result in a surge in deforestation rates. Certainly, pasture lands throughout
the United States, Western Europe, and the Brazilian Amazon are good exam-
ples of this. We know that herbivore productivity in tropical forests is less than
10 percent that of tropical savannas (Robinson and Bennett 2000). Conse-
quently, raising livestock on grasslands is likely to generate 10 times the biomass
of meat that could be harvested in the same area of forest. Loss of a small per-
centage of total forest cover may be a reasonable price to pay to ensure the con-
servation of wildlife populations in the remaining forest. Moreover, in most
nations with tropical forests there are also abundant savannas, many of which
are underused for livestock production. This is particularly the case in Central
Africa but is also true in much of South America. That said, any attempts to
increase extensive or intensive livestock production to reduce wildlife meat con-
sumption should assess the direct and indirect impact on forest lands.

Conclusions
We must be very clear in what is happening throughout the forests of the
world. Through conversion of forest into agricultural or agroforestry lands,
wildlife populations are increasingly being confined to small patches of forest,
mostly in protected areas. And hunting in these refuges also creates a forest
filled with trees but empty of wildlife.

Empirical studies that look exclusively at hunting or wildlife production in
fallow forests are few, so it is exceedingly difficult to assess how much wildlife
might be generated for consumption in these areas and how much people
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could rely on fallow forest wildlife as a source of dietary protein. What is clear,
however, is that there is an inverse relationship between human population
density and the percentage of dietary protein that can be supplied sustainably
by wildlife. Rough estimates presented in this chapter suggest that fallow
forests even under the best conditions are unlikely to be able to provide the
primary source of meat for people in areas where human population density
exceeds four people per square kilometer. Moreover, because savannas are an
order of magnitude more productive in terms of herbivore biomass it makes
much more sense to promote intensive livestock production in grasslands than
extensive production of wildlife in forests if the goal is to produce meat for
human consumption, although livestock production also has ecological
impacts (e.g., vegetation clearing, riparian degradation, and water pollution).

In the end, the question to consider is not only one of the economic costs
and benefits of hunting but also one of cultural change. Clearly, wildlife con-
sumption—whether for economic or cultural reasons—cannot continue at its
present per capita level. The argument that eating wild animals is a cultural
tradition and right is moot. At current levels of consumption, many wildlife
species will soon face local extinction, and people will no longer be able to
practice what was once thought of as an integral part of their culture. In light
of rapid wildlife declines, conservation organizations and governments must
find ways to help people to modify their consumption preferences so that
wildlife can be harvested at sustainable levels. By doing so, wildlife consumers
will ultimately ensure that both the wildlife and their traditions persist.

Endnote
1. The World Health Organization has modified its estimates of human daily protein

needs several times since 1936. In this chapter we assume that the average human
needs approximately 1 g of protein per kilogram body weight per day. From U.S.
Department of Agriculture food composition tables we estimate that the protein con-
tent of game meat is approximately 20 percent and that wastage during the dressing of
a carcass does not exceed 40 percent of the initial carcass weight. We did not have
anthropometry data from a representative population in Central or West Africa. How-
ever, using a sample of 1,329 Tsimane’ individuals of all ages from the lowland forests
of Bolivia we estimated average body weight across all age classes to be 36 kg. Given
this, the average person with a body weight of 40 kg needs 106 kg of undressed wildlife
biomass per year to completely meet protein needs.
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Chapter  15

Invasive Agroforestry Trees:
Problems and Solutions

David M. Richardson, Pierre Binggeli, and Götz Schroth

Thousands of plant species have been and continue to be transported by
humans to areas far from their natural habitats. Some are moved accidentally,
but more important are the many species that are intentionally introduced and
cultivated to serve human needs (Ewel et al. 1999). In many parts of the
world, some alien plant species (a small sample of all nonnative species in a
given region) cause problems as invaders, spreading from sites of introduction
and cultivation to invade natural or seminatural ecosystems, where they some-
times cause widespread damage. Biological invasions are now viewed as one of
the main threats to global diversity (Sala et al. 2000; McNeely et al. 2001).
Invasive plant species, and woody plants in particular, have major impacts on
ecosystem structure and functioning (Versfeld and van Wilgen 1986).

The terminology of alien plant invasions used in this chapter follows Richard-
son, Pysek, et al. (2000; see also Rejmánek et al. 2004 and Figure 15.1):

• Alien plants: Plant taxa whose occurrence in a given area results from their
introduction (intentionally or accidentally) by human activity (synonyms:
“exotic plants,” “nonnative plants,” “nonindigenous plants”).

• Casual plants: Alien plants that may flourish in an area but do not persist for
more than one life cycle without further introductions (includes taxa labeled
in the literature as “waifs,” “occasional escapes,” and “persisting after culti-
vation”).

• Naturalized plants: Alien plants that reproduce and sustain populations over
more than one life cycle without direct intervention by humans (or despite
human intervention); they often recruit offspring freely, but often just near
adult plants, and do not necessarily invade natural, seminatural, or human-
made ecosystems.

• Weeds: Plants (not necessarily alien) that are undesirable from a human point
of view. These are usually taxa with detectable economic or environmental
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effects (synonyms: “pests,” “harmful species,” “problem plants”). Environ-
mental weeds are alien plant taxa that invade natural vegetation, usually
adversely affecting native biodiversity or ecosystem functioning.

• Invasive plants: Alien plants that recruit reproductive offspring, often in very
large numbers, at considerable distances from parent plants and thus have
the potential to spread rapidly.

• Transformer species: A subset of invasive plants that change the character,
condition, form, or nature of ecosystems over a substantial area relative to
the extent of that ecosystem.

Many agroforestry systems, particularly those that rely on tree planting in
or near treeless landscapes, rely heavily on alien plant taxa. As is the case in all
endeavors based largely on nonnative species, problems arise when these
organisms spread from sites of introduction and cultivation to invade areas
where their presence is, for various reasons, deemed inappropriate. In some
areas, problems caused by the spread of agroforestry trees from sites set aside
for this land use pose a serious threat to biodiversity that may reduce or negate
any biodiversity benefit of the agroforestry enterprise. The actual or potential
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Figure 15.1. A conceptualization of the naturalization-invasion process, showing
successive barriers that a species has to overcome to become naturalized or invasive
(after Richardson, Pysek,  et al. 2000). Each barrier provides options for manage-
ment of invasive agroforestry trees.



impacts caused by such invasions must be weighed carefully against the actual
or potential benefits deriving from the use of these alien species.

Very little has been published about invasions as a direct result of agro-
forestry. Indeed, the very concept of invasion is meaningless or absurd to some
agroforesters, especially those working in dry and severely degraded environ-
ments. In these situations, recruitment of any woody plant is considered a
bonus. A review of the agroforestry literature, discussions with agroforesters,
and the authors’ experience in many parts of the world reveal that some com-
monly used trees and shrubs in agroforestry are harmful invaders in some
localities, under certain situations. Others that have not yet been reported as
invasive are likely, because of their growth and reproductive characteristics, to
invade when they are introduced to suitable environments or after the time lag
that is usually observed between when a species is introduced and cultivated
or disseminated and when it starts to invade. For more than two decades,
some of the agroforestry literature has warned about the threats of alien species
spreading uncontrollably (BOSTID 1980, 1983). However, Hughes (1994)
and Hughes and Styles (1989) are exceptional among recent contributions in
that they also provide practical guidelines how to avoid invasions from agro-
forestry trees.

Problems with invasions in agroforestry are not nearly as well reported in
the international literature as is the case for invasions associated with commer-
cial forestry (see reviews in Richardson 1998a, 1998b, 1998c), although sev-
eral recent publications on agroforestry list low invasiveness as a selection cri-
terion for agroforestry trees (Young 1997; Elevitch and Wilkinson 2001),
warn against uncritical distribution of seed lots (Huxley 1999), and mention
reported invasiveness in species descriptions (Salim et al. 1998). However,
detailed accounts of invasiveness for a range of tree species, including agro-
forestry trees, have only recently become available (Binggeli et al. 1998; CABI
2000).

The fact that invasions have received little attention in the agroforestry lit-
erature may be because invasions are simply not perceived or reported to the
same extent in agroforestry as they are in forestry. It may also be because the
ecosystems that are affected by agroforestry often are degraded sites where
concerns regarding impacts of invading plants are not high priorities. How-
ever, where agroforestry is practiced in buffer zones around protected areas
(Chapters 17 and 18, this volume), invasiveness of agroforestry trees could
negate any advantages gained from the provision of alternative timber and fuel
sources, buffering, and interconnecting forest fragments (see Chapters 2 and
3, this volume).

Despite the lack of a complete global picture of the dimensions of plant
invasions associated with agroforestry, it seems prudent to make a preliminary
assessment of the situation by reviewing what information exists and drawing
insights from advances in the understanding of plant invasions in general.
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Advances in Plant Invasion Ecology Applied 
to Agroforestry
We begin by discussing recent advances in the understanding of the ecology
of alien plant invasions in general. Biological invasions are notoriously idio-
syncratic, leading some authors to suggest that attempts to predict the out-
comes of introduction are futile. Nonetheless, there has been much progress
over the past few decades toward developing a toolbox for understanding
(Rejmánek et al. 2004) and managing (Wittenberg and Cock 2001) plant
invasions. Rejmánek et al. (2004) discuss a number of robust generalizations
that have emerged from recent research on plant invasions (Appendix 15.1).
Some of the points in Appendix 15.1 are interrelated, some relate to compli-
cated processes that are beyond the scope of this chapter, and some relate pri-
marily or specifically to nonwoody plants. However, several points have
important practical implications for actual or potential invasions of agro-
forestry trees and shrubs and ways of managing such invasions.

Invasion Success Is Positively Correlated with Propagule Pressure
and Time Since Introduction
One robust generalization is that problems with invasions increase as the size
of the propagule pool and the time since introduction increase. For agro-
forestry this means that we should look at the oldest and largest plantings
when seeking generalizations. Importantly, the lack of invasions from recent
(perhaps experimental) plantings does not necessarily mean that these species
will not invade at these sites in the future, or when planted on a larger scale.
Many mistakes are made in assessing the invasiveness of species after even a
few decades of cultivation in new habitats. The passage of time changes many
parameters such as the likelihood of favorable chance events, the likelihood of
encountering mutualistic symbionts, genetic adaptation, and natural popula-
tion growth. Very large numbers of propagules can result in successful inva-
sions, even if the environment is suboptimal for establishment of the species.
This is the result of a mass effect whereby potential establishment sites are
swamped, allowing some propagules to capitalize on rare facilitating events.

Some Species Are Inherently Better Invaders Than Others
Recent syntheses of plant invasion ecology and regional and global compen-
dia provide us with global lists of the most invasive taxa. Many interesting and
useful generalizations can be drawn from such lists. For example, there is clear
evidence that if a species is highly invasive in one part of the world, there is a
high risk of it replicating its invasiveness in similar environments elsewhere.
Also, some plant taxa are much more likely to invade when introduced to new
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habitats than others. Such empirical evidence is very useful for management.
For example, it can be used to compile “black lists” of species known to be
invasive, which either should not be used in new agroforestry operations or
warrant special management attention. The use of “white lists” (safe species) is
much more problematic because time lags, introduction history, and many
other factors make it difficult to know when any species can confidently be
considered safe (Rejmánek et al. 2004).

Genetic Change Caused by Introduction and Cultivation 
History Can Favor Invasiveness
Changes in the genetic makeup of introduced species can have a marked effect
on their ability to invade. This may be as a result of the evolution of landraces
that are more suited to local conditions than original introductions, increased
genetic diversity as a result of the introduction of new genotypes, spontaneous
hybridization in situ (e.g., Prosopis taxa in South Africa, Poynton 1990; Leu-
caena taxa, Hughes 1998), or human-mediated breeding programs aimed at
genetic improvement. Spontaneous interspecific hybridization is important
for the evolution of invasiveness in plants (Ellstrand and Schierenbeck 2000).
Hybridization can change the rules for an alien organism and may enhance its
ability to become established and invasive through the greater vitality of the
hybrids compared with the parent species.

Prolific Seed Production Spells Trouble
Most invasive agroforestry species regenerate from seeds. Various aspects of
seed biology are important determinants of invasiveness (Rejmánek et al.
2004). Heavy seed production in the absence of natural enemies is a crucial
factor in many plant invasions. Very large seed numbers can swamp regenera-
tion microsites, thus reducing the potential effect of biotic (and even abiotic)
resistance (Rejmánek et al. 2004). Heavy seed production also affects disper-
sal in several ways. More seeds usually result in more offspring farther from
parent plants. Importantly, very large seed numbers greatly increase the prob-
ability of seeds traveling great distances (many orders of magnitude farther
than the mode for all seeds) and establishing satellite populations. Such iso-
lated populations are disproportionately important in initiating invasions
(Higgins and Richardson 1999) and greatly complicate the task of contain-
ment. Biological control using seed-attacking insects has great potential to
reduce seed production of desirable (but invasive) agroforestry species without
affecting other features of the plant. For example, much progress has been
made in South Africa with biocontrol of Acacia spp. (Dennill et al. 1999) and
Prosopis spp. (Impson et al. 1999; see also Richardson 1998a).

The rapid onset of seed production, a key criterion for the mass production
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of planting material, also confers invasiveness in many situations. Early matu-
rity in plants usually is associated with other traits that confer colonizing abil-
ity (Richardson et al. 1990; Rejmánek and Richardson 1996). It is difficult to
select for one trait without getting the “whole package” (Richardson 1998c).

Mutualisms Are Critically Important, and Reshuffling 
the World’s Biota Is Making Ecosystems More Open 
to Invasion by More Species
Many invasions depend on mutualistic interactions between the introduced
plant species and other organisms in the new habitat. Among the most impor-
tant of these are animal-mediated pollination and seed dispersal and interac-
tions between plant roots and mycorrhizal fungi and nitrogen-fixing bacteria
(Richardson, Allsop, et al. 2000). Generalist vertebrate seed dispersers such as
cattle, goats, and sheep often are a component of agroforestry systems and
provide a reliable mechanism for seed movement in the new habitat. Added to
this is the fact that propagules of many agroforestry trees are widely dissemi-
nated by humans. These factors contribute to enhanced long-distance disper-
sal and the establishment of new foci for invasion. Potential barriers to estab-
lishment (and invasion beyond planting sites) are overcome for many
agroforestry trees and shrubs when appropriate mycorrhizal symbionts and
bacteria are introduced. Such inoculations enable the alien agroforestry species
to grow productively in the new habitat and also radically enhance the suit-
ability of surrounding areas for establishment and invasion by the alien species
(Richardson, Allsop, et al. 2000).

Potential Impacts of Invaders Often Are Related 
to the Functions and Services That Make These Species 
Desirable Subjects for Agroforestry
Alien species used in agroforestry are selected for the new functions and ser-
vices that they bring to the system, functions and services that cannot be pro-
vided (as well) by native species. It is often exactly these functions and services
(e.g., rapid biomass accumulation, nitrogen fixation) that cause harmful
impacts when these species invade beyond sites intended for agroforestry. Such
species have been called ecosystem engineers (Crooks 2002).

Experimentation with Many Species Worldwide Ensures 
Better Species-Site Matching Than in the Past
Improved communication between agroforesters in many parts of the world
has resulted in the rapid and widespread dissemination of news of highly suc-
cessful agroforestry species (e.g., the many species of “miracle trees”). Such
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information, based on the natural experiment of the planting of hundreds of
species across the world, is providing empirical evidence on species-site match-
ing. Rather than needing to experiment with a large number of potential
species, agroforesters are able to select from a small number of species with a
very high chance of success in their area. Species selection following this
process, in many cases, is also selecting for invasiveness.

Many Facets of Global Change Alter Ecosystems and Trigger,
Facilitate, or Sustain Invasions
The many facets of global change (e.g., global warming, elevated CO2 concen-
trations, and altered nutrient-cycling and disturbance regimes) are widely
expected to greatly exacerbate the nature and magnitude of problems with
biological invasions in the next few decades (Mooney and Hobbs 2000; see
also Chapter 20, this volume).

Trees Typically Used in Agroforestry:
Current Levels of Invasiveness, Perceptions,
and Approaches

Detailed monographs of a number of key agroforestry species, several known
as highly invasive, have been published recently (e.g., Acacia karroo, Barnes et
al. 1996; Acacia seyal, Hall and McAllan 1993; Balanites aegyptiaca, Hall and
Walker 1991; Calliandra calothyrsus, Chamberlain 2001; Cordia alliodora,
Greaves and McCarter 1990; Gliricidia sepium, Stewart et al. 1996; Leucaena
spp., Hughes 1998; Parkia biglobosa, Hall et al. 1997; Prosopis spp., Pasiecznik
et al. 2001; Vitellaria paradoxa, Hall et al. 1996). Where appropriate (i.e., A.
karroo, C. calothyrsus, Leucaena spp., Prosopis spp.), these monographs include
sections on the introduction, invasive potential, and impacts of the species in
the introduced range.

Here we review the experience with invasiveness for some taxa of trees and
shrubs that are commonly used in agroforestry. We have divided the taxa into
groups corresponding to their typical functions in agroforestry land uses. This
is because when aiming to substitute noninvasive taxa for invasive (or poten-
tially invasive) taxa, one needs to find functionally equivalent rather than tax-
onomically related species.

Fast-Growing, Nitrogen-Fixing Legume Trees
This group includes a large number of pioneer species that are commonly used
in agroforestry because of their ability to grow on nitrogen-deficient sites
where they improve fertility with their litter and prunings, to produce large

15. Invasive Agroforestry Trees 377



amounts of fuelwood, and to provide protein-rich foliage and pods. The many
uses of such trees make them typical multipurpose trees that are used in refor-
estation of degraded land, improved fallows, contour hedgerows, and silvopas-
toral systems. Many of these species cast a light shade and resprout readily
even after severe crown pruning, which makes them ideal shade trees for tree
crops such as coffee and cocoa.

The best-known example of this group is Leucaena leucocephala, a small
tree from Central America that has been introduced to most parts of the trop-
ics, starting more than 400 years ago when the Spanish brought it to the
Philippines (Binggeli et al. 1998). It has been used as a shade tree for coffee,
cocoa, and tea, for windbreaks and firebreaks, and for many other purposes.
Since 1983 the species has been attacked by the psyllid insect Heteropsylla
cubana, which causes defoliation and tree death especially in dry regions. This
has inspired the search for alternatives, including other Leucaena species.
Other Latin American legume trees used extensively outside their home range
include Gliricidia sepium and Calliandra calothyrsus. G. sepium often is used
for live fences, as cocoa shade, and for many of the same purposes as L. leuco-
cephala. C. calothyrsus was brought from Guatemala to Java in 1936 as a
potential shade tree in coffee but was then mainly used by villagers for fuel-
wood plantations, as fodder plant and bee pasture, and as a planted fallow tree
for the regeneration of agricultural soils (NRC 1983a). More recently, C.
calothyrsus has also been used in short-rotation fallows and as a fodder tree in
East Africa. In Cameroon it is used in rotational tree fallow systems where L.
leucocephala is no longer used because of its invasiveness (Kanmegne and
Degrange 2002).

Leucaena leucocephala is highly invasive and has been recorded as a weed in
West, East, and South Africa, India, Southeast Asia, Australia, and several
Pacific, Indian Ocean, and Caribbean islands (Binggeli et al. 1998; Hughes
and Jones 1998; Meyer 2000; Henderson 2001; Randall 2002). It invades
open and disturbed habitats such as roadsides and abandoned fields and pas-
tures, where it may form dense, monotypic stands, currently covering about 5
million ha worldwide (Binggeli et al. 1998). The species is very common in
the roadside vegetation in the forest zone of the Côte d’Ivoire, where it was
used as shade tree in coffee (R. Peltier, pers. comm., 2001). It replaces open
forest in Hawaii and threatens endemic species on several oceanic islands
(Binggeli et al. 1998). It is not known to invade undisturbed closed forests
(Hughes and Jones 1998) but may invade disturbed dry forest (Binggeli et al.
1998). In a fallow improvement trial with several introduced legume tree
species on a degraded soil in the Côte d’Ivoire, L. leucocephala had the dens-
est understory of all species under consideration, consisting almost entirely of
its own regeneration (Schroth et al. 1996). The abundant regeneration of this
tree species was recognized as a problem when it was used as coffee and tea
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shade in Indonesia and inspired research into sterile hybrids (Dijkman 1950;
Hughes and Jones 1998).

Other widely used species from this group have caused fewer problems.
For Leucaena diversifolia, the second most widely planted species in this genus,
this may simply be a consequence of the shorter time of extensive plantings
and its more limited use. The two species share the same weedy traits (preco-
cious flowering and fruiting, abundant seed production, self-fertility, hard
seed coat, and ability to resprout after fire or cutting; Hughes 1998; CABI
2000), suggesting that new introductions generally should be avoided. In con-
trast, C. calothyrsus has been used in agroforestry for more than half a century,
including for planting around state forestland in Java (NRC 1983a), which
would be an excellent starting point for invading these forests once they have
been logged. Yet it has rarely been reported as invasive (http://www.hear.org/
pier/cacal.htm), possibly because of its low seed production (CABI 2000).
However, careful observation of the species in areas where it has been intro-
duced more recently is needed. Similarly, despite its widespread use in agro-
forestry throughout the tropics, Gliricidia sepium has also not caused wide-
spread problems as an invader, except in Jamaica (Holm et al. 1979). It is also
known to be naturalized on Koolan Island off the tropical Western Australian
coast (Keighery et al. 1995). It is listed as potentially weedy in the Pacific
Islands, where it was recently introduced (Thaman et al. 2000). Sources 
collated by Randall (2002) list G. sepium as “weed,” “quarantine weed,” “nat-
uralized,” “garden escape,” “environmental weed,” and “cultivation escape,”
suggesting its potential to cause bigger problems in the future. Much work has
been done on genetic improvement of G. sepium (e.g., Chamberlain and Pot-
tinger 1995), and new genotypes may well prove to be more invasive.

Another group of fast-growing, nitrogen-fixing agroforestry trees with
somewhat different properties is the Australasian acacias, especially Acacia
auriculiformis and A. mangium. Because of their ability to grow and produce
large amounts of fuelwood even on severely degraded soils and to colonize
grassland, A. auriculiformis and to a lesser extent A. mangium have been intro-
duced to many tropical countries. The use of these species in agroforestry is
recent and not yet common but is likely to increase in the future because of
their exceptional characteristics. Both species are listed in Randall’s (2002)
Global Compendium of Weeds and have the potential to become more invasive
in the future (CABI 2000; http://www.hear.org/pier/acman.htm; http://www.
hear.org/pier/acaur.htm). A. mangium seeds and regenerates prolifically,
although disturbance of the understory, as by fire, usually is necessary for
large-scale natural regeneration (NRC 1983b). Several closely related Acacia
species are highly invasive in southern Africa, namely, A. cyclops, A. longifolia,
A. melanoxylon, A. mearnsii, A. pycnantha, and A. saligna (Richardson et al.
1997; Henderson 2001). Randall (2002) lists 288 Acacia species, about a
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fourth of this large genus, with the status of casual alien, “quarantine weed,”
or worse.

Trees for Dry Zones
In semiarid regions, cutting and lopping of trees for timber, fuelwood, and
fodder in combination with browsing, recurrent fires, and a harsh climate
have caused widespread degradation of vegetation and soils. Increasing tree
cover in such areas has been the objective of many development projects.
Because tree growth is generally slow and mortality high under these condi-
tions, selecting site-adapted species is particularly important. Promising
species such as Acacia nilotica, Azadirachta indica (neem), and Prosopis spp.,
have been introduced into many countries outside their native home range
(Salim et al. 1998). Because of their outstanding growth characteristics, they
have often proved superior competitors to the native vegetation and become
invasive.

Acacia nilotica, native to India, Pakistan, and much of Africa, was intro-
duced to western Queensland, Australia, as a shade and fodder species in the
1920s and initially caused no problems as an invader. It first became natural-
ized along creeks and boredrains and became widespread and invasive after a
series of years with above-average rainfall in the 1970s. It now forms stands of
several thousand individuals per hectare in pastures in coastal areas (Carter
1994; Tiver et al. 2001; van Klinken and Campbell 2001).

Azadirachta indica is native to Southeast Asia and India but has been
widely planted outside its range. It is known to be invasive in Ghana
(http://www.green.ox.ac.uk/cnrd/jo.htm#darwin), spreads from rural plant-
ings into undisturbed bush in northern Australia (A. A. Mitchell, pers.
comm., 2002), and is also listed as a potential environmental weed in Australia
(Cshurhes and Edwards 1998). Various sources list A. indica as “weed,” “nat-
uralized,” “garden escape,” or “environmental weed” (Randall 2002).

The neotropical Prosopis juliflora and closely related species have been
widely used in the dry tropics to halt desertification because they tolerate low
rainfall, great heat, and poor and saline soils and because of their ability to sta-
bilize sand dunes (e.g., in the Sudan and Pakistan) and enrich the soil through
their nitrogen fixation. Other products include good-quality fuelwood and
charcoal, pods as fodder and food, and seed gum. Because of the low palata-
bility of its foliage, P. juliflora is suitable for use as a live fence (CABI 2000).
It has been widely introduced throughout the dry tropics and has spread over
large tracts of Africa, Asia, and South America (Hulme n.d.; Jadhav et al.
1993; Sharma and Dakshini 1998; Tiwari and Rahmani 1999). Its invasive
potential has long been known but has until recently gained little attention or,
in very degraded areas, even been seen as a bonus. Referring to Africa, Baumer
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(1990, p. 170) stated that “one would be only too happy in certain very
degraded, not to say denuded, regions to find an invasive plant with as many
qualities as Prosopis,”a view that reflects particularly well the ambivalence of
the use of aggressive colonizers in areas badly in need of tree cover (see also
Coppen 1995; El Fadl 1997). These authors also argued that the spread of P.
juliflora must be checked in areas that are not degraded and suggested that this
could be achieved through good management but did not provide concrete
guidelines.

Although the deleterious impacts of root competition and allelopathy of P.
juliflora in agricultural areas have been noted earlier (Baumer 1990; Coppen
1995), the environmental and human impacts of invasions by this species have
only recently gained more attention (e.g., review by Pasiecznik et al. 2001). In
1999, an Ethiopian workshop on agricultural weeds concluded, after much
debate, that the species was on balance detrimental to the environment and
should be eradicated (Anonymous 1999). In neighboring Kenya, after P.
juliflora introduction in the early 1980s and subsequent rapid spread, it has
been reported that toxicity and even death have occurred in livestock after pod
ingestion. The tree locust (Anacridium melanorhodon arabafrum), a well-
known African pest, feeds on P. juliflora, and it is feared that this insect, hith-
erto not a problem in the Lake Turkana region, might become established in
this part of Kenya (Anonymous 1997). In northeastern Brazil, P. juliflora has
spread from managed agricultural systems into arid shrublands (caatinga) rich
in endemic species, where its impact on biodiversity is viewed as highly detri-
mental (Hulme n.d.). In Gujarat, India, P. juliflora is viewed as negatively
affecting pastures, cattle health, and water resources and is viewed as a threat
to number of bird and mammal species (Jhala 1993). However, it does play a
role in erosion control and provides people with a source of income from char-
coal, pods, and honey. It is therefore thought that the tree should be contained
rather than eradicated (Tiwari and Rahmani 1999). A detailed study by Gold
(1999) of an Indian rural village community confronted with deforestation,
where an aid program had been established in 1993 to plant P. juliflora on the
hilly wastelands, revealed that the species had become the only source of fuel-
wood. However, local people also identified a number of significant draw-
backs: it colonizes agricultural land and is hard to remove, its thorns cause
dangerous infections and play havoc with bicycle tires, the leaves are unappeal-
ing to goats, and no grass or crops grow in its shade. Consequently, local peo-
ple considered P. juliflora to have fewer uses than native trees.

The genus Prosopis has an interesting history in South Africa. Several
species have been widely used as amenity trees, mainly for livestock fodder and
shade, in the arid parts of the country. After the spontaneous hybridization of
several taxa (notably P. glandulosa var. torreyana and P. velutina), Prosopis spp.
rapidly spread over huge areas, making large tracts of rangeland unproductive
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(Harding and Bate 1991). There is an ongoing debate on whether Prosopis is
a friend or foe in South Africa, but opinions are converging on the latter view.
The national “Working for Water Programme” (http://www-dwaf.pwv.gov.za/
wfw) has spearheaded an innovative management program for invasive
Prosopis spp., involving mechanical and chemical control, the management of
livestock, and biological control using seed-attacking insects (Richardson
1998a). Prosopis species are also among the “weeds of national significance” in
Australia and cause serious impacts over some 800,000 ha, mainly in north-
ern Australia. A strategic plan for managing these invasions aims to remove the
current stands and to prevent impacts by coordinating and maintaining man-
agement at a national level, containing all core infestations and subjecting
them to sustained management aimed at eventually eradicating them, remov-
ing all isolated and scattered stands, and preventing further spread (Agricul-
ture & Resource Management Council of Australia and New Zealand 2001).

Nonlegume Service Trees
The Latin American pioneer tree Cecropia peltata, which forms a complex
with Cecropia pachystachya and C. concolor, is a particularly interesting case
because it shows that an alien agroforestry tree may initially appear harmless
but may become invasive once human activities or climate change have cre-
ated more favorable conditions for its spread. It was introduced to the Côte
d’Ivoire in 1910 as a shade tree in coffee plantations and spread very slowly in
the first six decades. Subsequent large-scale destruction of the forest cover (see
Chapter 6, this volume) created the open, disturbed conditions necessary for
its rapid spread in competition with native pioneer species (Binggeli et al.
1998). The species has also become invasive in other places in Africa, South-
east Asia (Binggeli et al. 1998), French Polynesia (Meyer 2000), and Hawaii
(http://www.hear.org/pier3/cepel.htm). A related species, Cecropia obtusifolia,
is highly invasive in the Cook Islands, where it is also widely used as a shade
species in coffee plantations (Meyer 2000).

Fast-Growing Timber Trees
This group includes a number of tree species whose main characteristic is their
fast growth. Such trees are in high demand in deforested regions for the pro-
duction of fuelwood and poles, and as windbreaks; use as shade trees is less
common. The genus Eucalyptus includes a number of fast-growing tree species
that are commonly used not only in plantation forestry but also in agroforestry
in both dry and humid tropical regions. Eucalyptus camaldulensis and E. tereti-
cornis are planted as windbreaks in dry regions (CABI 2000), and E. globulus
and several other Eucalyptus spp. are commonly planted around cultivated
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fields and in farm woodlots in the deforested Ethiopian highlands (Demel
Teketay 2000) and are also used in many other tropical countries (CABI 2000).
In humid tropical Costa Rica, E. deglupta is increasingly used as coffee shade
because of its fast growth, homogeneous light shade, and low pruning needs
compared with the traditional legume shade trees (Tavares et al. 1999). Euca-
lyptus spp. also were promoted for fuelwood plantations in buffer zones around
protected forests in Uganda and Burundi in the 1980s, although the respective
projects later shifted toward the use of local tree species (van Orsdol 1987).

Eucalypts are naturalized or (usually marginally) invasive in many parts of
the world. Randall (2002) lists no fewer than 67 Eucalyptus species that have
been listed as “weed,” “sleeper weed,” “quarantine weed,” “noxious weed,” “nat-
uralized,” “native weed,” “garden escape,” “environmental weed,” “cultivation
escape,” or “casual alien” in various parts of the world. Eucalyptus species given
four or more status categories in Randall’s (2002) compendium, and therefore
possibly the most widely naturalized, are E. botryoides, E. camaldulensis, E.
cladocalyx, E. conferruminata, E. globulus, E. grandis, E. lehmannii, E. leucoxy-
lon, E. maculata, E. paniculata, E. polyanthemos, E. saligna, and E. sideroxylon. In
South Africa, E. camaldulensis, E. cladocalyx, E. diversicolor, E. grandis, E.
lehmannii, E. paniculata, and E. sideroxylon are considered invasive (Henderson
2001), although only E. camaldulensis, E. grandis, and E. lehmannii are unques-
tionably “invasive” as defined earlier (Forsyth et al. 2004). Despite their appear-
ance in many weed lists, eucalypts have fared poorly as invaders when com-
pared with other tree genera that have been planted to a similar extent in many
parts of the world. Pinus, the obvious comparison (although not widely used in
agroforestry), has been orders of magnitude more successful. For example,
Richardson and Higgins (1998) list 19 Pinus species that are clearly invasive
(sensu Richardson, Pysek,  et al. 2000) in the Southern Hemisphere. Rejmánek
et al. (2004), in reviewing invasiveness in Eucalyptus (or the lack thereof ), con-
cluded that propagule pressure (large seed pools) explains much more of the
variance in observed invasiveness in eucalypt taxa than any known combination
of ecological factors. This suggests that the risk of invasiveness is much smaller
when eucalypts are used in windbreaks or other agroforestry practices involv-
ing small tree numbers per hectare than when they are used in plantation
forestry. The use of eucalypts as shade trees in coffee over large areas represents
an intermediate case. Further work is needed to quantify this relationship and
the invasion ecology of Eucalyptus in general.

Casuarina equisetifolia, an actinorhizal tree species native to Australasia,
has been widely planted in Africa, South and Central America, and the
Caribbean. Its nitrogen-fixing ability allows it to grow on very poor sandy
soils, and it is often used for sand dune stabilization and in shelterbelts, espe-
cially in coastal areas. It readily invades disturbed vegetation in many parts of
the world. It has spread in Hawaii and has invaded the Everglades National
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Park in Florida, where its roots also interfere with the nesting of sea turtles on
foreshore dunes (Geary 1983; Binggeli et al. 1998). This species, and C. cun-
ninghamiana, are also invasive over large parts of the eastern half of South
Africa, especially along the eastern seaboard (Henderson 2001).

High-Value Timber Trees
Several high-value timber species, which are used in agroforestry in their
native ranges, have become invasive in parts of the tropics to which they had
been introduced for forestry plantations. The planting of high-value timber
species on farms is likely to increase in the near future when the supply of such
timbers from natural forests ceases and could in fact be a way of simultane-
ously increasing farm incomes and reducing pressure on remaining forests. In
future agroforestry programs, experience with invasive plantation species must
be taken into account to avoid introducing potentially invasive species into
sensitive areas, such as buffer zones. For example, Swietenia macrophylla
(mahogany, Meliaceae) is planted by farmers in association with fruit trees
both in its native Amazonia and in Indonesia, where it is alien (Michon and
de Foresta 1995); invasion by this species of native forests especially after dis-
turbance (Commonwealth Agricultural Bureau International 2000) has been
observed in Sri Lanka, Asia, and the Pacific Islands. Cordia alliodora, a com-
mon local shade tree in coffee and cocoa plantations in Latin America (Beer
et al. 1998), has been widely planted in Africa for timber production
(Richardson 1998a). It was planted in Vanuatu to provide timber; however,
regular cyclones caused havoc with the trees and subsequent heavy cattle graz-
ing enhanced their regeneration and spread, thus reducing the grazing poten-
tial of the land (Tolfts 1997; Meyer 2000).

Fruit Trees
Fruit trees are important components of agroforestry systems such as home-
gardens and mixed tree crop plantations and often provide an important basis
for farmers’ subsistence and income. As with other agricultural crops, the use
of alien species is common, and the invasion of native ecosystems has been
reported for a few species. The possibilities of exchanging an alien for a native
species or an invasive alien for a noninvasive alien are much more limited for
fruit trees than for shade or soil-improving trees because of the restrictions on
species selection imposed by consumption preferences and local markets for
fruits.

The most notorious case of an alien fruit tree becoming a weed is guava
(Psidium guajava). This small tree, native to the American tropics, has been
introduced throughout the tropics since colonial times. It is a pasture weed in
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Central America and a serious weed in arable plantation and pastureland on
the Fiji Islands. The seeds are spread by cattle, making it difficult to eradicate
from pastures. The impact of introduced guava on the native vegetation has
been best documented on the Galapagos Islands, where it invades disturbed
forest and outcompetes endemic plant species (BOSTID 1983; Binggeli et al.
1998). This species is also highly invasive in natural vegetation in eastern
South Africa (Richardson et al. 1997; Henderson 2001). A related species,
Psidium cattleianum, is one of the worst invaders in many islands in the Indian
Ocean (notably on La Réunion; Macdonald et al. 1991) and the Pacific
(Meyer 2000).

Another example is Passiflora mollissima (banana passion fruit or curuba),
a woody vine up to 20 m in length originating from the Andes that has been
cultivated for its fruits and as an ornamental in several tropical countries and
has become invasive in Hawaii, New Zealand, and South and East Africa. In
Hawaii it has spread into native forest, scrub vegetation, pastures, forestry
plantations, and lava flows, suppressing tree regeneration and killing trees
through shading, thereby reducing species richness. The prolific fruit produc-
tion increases populations of feral pigs. The species is also naturalized in South
African forests and grows at forest edges and in clearings in East Africa
(Binggeli et al. 1998). In Paraguay, Citrus species (C. aurantium, C. sinensis,
and intermediate types) readily spread into undisturbed forest and become a
characteristic feature of their understory, a process that is favored by grove
abandonment (Gade 1976).

Invasive Agroforestry Trees: Scenarios 
and Management Options
Effective management of invasive agroforestry trees demands action at global,
regional, national, and local scales. The recent Global Strategy on Invasive Alien
Species (McNeely et al. 2001) provides a good starting point for global atten-
tion to the problem. A global plan should build management capacity; build
research capacity; promote information sharing; develop economic policies
and tools; strengthen national, regional, and international legal and institu-
tional frameworks; institute a system of environmental risk analysis; build
public awareness; prepare national strategies and plans; build alien species into
global change initiatives; and promote international cooperation.

Various options are available for reducing actual or potential impacts of
invasive agroforestry trees in different situations. The conceptualization of the
naturalization and invasion process (Figure 15.1) provides a template for plan-
ning interventions to strengthen different barriers to prevent widespread inva-
sion and impacts. For example, excluding known invasive alien species (or,
ideally, all alien species) from agroforestry projects strengthens the geographic
barrier; combinations of burning, grazing, and weeding can strengthen the
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local environmental barrier and limit regeneration of invasive species; and
management of livestock and other seed dispersal agents can strengthen repro-
ductive and dispersal barriers, as could genetic engineering to produce sterile
trees, although the usefulness of this approach for agroforestry has not yet
been explored. Ledgard and Langer (1999) provide an excellent example of
practical ways to reduce invasive spread from forestry plantations in New
Zealand. Similar guidelines could be produced for different agroforestry land
uses. In this section we propose some guidelines, based on the information
reviewed in this chapter, for reducing or mitigating problems associated with
invasions of agroforestry trees.

Wherever Possible, Use Local Tree Species in Agroforestry
An obvious way to avoid risks of invasiveness is to use only native species.
Avoiding nonnative species is most feasible in the case of service trees (e.g.,
species for shade or soil conservation), where several alternative species may be
available in a region, though perhaps not with identical properties. Trees
grown for commercial products with established markets are much more dif-
ficult to substitute, but the introduction of invasive species to new regions or
their promotion in sensitive areas such as agroforestry buffer zones should nev-
ertheless be avoided. Where agroforestry is intended also to serve conservation
purposes, as in buffer zones or biodiversity-friendly coffee or cocoa production
systems, native tree species also have the advantage of creating habitat for
native fauna. In mainly deforested landscapes, the promotion of native species
will contribute to the in situ conservation of local tree germplasm (see Chap-
ter 12, this volume). Furthermore, native species provide goods and services
with which the population is familiar (e.g., medicinal uses).

The feasibility of this approach depends on the availability of species in the
native flora that are suitable for the intended uses, the ease of obtaining seeds
or vegetative propagation material, knowledge of site needs, growth rates, con-
ditions for germination, inoculation requirements, and establishment and
management methods. Working with little-known species is clearly a risk and
may delay the generation of demonstrable results. These difficulties decrease
as more information on local fruit, timber, and service trees becomes available
from national and international research centers (Salim et al. 1998; CABI
2000). In many cases, however, a local species that is as effective for a given
purpose as the best alien species may simply not be available or may remain to
be identified. In such cases, using the second- or third-best (local) choice may
mean sacrificing farmers’ interests to avoid the risk of invasiveness. However,
it should also be mentioned that the focus on very fast-growing “miracle trees”
in agroforestry has often led to problems of competition with crops; such
problems may be less severe when local tree species with intermediate growth
rates are used. This conflict of interest in searching for the best-performing
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species while trying to avoid introduced species can be particularly severe in
strongly degraded, arid environments, where species with outstanding growth
characteristics such as Prosopis spp. have often been introduced and become
invasive. Where agroforestry plantings are intended to reduce pressure on
overused native ecosystems, especially in arid regions, a fast-growing but non-
invasive alien tree species could be more beneficial for biodiversity than a
native species that produces timber, fuelwood, and other tree products at
lower rates. Objective estimates of the risks of invasiveness for potential species
are clearly needed for this approach.

Subject Species Selection to Formal Cost-Benefit Analysis 
and Environmental Impact Assessment
Potential costs associated with the spread of agroforestry species beyond sites
set aside for planting and the associated damage to natural ecosystems (includ-
ing a wide range of ecosystem services) must be assessed before an agroforestry
project is initiated. The polluter-pays principle is being advocated as an ele-
ment of the solution to the problem of invasive forestry tree species in South
Africa (Richardson 1998a), and it should be explored for agroforestry. But
who is the polluter who pays? The small farmer who accepted the introduced
tree? The research institution, perhaps a foreign university, whose 3-year proj-
ect ended long before the species became invasive? The seed bank that
responded to the request of a local research station and sent Leucaena seeds?
The principle is clearly easier to apply with a forestry company establishing
commercial plantations than with typically decentralized, small-scale, and
noncommercial agroforestry projects.

Continued use of known invasive species in areas where they are already
planted and new plantings of such species should be done with due cog-
nizance of potential harmful effects of invasions. In sensitive areas such as
buffer zones of protected areas, conservation payments or access to preferen-
tial markets for biodiversity-friendly products may be the best way to persuade
farmers to do without economically attractive but potentially invasive alien
species.

Establish Criteria for Rational Risk Assessment for Agroforestry
Worldwide
Apart from the agroforestry species widely known to be invasive, there are
many other species that are likely to become invasive in the future. Research
is needed to establish criteria for the objective assessment of the potential risk
of any alien species becoming invasive at a given locality. Global black lists
have limited value because they are generally too restrictive; in fact, there is
reason to tag even some well-known invasive species as safe for use in certain
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environments or under certain conditions. For example, some species grow
well but do not produce fruits in certain climates, such as Gliricidia sepium in
climates without a well-defined dry season. Some species may show poor
growth outside agricultural areas because of low adaptation to infertile soil or
may need fire for regeneration. As with other predictions of invasiveness, it
should be noted that conditions (e.g., nutrient conditions, climate, and fire
frequency) at a site change. For this reason, assessments must be time- and
site-specific.

Provide Easy Access to Up-to-Date, Objective Information 
on Invasiveness of Agroforestry Species
Many species that are used in agroforestry are widely known to be invasive in
all or most sites where they are used. Such information already resides in
widely available databases such as International Centre for Research in Agro-
forestry’s Agroforestree Database (Salim et al. 1998), CABI’s Forestry Com-
pendium (CABI 2000), and R. P. Randall’s (2002) Global Compendium of
Weeds. Further efforts are needed to ensure that such databases are kept up to
date and that assessments are based on objective criteria.

Include Explicit Considerations of Invasiveness in Standard
Assessments for Species-Site Matching
Detailed assessments of the suitability of particular species for use in agro-
forestry (e.g., Durr 2001 for Samanea saman), as a matter of course, should
include objective assessments of the potential for the species to become
invasive.

Incorporate Considerations Relating to Invasion in Standard
Management Protocols
For example, pruning trees to prevent them from producing fruits is done in
many agroforestry situations and could possibly be a practical prevention
strategy in some cases. However, relying on this strategy is risky because trees
may remain unpruned in some areas or years, and the strategy would fail when
an area is abandoned temporarily or permanently. Where tree felling for wood
collection is legally restricted (e.g., parks), restrictions could be relaxed to
allow felling of invasive alien species (J. Healey, pers. comm., 2001).

Conclusions
Our knowledge of plant invasions that are the direct result of agroforestry is
fragmentary. We know that some tree and shrub species that are (or have until
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recently been) widely used in agroforestry are among the most widespread and
damaging of plant invaders. We also know that our knowledge base is chang-
ing rapidly. Some species that were deemed safe based on available informa-
tion even a decade ago are now known to be invasive. The natural experiment
involving the plantings of thousands of species in many types of environment
is ongoing. Guidelines for reducing the problems, without excluding every
potential agroforestry species, must be reviewed at regular intervals. A thor-
ough global survey of problems and the perspectives of interested and affected
parties is urgently needed. Such a global perspective is essential for rational
planning in countries or regions.

Effective management of plant invasions at a site entails the integration of
approaches for dealing with species that have already spread over large areas
and for assessing other alien species already present in an area but perhaps not
showing signs of invasion. Also critically important is the need to screen new
introductions to identify species that have a high risk of invading if intro-
duced.

Biotechnology has been proposed as a way of reducing problems of inva-
siveness by controlling flowering and thereby reducing or eliminating seed
production in forestry plantations (Meilan et al. 2001; Strauss et al. 2001).
The use of this approach for agroforestry trees warrants careful consideration,
taking into account problems of both feasibility (small-scale, often noncom-
mercial agroforestry with many different tree species as opposed to the large-
scale use of a few species in commercial plantation forestry) and desirability
(e.g., dependency of farmers on external seed suppliers, poorly understood
environmental risks of genetic engineering).

Because the invasion-related problems faced by agroforestry are not
unique, it seems logical to strive for coordinated efforts in the various plant-
related enterprises that rely heavily on alien species. Efforts in commercial
forestry have already been mentioned (Richardson 1998a, 1998b, 1998c;
Rouget et al. 2002). Attempts are also being made to understand the various
pathways affecting invasions as a result of aquaculture (Naylor et al. 2001) and
horticulture (Reichard and White 2001), both of which also rely heavily on
alien species. Agroforestry is lagging behind, and a clear strategy for dealing
with the increasing problem of invasive species is urgently needed.
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Appendix  15.1

A summary of generalizations regarding alien plant invasions, based on infor-
mation reviewed in Rejmánek et al. (2004). Not all these points apply equally
to all types of plants or in all situations.

1. Which taxa invade?
1.1. Stochastic approach

1.1.1. The probability of invasion success increases with initial population size 
and the number of introduction attempts (propagule pressure).

1.1.2. Long residence time improves the chances of invasion.
1.1.3. Many or most plant invasions are preceded by a lag phase that may last 

many decades.
1.2. Empirical, taxon-specific approach

1.2.1. If a species is invasive anywhere in the world, there is a good chance that 
it will invade similar habitats in other parts of the world.

1.2.2. Among invasive plants, some families (Amaranthaceae, Brassicaceae, 
Fabaceae, Hydrocharitaceae, Papaveraceae, Pinaceae, Poaceae, and Polygo-
naceae) are significantly overrepresented.

1.3. The role of biological characters
1.3.1. Fitness homeostasis (maintenance of fitness over a range of environmental 

conditions) is an important determinant of invasiveness.
1.3.2. Genetic change can facilitate invasions, but many species have sufficient 

phenotypic plasticity to exploit new environments.
1.3.3. Small genome size (SGS) has value as an indicator of invasiveness in 

closely related taxa (SGS seems to be a result of selection for short minimum 
generation time, and because it is also associated with small seed size, high 
leaf area ratio, and high relative growth rate of seedlings in congeners, it may 
be an ultimate determinant or at least an indicator of invasiveness).

1.3.4. Several characters linked to reproduction and dispersal are key indicators 
of invasiveness (e.g., simple or flexible breeding systems, small seed mass, 
short juvenile period, short intervals between large seed crops, long flowering 
and fruiting periods).

1.3.5. Seed dispersal by vertebrates is implicated in many plant invasions.
1.3.6. Low relative growth rate of seedlings and low specific leaf area (the ratio 

of leaf area to leaf dry mass) are good indicators of low plant invasiveness in 
many environments.

1.3.7. Large native range is an indicator of potential invasiveness.
1.3.8. Vegetative reproduction is responsible for many plant invasions.
1.3.9. Alien taxa are more likely to invade a given area if native members of the 

same genera (and family) are absent, partly because many herbivores and 
pathogens cannot switch to phylogenetically distant taxa.

1.3.10. The ability to use generalist mutualists (seed dispersers, pollinators, 
mycorrhizal fungi, nitrogen-fixing bacteria) greatly improves an alien taxon’s 
chances of becoming invasive.

1.3.11. Efficient competitors for limiting resources are likely to be the best 
invaders in natural and seminatural ecosystems.



1.3.12. Characters favoring passive dispersal by humans (e.g., small, soil-stored 
seeds) greatly improve an alien plant taxon’s chance of becoming invasive.

1.4. Environmental compatibility
1.4.1. Climate matching is a useful first step in screening alien species for 

invasiveness.
1.4.2. Resource enrichment and release, often just intermittent (e.g., exceptionally 

wet years, canopy opening through logging, fire), initiate many invasions.
1.4.3. Propagule pressure (see 1.1.1) can override biotic or abiotic resistance of a 

community to invasion.
1.4.4. Determinants of invasibility (macro-scale climate factors, microclimatic 

factors, soils, and various community or ecosystem properties) interact in 
complicated ways; therefore, evaluation of invasibility must always be context-
specific.

1.5. Relationship between species richness and invasibility
1.5.1. At the landscape scale, invasibility seems to be positively correlated with 

native plant species richness; at smaller (neighborhood) scales, the correlation 
seems to be negative.

2. How fast?
2.1. Spread is determined primarily by reproduction and dispersal, but various 

extrinsic factors interact with these factors to mediate spread rates.
2.2. Spread rates based on local dispersal mechanisms (e.g., wind, birds, or 

mammals) greatly underestimate spread potential.
2.3. Rare, long-distance dispersal (often via mechanisms that cannot be predicted 

from an assessment of the ecology of a species) is hugely important for explaining 
population growth and spread over medium and long time scales.

3. Impact
3.1. Predicting the impact of invasive alien plants is much more difficult than 

predicting invasiveness.
3.2. Alien species that add a new function (e.g., nitrogen fixation) to an invaded 

ecosystem are much more likely to have big impacts than those that merely alter 
existing resource use levels.

4. Control, contain, or eradicate?
4.1. Early detection and initiation of management can make the difference between 

being able to use feasible offensive strategies (eradication) and the need to retreat to 
a more expensive defensive strategy (e.g., mitigation, containment).
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Chapter  16

Diseases in Tropical Agroforestry 
Landscapes: The Role of Biodiversity

Ulrike Krauss

Diverse land use systems can contribute significantly to biodiversity conserva-
tion in tropical landscapes (see Part III, this volume). Furthermore, functional
diversity can help to stabilize ecosystems against disturbance, including pest
and disease outbreaks (Schmidt 1978). Although diseases are common in nat-
ural plant communities (Allen et al. 1999), epidemics in undisturbed habitats
usually subside without leaving behind devastation. In contrast, anthro-
pogenic disturbance and associated diseases can overwhelm even highly
diverse ecosystems.

Agroforestry practices are particularly well suited to create functionally
diverse landscapes consisting of a range of land use systems with a diverse and
conspicuous tree component. Landscape diversity and especially the presence
of trees can influence disease dynamics in several ways. Landscape mosaics can
influence the spread of disease propagules by wind, water, and animal vectors.
The spatial patterns of host and nonhost vegetation may influence the buildup
of inoculum but also of biological control agents. Diversified landscapes may
also harbor wild populations of plants that provide the genetic resources for
resistance breeding programs for cultivated species. Depending on the relative
importance of the effects of landscape diversity and increased tree cover, crops
and trees in agroforestry landscapes may either be more or less exposed to dis-
ease risks than in less diversified landscapes. Consequently, arguments related
to crop disease pressures and consequent risks of crop failure may either sup-
port or oppose the promotion of diversified land use systems for conservation
purposes.

To judge the potential of agroforestry landscapes for the conservation of
biodiversity, it is important to know their impact on the production of agri-
cultural and forestry commodities and, especially in the context of smallholder
livelihoods, on income security. In the tropics, the latter depends strongly on
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the risk of disease outbreaks, as can be seen, for example, with the catastrophic
socioeconomic and concomitant environmental effects of the witches’ broom
(Crinipellis perniciosa) epidemic on Bahian cocoa (Trevizan 1996).

The aim of this chapter is to review the available information regarding the
effect of landscape mosaics, particularly the presence of agroforestry elements,
on disease dynamics in cultivated and wild plants. The mutual association of
agroforestry elements, crops, and wild plants offers opportunities to exploit
the positive effects of landscape diversity on plant health such as increased sys-
tem stability and reduced losses but can also entail disease risks for both cul-
tivated and wild plants. Recommendations on how to avoid these risks will
also be presented.

The Symbiosis-Disease Continuum
If plant-infecting microorganisms reduce the productivity, fertility, or
longevity of a plant, they are called pathogens; the symptoms provoked by
them are the disease. An infection that is beneficial not only to the microbe
but also to the plant is called symbiosis. However, the distinction between dis-
ease and symbiosis is not always as clear-cut as one may expect. Some microbes
can either be detrimental or beneficial to the infected plant, depending on the
circumstances. Examples are mycorrhizal fungi. A surprisingly high propor-
tion of early infections by mycorrhizae kills the infected plant, especially in
small-seeded species that depend on mycorrhiza formation for successful ger-
mination. Surviving plants benefit through increased uptake of nutrients and
water and protection of plant roots from soilborne diseases (Harley 1959).

In other cases, infection by microbes may be beneficial for the plant but
reduce its utilitarian value. This is the case with some endophytes, that is,
fungi that grow asymptomatically in plants. Endophytes often are closely
related to pathogens and may have evolved from them via extension of a
latency (i.e., symptom-free) period and reduction of virulence (Saikkonen et
al. 1998). Infection of temperate grasses by certain endophytes is known to
contribute to longevity and vigor of the fungus and also of the plant through
protection against herbivory (Carroll 1988). Although advantageous to the
plant, endophyte infection may be either desirable or undesirable for its user.
For example, toxicosis in livestock, hoof gangrene (Saikkonen et al. 1998), and
grass sickness in horses (Lacey 1975) have been attributed to toxins produced
by pasture endophytes. Another example are heart rots of trees, which destroy
the inner core of their stems and render them unmarketable but may actually
benefit the tree and possibly the ecosystem. Resources of the inner, nonfunc-
tional stem tissue are recycled while the flexible and living outer cylinder
exhibits increased resistance to storm damage. The hollow stem cylinder left
by Fomitopsis pinicola provides a good habitat for ectomycorrhizal fungi and
nitrogen-fixing bacteria (Rayner 1995).
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On the other hand, some endophytes increase the economic value of the
plant. Taxol, the world’s first billion-dollar anticancer drug, is produced in 
the bark of the Pacific yew (Taxus brevifolia) in its natural habitat, Montana,
in the presence of the endophytic fungus Taxomyces andreanae and also by
Pestalotiopsis microspora, an endophyte isolated from Nepalese yew (Taxus wal-
lachiana) from the Himalayan foothills. Other fungi isolated from yews
planted outside their home ranges failed to produce taxol at levels that could
be exploited (Strobel and Long 1998). Thus, the habitat seems to play a role
in the expression of the symbiosis.

Plant Disease Dynamics in Agroforestry
Landscapes
The population dynamics of plant-infecting microbes, and thus the spread of
diseases, are influenced by two main factors: by the way the organism is dis-
persed and by landscape patterns. Whereas the former is largely intrinsic to the
pathogen, the latter can be influenced by agroforestry techniques. The extent
to which this is possible is outlined in this section.

Principally, canopy stratification and climatic conditions govern the move-
ment of infectious propagules in the landscape. Host density and accessibility
determine the outbreak of secondary infections. Microbial immigration 
and emigration are the main driving forces of pathogen population dynamics,
and thus the spread of disease, on the landscape scale. Commonly, wind- and
water-dispersed organisms are distinguished, but the transition is gradual 
and the two media often play a synergistic role in disease epidemiology. For
example, rain plays a pivotal role in spore deposition even for principally
wind-dispersed organisms as it removes particles, including spores, from the
air (Fitt et al. 1989).

In still air, splash dispersal is of localized importance only. If a susceptible
host is surrounded by nonhost species, diversity in an agroforestry system can
slow disease progress. This may partly explain reports of reduced disease in
crops located in some high-interface configurations such as alley cropping and
contour hedgerows. For example, in an alley cropping experiment with Sesba-
nia sesban in the Rwanda highlands, the progress of maize rust (Puccinia
sorghii ) at the tree-crop interface was reduced by 24 percent (Yamoah and
Burleigh 1990). Stem canker (Puccinia cordiae) of Cordia alliodora is impor-
tant in monoculture plantations but not in silvopastoral or other agroforestry
systems (Greaves and McCarter 1990). Mixed cropping and multiline varieties
(Browning and Frey 1969), with high within-field diversity, can help to min-
imize the risk of losses by providing a mixture of resistant and susceptible cul-
tivars to any one pathogen race present in the system.

In other cases, however, beneficial effects of diversity may be masked by
microclimatic alterations such as increased humidity and prolonged leaf 
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wetness, leading to higher disease incidence at the interface (Schroth et al.
1995, 2000). In forest clearings 30–50 m in diameter in the Congo, humid-
ity remained at an average of 91 percent (Geiger 1961), a microclimate highly
conducive to disease development. Therefore, in mosaic landscapes, such as
smallholder fields surrounded by forest, disease progress could be more rapid
than in a landscape with less tree cover once the pathogen has gained access to
a patch of a susceptible crop via immigration, although pathogen spread from
one field to the next may be reduced by the tree component.

In the presence of wind, waterborne inoculum can travel great distances.
Xanthomonas campestris in cotton is splash-dispersed to a distance rarely
exceeding 1 m horizontally from its source in still air but as far as 10 m with
windspeeds of only 2.5 m s–1 (Fitt et al. 1989). For disease progress in citrus,
wind speeds greater than 8 m s–1 and inoculum concentrations of at least 105

propagules mL–1 are needed. The magnitude of these values means that X.
campestris can be controlled by agroforestry structures such as windbreaks,
which reduce windspeeds and thereby reduce the distances traveled by inocu-
lum (Gottwald and Timmer 1995).

Wind dispersal of pathogens is more important at the landscape scale than
splash dispersal because of its further reach. Gusty winds are most effective in
spore detachment. The speed of gusts in canopies can be several times higher
than the average ambient windspeed (Aylor 1990). Windbreaks have very lim-
ited effectiveness in preventing spore detachment because of localized gusts,
although the average windspeed is lowered. In fact, the denser the canopy (i.e.,
the more efficient the windbreak at the macro scale), the more turbulent
eddies are, which can mediate spore detachment. After detachment, a substan-
tial proportion of spores, especially those that originate in the lower canopy,
are deposited close to the source. If a susceptible host is encountered, this can
lead to intense, clustered infection foci. Low host densities can mitigate this
effect. Thus, intercropping can prevent the formation of these intense foci.
However, the host plant density in a plantation is of little importance to wind-
driven spread throughout the whole system because wind dispersal is on the
order of kilometers rather than meters. Associating cocoa clones differing in
their susceptibility to the wind-dispersed witches’ broom fungus did not
reduce the incidence of the disease (Evans 1998), and combining rubber
(Hevea brasiliensis) clones susceptible to different isolates of the wind-
dispersed South American leaf blight fungus (Microcyclus ulei) was equally
ineffective in controlling its spread in a plantation (Junqueira et al. 1989).
This indicates that associations of these species with other non–host tree or
crop species would be equally ineffective in limiting the spread of such highly
mobile propagules, at least on the plantation scale.

Up to 50 percent of detached spores can escape from the canopy and can
be carried large distances by horizontal winds. Ascospores of Mycosphaerella
fijiensis, causing black Sigatoka of banana (Musa spp.), have been monitored
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over distances exceeding 50 km, and no significant dilution of inoculum was
observed in a 4-km radius from a single inoculum source (Calvo and Romero
1998). Spores of coffee rust (Hemileia vastatrix) were detected at heights of
100 m and at horizontal distances of 150 km from the nearest diseased coffee
(Meredith 1973). This high mobility of wind-dispersed spores renders the
manipulation of wind dispersal of plant pathogens not amenable to agro-
forestry planting designs.

Typically water-dispersed microorganisms can become windborne in the
form of aerosols when the water droplets in which they are suspended evapo-
rate (Fitt et al. 1989). Aerosol transport is more important in pathogen spread
on the landscape scale than rain splash because fine mists remain suspended
in the air for longer periods of time and therefore are subjected to more cumu-
lative wind. Aerosols are particularly important in the upward movement of
infectious propagules. Rising fog is believed to be responsible for the effective
uphill spread of white pine blister rust (Cronartium ribicola) in mountainous
terrain in the United States (Martin 1944). In contrast to truly windborne
inoculum, aerosols can be intercepted effectively by windbreaks. Given a fog
density of 0.8 g m–3 and a windspeed of 4 m s–1, the fog interception at a for-
est edge is approximately 0.5 mm h–1, six times more than would precipitate
over grassland (Geiger 1961). Thus, hedgerows and vegetation belts on the
windward side of a field can intercept much aerosol-borne inoculum and, if
resistant species are chosen, protect susceptible species on the leeward side.

Pathogens often are transported by other organisms such as humans and
wildlife. Such vectoring is more difficult to predict and control on a landscape
scale than purely physical dispersal. Wildlife and humans can carry pathogens
over large distances and circumvent both natural and human-made barriers
such as mountain chains, vegetation buffer strips, and windbreaks. Connect-
ing forest corridors help protect wildlife (see Chapter 3, this volume), and ver-
tebrate diversity often is considered a positive indicator of ecosystem health.
However, domestic and wild animals not only can damage crops directly but
also can vector diseases in apparently intermittent patterns that defy the rules
of wind and water dispersal. Feathers and fur trap fungal spores very effec-
tively, and soil adheres to feet. For example, feral pigs disseminated Phytoph-
thora cinnamomi in Hawaii (Wallace 1978), and birds have been implicated in
the spread of blister blight (Exobasidion vexans) of tea, chestnut blight (Cry-
phonectria parasitica), citrus dieback (Deuterophoma tracheiphila; Warner and
French 1970), and coconut bud rot (Johnston 1912). If the productive agro-
forestry component experiences increased losses because of pests and diseases
transmitted by wildlife, this could discourage the conservation of forest corri-
dors unless other benefits outweigh the risks.

Whereas pathogen spread by wildlife may be an unavoidable consequence
of biodiversity-friendly landscapes, pathogen dispersal by humans often can 
be prevented by planning and education. Pereira (1996) reported spread of 
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outbreaks of the typically wind-dispersed witches’ broom fungus in cocoa
downstream along riverbanks in Bahia at a rate of 2 km per month. He attrib-
uted the atypical water-associated transport to farmers’ disposing of diseased
material in rivers. This spread could be prevented by burrowing or burning the
brooms, which entails additional farmer labor. Podger (1972) presented com-
pelling aerial photographs of jarrah (Eucalyptus spp.) dieback, caused by P. cin-
namomi, following logging roads and drainage canals in Australia (Figure
16.1). This soilborne pathogen was most effectively vectored on heavy-duty
vehicles. Therefore, in areas with known foci of an aggressive disease, road
planning and community development should consider epidemiological
aspects. This obviously entails a multidisciplinary approach to land manage-
ment.

Cross-Infection between Agroforestry Plants 
and Native Flora
The native flora in and around agroforestry areas can host numerous
pathogens that are usually overlooked for various reasons. First, diseases of
wild plants receive little attention except when the plants are subject to extrac-
tive use. Second, infections by many viruses, but also some fungi and bacte-
ria, are difficult to detect because they have long latent periods in wild hosts,
and symptoms high in tree canopies are not easily observed even if present. If
pathogens of the spontaneous flora threaten crops and agroforestry trees, this
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Figure 16.1. Aerial photograph
of an Australian jarrah forest
dominated by Eucalyptus 
marginata and Eucalyptus 
calophylla in the upper stratum
and Banksia grandis in the
understory. Medium gray
patches of granular texture are
healthy stands. Pale gray areas
of blotchy texture are affected
by dieback, caused by Phytoph-
thora cinnamomi, and follow
roads (white lines) and drainage
canals. Dark gray, densely 
matted areas are swamps and
riparian flats with field-resistant
Eucalyptus megacarpa and 
Eucalyptus patens (reproduced
from Podger 1972, with 
permission of the American
Phytopathological Society).



would discourage the conservation of natural vegetation in agroforestry land-
scapes. Similarly, if infective inoculum can build up on cultivated plants and
spread to wild plants, this would threaten the native flora and counteract con-
servation efforts. In this section, I analyze the mutual risks the cultivated and
spontaneous flora pose to each other and provide recommendations as to how
these risks can be minimized.

A large proportion of plant pathogens are highly host specific, but some
possess a wide host range. Viruses and some soilborne pathogens and nema-
todes are particularly nonspecific. Such broad host range parasites have the
ability to cross-infect between spontaneous and cultivated flora, with poten-
tially pernicious effects on either. Cross-infection is more common between
closely related species, and such associations carry a higher risk, but the selec-
tion of unrelated species for agroforestry associations is no guarantee against
disease losses. Examples of both scenarios have been compiled by Schroth et
al. (2000).

However, the most serious economic losses and ecosystem destruction are
almost invariably associated with anthropogenic disturbance such as deforesta-
tion or the introduction of exotic plants or pathogens. Clearing forest alters
habitats and thereby influences disease dynamics. For example, cucumber
mosaic virus often infects bananas in new plantings where aphid vectors have
been disturbed by destruction of a preferred wild host (Ploetz et al. 1994). If
leaving belts of natural vegetation can alleviate the negative effect of deforesta-
tion on disease dynamics, this would encourage the preservation of at least
part of the forest.

Exotic Species and Cross-Infection
Whereas major crops and their pathogens have been moved between conti-
nents for thousands of years, germplasm movement of agroforestry trees is
more recent but remains a high-risk decision (see Chapter 15, this volume).
The most damaging movement of exotic germplasm results when the host
plant is co-introduced with its pathogen from the common center of origin to
an area lacking coevolved biocontrol agents. This happened with the Califor-
nian Cupressus macrocarpa and Pinus radiata, which were first promoted in
East Africa but are no longer planted because of canker (Rhynchosphaeria
cupressi ) and needle blight (Dothistroma pini ), respectively (Boa 2000).

But even with a carefully conducted introduction with adequate quaran-
tine measures, the same historic pattern is often observed: the exotic species
performs well for years in its new habitat, but at some time a disease erupts
and escalates into a second-order epidemic, the most expansive kind, which is
typical for exotic species (Zadoks and van der Bosch 1994). Within a few years
after the introduction of Eucalyptus grandis and Eucalyptus saligna for a refor-
estation project in Suriname, these trees succumbed to a regional pathogen,
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Endothia havanensis, with devastating mortality rates of 90–100 percent
(Boerboom and Maas 1970). Cordia alliodora is a popular agroforestry tree
worldwide and faces few serious problems outside its native range in tropical
America. However, on the island of Pentecost in Vanuatu, infection by the
fungus Phellinus noxius is particularly severe. This has been attributed to dense
stands of an alternative host, Myristica fatua, in the local forest (Greaves and
McCarter 1990). Several exotic tree and fruit crops that are popular in agro-
forestry worldwide acquired pernicious diseases from symptomless or uniden-
tified forest hosts in their new habitat. Examples include South American
leafspot (Mycena citricolor) on coffee (Sequeira 1958) and Moko disease (Ral-
stonia solanacearum race 2) of banana, plantain, and bluggoe (Musa spp.) in
the Americas (Ploetz et al. 1994); Sumatra disease (Pseudomonas syzygii) of
cloves (Syzygium aromaticum) in Sumatra and Java (Lomer et al. 1992); ring
spot virus of passion fruit (Fauquet and Thouvenel 1980); and cocoa swollen-
shoot virus in West Africa, where outbreaks in cocoa plantations were most
severe near the boundary with forest reserves (Posnette et al. 1950). Thus, the
introduction of exotic germplasm harbors a substantial risk acquiring a previ-
ously unknown disease from the local forest, with a devastating economic
effect on the exotic species.

On the other hand, in some cases the introduction of exotic germplasm is
successful for many years. For example, 74,000 rubber seeds collected from a
single area in Amazonia in 1876 gave rise to all the rubber in Southeast Asia
(Dean 1987), where the high-risk speculation of cultivating this crop in vast
monocultures continues to pay off. In the 1930s, “improved” high-yielding
varieties were brought back to the Americas, where they failed because of the
South American leaf blight fungus (Microcyclus ulei), a pathogen absent from
Asia and not considered in the breeding program (Imle 1978).

The Spontaneous Flora at the Receiving End
It is a tenet of conservation that agroforestry practices do not threaten the
native flora. However, introduced pathogens can seriously affect the indige-
nous flora in ecosystems disturbed by human activity. The most spectacular
example is the fungus Phytophthora cinnamomi, a pantropical, human-vectored
pathogen of Southeast Asian origin. It is presumed to have entered a Mexican
village on mango seedlings, and within 12 years, thousands of trees in a 300-
ha mixed oak forest were dead, and nance (Brysonima crassifolia), a woody
understory species, had all but disappeared (Tainter et al. 2000). When this
pathogen was accidentally introduced to Australia, it converted an evergreen
forest into floristically impoverished and open vegetation of greatly reduced
productivity. Jarrah, which once provided 70 percent of raw materials for the
forest industry and protected watersheds, died at a rate of 12,000 ha per year
(Podger 1972). Ten years later, more than 200,000 ha had disappeared, and
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jarrah was restricted to the overstory of ridges and divides (Shea et al. 1983).
Sclerophyllous woodland and shrubland and moorland heath assemblages
were obliterated in favor of a few resistant species such as Melaleuca parviflora
and Nuytsia floribunda. No other anthropogenic disturbance, including log-
ging and fire, has had a comparably dramatic effect on speciation in Australia
(Podger 1972).

These examples indicate that international germplasm movement, even
under the theoretical assumption of effective quarantine, is a high-risk specula-
tion in the long term. Initially, exotic species often can be produced with bet-
ter results than in their native range or than native species because there are no
coevolved pathogens. However, once a disease outbreak occurs, it is often cat-
astrophic, with potentially serious repercussions for the cultivated and the
native, spontaneous flora. Therefore, the use of exotic agroforestry species
should be discouraged in favor of local species, especially in buffer zones and
other ecologically sensitive areas. When exotic germplasm is unavoidable or
introductions are already ongoing, a responsible research and development
project should not rely solely on government institutions to implement exist-
ing laws but should procure its own containment facilities where seedlings can
be observed for longer periods of time before transplanting or go through quar-
antine facilities in a third (temperate) country. The repeated introduction of
different strains of the same species increases pathogen diversity and thus ren-
ders control more difficult, as has been shown for Sphaeropsis sapinea popula-
tions co-introduced repeatedly on Pinus radiata into South Africa (Burgess et
al. 2001). Furthermore, education efforts are needed to caution rural develop-
ers with good intentions but limited ecological knowledge about the risks asso-
ciated with introduced planting material (see also Chapter 15, this volume).

In Situ Conservation
Wild plants and their pathogens coevolve with the constant selection pressure
of disease resistance, whereas cultivated plants often are selected with little
regard to their disease susceptibility. Therefore, pathogens on wild plants tend
to be particularly aggressive, and once they succeed in jumping onto a culti-
vated species with fewer defense mechanisms, pathogen populations can
explode and lead to devastating epidemics.

Plants and their pathogens have a particularly high genetic diversity in
their center of origin because the plants constantly adapt to new, aggressive
pathogen races. Therefore, the center of origin of a crop provides a source of
dynamically evolving resistance genes. This phenomenon is best investigated
for subtropical cereals. In the Middle East, the genetic center of barley, oats,
and wheat, several rusts and mildews, which are normally highly host-specific,
infected not only the cereal host but also numerous distantly related grasses
and members of the Hyacinthaceae and Rhamnaceae in cropland and grassland
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adjacent to shrubland (Browning 1974). Because new pathogen races can also
arise on the alternative host, the cereal population is particularly challenged to
evolve new resistance mechanisms. As a result, this area is a superb source of a
variety of resistance genes in natural multiline populations. Browning (1974)
suggests that live gene pools should be established and protected for all major
crops in their center of origin. In situ conservation entails conservation of the
pathogen against which resistance is being sought (Allen et al. 1999). No com-
parable examples for agroforestry trees are documented, but it seems logical to
assume that a huge untapped potential for in situ conservation of resistance
genes also exists in forests and other natural ecosystems, and these provide
additional arguments for conservation areas (O’Neill et al. 2001). The present
narrow genetic base of selected agroforestry species is cause for concern (Boa
1998).

Extensification and Abandonment of Agricultural
Land
Both the extensification of production and the abandonment of a plantation
can lead to the uncontrolled buildup of pathogen inoculum. This probability
is higher in tropical perennial crops, which are a continuous source of inocu-
lum, and in highly diversified, low-risk production systems because the grower
is less obliged to dedicate effort to managing the crop (and diseases) if, for
instance, prices decline. An example is the abandonment of more than 50 per-
cent of the area under cocoa in Peru in response to frosty pod (Servicio
Nacional de Sanidad Agraria 2000). The causal fungus, Crinipellis roreri, can
produce up to 7 billion wind-dispersed spores over a period of 9 months on a
single pod remaining suspended in the canopy because of lack of phytosanita-
tion and can readily infect nearby trees (Evans et al. 1977). Witches’ brooms
in abandoned cocoa and cupuaçu (Theobroma grandiflorum) plantations are
another example. Where the abandonment of part of the managed land is
desired for conservation purposes (see Chapter 7, this volume) but the same
crops are produced elsewhere in the region, it may be necessary to eliminate
certain plant species from the system before abandonment to prevent them
from serving as pathogen sources. This strategy can be successful only if no
wild hosts of the pathogen exist in the adjacent forest, such as wild Stercular-
iaceae in the case of C. roreri.

Biological Control
Biological control is the practice or process whereby the undesirable effects of
an organism are reduced through the activity of another organism that is not
the host plant, the pathogen, or humans (Deacon 1983). Natural biocontrol
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prevents destructive epidemics in undisturbed environments. Currently, plant
pathologists exploit the principles of natural biocontrol to protect crops and
trees. If promising biocontrol agents are to be preserved for possible future use,
it will be important to conserve their habitats.

Exotic plants can develop into serious weeds that aggressively invade crops
or replace the indigenous flora when introduced into new habitats that lack
their natural enemies. Classic biocontrol has successfully been used to curtail
weed populations below the threshold at which they threaten the native flora,
as in the biocontrol of water hyacinth (Eichhornia crassipes) by host-specific
weevils. This aquatic weed of South American origin is now a cosmopolitan
throughout tropical wetlands (Wittenberg and Cock 2001). In classic biocon-
trol, coevolved pests or pathogens are obtained in the center of origin of the
exotic weed and released into the new habitat to restore the plant-parasite bal-
ance (Evans 1999). This strategy also entails in situ conservation of both
pathogen and host.

Many epiphytic and endophytic microorganisms contribute to natural bio-
control of plant diseases. Such natural biocontrol is particularly common in
systems with perennial plants and high microbial diversity (Allen et al. 1999).
Populations of antagonistic microbes are augmented on cultivated plants to
shift the balance in favor of the saprophyte (inundative biocontrol). Accord-
ing to Thurston (1998), fragmented landscapes with a large interface between
planted and spontaneous flora facilitate the immigration of biocontrol agents,
such as native epiphytes and endophytes, and reduce losses caused by disease.
In temperate regions, elm trees infected with the endophyte Phomopsis oblonga
are avoided by the elm bark beetle (Scolytus spp.), which transmits the deadly
Dutch elm disease (Ophiostoma ulmi; Webber 1981). Similarly, the endophyte
Lophodermium congenum excludes the pathogen Lophodermium seditiosum
from needles of Scots pines (Carroll 1988). Increasing evidence suggests that
endophytes may also protect tropical woody perennials against disease (Arnold
1999). Endophyte transmission in woody perennials usually is horizontal via
water-dispersed spores (Carroll 1988), and infection depends strongly on the
surrounding flora (Rodrigues et al. 1995). The result can be an extraordinar-
ily high degree of endophyte diversity in tropical woody perennials (Arnold et
al. 2000). Similarly, nonpathogenic epiphytes on orange leaves significantly
increased when the trees were grown downwind from plant species other than
citrus. Epiphyte populations were highest on the windward side of the orchard
and declined with distance from the other plant species (Lindow and Ander-
sen 1996). Thus, preserving natural forest around agroforestry plots can be
instrumental in biological disease control.

Whereas earlier biocontrol approaches searched for “superstrains” from a
large initial collection of isolates, recent strategies make increasing use of mix-
tures of antagonists that can cover a wider range of environmental conditions
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and diverse pathogen populations. Mixed inocula were consistently superior
in controlling banana crown rot than the best single strain (Krauss et al. 2001)
and led to the highest yield increase in cocoa afflicted simultaneously by frosty
pod, witches’ broom, and black pod (Phytophthora sp.; Krauss and Soberanis
2001). According to Boa (2000), agroforesters should aim for a high degree of
plant structural complexity (habitat diversity) and functional complexity
(trophic links and nutrient cycling) to achieve the more complex and stable
diversity needed to reduce the risk from pests and diseases rather than merely
to reduce the risk of crop failure.

Plant biodiversity may be pivotal in maintaining a high functional diver-
sity of potentially useful plant-associated microorganisms. Given the increasing
interest in coevolved pathogens, endophytes, and antagonists, conservation of
the biodiversity of host plants in their natural habitat and research into plant-
microbe interactions are gaining importance, with likely applications in agri-
culture and biotechnology.

Conclusions
Agroforestry offers a range of tools to reduce the risk of disease losses, achieve sus-
tainable production, and aid conservation. These tools must be applied wisely.
Indiscriminate use of agroforestry techniques, such as the introduction of suscep-
tible exotic tree and crop germplasm, can be highly counterproductive. In con-
trast, creating a heterogeneous agroforestry landscape consisting of a multitude of
plant species with a strong presence of woody perennials can help to limit disease
losses by slowing the spread of water- and aerosol-dispersed pathogens and pre-
venting the formation of intense infection foci of wind-dispersed pathogens,
especially if arranged in high interface configurations. Compatible plant species
must be selected carefully for this purpose so that pathogen propagules produced
on one species do not encounter alternative hosts in their vicinity. Natural forest
surrounding agroforestry plots can also lead to disease reduction by hosting nat-
urally occurring biocontrol agents and by luring virus vectors away from the crop.
However, the adjacent forest can also create a microclimate favorable for disease
development and be a source of vertebrate pests and pathogen vectors.

Abandonment of agricultural areas, for economic or conservation reasons,
can augment the inoculum of wind-dispersed pathogens and pose a threat to
surrounding farms. The dissemination of wind-dispersed propagules is not
readily curbed by agroforestry techniques such as windbreaks, and direct inter-
vention to eradicate certain susceptible crop species from abandoned areas
may be needed. However, agroforestry can help to spread risks of disease losses
in surrounding agricultural areas by producing a variety of crops that do not
share the same pathogens. Obviously, the optimum design of land use mosaics
with abandoned and productive areas takes a multidisciplinary team effort.
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The most destructive disease epidemics are the result of anthropogenic dis-
turbance of a natural ecosystem. We have to learn from mistakes committed
during the globalization of crops for centuries, such as the worldwide spread
of many cereal pathogens, to avoid repeating these errors with trees that we
started domesticating only recently. When designing agroforestry landscapes,
planners should use native species because devastating epidemics of both the
planted and the wild flora can be associated with movement of exotic
germplasm. Therefore, germplasm movement has implications for the sustain-
ability of production and conservation of native flora. If exotic species are nec-
essary or already present in the system from past introductions, utmost care
should be practiced not to co-introduce an exotic pathogen with its host (e.g.,
in follow-up importations).

There is still a need for basic ecological research into habitat-plant-microbe
interactions, particularly on the landscape scale. We need to understand
what determines whether a microorganism acts as a pathogen or a symbiont.
Our knowledge of endophytes, especially those of tropical perennials, is 
still in its infancy. Emerging evidence suggests that these microorganisms
have potential as biocontrol agents and as pharmaceuticals. Future research
should investigate how populations of beneficial microbes can be manip-
ulated for increased productivity and reduced risk of crop failure in 
agroforestry landscapes. Similarly, in situ conservation offers an underex-
plored source of resistance genes for plant breeding and of coevolved
pathogens for the biocontrol of invasive alien weeds. With a holistic
approach to the entire ecosystem, in situ conservation can add economic
value to protected areas.

Decision makers in rural development should take a holistic and multidis-
ciplinary approach to landscape planning. Disciplines apparently unrelated to
plant pathology, such as road construction and wildlife management, can have
a profound impact on disease dynamics in agroforestry landscapes and there-
fore the sustainability and acceptability of recommendations and conservation
measures.
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PA RT V

Matrix Management in Practice:
Agroforestry Tools in 

Landscape Conservation

The preceding parts of this book have reviewed the scientific basis, from both
an economic and a biological perspective, for using agroforestry as a conserva-
tion tool, to complement the protection of natural ecosystems in the tropics.
This part presents some practical examples of the use of agroforestry in con-
servation strategies in different tropical regions. It ends with a discussion of
the potential applications of agroforestry in mitigating climate change effects
on tropical biodiversity.

Chapter 17 describes the use of linear agroforestry plantings to buffer forest
edges and the establishment of agroforestry patches as stepping stones between
forest fragments in the highly deforested and fragmented Atlantic rainforest
zone of São Paulo State, Brazil. The implementation of such agroforestry-
for-conservation projects with farmers who have little tradition in forest
resource management is emphasized.

Chapter 18 focuses on farm forestry plantings in the Atherton Tablelands
of north Queensland, Australia, another humid tropical region that has suf-
fered extensive forest clearing mainly for pasture. It discusses past experiences
with farm forestry plantations and evaluates possibilities of increasing the bio-
diversity value of plantations with commercial timber species, thereby creating
synergies between private production objectives and conservation benefits in
a largely pasture-dominated landscape. The chapter also provides extensive
recommendations for tree species selection for such plantings.

Increasing agricultural productivity while improving the habitat value of
pasture areas, especially for migratory birds, is the focus of Chapter 19. This
chapter reviews different options for increasing tree cover and thus the habitat
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value of tropical pasture landscapes and then discusses a silvopastoral practice
that has spontaneously developed over large areas of Central America, with a
focus on Nicaragua. This practice is based on a native tree species, Acacia pen-
natula. This species finds favorable germination and growth conditions in pas-
tures, where local farmers retain and manage it because of the fodder value of
its pods, and increases the food basis for a diversified bird fauna that feeds on
arthropods living on the trees.

Finally, Chapter 20 reviews the potential role of agroforestry in mitigating
the effects of climate change on tropical biodiversity as a component of cli-
mate change–integrated conservation strategies. As global temperature and
moisture conditions change, plant and animal populations in remnant forest
fragments or protected areas will become increasingly vulnerable to extinction
unless they can adjust their ranges to include areas that meet their physiolog-
ical needs. Agroforestry land uses in the matrix surrounding parks and natu-
ral habitats could increase the permeability of the matrix, enabling some
species to adjust their home ranges and move into new habitats. In this man-
ner, agroforestry practices could be a valuable complement to protected areas
of sufficient size and covering a range of site conditions in long-term conser-
vation strategies under conditions of climate change.
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Chapter  17

Agroforestry Buffer Zones 
and Stepping Stones: Tools for the 

Conservation of Fragmented Landscapes
in the Brazilian Atlantic Forest

Laury Cullen Jr., Jefferson Ferreira Lima, and Tiago Pavan Beltrame

The Brazilian Atlantic Forest (Mata Atlântica) is one of the most endangered
ecosystems on the planet, at risk of wholesale destruction. When Europeans
first arrived in Brazil in the sixteenth century, the highly diverse Atlantic for-
est covered 1 million km2 of the eastern and southern coast, representing 12
percent of the Brazilian territory. These forests have been fragmented and
reduced to about 7 percent of their original area (SOS Mata Atlântica and
INPE 1993). The Mata Atlântica harbors great biological diversity, containing
nearly 7 percent of the world’s species, many of which are endemic and threat-
ened with extinction.

The Atlantic forest domain can be subdivided into two major regions
based on vegetation types and geographic features (Eiten 1974; Fonseca
1985). The first type, tropical evergreen mesophytic broadleaf forest, origi-
nally covered most of the Brazilian east slope extending to the coast. This type
is found at low to medium elevations with mean annual precipitation around
2,000 mm and mean annual temperatures of 16°–19°C (Hueck 1972). The
second major type, tropical semideciduous mesophytic broadleaf forest (Eiten
1974), extends to the western range of the coastal hills, stretching to the
Plateau region. This vegetation type originally covered large areas of the states
of Minas Gerais, Rio de Janeiro, São Paulo, and Paraná. Plateau forests (Mata
de Planalto) occur in areas of lower annual rainfall (1,000–1,500 mm) with a
pronounced dry season of 5–6 months, corresponding to the winter season,
when average monthly rainfall is around 50 mm (Passos 1992). Despite lower
precipitation, tall forests are still present, containing both evergreen and semi-
deciduous species (Eiten 1974; Alonso 1977).
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Currently, most of the remaining forest cover in the Mata Atlântica is
found on hillsides along the coast. Very little forest remains in the Plateau
region because agricultural and industrial expansion have resulted in the loss
of more than 98 percent of the forest cover (Figure 17.1). Only about 280,000
ha remains of the most fragmented and threatened ecosystem of the Atlantic
forest domain (SOS Mata Atlântica and INPE 1993; Dean 1995). Although
many of these forest remnants are small (Table 17.1), they nevertheless sup-
port a very diverse flora and fauna (Quintela 1990), including one of the most
endangered primates of the world, the black lion tamarin (Leontopithecus
chrysopygus).

Nearly all of the Plateau forests that still exist are found in the Pontal do
Paranapanema region, located in the western part of the State of São Paulo
(Figure 17.2). This region alone comprises 84 percent of the remaining Plateau
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Figure 17.1. Depletion of the Atlantic Forest in the State of São Paulo, Brazil, from
1500 to 2000. Today only 8 percent of the original forest cover remains. In the
Plateau region, 3 percent of the original forest remains, and most of the forest rem-
nants are in the Pontal do Paranapanema Region (adapted from Shafer 1990).



forest cover and is considered one of the poorest and most underdeveloped
areas of the state. The majority of these forests are privately owned; protected
reserves account for less than 1 percent of the total area of São Paulo State and
officially protect 26 percent of the remaining forest (SOS Mata Atlântica and
INPE 1993). Legislation demands that landholdings retain 20 percent of their
land under the original forest cover; however, laws protecting forest fragments
often are ineffective and beyond the enforcement capability of the state.
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Table 17.1. Size and number of protected forest
fragments in the Plateau region of the State 
of São Paulo.

Size of Forest Patch (ha) Number of Forest Patches

< 100 5
100–500 10
500–1,000 5
1,000–5,000 7
5,000–10,000 0
> 10,000 2
Total 29

Source: Viana and Tabanez (1996).

Figure 17.2. Pontal do Paranapanema Region in the State of São Paulo, Brazil. In
right lower corner is the Morro do Diabo State Park (37,000 ha), surrounded by for-
est fragments. The patches in the map are the only forest fragments larger than 500
ha that remain in the region. The darker patches are forest fragments where the
Instituto de Pesquisas Ecológicas concentrates most of its conservation activities,
including the “green hugs” and stepping-stones.



Despite regulations to preserve Atlantic Forest fragments, activities of local
people are depleting resources and accelerating environmental degradation,
mainly because of current land reform and occupation patterns. The Pontal do
Paranapanema is included in the Federal Decree 750 from 1993, which legally
defines the Atlantic Forest and regulates its uses. Decree 750 prohibits defor-
estation in all primary Atlantic Forest in Brazil, although regulations are mini-
mally enforced. Land concentration, speculation, and landlessness are the main
causes of degradation in areas where traces of Atlantic Forest remain. This land
tenure system results in the exploitation of forest remnants and threatens
remaining habitat (Cullen et al. 2000; Cullen, Bodmer, and Valledares-Padua
2001; Cullen, Bodmer, Valledares-Padua, and Morato 2001).

Since 1997, the São Paulo state government, working with landowners, has
developed a negotiation process in which the landowners donate 30–70 percent
of cleared land to members of the Landless People’s Movement (Movimento
Sem Terra) of the Pontal do Paranapanema region in exchange for official titles
to the remaining property (Cullen, Bodmer, Valledares-Padua, and Morato
2001). However, the land redistribution process lacked a comprehensive pro-
gram to provide these newly landed families with the skills and technological
assistance needed to make productive use of their small farms. Much of the
donated land is marginal and borders on sensitive forest fragments. Conse-
quently, forest edge perturbations are recognized as a main problem for the
remaining forests in the Pontal. Illegal hunting and cattle grazing in the forests,
the use of pesticides, and edge effects such as wind desiccation and invasion of
the forest borders by fire, vines, and weeds degrade the forests close to rural
communities. Over time, these impacts modify the forest structure, adversely
affecting ecological processes and causing significant losses of animal and plant
species (see also Chapter 2, this volume).

Atlantic Forest Fragments: Social and Biological
Values
Recent publications emphasize the social and biological values of forest
patches (Shafer 1995; Schelhas and Greenberg 1996; Turner and Corlett
1996; Viana and Tabanez 1996; Viana et al. 1997). Cultural and social values
of forest patches often are particularly great among indigenous and traditional
communities. Local communities that have existed for a long time near forest
patches often have livelihood systems that are closely tied to the forest. In
these cases forest fragments can be important economically, socially, and spir-
itually and are often valued, managed, and protected by local people (Jacob-
son 1995; Lyon and Horwich 1996). As Browder (1996) states, “Forest
patches can function as social spaces shaped by human uses and values, seldom
isolated and unused fragments of habitat, owing their permanence and exis-
tence to the value placed on them by local people” (288).
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However, in other cases the benefits and use options of forest patches go
unrecognized, and they are not considered socially and economically produc-
tive resources but mere physical spaces. This latter situation appears to prevail
in the case of the Mata do Planalto, especially in the Pontal do Paranapanema
region. Many forest patches exist on private land, where they are mostly
regarded as unproductive areas. The social values placed on forest patches are
small and are currently recognized mainly by private conservation institutions
engaged in environmental education and conservation training (Padua 1991,
1997). About 70 percent of farmers in the Pontal are unfamiliar with lowland
tropical forests and therefore lack traditional forest knowledge (Ferrari Leite
1998), and most have no tradition as subsistence hunters and gatherers.
Around 20 percent are people who have spent most of their lives in urban cen-
ters, facing periods of marginal jobs and unemployment.

In contrast to their low social value, Atlantic Forest patches maintain high
biological values for a variety of reasons:

• They protect regional biodiversity and provide source populations of forest
fauna and flora for recolonization of deforested and degraded areas (Ditt 2000).

• They provide ecosystem services; for example, some forest fragments are
gallery forests providing protection to riverbanks and watersheds and stabi-
lizing potentially erodible soils.

• They may increase landscape connectivity by functioning as stepping stones
for the dispersal of local organisms and provide wintering grounds for local
and long-distance migratory birds (Powell and Bjork 1995; Greenberg 1996).

• They represent the only and last remaining building blocks of these endan-
gered ecosystems that can be used for forest restoration programs.

Conservation of Rural Landscapes in the Atlantic
Forest: Two Methodological Approaches
In response to the problems caused by fragmentation, innovative conservation
strategies for highly fragmented rural landscapes, such as the Atlantic Forest,
are an urgent conservation priority (see Chapter 1, this volume). Such strate-
gies must define appropriate land uses that are both socially and ecologically
sustainable. A useful approach to the development of such land uses is adapt-
ability analysis, where farmers learn through participation in trials how best to
implement new farming options and how to adapt them to specific local con-
ditions and needs. On-farm researchers learn from these adaptation efforts how
to design future technologies aimed at similar farmers and how to better inter-
pret and extend the results of on-farm research (Hildebrand and Russel 1996).

In the following section we discuss two approaches that were specifically
designed to meet the conservation needs and current land use problems in 
the Pontal region: agroforestry buffer zones and agroforestry stepping stones. 
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Agroforestry buffer zones are linear agroforestry plantings that are strategically
located and designed to reduce the dependence of the farmers on forest
resources and at the same time reduce edge effects by surrounding primary for-
est with forested systems instead of completely open pasture or cropland (see
Chapter 2, this volume). Agroforestry stepping stones are plantings that are
intended to reduce genetic isolation of forest fragments by promoting animal
and plant dispersal between fragments (see Chapters 3 and 12, this volume).

Both approaches are used in a project focusing on one of the most impor-
tant forest fragments in the Pontal region. Located adjacent to the Ribeirão
Bonito settlement, this 350-ha forest fragment, designated as the legally stipu-
lated 20 percent forest reserve of the settlement, functions as a corridor linking
the 37,000-ha Morro do Diabo State Park to a 2,000-ha fragment, the Tucano
Forest (Figure 17.2). This corridor is critical for maintaining the Tucano frag-
ment as viable habitat and for movement of animals between the park and 
fragment. It is known to be used by three groups of peccaries (Tayassu tajacu),
three ocelots (Leopardus pardalis), and two tapirs (Tapirus terrestris). Farms of
newly settled members of the Landless People’s Movement surround this forest
corridor. Each family, averaging five people, owns approximately 18 ha of land.
Half the land is used for growing subsistence and cash crops (e.g., maize, cot-
ton, coffee, cassava, rice, and beans), and the other half is used to maintain
dairy animals. These farms do not retain any forest vegetation, which is all con-
centrated in the 20 percent legal reserve. Because of soil constraints and lack of
appropriate management practices and technical support, agricultural produc-
tion is extremely low, and the majority of families struggle to meet basic needs.

Agroforestry Buffer Zones
Very little attention has been given to the potential role agroforestry systems
might play in protecting forest fragments by serving as a buffer zone. Diversi-
fied agroforestry belts around forest fragments have only recently been consid-
ered as potential buffers for biodiversity reserves or as land bridges for frag-
mented habitats in the tropics (Wilson and Diver 1991; Gajaseni et al. 1996).
Reforestation using agroforestry can promote habitat and species conservation
and ensure community commitment to reforestation. Surrounding forest edges
with agroforestry buffers instead of open pasture or cropland can help to reduce
edge effects by creating an environment adjacent to forest fragments that is sim-
ilar to forest habitat (Cullen, Bodmer, Valledares-Padua, and Morato 2001;
Chapter 2, this volume).

The Green Hug Project (Projeto Abraço Verde, PAV) was initiated in 1997
by the Brazilian nongovernment organization Institute for Ecological Research
(Instituto de Pesquisas Ecológicas, IPÊ). With technical assistance from the proj-
ect, communities living around forest fragments work to establish an agroforestry
buffer zone on the farms bordering forest fragments, specifically at the interface
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between the open land and the forest edge. At the same time, the Green Hug
agroforestry systems are intended to raise family living standards and establish
viable alternatives for income generation. The systems are designed to sustain a
supply of firewood, timber, fruits, grains, and animal fodder to local farmers, thus
relieving the pressure to advance further into forest fragments.

A buffer zone consists of a linear agroforestry planting (40–80 m wide and
1–2 km long) at the interface between a forest fragment and the open matrix
(Figure 17.3a). In these buffer zones, trees are planted at a spacing of 3–4 m
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Figure 17.3. (a) Agroforestry buffer (40–80 m wide and 1–2 km long) implemented
at the interface between a forest fragment and the open matrix to reduce dependence
of the farmers on the forest fragment for timber and nontimber products and reduce
edge effects. (b) Native vegetation undergrowth developing under a planted agro-
forestry buffer strip of Eucalyptus intercropped with fruit trees and other multipur-
pose trees and shrubs.

A

B



within rows and 4–5 m between rows, providing 700 trees per hectare on aver-
age. In most systems, 50 percent of the trees planted are introduced Acacia
mangium and Eucalyptus spp., and the remaining 50 percent are native timber
and fruit trees (Table 17.2). Farmers also practice intercropping (maize, rice,
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Table 17.2. Major crops and trees used in plantation crop combinations
in the Pontal region of São Paulo, Brazil.a

Species used Major Uses and Functions

CROPS

Maize (Zea mays) F, A
Pigeon pea (Cajanus cajan) A, F, GM, N, SC
Cassava (Manihot esculenta) F, A, M
Sweet potato (Ipomoea batatas) F, SC
Pineapple (Ananas comosus) A, M, SC
Papaya (Carica papaya) F, A, M, FA
Cotton (Gossypium spp.) FI, O
Groundnut (Arachis hypogaea) F, M

TREES

Exotic Tree Species
Acacia (Acacia mangium) FD, FW, N, PW, SB, SC, T
Eucalyptus (Eucalyptus spp.) FW, CT, M, O, PW, SB, ST, T, FA

Native Tree Species
Angico (Anadenathera sp.) CT, FW, M, SB, SC, ST
Cedro (Cedrela fissilis) CT, FW, M, SB, SC, ST
Gurucaia (Peltophorum dubium) BF, CT, FA, FW, SC, ST
Inga (Inga laurina) BF, CT, F, FW, N, ST, T, SB, FA
Inga liso (Inga uruguensis) BF, CT, F, FW, N, ST, T, SB, FA
Jacarandá (Jacaranda cuspidifolia) Or, FA, T, ST
Ipê (Tabebuia sp.) BF, CT, FA, FW, M, OR, ST
Louro pardo (Cordia trichotoma) BF, CT, N, SB, SC, ST
Monjoleiro (Acacia polyphylla) BF, CT, SB, SC, ST
Mutambo (Guazuma ulmifolia) A, BF, FA, FI, FW, GM, M, SC, ST
Sobrasil (Columbrina glandulosa) CT, FW, SB, T
Tamboril (Enterolobium contortisiliquum) CT, FA, OR, ST, SC

Fruit Trees
Avocado (Persea americana) F, SB, FA
Cashew (Anacardium occidentale) F, SB, O, FW, ST, FA
Guava (Psidium guajava) F, FA
Macadamia (Macadamia integrifolia) F, O, SB
Mango (Mangifera indica) F, A, SB, FA
Nectarine (Prunus persica) F, SB, FA, ST
Orange (Citrus sinensis) F, SB, FA
Tamarind (Tamarindus indica) F, A, SC, FA, FW, T, SB

Abbreviations: A, animal feed; BF, bee forage; CT, construction timber; F, food (human con-
sumption); FA, fauna use; FI, fiber; FW, fuelwood; G, gum; GM, green manure; M, medicine;
N, nitrogen-fixing ability; O, oil; OR, ornamental; PC, pest control; PW, pulpwood; SB, shel-
terbelts; SC, soil conservation; ST, shade tree (over plantation crops); T, timber.



and beans) between the tree rows in the first years after planting. Observations
suggest that, if established on degraded sites along the forest edge, these buffer
zone plantations can act as catalysts for recolonization by the native flora
through their influence on microclimate, soil fertility, suppression of domi-
nant grasses (e.g., Panicum, Imperata), and habitat for seed-dispersing wildlife
(Figure 17.3b). These effects are presently being studied in experimental plots
within the Green Hug plantations.

In summary, the overall premise of the project approach is that by produc-
ing a regular supply of forest products such as firewood, timber, fruits, and
fodder from the agroforestry buffer zones, while protecting forest edges, peo-
ple will be able to live adjacent to forest fragments without incurring further
loss of forest area or biodiversity.

Agroforestry Stepping Stones
Restoring ecological connectivity through private smallholdings between pro-
tected areas may be critical to ecoregional conservation efforts. One possible
way to help mitigate the effects of fragmentation is to create continuous cor-
ridors between fragments (see Chapter 3, this volume). Stepping stones con-
sisting of small agroforestry parcels that increase connectivity between forest
fragments but are not necessarily connected to the forests can also contribute
to the genetic flux of many species by allowing animal and plant dispersal to
occur (see Chapter 12, this volume). Stepping stones allow the mixing of pop-
ulations and the sharing of genes, thereby reducing problems of inbreeding
depression and demographic and genetic stochasticity in fragmented popula-
tions (Gerlach and Musolf 2000; see Chapter 2, this volume).

In the last 3 years, 65 stepping stones of approximately 1 ha each have been
created by the project to connect several of the forest fragments. stepping
stones consist of homegardens and other agroforestry plantings such as small
groups of trees, with an emphasis on flowering and fruiting trees in an essen-
tially linear arrangement between the much larger fragments (Figure 17.4).
The corridors enrich the local matrix dominated by completely deforested pas-
ture land, enhancing local biodiversity and facilitating the movement of
organisms between forest fragments. Individuals dispersing from the Morro
do Diabo Park could also help to replenish the populations located in the
smaller fragments. The use of the stepping stones by birds and bats is being
monitored.

For certain groups, edge habitat provided by corridors and stepping stones
could also serve as permanent habitat; for example, most butterflies are
attracted to edge habitat because of the dominance of flowering plants with
abundant nectar (Haddad 2000). Butterfly taxonomy and diversity have been
well studied and described in the Morro do Diabo State Park. Of 426 butter-
fly species found in the park, 160 are common, and 134 of those species are

17. Agroforestry Buffer Zones and Stepping Stones 423



specialists in disturbed areas of primary forest (Mielke and Casagrande 1997).
These insects are highly vagile and conspicuous and disperse freely across small
(100- to 300-m) gaps. By providing edge habitat, stepping stones may aug-
ment insect abundance and diversity, both locally and regionally. The
charisma of butterflies makes them an important icon to advocate conserva-
tion.

Finally, we are only beginning to fathom the long-term effects on migra-
tory bats, birds, and butterflies of having fewer nectar plants to forage and
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Figure 17.4. (a) A typical scenario in the Pontal do Paranapanema region, where
large and totally deforested pasture lands dominate the landscape. (b) After the
introduction of agroforestry stepping stones, consisting of small patches of trees with
an emphasis on flowering and fruiting species, the matrix becomes less hostile to for-
est organisms, and connectivity between forest fragments increases.
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fewer safe roost sites available as stopovers in largely deforested areas (Buch-
mann and Nabhan 1997). News of declining birds and bees does not make
many farmers happy, let alone those who grow a variety of crops that benefit
from—and in some cases need—cross-pollination for high yields.

Community Involvement and Implementation
Because of the level of community support that has been built over the 4 years
in which the project has operated, both project approaches have accomplished
a great deal in this region. To date, 37 families, self-organized in small groups,
are involved in every stage of the project, from training and extension to proj-
ect planning, implementation, monitoring, and evaluation. Initial training
and agroforestry extension are provided by short courses in which community
members learn and experience the various benefits of agroforestry systems.
Slides and video presentations show how agroforestry systems can improve
microclimate (e.g., wind protection by shelterbelts), enhance nutrient cycling,
and increase soil fertility and soil conservation. Benefits such as reduced pest
and disease pressure and weed control are also discussed.

Farmers may reject agroforestry innovations because learning new tech-
nologies may be difficult, and positive results do not occur without some trial
and error (Hildebrand and Russel 1996). Therefore, selection and design of
agroforestry practices around forest fragments must be discussed carefully with
each farmer. The goal is to plan with the farmers and not for the farmers.
Through participatory diagnosis and design (Raintree 1990), collaborating
farmers and researchers learn how best to implement new cropping options
and how to modify and adapt them to specific local conditions to maximize
benefits. It is important to note that only about 10–15 percent of the total
land area belonging to a farmer is considered for agroforestry systems. How-
ever, the remaining farmed area, usually under subsistence and cash crops or
dairy production, is likely to receive direct and indirect benefits from the agro-
forestry zone, such as soil conservation and wind protection.

Although no standard agroforestry prescriptions are imposed on the farm-
ers, some general agroforestry practices are suggested. The farmers are then free
to develop and adapt these practices to their own preferences and needs. Gen-
eral guidelines sometimes are necessary to direct each farmer during the design
and implementation process, especially because the majority of small landhold-
ers have little experience with agroforestry practices. The following two agro-
forestry practices are likely to meet the conservation needs of the region as well
as the farmers’ preferences; that is, they have promise for enhancing agriculture
and livestock production while protecting and conserving forest fragments:

• Plantation crop combinations: In heavily populated areas, farmers usually
integrate annual crops and animal production with perennial crops, primarily
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to meet food needs. A list of crops grown in the region and those with
potential for use in plantation crop combinations is presented in Table 17.2.
The table also lists native and exotic trees suitable for agroforestry combina-
tions that have potential for improving soil conditions and buffering forest
edges. Although a large number of other trees and crops are available and
have potential in agroforestry systems, the list presents only those most
likely to perform well under local soil and climate conditions.

• Silvopastoral systems: In these systems, livestock graze on herbaceous plants
grown under the shade of trees that are planted to provide shade to livestock,
promote grass growth, and provide fodder or other products while shelter-
ing forest edges (Payne 1985). For example, livestock may graze under Euca-
lyptus and Acacia plantations that specifically serve for timber and firewood
production and land restoration. Silvopastoral systems have been widely
used in temperate regions, and some combinations have shown great poten-
tial for use in the tropics (Payne 1985; Oliveira et al. 1986; Lima 1996).

Some alien species, including several Acacia and Eucalyptus species, may
become invaders of natural and seminatural ecosystems (see Chapter 15, this
volume); however, Acacia and Eucalyptus spp. have been widely planted for
decades in the Pontal region but have not invaded forests or open landscapes.
Because of the extremely high demand for timber and firewood in the region,
these species have been kept in check by human harvest. Our observations also
suggest that these species are shade intolerant and unlikely to germinate and
grow in the dense, shaded understory of the forest fragments.

Community Promoters and Agroforestry
Nurseries
The project carries out training courses and establishes community-based agro-
forestry nurseries in biologically important areas to supply the agroforestry
plots. So far, the experience of agroforestry training courses has reached approx-
imately 400 families settled on more than 12,000 ha of land. Educational pro-
grams and extension visits are conducted throughout the region.

Project staff found that an excellent way to enhance participation in agro-
forestry programs was to hire a member of each community as a liaison
between the community and project staff. Called promoters, these people are
chosen for their leadership skills and ability to organize and motivate others.
All promoters are long-standing community members with strong service
records. Promoters attend monthly meetings with project staff and are respon-
sible for informing the community about project goals and activities. They
also serve as information sources in the community, answering questions and
dispelling misconceptions as needed.

With the assistance of promoters and the enthusiasm of community mem-
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bers, the project has successfully established 17 community agroforestry nurs-
eries as sources of planting stock for use in buffer zones and stepping stones.
It provides technical assistance and training in the construction and manage-
ment of nurseries. In return, community members agree to plant at least 60
percent of their allotted tree seedlings in the project area; the remaining 40
percent can be used in other parts of the farm or sold in the local market.

Agroforestry has received much attention in the Pontal region as a prom-
ising form of sustainable land use that is adaptable to the needs of small-scale
producers. The project hopes to develop and promote a local culture of agro-
forestry that relies on on-farm demonstration to convince farmers to partici-
pate in the program. Effective programs can begin by encouraging villagers to
establish simple demonstration plots or experiments and to evaluate and share
their results with others. Although they are in the early stages of development,
these landscape conservation approaches already serve as examples of the eco-
logical, social, and economic benefits of agroforestry.

Lessons Learned
According to the experiences of this project, the following elements are impor-
tant in applying similar approaches in other regions facing similar challenges:

• Establish trust before initiating the process to ensure positive communica-
tion between all participants.

• Understand the needs of participants; be contextual.
• Keep it simple and flexible.

The issue of trust is an important element to many policy problems. Without
trust, participants often are suspicious of others’ actions and may be apprehensive
about completely participating in the decision process. Prior environmental edu-
cation programs in the community and collaboration with large landowners in
ecological studies increased the visibility of the program in the communities and
helped establish a high level of trust. Involving potential participants in less 
controversial activities can build trust and respect among all parties, which is
especially important when participants’ well-being and wealth are affected. The
agroforestry buffers and stepping stones caused little controversy because they
affected only a limited part of the farmers’ land area, and the project helped in
their implementation by providing tree seedlings and preparing the soil.

The next step requires understanding participants’ needs. Community
members will continue to participate only if the program meets their goals and
addresses issues they believe are important. Once agroforestry was selected as
the backbone of the program, further discussion was needed to understand
which techniques would work best for the farmers (Cullen, Bodmer, Val-
laderas-Padua, and Morato 2001). By listening to the needs of the farmers,
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IPÊ was able to introduce agroforestry techniques that were straightforward
and provided quick returns.

Finally, it is important to keep the model simple and flexible so that farm-
ers’ suggestions can be incorporated easily. By starting small, a program can
address problems as they develop. For example, the Green Hug Project started
with 15 families and has grown to more than 30. We incorporated all families
of the Landless People’s Movement and large landowners into the decision
process but selected a single forest fragment for the initial module. The proj-
ect continues to grow, and more nurseries are being built to accommodate
more farms and forest fragments. New techniques are disseminated quickly
through the community advocate program.

Conclusions
Remaining forest fragments in the Plateau region of the State of São Paulo are
sad reminders of the once widespread Atlantic Forest. Protecting these fragments
is the only way to ensure the survival of many forest species and the long-term
conservation of the ecosystem. In an approach that combines recent results from
conservation biology and sustainable land use methods, the project described in
this chapter attempts to introduce innovative management schemes into the
Atlantic Forest region that could help to create a more secure future for both
farmer communities and remaining natural ecosystems. Although the project is
still young and no definite conclusions can be drawn, its overall approach seems
to hold promise for other highly fragmented tropical landscapes also.
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Chapter  18

Agroforestry and Biodiversity:
Improving Conservation Outcomes 
in Tropical Northeastern Australia

Nigel I. J. Tucker, Grant Wardell-Johnson, 
Carla P. Catterall, and John Kanowski

The spatial and temporal distribution of biodiversity in tropical ecosystems is
in stark contrast to the agricultural and forestry monocultures that often
replace them. For example, Australia’s tropical forests show local heterogene-
ity in composition and structure, associated with variation in physical condi-
tions such as moisture, elevation, topography, and soil fertility, and support
many taxa, including many primitive angiosperms, considered relicts of the
ancient Gondwanan rainforests (Tracey 1982; Adam 1992).

Although Australia is a wealthy and educated nation, its tropical forests
have fared only marginally better than those of many poorer countries, having
been extensively fragmented over the 200-year period of European settlement.
Closed forests (i.e., rainforests) and their associated sclerophyll forests have
been subjected to especially high rates of clearing on the coastal plain and
upland plateaus. Intact closed forest cover is now largely limited to mangroves
and rainforests growing on steep mountain ranges. As a result of clearing,
around 42 percent of the plant communities recognized in the wet tropics
bioregion are classified as “endangered” (less than 10 percent of original
extent) or “of concern” (10–30 percent of original extent; Goosem et al.
1999). Conversion of native forests for agriculture still continues in the region
but is now controlled by state legislation (Vegetation Management Act of
1999), which regulates clearing of “endangered” and “of concern” ecosystems
through a permit system.

In northeastern Australia, broad-scale clearing has produced a landscape
mosaic typical of much of the world’s tropics; in the wet tropics bioregion
there may be up to 10,000 fragments of various sizes (Crome and Bentrupper-
baumer 1993), embedded in a landscape matrix of agriculture and expanding
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urban settlements. The region’s protected area network features the 900,000-
ha Wet Tropics World Heritage Area (WTWHA) and a number of parks and
crown reserves that are outside the WTWHA boundary. Many of these
reserves, and some parts of the WTWHA, were gazetted for a single feature
(e.g., lakes, feature trees, volcanic craters, and waterfalls), and the forests sur-
rounding these features often were clearcut, leaving many of the parks,
reserves, and fragments that are situated on private land isolated in a sea of
pasture. Isolated fragments have lost many of their more specialized fauna
(Pahl et al. 1988; Laurance 1990, 1991) and are at risk of losing a significant
proportion of their species over the longer term as a consequence of reductions
in population size, increased barriers to dispersal, and the influence of hostile
forces from the surrounding landscape (Lamb et al. 1997; see also Chapter 2,
this volume). Consequently, we argue that strategies to improve or maintain
tree cover on private land are a crucial plank in a regional biodiversity conser-
vation strategy.

Adoption of farm forestry as a land use by private landholders is a promis-
ing means of increasing tree cover in fragmented tropical landscapes, includ-
ing those of northeastern Queensland. The resulting areas of forested land
may contribute to biodiversity conservation goals in a variety of ways. First,
they may provide habitat for indigenous flora and fauna, increasing popula-
tion numbers and reducing the chance of local or regional extirpation. Sec-
ond, they may protect or enhance the ecological capacity of the formal habi-
tat reserve network (Hobbs 1993) by providing buffer zones to ameliorate
edge effects and acting as corridors or stepping stones to increase the proba-
bility of dispersal between scattered remnants (see Chapters 2 and 3, this vol-
ume). In addition, they may be simply increasing the regional or landscape-
scale percentage of land area that is forested, which may be important in its
own right (Andrén 1994). Third, by protecting catchments and streambanks
they may enhance the habitat quality of riparian and in-stream environments
(Bunn et al. 1999) and thus contribute to the conservation of aquatic biota.

These functions may be modified by the specific manner in which a farm
forestry planting is established and managed. Various aspects of plantation
design, including the species matrix, tree spacing, and degree of suppression of
understory shrubs, are likely to exert a strong influence on the habitat value of
a forest plot (Catterall 2000). Plantations that are intensively managed for rapid
timber growth (through thinning, tree pruning, and understory suppression)
are less likely to provide suitable habitat for forest-dependent species than those
where a densely packed and diverse mix of indigenous trees and shrubs exists
(Bentley et al. 2000). Furthermore, tree felling for timber extraction sets an
ultimate limit to the long-term habitat value of an individual forest plot, 
an effect largely dependent on the style of tree harvesting (e.g., selective logging
or clearcutting) and the length of the harvesting cycle. However, over wider
areas even clearcut plantations may help sustain regional flora and fauna pop-
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ulations because there could be mosaic stability at the landscape scale, with
some part of the land area always under older plantations at a given time.

In this chapter we consider the potential contribution of farm forestry
plantings to sustaining indigenous biota in the specific context of northeast-
ern Queensland’s wet tropics. We discuss recent developments in the nature
and extent of agroforestry in the bioregion, identify opportunities and con-
straints for improving the habitat and biodiversity value of reforested plots,
present data from a case study that examines some of these issues, and describe
recommendations for improving the contribution of agroforestry to local and
regional biodiversity conservation. We do this from a broad perspective that
seeks the best possible outcome for persistence of rare and common indige-
nous species and ecological processes, at both local and regional scales, in land-
scapes that are settled for productive use by humans. This includes the
acknowledgment that the formal conservation reserve system is not capable of
conserving the region’s biodiversity in the long term and that there may be
trade-offs between productive use and habitat retention and recreation that
allow off-reserve forests to prevent or mitigate further losses.

Forestry and Agroforestry Development 
in Australia’s Wet Tropics
In northeastern Queensland, timber plantations were established by state for-
est agencies on crown holdings by the 1930s. State-owned plantations were
made up mostly of the exotic Caribbean pine (Pinus caribaea var. hondurensis)
and the native conifer hoop pine (Araucaria cunninghamii ), although some
other local cabinet timbers were also trialed, including red cedar (Toona cili-
ata), Queensland maple (Flindersia brayleyana), and Queensland kauri
(Agathis robusta). However, until recently there was very little encouragement
for the development of plantations on private land or farm forestry because of
the near total reliance on rainforest logging, inflated estimates of the yield
from managed forests, and extensive forest clearing for agriculture that pro-
duced low-cost timber. Future timber supplies in the region generally were
seen as coming from the residual managed natural forests.

By the 1970s, however, signs of land degradation on cleared land were
obvious and the role of trees on farms was publicly promoted, although there
was little adoption by farmers (Gilmour and Riley 1970). Small stands of
hoop pine were established on dairy farms on the southeastern Atherton
Tableland, although these were largely unmanaged and planted in windbreak
configurations. This was followed by 1- to 2-ha plantings of Caribbean pine
in the 1960s through the 1980s, but these plots were also largely unmanaged,
and no market currently exists for these farm-grown logs, damaging local
landholder perceptions of farm forestry (Herbohn et al. 2000). Kent and
Tanzer (1983a, 1983b) identified more than 30,000 ha of freehold land on the
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cleared uplands of the Atherton Tablelands as unsuitable for intensive agricul-
ture and well suited to timber production, showing that potential existed for
development of farm forestry.

In the 1980s public awareness of environmental issues grew rapidly in Aus-
tralia, largely among urban populations in response to issues such as the
damming of the Franklin River in Tasmania and logging and road building in
the wet tropics of northeastern Queensland. With this increased environmen-
tal awareness came a desire by many city residents to reestablish themselves in
rural areas for lifestyle reasons, bringing about a shift in attitudes toward natural
resource management in some rural areas. Many of the new settlers purchased
small holdings of 2–4 ha that had previously been dairy or beef properties or
purchased entire farms in depressed rural property markets. A clear manifes-
tation of the attitudinal shift under way was an interest by such new rural
landholders in tree planting for reasons other than timber production.

Increased awareness of conservation issues, including many high-profile
antilogging campaigns, led to a large upswing of interest in tree planting for a
range of reasons including land restoration, catchment protection, wildlife
habitat, windbreaks and shelterbelts, improving land values, and aesthetic rea-
sons (Tracey 1986). Evidence of this interest is shown in the growth of mem-
bership in community nature conservation groups with a focus on ecological
restoration projects. For example, membership of the community tree-planting
group Trees for the Evelyn and Atherton Tablelands Inc. (TREAT) rose from
30 landholders in 1984 to more than 600 by 1990 before stabilizing at 500 
by the mid-1990s. The growth of community interest in plantings for bio-
diversity was in contrast to the decline of the local logging industry, increas-
ingly curtailed by a dwindling allocation of logs from the managed forest
estate.

Because of this decline, the lack of cleared government land for planta-
tions, and a lack of investment interest by industrial forestry groups, federal
and state governments throughout Australia began an active promotion of
farm forestry initiatives including, for the first time, heavily subsidized
schemes to maximize landholder participation. In 1988 the WTWHA was
declared, and there was a subsequent ban on logging in the area’s tropical
forests. This was accompanied by a government-funded structural adjustment
package aimed at providing alternative forest-related employment for workers
who had lost their source of income when logging ceased.

Arising from the structural adjustment package that followed the logging
ban was the Community Rainforest Reforestation Program (CRRP), which
commenced in 1992. The main objectives of this scheme were to establish
mixed-species farm forestry plantations on private land for timber production
and the amelioration of land degradation and to provide training and employ-
ment opportunities (QDPI Forest Service 1994; Lamb et al. 1997). This pro-
gram was one of the first attempts by governments to meet such a broad range
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of objectives, albeit with a primary focus on farm forestry. This approach was
adopted partly to attract landholders with interests in tree planting for reasons
other than timber production, planting around 2,000 ha, representing 0.1
percent of the wet tropics bioregion. The majority of the plantations are small
(1–2 ha) and have relied on a narrow species pool, based on Eucalyptus,
Flindersia, and Araucaria (Lamb et al. 1997; Catterall 2000). Tree spacing typ-
ically was around 3–4 m (ca. 1,000 stems per hectare), denser than typical
commercial plantings but sparser than biodiversity-oriented ecological restora-
tion plantings, where trees typically are spaced 1.5–2 m apart (see Table 18.1).
The wider spacing of the CRRP plantations reduces the likelihood of compe-
tition but greatly increases the time taken for canopy closure, resulting in a
greater maintenance effort to reduce weed competition. Although many land-
holders fully embraced the CRRP program and accepted their role in planta-
tion maintenance, others did not, and many plots experienced mortality and
subsequent weed invasion. CRRP records indicate that by 1998 (10–12 years
after establishment), at least 15 percent of plantations had failed because of
poor maintenance and cattle damage (Vize and Creighton 2001). The CRRP
program has been discontinued.

Despite the many reports of successful plant establishment, this program
appears to have met with only moderate success in achieving good outcomes
for biodiversity, an outcome common to many farm forestry projects in the
tropics (Haggar et al. 1997). This is unfortunate because the many local land-
holders planting trees appear to be doing so with biodiversity as a key focus
(Herbohn et al. 2000). Aspects of the CRRP that limit their value to biodiver-
sity are discussed later in this chapter.

Opportunities and Constraints for Improving the
Habitat and Biodiversity Values of Farm Forestry
in North Queensland

As yet, there are no scientific assessments of the extent to which multipurpose
tropical cabinet timber plantations whose species mix, plant spacing, and
maintenance regime were designed with timber production as a major goal are
also effective in meeting biodiversity outcomes. The lack of an effective
research program and subsequent extension of this research have been previ-
ously identified as impediments to the broad-scale adoption of farm forestry
in tropical Queensland for any goal (Vize and Creighton 2001). Nevertheless,
we argue that the value of farm forestry for biodiversity depends on a range of
factors, including those related to the initial establishment success of the plots,
which determine their value as habitat or dispersal corridors for indigenous
plants and animals. Here we consider the limitations of the biodiversity values
of CRRP farm forestry plantings.
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Species Selection

Although about 200 species were trialed in the CRRP, most trees planted
were of three Eucalyptus species, two species in the Araucariaceae, and smaller
numbers of three Flindersia species. Of the 16 main species planted by the
CRRP, 6 are exotic, and with the exception of one fleshy-fruited species
(Elaeocarpus angustifolius), the remainder are wind dispersed. The use of
species with dry, dehiscent fruits from a narrow range of taxa would limit the
resource utility of these plots to frugivorous (and hence seed-dispersing) ver-
tebrate wildlife and therefore may reduce their ability to recruit seedling
immigrants of other native rainforest species. Although any tall tree can pro-
vide a perch and act as a focus for recruitment (Aide and Cavelier 1994),
fruiting trees are likely to be used more often by frugivorous species. Further-
more, although the thin crowns of Eucalyptus spp. favor grass retention and
allow grazing to continue (as desired by some landholders), in ungrazed plots
the thin crowns transmit light levels that favor ground-level dominance by
woody weeds.

In addition to the narrow range of species used in the majority of plant-
ings, species selection was not optimal from a conservation perspective. For
example, when native species were used, trees were not always from local
provenances, or they were planted outside their normal range or ecological sit-
uation, and some exotics were used, including species with known weed
potential. Examples include the use of lowland riparian species on upland
basalts, establishment of blackwood (Acacia melanoxylon) sourced from tem-
perate Tasmanian provenances rather than local genotypes, and planting of the
exotic East Indian mahogany (Chukrasia velutina), now spreading in planta-
tions in the Gadgarra State Forest and showing similar weed potential in other
areas.

Plot Location
To a large extent, land management agencies and groups involved in tree
planting on private lands, such as the CRRP, are bound by landholder wishes
when choosing areas to establish plots. This often means that projects are not
established in areas where native tree cover is most urgently needed, including
areas where clearing has reduced plant community distribution to “endan-
gered” or “of concern” status, or areas where interfragment distance is large, so
in many areas a homogenous agricultural landscape remains. In north
Queensland’s wet tropics, much of the coastal plain and upland plateaus are
occupied by agriculture, yet these landholders are generally less aware of bio-
diversity issues, and the natural ecosystems are especially diverse but greatly
reduced in area.
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Plot Design and Management

In many CRRP plantings there was insufficient consideration of plot design
features and the siting of species in different zones of the plantation, for
example, based around species performance in other tree-planting projects.
Rigorous design would include consideration of the growth rates, spacings
and configurations of species in rows, crown architecture, and attributes such
as windbreak utility, frost tolerance, and attractiveness to local wildlife. For
example, hoop pine is a light-demanding species that has excellent windbreak
qualities. It has the ability to protect species in the plantation interior and
grow well on the exposed margin, but it has been largely underused in this
role in the CRRP plots. Blue quandong (Elaeocarpus angustifolius) is a high-
value wildlife species that grows much more quickly in a mixed-species, 
high-density planting than as a monoculture in widely spaced grazing regimes,
where it has sometimes been established. In contrast, some high-value species
such as silky oak (various species of the family Proteaceae), walnut (Beil-
schmiedia spp., Endiandra spp.), and tulip oak (Argyrodendron spp.) are likely
to perform best in areas with minimal edge effects, toward the interior of the
plantation.

Furthermore, most CRRP plots were established in linear configurations
and were very small, maximizing edge effects and minimizing the develop-
ment of a zone of interior forest habitat. Many tropical plant and animal
species are intolerant of edge effects, so linear plots are likely to provide sub-
optimal habitats for these species. The extensive edge of linear plantings is also
favorable to many weeds. Although some woody weeds may hasten local rain-
forest succession by outcompeting the exotic pasture grasses, the majority of
weeds are undesirable, and their persistence is likely to be favored by edge-
affected habitats. It does not follow that all farm forestry plots are likely to
exclude all weeds; rather, the establishment of tree cover is likely to alter the
structure and competitive effect of the weed community away from woody
shrubs toward soft herbs and vines.

Although most farm forestry plots are still very young (less than 20 years),
it is evident that the understory is heavily managed in grazed and nongrazed
plantings. Habitat features such as fallen branches and other woody debris
and regenerating shrubs, vines, and trees are generally absent in these devel-
oping systems. Standing dead trees, logs, old fenceposts, and other debris
often are present on sites before planting and provide valuable niche features
for a range of organisms, vertebrate and nonvertebrate, but are usually
removed when the site is planted (Grove and Tucker 2000). Removal of these
features when preparing sites for replanting reduces the area’s potential to
offer a more diverse range of food and cover resources to a wide range of
organisms.

18. Agroforestry and Biodiversity 437



Case Study: Agroforestry on the Atherton
Tablelands
This case study has been included to illustrate the biodiversity benefits of dif-
ferent styles of reforestation on the Atherton Tablelands in north Queensland.
Reforestation in this case includes three intervention techniques—ecological
restoration, agroforestry, and commercial plantations—and natural regrowth
as a passive, noninterventionist technique. Information relating to numbers of
species used, stem density, management, and costs of the intervention tech-
niques discussed in this case study is listed in Table 18.1.

The Atherton Tablelands are an upland plateau of varying topography with
moderate- to high-fertility soils of volcanic origin. The area was extensively
cleared for dairy pasture from the early 1900s. Clearing was nonrandom, and
reserve selection often was based on scenic appeal only, resulting in a patch-
work of fragments generally isolated within extensive pasture. With the
decline of the dairy industry from the 1960s onward, some cleared land
reverted to regrowth, particularly on steeper slopes and creek lines. However,
despite this regrowth and the extensive tree planting that has occurred over the
past 20 years, the area remains highly fragmented.

The Cooperative Research Centre for Tropical Rainforest Ecology and
Management (Rainforest CRC) is a joint federal and state government initia-
tive that brings together researchers from universities and land management
agencies, initiating and coordinating research into aspects of forest conserva-
tion and management. Researchers under the auspices of the Rainforest CRC
established the case study described in this section.

The primary question addressed in this case study was, “To what extent
have sites supporting the four different styles of reforestation recovered the
integrity of their plant assemblages?” To examine this question, 50 quadrats
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Table 18.1. Reforestation techniques used in this case study.

Average Number Stem Density 
Technique of Species per Plot per Hectare Management Cost per Hectare

Farm forestry 10 (native and 400–1,700 12–18 mo of weed $5,000–$10,000
(CRRP)a exotic) exclusion around 

stems (herbicide) 
Ecological 50 (local native 3,000 18–24 mo of total $15,000–$20,000

restoration spp.) weed exclusion 
(herbicide)

Commercial 1 (native) 600–1,000 (thinned 12 mo of exclusion $3,000
plantationsb to 400 stems per around stems 

hectare at harvest; (herbicide), pruning, 
50 years) and thinning at 28 yr

aAfter Erskine (2002).
bAfter Keenan et al. (1997).



were established on sites representing a range of land cover types on basalt-
derived soils on the Atherton Tablelands. All sites were at least 2 ha in area
(most were 4 ha) and at least 5 years old. Sites were selected in seven broad
categories ranging from grazed pasture to mature rainforest. They included
high-density restoration plantings, usually of a wide range of local rainforest
species (ecological plantings [E], 10 sites), mixed-species farm forestry plant-
ings (CRRP plantings [C], 5 sites), and commercial monoculture timber plan-
tations. The commercial plantations included 15 sites, 5 of which were classed
as young plantations (YP), being equivalent in age to the C and E sites (5–15
years). All young plantations were of hoop pine with differing management
histories. Ten old plantation sites (OP) were selected, including monocultures
of three locally indigenous species: Queensland kauri, red cedar, and hoop
pine. These sites were aged 38–70 years. In the study, we also included 10 for-
est reference sites (F), 5 pasture sites (P), and 5 areas supporting natural regen-
eration, principally along riparian zones that had developed after reduction or
cessation of cattle grazing (regrowth sites [R]). Here we consider floristic pat-
terns associated with 48 of these sites (data were not available for one R and
one C site).1

Figure 18.1 demonstrates the effect of time and planting style (i.e., the diver-
sity of planted species, spacing, and management) on the plant assemblages of
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Figure 18.1. Two-dimensional ordination (SSH-MDS, Stress = 0.158) and mini-
mum spanning tree for 48 sites with a range of land cover types on basalt-derived
soils on the Atherton Tablelands, northeast Queensland. Analysis is based on floristic
composition (presence or absence) of all vascular plant species occurring in more
than two quadrats (265 species). Predefined groupings of the seven land cover types
are shown symbolically: rainforest reference sites, open square; old plantations,
closed square; regrowth sites, open triangle; pasture, closed triangle; young planta-
tions, half closed triangle; ecological restorations, closed circle; CRRP plantings,
open circle.



reforested sites. After 15 years, the plant assemblages of ecological restoration
plantings had moved substantially toward the “forest” state, whereas farm
forestry and other plantations remained more similar to pasture sites. Old
plantation and forest sites were most similar to each other and most different
from other land cover types, as portrayed in cluster analysis, ordination, and
network analysis. Colonization by local rainforest species has taken place in
almost all the old plantation monoculture sites examined in this study, despite
wide variation in management history, undoubtedly because of a range of fac-
tors including the proximity of native forest to all the old plantations and the
likely persistence of a soil seed bank and rootstock of rainforest plants through
the clearing and establishment phase.

A pattern similar to that observed in ordination can be discerned based
on cluster analysis (Figure 18.2). Broadly speaking, forest reference sites and
old plantation sites are very similar floristically. Pasture sites and young
plantation sites also form a broad group, very distinct from the old planta-
tion and reference sites. A third group between these two includes the
regrowth, ecological restoration, and CRRP sites. At a finer level, the eco-
logical plantings more closely resemble the reference sites than do the CRRP
plantings.

Even at this finer seven-group scale, most groups differed significantly (p <
.05) from one another based on their plant assemblages. The exception was
the grassy OP site, the group that consisted of a single site (OP1), which was
not significantly different from any other group. Similarly, all seven predefined
groups differed (p < .05) from one another. Thus, even though the old com-
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Figure 18.2. Groupings of the 48 sites shown in Figure 18.1 through cluster analysis
(UPGMA, Czechanowski Metric, B = –0.1) showing membership of Site Groups
1–7 by land cover type. Land cover types are 5 pastures (P), 4 CRRP plantings (C),
4 regrowth sites (R), 10 ecological restorations (E), 10 old plantations (OP), 5 young
plantations (YP), and 10 rainforest reference (F) sites.
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mercial timber plantations overlapped with the rainforest reference sites in the
ordination plot (Figure 18.1) and grouped together in the cluster analysis (Fig-
ure 18.2), the ANOSIM (Analysis of Similarity) test showed that they differed
significantly in their plant species assemblages. In the plantations, few species
other than the planted species occur in the upper third of the canopy, whereas
the canopy of mature rainforest includes a large array of species. This may also
lead to differences in the assemblages of other organisms affected by canopy
structure and diversity. Studies are under way to examine the use of reforested
sites by a range of wildlife and to test how well floristic data correlate with data
on other taxa.

Other components of biodiversity and several ecosystem processes are also
under study at these sites, including avifauna, reptile, and invertebrate assem-
blages, decomposition rates, and seed predation. Our preliminary analysis of
these parameters has revealed that different components of the ecosystem do
not necessarily respond in the same manner or at the same rates to reforesta-
tion and also show some differences in response to various planting styles
(Proctor et al. 2003). However, the farm forestry sites generally were less sim-
ilar to the forest reference sites than were the ecological restoration sites at
5–10 years of age. Environmental features of farm forestry plots that may be
associated with this difference include a more open canopy and less complex
structure, lower plant diversity, and the relative rarity of certain habitat fea-
tures such as vines, epiphytes, woody debris, and fleshy fruits, all characteris-
tics of rainforest (see Kanowski at al. 2003 for a comparison based on struc-
ture of different reforestation types). Paradoxically, landholder motivation for
establishing these plots was driven at least partly by concerns for environmen-
tal protection rather than commercial returns. This suggests that a number of
the limitations identified here must be addressed if a farm forestry ethic is to
be nurtured and developed in the region.

Recommendations for Improving the Contribution
of Agroforestry to Local and Regional Biodiversity
Conservation in North Queensland

Since the late 1990s, commercial farm forestry in tropical Australia appears
not to have expanded significantly, whereas ecological restoration initiatives
such as the TREAT program continue to flourish. This is despite the availabil-
ity of a number of government-funded programs to promote the full array of
tree-planting approaches, including farm forestry (Herbohn et al. 2000). Lack
of local interest in farm forestry has been attributed to a range of factors,
including landholder resistance to establishing plantations with no prospect of
economic returns for 20–30 years, uncertainty over future harvesting rights,
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and landholder or institutional perceptions that farm forestry is a poor use of
productive agricultural lands for which other crops are far better suited
(Emtage et al. 2001). In short, this can be described as lack of a farm forestry
ethic or culture (Herbohn et al. 2000).

However, the CRRP program has clearly shown that many landholders
are interested in timber production and establishing trees for environmental
purposes. This suggests that revising farm forestry policy to achieve better
conservation outcomes for local and regional biodiversity and articulating
this revision to landholders may improve the adoption and success of farm
forestry in tropical Australia. We suggest that a blend of farm forestry and
ecological restoration techniques is appropriate for this region and assert that
restoration forestry has a greater potential for adoption by landholders and
will improve landscape biodiversity values at a range of spatial scales. In this
context restoration forestry can be described as the establishment, in unpro-
ductive areas, of mixed indigenous species with attributes that promote bio-
diversity preservation and provide a future source of additional property
income.

A number of actions can be taken to improve biodiversity conservation
outcomes of local farm forestry plots. These include planting of trees that are
used by wildlife, planting of local endemics, better matching of species to sites,
conservation plantings among timber plantations, and better location, design,
and management of plots. There are likely to be some disadvantages to pro-
duction from some of these actions, and the extent to which landholders are
prepared to accept trade-off options will determine the degree of integration
into standard farm forestry practice. The degree of uptake in trade-off situa-
tions varies depending on landholder attitude and the ability of extension staff
to inform landholders of the options.

Use of Trees Valuable to Wildlife in Plantations
Increasing the range and choice of species planted would significantly
improve the value of these plots to wildlife, particularly the frugivorous
species that depend on fruit resources that are patchily distributed in both
space and time. Crome (1975) lists 10 key plant families important in sus-
taining frugivorous birds on a year-round basis, and incorporating some or
all of these families is likely to promote the structural complexity and
resource heterogeneity of farm forestry plots. Table 18.2 provides a list of
local species on the Atherton Tableland that have both timber and wildlife
values, the inclusion of which would provide more year-round resources to
invertebrate and vertebrate wildlife, particularly frugivorous seed dispersers.
The inclusion of one or more Ficus species in the plantation will also add sig-
nificantly to its wildlife value (Goosem and Tucker 1995). Although
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Table 18.2. Commercial timber species with wildlife conservation values that could
be included in restoration forestry plantings.

Family Species Common Name Notes
Anacardiaceae Pleiogynium timorense Burdekin plum Large-fruited species eaten by 

many frugivores, including cas-
sowaries; grows well on poorly 
drained lowlands; novel food crop.

Combretaceae Terminalia sericocarpa Damson plum Keenly sought by many frugivo-
rous birds; leaves eaten by coppery 
brushtail possums; host tree for 
common oakblue, narcissus jewel, 
copper jewel, and emperor moth 
butterflies.

Elaeocarpaceae Elaeocarpus angustifolius Blue quandong High value to many larger frugi-
(many other vores including flying foxes and 
Elaeocarpaceae are cassowaries; leaves eaten by Lum-
also high-value holtz tree kangaroo; known food 
wildlife species) plant for the rare Herbert River 

ringtail possum.
Elaeocarpus bancroftii Kuranda quandong Large-fruited species; tasty nut, 

novel food crop.
Fabaceae Castanospermum australe Black bean Profuse flowering attracts parrots 

and other nectar feeders; leaves 
eaten by Lumholtz tree kangaroo; 
known food plant for the rare Her-
bert River ringtail possum.

Lauraceae Beilschmiedia bancroftii Yellow walnut Large-fruited taxon; food plant for 
the lemuroid ringtail possum.

Beilschmiedia obtusifolia Blush walnut Attracts frugivores, especially Tor-
resian imperial pigeon; food plant 
for coppery brushtail and lemuroid 
ringtail possums.

Cryptocarya hypospodia Northern laurel Eaten by many frugivores; food 
plant for Lumholtz tree kangaroo; 
host tree for Macleays swallowtail, 
blue triangle, common oakblue, 
and banded red-eye butterflies.

Cryptocarya oblata Zig zag laurel Larger-fruited taxon favored by 
cassowaries.

Endiandra hypotephra Rose walnut Eaten by many frugivores.
Endiandra insignis Hairy walnut Large-fruited taxon; leaves eaten by 

Lumholtz tree kangaroo.
Litsea leefeana Brown bollywood Eaten by many frugivores including 

larger pigeons and cassowaries; 
food plant for Lumholtz tree kan-
garoos, coppery brushtail, green 
and lemuroid ringtail possums; 
purple brown-eye and blue triangle 
butterfly host plant.

Meliaceae Dysoxylum muelleri Miva mahogany Eaten by many frugivores.
Dysoxylum parasiticum Yellow mahogany Eaten by many frugivores.

(continues )



landowners may request that certain species be included in the plantation,
government extension staff and nongovernment organizations usually are free
to suggest and use other species and can therefore exert a significant influence
on the planting species pool at many sites. The principal trade-off is likely to
be the slower growth rates in some species, but selected harvesting, thinning,
or brushing of the understory may ameliorate this problem, although this
will of course reduce some plant diversity.
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Table 18.2. Continued

Family Species Common Name Notes
Myrtaceae Acmena resa Red Eungella Frugivorous birds; leaves eaten by 

satinash Herbert River and lemuroid ring
tail possums.

Syzygium gustavoides Water gum Large-fruited taxon accessed by 
rodents.

Syzygium johnsonii Rose satinash Frugivorous birds.
Syzygium kuranda Kuranda satinash Large-fruited taxon accessed by 

rodents.
Syzygium sayeri Pink satinash Favored by flying foxes; flowers 

very popular nectar source for ver-
tebrates and invertebrates.

Proteaceae Alloxylon flammeum Pink silky oak Vulnerable species; high timber 
value; flowers may also be 
marketable.

Athertonia diversifolia Atherton oak Tasty nut; marketable foliage.
Rutaceae Flindersia brayleyana Queensland maple Leaves eaten by coppery brushtail 

and lemuroid ringtail possums.
Flindersia pimenteliana Maple silkwood Leaves and flowers eaten by 

Lumholtz tree kangaroo.
Flindersia schottiana Tropical ash Widely distributed, rapid growth 

rates; food plant for coppery 
brushtail possums.

Sapindaceae Castanospora alphandii Brown tamarind Flying fox and cassowary food 
plant; leaves eaten by coppery 
brushtail, lemuroid, and Herbert 
River ringtail possums.

Sapotaceae Palaquium galactoxylum Cairns pencil cedar Large-fruited taxon eaten by many 
frugivores and rodents.

Sterculiaceae Argyrodendron spp. Tulip oak Late-successional species; popular 
food plant for green ringtail and 
coppery brushtail possums and 
Lumholtz tree kangaroo.

Sapotaceae Planchonella obovoidea Yellow boxwood Attracts frugivorous birds; leaves 
eaten by Lumholtz tree kangaroo 
and coppery brushtail possums.

Verbenaceae Gmelina fasciculiflora White beech Larger-fruited taxon eaten by many 
frugivores.



Use of Local Endemics and Large-Fruited Taxa

Where possible, consideration could be given to local endemics, species with rare
or patchy distributions, and large-fruited taxa whose dispersal mechanisms have
been largely extirpated (Tucker and Murphy 1997; Tucker 2000). Several of the
valuable timber species within Lauraceae, including yellow walnut (Beilschmiedia
bancroftii), rose walnut (Endiandra hypotephra), and zig zag laurel (Cryptocarya
oblata), are all examples of large-fruited endemics with limited distributions and
dispersers. Also worthy of inclusion are many of the late-successional wind-
dispersed species with exceptionally high timber values. Many of these species
appear unable to invade disturbed or restored systems (Tucker and Murphy
1997), and whereas some species such as pink silky oak (Alloxylon flammeum) are
rare, others, including brown tulip oak (Argyrodendron peralatum), are common
and conspicuous elements of local canopy flora. The indications are that if these
species are not anthropogenically reintroduced to disturbed areas, they are likely
to be confined to the larger fragments in the landscape. A trade-off is again likely
to be in the differential growth rates encountered, although this may be overcome
by different approaches to plantation design. Larger-fruited Lauraceae often
demonstrate very erratic and recalcitrant germination, and this would also neces-
sitate research, but other species listed germinate readily and reliably.

Better Matching of Species to Sites
In concert with a more diverse species pool must come a greater attention to
the ecological niche needs of planted stems. Soil, rainfall, drainage, altitude,
and microsite preference are key determinants of species’ natural distribution,
and adequate information is available to ensure that these parameters are
matched when planting stock is selected. Such an approach may effectively
preclude Eucalyptus from the majority of Atherton Tableland sites. However,
alternatives include the rare Stockwellia quadrifida. This species occurs in two
small populations in a very wet zone of the wet tropics and is considered to
represent a primitive species that may have given rise to some of the more
widespread yet recent elements of the sclerophyllous Australian flora (i.e.,
Eucalyptus, Syncarpia, Lophostemon). Visually, the wood of this species is sim-
ilar to that of many Eucalyptus species in its long, dense, and hard grain. Lim-
ited planting of the species in a variety of sites has revealed moderate to fast
growth on a variety of Tableland soils, particularly in wetter zones and on
basalt soils, where Eucalyptus typically performs poorly (N. I. J. Tucker, pers.
obs., 1995). Trials using this rare species would assist in securing its future
and may provide an alternative to Eucalyptus in very wet areas. It is difficult
to envisage any negative outcomes from adopting an ecologically based
approach to species selection and the siting of microsite planting. Research is
needed to examine the utility of Stockwellia quadrifida.
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Incorporating Conservation Plantings among Monoculture 
Timber Plantations

In larger farm forestry blocks, managers should consider incorporating ecolog-
ical restoration areas through the plantation to improve the ability of native
plants and animals to move through suboptimal plantation habitat. Where
possible, this planting style should strategically use key landscape features such
as riparian zones and ridgelines to maximize site heterogeneity and provide a
refuge for fauna and flora that are displaced during logging and a nucleus from
which populations could expand and recolonize after logged areas are
replanted. This reduces the area under production, a significant trade-off.
However, the total loss of cover on harvesting is likely to severely affect local
wildlife populations. Staggered harvest regimes, based on individual species or
subcompartments within plantations, are a further means of improving the
temporal continuity of wildlife habitat, obviously a major research question
for any tropical farm forestry plantation.

Plot Location
Plot location could also be refined to improve outcomes for biodiversity con-
servation (Hobbs 1993). Establishing plots close to existing fragments pro-
vides shelter for newly established seedlings and provides an extension of and
buffer for the existing native vegetation. A more immediate contribution can
be achieved by installing farm forestry plots as close as possible to native for-
est, guaranteeing rapid colonization by native species. In recent years much
attention has focused on the catalyzing effect of forest plantations in enhanc-
ing successional processes (Parrotta et al. 1997 and references therein), result-
ing in the development of species-rich understories beneath the plantation
canopy. The natural regeneration of these secondary forests, reflected in the
rate and direction of the succession, may be limited by a range of factors,
including site disturbance history, distance to a primary seed source and their
dispersers, the plantation species matrix, and management history. However,
there is no doubt that the establishment of plantations adjacent to native 
forest can have rapid and long-term benefits for the conservation of local bio-
diversity, as evidenced by the rapid species accretion in old plantation sites 
discussed in the case study presented earlier.

Extension staff are needed who can work as closely as possible with land-
holders in agricultural areas where tree cover is particularly low. In areas of
north Queensland previously supporting complex notophyll and mesophyll
vine forests on basalt and alluvium, the effects of agriculture have been espe-
cially severe, and landholders in these areas should be a priority target for
farm forestry extension officers. Stepping stone plots of native species in these
areas would improve the permeability of this homogenized and largely hos-
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tile landscape, allowing native species easier movement between fragments
and enhancing the ecological services they provide (see also Chapter 17, this
volume).

Riparian zones are areas of high biological productivity, and well-vegetated
catchments make a large contribution to soil stability and water quality in
addition to providing a hierarchical system of interconnected habitats.
Although riparian zones are clearly a priority for ecological restoration, this
does not preclude using areas extending outward from the top bank for farm
forestry plantations. This buffer zone can also reduce edge effects along
restored riparian zones. This technique has been adopted at Donaghy’s Corri-
dor, a 1.2-km by 100-m restored habitat linkage reconnecting a 498-ha frag-
ment to adjacent intact forest on the Atherton Tableland (Tucker 2000). On
both sides of the linkage, three rows of hoop pine have been established to
reduce edge effects, provide an additional source of farm timber and income,
supply perching and nesting resources to pasture-based granivorous birds, and
provide shade and shelter for grazing livestock. As these trees mature they
should add value to the farm and the quality of habitat in the adjacent link-
age restoration. This form of management is the optimum approach for these
zones, providing the full array of agroecological services.

Plot Design
Plot topography and shape can be improved by establishing plots along con-
tour lines and, wherever possible, establishing them as consolidated patches,
such as circles or squares, to minimize edge effects (Murcia 1995). The inte-
rior of square and circular plots is likely to be the most appropriate position
for many of the more sensitive rainforest species. These configurations may be
more likely to resist weed invasion and thereby reduce maintenance inputs.
Larger plots are also more likely to promote a zone of core interior habitat and
support greater diversity of life forms and species.

Weed invasion and management inputs could be minimized by reducing
plant spacing in and between rows. Increasing per hectare stem density from
1,500 to 2,000 would lessen management inputs such as weed control and
pruning by hastening canopy closure and encouraging natural shedding of
lower branches. In the wet tropics, the use of Acacia species such as A. aulaco-
carpa, A. crassicarpa, and A. mangium should be considered in this style of
planting because of their rapid growth rates, ability to provide cover, and tim-
ber value. This form of higher-density planting may be more costly during
establishment, but reduction in weed growth and natural shedding are com-
pensatory factors. Where fallen logs and branches do not seriously impede the
use or management of the area, they could also remain in place as habitat fea-
tures. Restoration forestry at these spacings is unsuited to areas where grazing
is the main land use.
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Caveats

All of these strategies are predicated on changes to other management prac-
tices. No native forest should be cleared to facilitate farm forestry establish-
ment, and all habitat features such as dead logs and rock piles should remain
undisturbed in sites to be planted. Planting stock should be collected from as
close as possible to the planting site to maintain genetic integrity, taken from
a number of individuals to ensure a wide genetic base. The use of native
species should be promoted wherever possible, and any exotic species
included must be carefully and independently evaluated to minimize the risk
of weed invasion into adjacent crops, pastures, or forests (see also Chapter 15,
this volume).

Nontimber Production Benefits of Reforestation
With clear indications that local farm foresters appear likely to embrace 
multiple-use goals of reforestation, incorporating both biodiversity and pro-
duction, the articulation and communication of other benefits may also
increase participation rates (Emtage et al. 2001).

There is increasing evidence to suggest that increasing tree cover has
important productivity benefits in a range of local agricultural crops. Trees
planted in a windbreak configuration on the Atherton Tablelands increased
yield in potatoes (up to 4.8 percent increase) and peanuts (up to 11.9 percent)
(RIRDC 2001). Silver (1987) demonstrated that a dairy cow with access to
shade can produce 1.5–2.2 L extra milk daily, compared with cows in
unshaded pastures (see also Chapter 19, this volume). Trees used in both these
trials were established for purposes other than timber production or local bio-
diversity conservation. However, by manipulating the species pool the same
benefits could be achieved, in addition to timber production and biodiversity
conservation.

Research has also shown that trees can significantly improve sugarcane
yields by shading out the grasses and weeds that form the bulk of the diet of
the canefield rat (Rattus sordidus), a major pest of sugarcane. Rodents cause up
to $10 million (Australian dollars) damage to sugarcane crops in Queensland
annually (Wilson and Whisson 1993), despite cane being only 20 percent of
the rodent’s diet. Traditional methods of control included herbicide applica-
tion, burning of refuge areas (unproductive areas of grass and weeds adjacent
to the crop that form the rodents’ principal habitat), and baiting programs
using a range of rodenticides. These actions are costly and repetitive, and
rodent predators such as owls (Tyto spp.) and pythons (Morelia spp.) are sus-
ceptible to secondary baiting effects. Ecological restoration of rodent refuge
areas leads to rapid and sustained decreases in rodent damage (Story et al. in
preparation), and this could also be achieved using timber plantations to
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manipulate rodent habitat. As grasses and weeds are shaded out, grassland
rodents are replaced by forest dwellers, species that do not consume sugarcane
(Tucker 2001). In ecologically restored areas, rodent populations have
declined by up to 80 percent within 12 months, although this may take longer
in areas where stem density is lower and canopy closure slower.

Growers using this technique have reported savings in herbicide costs of
A$20,000 per year (F. S. Gatti, pers. comm., 2001), in addition to cost sav-
ings in rodenticide and higher cane production. This approach is also being
tried in a commercial macadamia nut (Macadamia integrifolia) orchard where
rodent damage is costly, again related to availability of harborage areas (White
et al. 1997). Preliminary results indicate potential reductions in rodent-
damaged nuts of about 60 percent through habitat manipulation, leading to
significant and sustained increases in farm productivity (White et al. 1998;
Ward et al. in press).

Increasing the income generation potential of farm forestry is likely to
increase adoption by local landholders. Many native species also have other
potential commercial uses as food plants or food additives, firewood, foliage,
or flowers, and these features can add to the value of farm forestry plantations.
To date, there has been little evaluation of these secondary benefits. A more
intensive research and development program will be needed not only to eval-
uate secondary benefits but also to address a number of the trade-off issues
identified in this chapter.

Conclusions
Despite the significant loss of habitat in north Queensland’s wet tropics, the
situation is not as serious as in other parts of Australia. The more benign envi-
ronment and natural recuperative abilities of tropical forest offer some hope
for the wet tropics. Landscape-scale initiatives to improve tree cover can cer-
tainly assist the natural regeneration process, and a modified approach to farm
forestry could hasten and direct this regeneration. Given the commitment by
local landholders to improve the environmental and ecological qualities of the
local landscape, such initiatives offer the possibility of improving both ecolog-
ical and production outcomes.

Endnote
1. We sampled vascular plant assemblages at each site by scoring the presence or absence

of plant species in an area of around 390 m2, made up of five circular plots, each of 5
m radius, regularly spaced along a 100-m transect. Plants were assessed separately in
three height strata (ground, midstory, and canopy). Data for the three strata were com-
bined and the 612-species matrix reduced to a 265-species matrix by removing species
that occurred at just one or two sites (singletons, 258; doubletons, 89).
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Chapter  19

Silvopastoral Systems: Ecological 
and Socioeconomic Benefits and 

Migratory Bird Conservation
Robert A. Rice and Russell Greenberg

The last decade has brought an upsurge of interest in exploring more environ-
mentally sound ways to practice agriculture in deforested regions of the trop-
ics. Increasingly, the notion that some of the original biodiversity can be recov-
ered or maintained in agricultural systems has been discussed in the ecology
and conservation biology literature (Pimentel et al. 1992; Vandermeer and
Perfecto 1997). Much of the earlier interest in ecologically sustainable tropi-
cal agricultural practices focused on systems using traditional shifting cultiva-
tion strategies (Thrupp et al. 1997; see also Chapter 8, this volume) or diverse
cropping systems that incorporate trees (Nair 1990). It is thought that some
2.9 billion ha worldwide are devoted to shifting cultivation practices, involv-
ing 1 billion people in some fashion (Thrupp et al. 1997). Although pasture-
lands are the only other land use that rivals shifting cultivation in terms of
area, some major tropical cash crops have taken center stage recently where
biodiversity maintenance is concerned (see Chapters 9 and 10, this volume).
A shift in emphasis from subsistence agroforestry practices to those that pro-
duce at least one major, globally traded commodity has held out the promise
that sustainable practices could more readily be scaled up to affect large
expanses of land and hence be a meaningful and more-than-symbolic effort at
conservation (Perfecto et al. 1996; Rice and Greenberg 2000).

However, even the most important of these crops, coffee and cocoa, are
grown on limited amounts of tropical lands. The worldwide land coverage for
both these crops sums to only about 15 million ha. The looming, generally
unmentioned issue in the arena of tropical land use—at least as far as connect-
ing agricultural land use with biodiversity maintenance is concerned—is the
widespread presence and continued development of pastureland for livestock.
Developing countries today report more than 2.2 billion ha of pasture. The
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amount of land used for cattle pasture in Central America alone is 93.6 mil-
lion ha, which accounts for 72 percent of all the agricultural land (FAO 2000).
However, the attention paid to developing sustainable and biodiversity-
friendly approaches to livestock rearing in the tropics typically has not been
commensurate with the importance of this land use. Perhaps this is because
clearing forestland for cattle production often is considered the most destruc-
tive land use for tropical soils, particularly those in the humid lowlands. Any
recommendations for mitigating the environmental impact of cattle ranching
may be perceived as endorsing a practice that is widely considered ecologically
inappropriate.

However, research and conservation interest in sustainable pastureland
development are slowly expanding (Naranjo 2000; see also Chapters 11 and
18, this volume). Slowly but surely, a literature is developing that explores the
ecological sustainability of different pasture management practices. In this
chapter we will briefly outline the general approaches that have been emerg-
ing and then focus our discussion on lessons to be learned from a silvopastoral
system based on the ecological properties of native savanna trees that has
developed in several areas of Mesoamerica.

Conservation of Bird Diversity on Neotropical
Pastures
A large portion of the research on pasture management and biodiversity has
focused on birds, particularly migratory birds (Lynch 1992; Saab and Petit
1994; Warkentin et al. 1995; Greenberg et al. 1996; Siegel and Centeno
1997). Birds make a particularly attractive focus for such discussion because
so much is known about their distribution and ecological needs. Furthermore,
migratory bird conservation is one area in which reliance on preserves of nat-
ural habitat alone will not be a sufficient approach to maintaining global pop-
ulation numbers.

Active pasture with introduced grasses supports very low levels of avian
diversity. Avian diversity increases dramatically on pastures where shrub and
tree cover is developed. The following three practices are particularly impor-
tant for the development of the shrub and tree components of pastures.

Fallowing
Leaving areas fallow allows the rapid development of a shrub assemblage that
supports an avifauna typical of a variety of early successional communities. In
a study in Belize, Saab and Petit (1994) found a two-and-a-half times greater
species richness of the avifauna in fallow pastures than in regularly mowed and
burned pasture. However, the number of species involved in the more diverse
pastures was very low compared with that of most other habitats in the region
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(39 species). Systematic surveys of different pasture and natural habitats in the
Selva Lacandona (near Chajul, Chiapas, Mexico) also show higher numbers of
bird species in fallow pasture (Table 19.1). However, the gain in richness is
small compared with that of other (even human disturbed) habitats, and few
forest birds were observed using the fallows. Given the contribution of exten-
sive fallowing to the areas dedicated to pasture systems, it may be better to
focus on management systems that result in greater gains in diversity and
increase the efficiency of cattle production.

Maintenance of Riparian Corridors
Trees or shrubs often are left along small stream courses through pastures (see
also Chapter 18, this volume). This is a traditional practice found throughout
the tropics and probably is a small effort to maintain water quality and prevent
streamside erosion or is the result of the inaccessibility of the slopes of stream
arroyos (i.e., dry or intermittent creeks) and canyons. The riparian band is gen-
erally quite narrow (less than 20 m wide), but the three-dimensional structure
and floristic composition can vary with origins and subsequent management of
the zone. In the Selva Lacandona, Warkentin et al. (1995) found that arroyo
vegetation varied markedly between different communally owned pasture areas
(ejidos) in the same region. At one extreme, arroyo vegetation can be made up
of remnants of the original forest vegetation, where at least some of the larger
trees are left standing. At the other extreme, it can be burned frequently, result-
ing in a combination of shrubs and small fire-resistant trees. Finally, a mature
canopy can be maintained but the understory cleared for grass and herb growth
all the way to the stream boundary.

The conservation value of these remnant or secondary woods along
streamsides has received almost no attention. Survey data from these riparian
zones and pastures that incorporate patches of young second growth show
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Table 19.1. The number of total species and forest
species of birds detected on 25 1-km transect 
surveys of different pasture and nonpasture habitats
in the Selva Lacandona, Chiapas, Mexico.

Habitat Total Species Forest Species

Active pasture 47 0
Fallow pasture 67 2
Pasture riparian corridors 100 10
Pasture with second growth 120 26
High-graded forest 121 50
Primary forest 123 62
Clearing in primary forest 143 51

Source: R. Greenberg, unpublished data.



substantially greater bird richness (Table 19.1). Small populations of forest
generalists have been found in these habitats, even where they have been iso-
lated from forest for long periods (Table 19.1; Warkentin et al. 1995; Siegel
and Centeno 1996). A high diversity of migratory birds often is associated
with these formations as well. J. Salgado (unpublished data) found that varia-
tion in structural and floristic diversity had a large impact on bird diversity.
Specifically, he found that an increase in the layering of riparian vegetation
resulted in a 30–40 percent increase in species numbers. Given that these cor-
ridors often are the only substantial wooded vegetation remaining in many
areas, further research on the details of vegetation management and its effect
on biodiversity in these zones should be a high research priority.

Silvopastoral Practices
Finally, incorporating trees in pasture systems adds structural diversity and
resources that enhance the biodiversity of pastures. Many tropical pasture sys-
tems incorporate a low density of trees simply to provide shade for livestock.
However, the management of trees for fodder, building material, and other
products is also widespread. Studies of the contribution of silvopastoral sys-
tems to biodiversity are few but promising. For example, Naranjo (1992)
found a substantial increase of species associated with trees incorporated into
ranching systems in the Cauca Valley of Colombia (see also Chapter 11, this
volume).

It is important to realize that silvopastoral systems are not limited to small
experimental enterprises, the resulting benefits of which can be disseminated
through agricultural extension somewhere down the road. Rather, silvopas-
toral systems have developed within the ranch communities themselves and in
some areas represent common practices. Any strategy to promulgate the use of
such practices should first fully understand their costs and benefits in areas
where they are already being applied.

The presence of trees or woodlots in pasturelands, especially in arid or
semiarid zones, is a common practice in a number of regions throughout the
neotropics. In southern Mexico, Nicaragua, Cuba, Colombia, and Bolivia, we
find beef and dairy production taking place on pasturelands in conjunction
with leguminous trees, which themselves offer a number of agronomic, envi-
ronmental, and socioeconomic benefits (Durr 1992; Murgueitio 1999; Purata
et al. 1999; Naranjo 2000; Botero 2001). The use of pods as supplemental
feed (especially during extended dry season periods), the use of the wood from
the trees for items such as fenceposts, firewood, tools, and building material,
and the potential habitat provided by the woodlots themselves are all included
in the benefits list of such trees. Other tropical regions also use such associa-
tions in agricultural production (Hashim 1994; Viswanath et al. 2000) and
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even for human consumption of specific plant parts, such as the flowers or
flower buds of Acacia acatlensis (Hersch-Martinez et al. 1999).

Two tree genera are particularly well known for their incorporation into
livestock systems: Prosopis (mesquite) and Acacia. In this chapter we will focus
on silvopastoral systems that, while incorporating the use of a number of
native tree species, have developed primarily around the uses of carbón (or
“huizache” in Mexico), Acacia pennatula.

The Carbón System
Carbón (Spanish for “charcoal”) is a tree-sized member of the Acacia genus
that occurs in semiarid, subtropical regions from Mexico to Colombia.
Although it usually shows an elevational restriction to 800–1,200 m above sea
level, it regenerates well in association with cattle and other livestock and often
achieves high abundance, forming large single-species stands. Researchers have
documented its role in cattle production in the highlands of the state of Ver-
acruz, Mexico (Chazaro 1977; Purata et al. 1999), the Ocosingo Valley of east-
ern Chiapas (Greenberg et al. 1997), and the highlands of north-central
Nicaragua (the focus of this chapter). A member of the family Mimosaceae,
carbón is a small to medium-sized tree, reaching 6–12 m (Figure 19.1). Com-
pound leaves are pinnate, alternate, and up to 20 cm long, with 20–40 pairs
of pinnae. Leaflets are 2 mm long and about 1 mm wide, with some 18–40
per pinna. An extrafloral nectary is present at the base of each petiole. Defoli-
ation often occurs before flowering, in which small yellow to yellowish-orange
spherical flowers cover the tree in raceme groupings up to 10 cm long. Fruits
are indehiscent pods 9–12 cm long, deep coffee-colored when mature, that
remain on the tree for some time before falling (Salas 1993).

Carbón is thought to have traits that evolved to take advantage of an abun-
dant and diverse megafauna that persisted in Mesoamerica through most of
the Pleistocene (Janzen and Martin 1982). These traits are shared with a num-
ber of species that, even now, grow abundantly in areas with natural assem-
blages of large mammalian herbivores in India and Africa (Coe and Beentje
1991). The fruit is a hard indehiscent pod, the seeds of which are deposited
on the ground after mastication and digestion of a large animal. It must also
be transported away from the shade of the parent tree to germinate, primarily
because it is shade intolerant but also to evade bruchid seed predators. Fur-
thermore, the seedlings benefit from the differential grazing of potential com-
petitor plants in the pioneer growth of abandoned pastures. The spines, which
are particularly large and dense on young plants and along the trunk of older
specimens, discourage both herbivory and incidental damage by large animals.
Because of the combination of a large mammal-dispersed fruit and spines, car-
bón spreads rapidly in the presence of cattle and the absence of fire. The
propensity to spread rapidly and form impenetrable thickets makes it similar
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to Prosopis juglans in the southern United States, several species of Acacia in
Africa, and Acacia cavens in Argentina. All of these species have a reputation
for being weeds that can consume rangeland, causing problems for safe live-
stock husbandry. Although the local reputation of carbón vacillates between
being a pest and an almost sacred tree (similar to that of Prosopis juliflora in
several regions; see Chapter 15, this volume), its life history and ecology have
not received detailed study. However, empirical evidence supports the view
that A. pennatula is easily and quickly dispersed by cattle and that it does well
in areas opened to pastures.

Therefore, carbón management focuses less on its propagation on range-
land and more on controlling where it grows to maximize the benefits and
minimize its interference with other activities. Often carbón is restricted to a
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Figure 19.1. Carbón (Acacia pennatula) in pasture in north-central Nicaragua dur-
ing (a) the rainy season (note oaks on the hillslope in the background) and (b) the
dry season.
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high density of small trees in woodlots and a low density of large trees in
savanna-like pasture (Figure 19.1). These formations are maintained by fenc-
ing off cattle from the woodlots (and hence the seed source) or allowing cat-
tle access but hiring laborers to cut or use herbicides on seedlings that sprout
in open pastures.

Carbón-Based Silvopastoral Systems in North-Central
Nicaragua
Nicaragua’s north-central region—here considered to be the area made up of
some portions of the departments of Estelí, Jinotega, and Matagalpa—offers
a landscape in which silvopastoral practices are commonly observed. This
chapter focuses on the area stretching east and south from the town of Estelí,
a region characterized by a disturbed landscape, often used as cattle pastures
(Figure 19.2). Within an elevational range of about 100–900 m above sea
level, A. pennatula dots the pasture landscape and plays an integral part of
many ranchers’ management practices. Often, nearby slopes and hilltops dis-
play mixed hardwood forests dominated by local oaks (Quercus sapitofolia and
Q. peduncularis), offering a notable vegetational contrast to the single-species
woodlots of carbón found in the pastures.

Although A. pennatula is the principal tree found in pasturelands in the
Estelí region, other tree species also are present. Moreover, ranchers take
advantage of species to varying degrees, making use of the fruits and foliage
for farm animals. Ranchers use genízaro (Samanea saman), guacimo (Guazuma
ulmifolia), vainilla (Senna atomaria), nacascolo (Caesalpinia coriaria), and, to a
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Figure 19.2. Distribution of pasture and silvopastoral systems in Central America
(based on Winograd and Farrow 1999).



limited degree, guanacaste (Enterolobium cyclocarpum) in some way as supple-
mental food sources for cattle and other farm animals such as chickens or rab-
bits. However, it is carbón that constitutes the major association with pasture-
lands and has coevolved in socioecological terms to form an integral part of
the pasture landscape in north-central Nicaragua.

Carbón is found in woodlots and scattered patterns in many of the pas-
tures. The other species are found along pasture edges and disturbed areas,
often as single individuals or groups of several individuals of the same species.
However, no other species occurs at such high density as that observed for A.
pennatula (Figure 19.1). The range of carbón in Nicaragua historically has
been confined to the central portion of the country and seems to be expand-
ing through the narrow bottleneck between Lake Nicaragua and Lake Man-
agua toward the Pacific side (Salas 1993). Rainfall for the Estelí region totals
900–1,000 mm per year, distributed temporally such that January to May
constitute an extremely marked dry season, called the “critical period” by local
ranchers because of the sparseness and low nutritional value of pasture grass
and the general lack of water regionwide.

The Socioeconomic Benefits of Carbón
During this critically dry time of the year, pods of A. pennatula are collected
and fed to cattle as a feed supplement. Aside from pods, carbón provides
foliage for fresh fodder and wood for a number of farm uses. This section pres-
ents some of the ways in which the silvopastoral system based on carbón serves
both socioeconomic and environmental needs.

Attitudes differ with respect to the usefulness of the tree and its byprod-
ucts, but such discrepancies may speak to whether someone is from the region
and how closely someone works with the land. For instance, the nonlocal
director of a local program known as Programa Integral de Desarrollo
Agropecuario (PIDA, the Integrated Program on Agricultural/Cattle Develop-
ment) characterized the tree as being widespread, even to the point of being “a
pest” (S. Sandoval, pers. comm., 2000). By contrast, a local rancher who owns
and oversees some 1,100 ha of pastureland in the area reports that local
campesinos have a healthy respect for the carbón tree. When this large rancher
sends workers to the fields to clear out overgrown areas in pastures, their atti-
tude toward the species is highly respectful: “The workers always leave the aca-
cia seedlings intact. They chop out near and around them, but they always
leave the seedlings alone. It is almost as if carbón is a sacred tree to them” (H.
Torres, pers. comm., 2001).

The various uses local residents have discovered for A. pennatula speak to
its long history with humans in the region. As might be expected, the wood is
an important source of firewood and, as its common name implies, charcoal.
The foliage is harvested during the dry season as a source of fodder for cattle,
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with ranchers large and small cutting leaves and delivering them to cattle for
feed. And all carbón trees in pastures show the classic browse line, determined
by the maximum height the cattle can reach in their free-ranging activities,
attesting to the palatable foliage of the trees.

Construction material for buildings (beams or columns) is another com-
monly cited use of carbón. Posts for fencing, especially from pieces containing
heartwood, are highly prized for their durability. More than one rancher
referred to the use of A. pennatula wood for axles in ox-carts, a use that illus-
trates the wood’s toughness. Similarly, some ranchers train or prune specific
branches in a tree to obtain the correct shape for an ox-drawn plow. Less com-
mon uses of the tree were discovered during informal interviews with a num-
ber of ranchers in the area. Poor rural families use the thorny branches as
makeshift fences around their houses. And the pod itself was called a “coun-
try toothbrush” by one rancher, who explained that the rural poor used the
fibrous pod to scrub their teeth (S. Torres and H. Torres, pers. comm., 2001).

The Use of A. pennatula and Other Species as Cattle Feed
Producers both large and small tend to incorporate native tree species into
their animal husbandry practices. A short survey of 19 of the larger ranchers
in the area, conducted through the Asociación de Ganaderos in Estelí,
together with a similar survey collected from 138 small ranchers represented
by the Unión Nicaragüense de Agricultores y Ganaderos (UNAG) provide
information about the important role of these trees in farm production (Table
19.2). The general profile of small and large producers reveals that although
average area (24 and 142 ha, respectively) and average cattle wealth (12 and
132 head, respectively) differ by an order of magnitude, milk production is
quite similar (3 to 4 L per cow per day in the dry season and about 6 L per
cow per day in the rainy season for both groups).

The use of carbón pods by ranchers takes a number of forms. As in south-
ern Mexico, many growers simply allow cattle to consume the pods in free-
range foraging (Purata et al. 1999). Some growers collect the pods and break
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Table 19.2. Percentage of large and small ranchers using native tree
species’ fruits as animal feed.

Large Ranchers Small Ranchers

Species Cattle Cattle Chickens

Carbón (Acacia pennatula) 74 49 49
Genízero (Samanea saman) 15 15 4
Nacascolo (Caesalpinia coriaria) 10 5 0
Vainilla (Senna atomaria) 5 15 6
Guácimo (Guazuma ulmifolia) 36 30 76
Guanacaste (Enterolobium cyclocarpum) 21 17 7



them up in a minimal way that allows cattle to consume (and digest) them
more easily. Still others take collected pods and mill them into a flour that is
added to fodder and other materials during the dry season in an attempt to
maintain milk production. Of all the small ranchers surveyed, 49 percent use
carbón pods in some way, with 35 percent allowing cattle to find pods as they
range about in the pasture. Both growers feeding partially broken pods to cat-
tle and those taking the trouble to mill pods into flour represent 7 percent of
all those interviewed.

By contrast, larger ranchers make greater use of the pods overall for cattle
feed. Nearly three quarters of all those surveyed (74 percent) report using car-
bón pods in some way. Thirty-two percent allow the cattle to find the pods on
their own, and about 5 percent take the trouble to collect and break them up
for the cattle. Another 37 percent grind the pods into flour to add to cattle
feed during the dry season.

The Informal Economy of Pod Collection
Ranchers milling carbón pods into meal or flour for cattle feed must get the
pods to a central site to make milling cost-effective. Some instruct their ranch
workers to collect the pods, but most rely on an informal network of local res-
idents who work every year in the provisioning of nearby ranchers with pods.
No central collection sites exist near Estelí, but rural family members—usu-
ally some combination of women and their children—harvest the pods, pack
them into large jute or plastic sacks, and sell them to interested ranchers.

The labor involved in collection and selling the pods is strenuous and often
surreptitious, with gatherers entering pastures in which pod-laden trees have
been left for free-ranging cattle. Collectors use long poles to knock the pods
off the trees, often hurrying to gather the pods into buckets or sacks before
cattle consume them. Once gathered, prior arrangements to sell them to inter-
ested ranchers involves a roadside weekly exchange of pods for money or, in
rare cases, delivery of sacks to the rancher. From interviews conducted in this
area, it was found that local residents can earn up to about US$200 over the
2-month pod production season. Pod theft does not seem to cause intense
conflict between ranchers and local collectors but does speak to the value of
these fruits as a resource and hence to the overall need to foster productive car-
bón management practices.

A more established business around the collection, delivery, and sale of car-
bón pods (and other species as well) exists in the town of Sébaco, a 40-minute
drive south of Estelí. A large rancher there buys pods from local residents each
year, using these native species for his own cattle and selling the meal or flour
from ground pods to other ranchers. The species include all those mentioned
earlier: A. pennatula, Samanea saman, Caesalpinia coriaria, Senna atomaria,
and Guazuma ulmifolia. Regardless of the degree of commercial establishment
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around the use of the pods, from a policy perspective it is obviously an intrigu-
ing arena for development of local, regional, and even international market
potential.

Nutritional Value of the Native Tree Species’ Fruits
For any rancher using the fruits from native trees as feed supplement, a major
concern is the nutritional value of the forage and its potential harm from pos-
sible toxins. For instance, a number of ranchers report that although cattle
consume and seem generally unaffected by the pods of guanacaste (Enterolo-
bium cyclocarpum) trees, something in the pods has an abortive property for
pregnant cows. Therefore, pregnant cows are kept from eating pods from this
species. A number of sources report the nutritional value of A. pennatula pods
(Sotelo 1981; Durr 1992; Purata et al. 1999). Table 19.3 presents nutritional
data on A. pennatula and some of the other species featured in this chapter. As
seen in these data, the percentage of crude protein and the percentage of sol-
uble (digestible) protein are quite high for most of the species listed, compar-
ing well with common silages (e.g., sorghum, maize, soybeans) used in dairy
feed. Moreover, the percentage of total digestible nutrients also ranks quite
high for these native tree fruits. And finally, the iron content of these feed sup-
plements is listed to show that some species are an excellent source of that
mineral. Although iron deficiency generally is not a problem for bovine cattle,
iron is a critical ingredient in blood transport and (for ruminants especially)
vital organ development and maintenance. And where porcine cattle are
involved, anemia of newborns is a common problem (L. Osegueda, pers.
comm., 2001).

Noteworthy are the values for genizero (Samanea saman), which show the
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Table 19.3. Nutritional properties of fruits from native tree species used as
cattle feed supplement in north-central Nicaragua in comparison to common
types of silage.a

Crude Protein Soluble Protein Total Digestible Iron 
(% of dry weight) (% of crude protein) Nutrients (%) (mg kg–1)

Maize silage 8.0 49 68 190
Sorghum silage 9.8 44 57 282
Soybean silage 19.0 51 58 492
Acacia pennatulab 11.1 46 64 83
Caesalpinia coriarab 5.0 40 80 62
Senna atomariab 11.4 47 62 122
Samanea samanb 17.2 51 74 494
Guazuma ulmifoliab 6.1 39 66 679
aAnalysis of pods or seeds was carried out by Dairy One’s DHI Forage Testing Lab, Ithaca, NY. Fig-
ures for maize, sorghum, and soybean silage were provided by M. Reuter, Dairy One.
bAll tree species except G. ulmifolia (Stericuliaceae) are legumes.



highest levels of protein and second-highest levels of nutrient digestibility and
iron content. Obviously, silvopastoral systems that incorporate two or more of
these species would offer a mix of nutritional resources for ranchers deciding
to use native species as well as mixed stands or galleries of trees for biodiver-
sity maintenance in pastures. Tests on the toxicity levels of A. pennatula seeds
show that the mycotoxin contents pose no reason for concern.

Figure 19.3 shows 3 years of data on milk production on a ranch, depict-
ing the overall effect of a feed supplement containing one-fourth meal from
A. pennatula. During the critical period of the dry season, when grass and
other naturally available forage materials are difficult to find and generally of
low nutritional value, milk production for the 40 milk cows climbed up to
rainy season levels shortly after the carbón meal and other ingredients were
added to the diet. The benefit of such nutrient-rich native tree species for milk
production in seasonally arid regions positions trees such as carbón quite well
as a resource ranchers can exploit and researchers can further study.

Native Trees as Avian Habitat
The avifauna associated with A. pennatula was systematically surveyed in both
natural and anthropogenic habitats along an altitudinal gradient in eastern
Chiapas from the Selva Lacandona to the area around San Cristobal de las
Casas (Greenberg et al. 1997). In the surveys, carbón stands in the Ocosingo
Valley supported the highest density and diversity of migratory birds (from the
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Figure 19.3. Effect of Acacia pennatula pod meal as a feed supplement on milk pro-
duction on Finca Ajenjal, Estelí, Nicaragua (1999–2001). The asterisks indicate the
initiation of supplement feeding.



temperate zone) of any of the 18 habitats sampled (Table 19.4). This included
the highest densities of 12 species. The overall density of birds was also high,
although species richness was not remarkable. The low overall species richness
was the result of a general lack of all but the most generalized resident species.
The composition of the avifauna was strongly dominated by small foliage-
gleaning species, such as magnolia and black-throated green warblers (Den-
droica magnolia and Dendroica virens), least flycatcher (Empidonax minimus),
American redstart (Setophaga ruticilla), and blue-gray gnatcatcher (Polioptila
cerulea). In mixed stands of oaks and other trees, a disproportionate number
of foraging migrants (not residents) were found in carbón trees. The clear
domination by foliage insectivores and the preference for the tree in mixed
associations led us to hypothesize that A. pennatula provided an abundant
source of arthropods to support birds overwintering in pasture or woodland
habitats dominated by this tree species.

Bird use of A. pennatula was further studied in north-central Nicaragua.
At this site we conducted a series of year-round surveys of bird use of carbón
and other trees in woodlots and pastures along with intensive sampling of
arthropod abundance and analyses of foliage chemistry. We established 20
km of survey transects in the oak-carbón ecotone at the edge and in estab-
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Table 19.4. The abundance and species richness of migratory birds 
in A. pennatula–dominated and other habitats in the Selva Lacandona–
Ocosingo region of Chiapas, Mexico.a

Individuals Individuals 
Habitat Observed Species per Survey Point

A. pennatula woodlot 73 19 9.0
A. pennatula savanna 21 11 6.0
Low-elevation pasture 70 3 0.7
Low-elevation second growth 100 6 1.3
Low-elevation riparian strip 187 13 4.7
Low-elevation forest 102 5 1.2
Mid-elevation pasture 70 5 0.7
Mid-elevation second growth 100 4 2.1
Mid-elevation slash-and-burn field 70 8 1.2
Shade coffee 212 14 5.1
Mid-elevation riparian strip 52 13 5.2
Mid-elevation pine-oak-liquidambar forest 100 3 1.3
Mid-elevation pine-oak forest 82 7 3.2
Mid-elevation pine forest 70 3 1.1
High-elevation pine forest 70 4 1.8
High-elevation shifting cultivation plots 70 3 1.1
High-elevation second growth 100 2 1.3
High-elevation pine-oak forest 50 4 1.3
aBased on fixed radius point counts per habitat (Greenberg et al. 1997). Species count includes
only those with abundance > 0.1 individual per survey point.



lished cattle pastures. These were surveyed at four times during the year, at
which time we clipped foliage from 20 specimens of the dominant oak
(Quercus sapitofolia) and carbón. All insectivorous birds showed a strong pref-
erence for feeding in carbón (the average foliage cover of carbón was 17 per-
cent, and its average use was 70 percent for migrants and 50 percent for res-
ident species).

Overall insect abundance was substantially higher for A. pennatula; this
includes all of the major orders except roaches and Orthoptera. The differ-
ence in abundance was particularly strong for small arthropods. Carbón sup-
ports very high abundances of very small lepidoptera, beetles, and spiders.
Larger arthropods were nearly as common in oaks, and the very large roaches
and Orthoptera were found primarily in oaks (Table 19.5). Consistent with
the higher overall abundance (and estimated biomass) of arthropods was the
plant chemistry. Carbón foliage has more than twice the protein and signifi-
cantly higher levels of digestible carbohydrates than oaks. Furthermore, the
concentration of condensed tannins, thought to be particularly important for
discouraging herbivory, was significantly lower in carbón than in the oak
foliage. We detected high concentrations of cyanogenic compounds in the
carbón foliage, which is thought to deter herbivory, particularly by verte-
brates, which lack the ability to sequester or neutralize these compounds.

Based on our observation of birds and sampling of arthropods and veg-
etation, we offer the following hypothesis for why carbón supports such
high densities of insectivorous birds: A. pennatula foliage shows properties
that are often found in pioneer tree species in tropical environments
(Greenberg and Bichier in press). The foliage is soft and palatable, with a
low ratio of cell wall to digestible materials. It also has low concentrations
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Table 19.5. The number of arthropods 
of different size and taxonomic classes 
in A. pennatula and oak (individuals per
100 g dry foliage).

Arthropod Type A. pennatula Oak

Total 37.0 12.0
> 5 mm 1.5 0.5
Orthoptera (+ roaches) 1.0 1.2
Spiders 5.6 2.0
Homoptera 3.9 1.2
Hemiptera 0.7 0.4
Lepidoptera 5.9 0.9
Coleoptera 12.5 4.2
Hymenoptera 2.2 1.2
Diptera 1.8 0.7

Source: Based on Greenberg and Bichier (in press).1



of more expensive chemical defensive compounds. Moreover, the high
growth rate and the fact that carbón has nitrogen-fixing symbiotic bacteria
contribute to the high protein content of its foliage. Aside from these char-
acteristics, the tree is highly adapted to coexistence with large mammalian
herbivores. Incidental damage and herbivory from these animals is mini-
mized by the presence of large spines. The increased expense of a mechan-
ical defense of thorns may further limit energy available for more general
chemical defenses that could otherwise deter insect herbivory. Taken
together, the adaptation for rapid growth for success in early successional
competition and the investment in mechanical defenses specialized on large
mammalian herbivores may result in foliage that is highly palatable to
arthropods and hence lead to high arthropod densities, which support the
foraging of insectivorous birds.

However, the arthropod fauna is characterized by small species. This prob-
ably reflects the small leaflet size of the plant, which affords little protection
from predators and the harsh environment of a tropical savanna. The prepon-
derance of small arthropods supports an insectivorous avifauna that is, itself,
made up of small species. In the northern neotropics, migrants from the north
dominate the small foliage-gleaning guild, hence the value of the carbón
savannas for migratory birds.

The Multiple Roles of A. pennatula as a Keystone
Species
A. pennatula probably deserves the designation “keystone species” in its role in
modern pasture savanna ecosystems and its likely ancient role in natural savan-
nas in Central America. Keystone plant species are those that play a critical
role in determining composition and abundance in animal assemblages (Howe
and Westley 1998; Peres 2000). Keystone species generally are those that pro-
duce fruit or nectar that supports a wide variety of animals during times of
resource shortage. Therefore, their absence would severely depress the diver-
sity and abundance of frugivorous or omnivorous species. It is likely that the
high abundance of pods produced during the severe dry seasons in savanna
regions supported many large grazing and browsing animals, particularly
ungulates, before the episodes of Pleistocene extinctions (Greenberg et al.
1997). In the modern silvopastoral systems, this resource is a critical one for
allowing livestock access to a reliable source of protein, digestible carbohy-
drates, and critical trace elements.

In discussing the potential importance of A. pennatula–based silvopastoral
systems in the New World, it is interesting to consider the critical role that
ecologically similar Acacia species have in both natural and managed ecosys-
tems of the Old World in India and from the Middle East through the Sahel
and Eastern and Southern Africa:
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Since acacias nearly always flower just before or during rains
and pods reach maturity during the dry season, the robust and
generally thick-walled pods of the indehiscent species provide
an important dry season food source. This availability of high
quality food during a period of general shortage has led the
pastoral peoples throughout the range of these trees to devise
hooked sticks to shake down the ripe pods manually. The
sound of falling pods will bring their animals from several
hundred metres away. Indeed, the sound of falling pods has
traditionally been used by tribal peoples in central India to kill
wild herbivores. They are similarly attracted to the sound of
the pods being shaken down, since the sound mimics that
made when Langur monkeys feed in these trees. (Coe and
Beentje 1991)

However, carbón also appears to provide an unusual example of a “food
tree” in which the resource provided to consumers is a high abundance of
arthropods rather than plant material itself. We believe that the presence of A.
pennatula greatly enhances resources and allows increased survival of insectiv-
orous birds through the severe dry season. We demonstrated that high arthro-
pod abundance was maintained at the peak of the dry season, even when most
or all of the foliage had dropped. Finally, A. pennatula has an important and
as yet unstudied role in secondary succession on fallow pastures. Where its
seedlings and saplings are not removed, they appear to protect seedlings of
other shrub species from cattle grazing. A small, diverse community of shrubs
and tree seedlings grows up in the thorny branches of the A. pennatula
seedlings. The long-term effect of such protection should be the subject of fur-
ther investigation.

Despite the fact that A. pennatula trees are the center of foraging activity
for most insectivorous birds in the mixed habitats we studied, preliminary
observations suggest that some species remain specialized on other tree species
(primarily oaks) and that most birds moved out of carbón stands and into oaks
during the hot, sunny, and exceedingly windy afternoons. Therefore, A. pen-
natula and broadleaf trees appear to provide complementary resources even for
the species that forage primarily in carbón. Silvopastoral strategies that recog-
nize the importance of particular tree species, while managing for a diversity
of tree species, will undoubtedly support the highest diversity and abundance
of birds (and other organisms as well).

Conclusions
A. pennatula plays two important roles in the conservation of bird populations
in Mesoamerican pasturelands. First, we believe that it increases the carrying
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capacity of the pastures for supporting insectivorous birds, particularly long-
distance migrants from the temperate zone. We need more research to assess
the survivorship and condition of birds that winter in carbón-based habitats,
but some preliminary data suggest that individuals of territorial species persist
at a high rate throughout the winter (Greenberg et al. 1997).

The second (and more indirect) role that carbón plays is to increase the
ability of cattle ranches to provide their own resources. Aside from the 
obvious foliage-as-forage benefits and the respite from heat and direct sun 
provided by its shade, carbón supplies wood to ranchers. The wood plays a
critical role in providing fencing and other materials that might otherwise be
harvested from oak woodlands and mesophyllous forests less able to withstand
this use in a sustained manner. In addition, farms where the cattle are fed or
have access to carbón pods are less dependent on maize and commercial feed
mixtures that themselves have substantial environmental impacts.

Despite the fact that in some areas A. pennatula is a valuable resource for
livestock management that provides resources for insectivorous birds, the sys-
tem can be expanded. The expansion should be focused on the management
of the silvopastoral system that maximizes both agronomic and ecological ben-
efits. Fieldwork in Chiapas, Mexico, demonstrated that the greatest abun-
dance and diversity of birds was found where carbón was managed in wood-
lots rather than as isolated trees in pastures (Greenberg et al. 1997). The
continuous canopy of the woodlots helps create a microclimate that supports
a distinct understory fauna. Management of A. pennatula in fenced woodlots
would minimize the random transport of seeds into pasture and reduce the
intensive labor (or herbicide use) needed to prevent the unwanted spread of
seedlings. Collection and processing of seeds (as is done throughout the
neotropics for Prosopis; Silbert 1988) would also help to reduce the spread of
carbón. On the other hand, Purata et al. (1999) found that seed pod produc-
tion was reduced by tree density, so a research program focused on optimizing
the biodiversity and production value of the tree should be undertaken. The
research in Nicaragua (Greenberg and Bichier in press) demonstrates that the
benefits for bird diversity are greatest where carbón occurs in mixed stands
with oaks and other native trees. Further research into the development of
mixed systems with other pod-producing trees should also be a high priority
for further research.

Incorporating riparian corridor protection and management into the A.
pennatula silvopastoral system may be the most promising approach to maxi-
mizing biodiversity of pastoral systems in ecologically appropriate regions.
Having developed a case for the expansion and refinement of the system in the
regions where A. pennatula is native, we would strongly argue against intro-
ducing this species into regions where it is not native. The invasive qualities of
related species (notably Acacia farnesiana and several Prosopis species) in areas
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where they have been transplanted throughout the tropics (see Chapter 15,
this volume) suggests that a similar spread of A. pennatula would be a danger-
ous and uncontrolled ecological experiment.

For policy and decision makers in areas where tree species such as carbón
might be integrated into the pasture management scheme, the agronomic ben-
efits are obvious. To the degree that cottage industries or even regional and
international economies could develop around such silvopastoral practices, the
ecological attraction would be a bonus. Planners understanding the connec-
tion between the economic and biodiversity benefits could take advantage of
these links, making bold statements by supporting research and model farms.
Issues related to planting density and spatial arrangement of trees in pastures
are little understood, but the vast area devoted to pasture throughout the trop-
ics warrants coordinated efforts on the part of local governments, interna-
tional lenders, and nongovernment bodies.

Acknowledgments
We thank the small grants program of the American Bird Conservancy and
the Abbott Fund of the Smithsonian Institution for their support of our field-
work.

References
Botero, J. A. 2001. Menú técnico para la intensificación ganadera en Colombia, Nicaragua y

Costa Rica. Report by consultants to the GEF PO72929 project, Regional integrated sil-
vopastoral approaches to ecosystem management, October 2001.

Chazaro, M. 1977. El huizache, Acacia pennatula (Schlecht. & Cham.) Benth. Una inva-
sora del Centro de Veracruz. Biotica 2:1–18.

Coe, M., and H. Beentje. 1991. A field guide to the acacias of Kenya. Oxford, UK: Oxford
University Press.

Durr, P. 1992. Manual de arboles forrajeros de Nicaragua. Estelí, Nicaragua: Ministerio de
Agricultura y Ganadería, Región I.

FAO (Food and Agriculture Organization of the United Nations). 2000. United Nations
Food and Agriculture Organization Web site for Land Use Statistics: http://apps.fao.org/
page/collections?subset=agriculture.

Greenberg, R., and P. Bichier. In press. Determinants of tree species preference of birds in
oak-acacia woodlands in Central America. Journal of Tropical Ecology.

Greenberg, R., P. Bichier, and J. Sterling. 1997. Acacia, cattle, and migratory birds in
southeastern Mexico. Biological Conservation 80:235–247.

Hashim, I. M. 1994. Assessment of haraz (Acacia albida) pods as a potential supplement
for cattle. Tropical Grasslands 28:127–128.

Hersch-Martinez, P., M. M. González, and A. Fierro-Alvarez. 1999. Acacia acatlensis: an ali-
mentary resource in southwest Puebla and north of Guerrero, Mexico. Economic Botany
53:448–450.

470 V. Matrix Management in Practice



Howe, H. F., and L. C. Westley. 1998. Ecological relationships of plants and animals. Oxford,
UK: Oxford University Press.

Janzen, D. H., and P. Martin. 1982. Neotropical anachronisms: the fruit that gom-
photheres ate. Science 215:19–27.

Lynch, J. 1992. Distribution of overwintering birds in the Yucatan Peninsula. II. Use of
native and human-modified vegetation. Pages 178–195 in J. Hagen and D. Johnston
(eds.), Ecology and conservation of neotropical migrant landbirds. Washington, DC: Smith-
sonian Institution Press.

Murgueitio, R. E. 1999. Sistemas agroforestales para la producción ganadera en Colombia.
Online: http://www.cipav.org.co/redagrofor/memorias99/murgueit.htm.

Nair, P. K. R. 1990. The prospects for agroforestry in the tropics. World Bank Technical Paper
no. 131. Washington, DC: World Bank.

Naranjo, L. G. 1992. Estructura de la avifauna en un área ganadera en el Valle del Cauca,
Colombia. Caldasia 17:55–66.

Naranjo, L. G. 2000. Recovering paradise: making pasturelands productive for people
and biodiversity. In Proceedings of the First International Workshop on Bird Conserva-
tion in Livestock Production Systems, Arlie Conference Center, Virginia, April 13,
2000.

Peres, C. A. 2000. Identifying keystone plant resources in tropical forests. Journal of Tropi-
cal Ecology 16:287–317.

Perfecto, I., R. Rice, R. Greenberg, and M. van der Voort. 1996. Shade coffee: a disappear-
ing refuge for biodiversity. BioScience 46:598–609.

Pimentel, D., U. Stachow, D. A. Takacs, H. W. Brubaker, A. R. Dumas, J. J. Meaney, J. A.
S. O’Neil, D. E. Onsi, and D. B. Corzilius. 1992. Conserving biological diversity in agri-
cultural/forestry systems. BioScience 42:354–362.

Purata, S. E., R. Greenberg, V. Barrientos, and J. López-Portillo. 1999. Economic poten-
tial of the huizache, Acacia pennatula (Mimosoideae) in central Veracruz, Mexico. Eco-
nomic Botany 53:15–29.

Rice, R., and R. Greenberg. 2000. Cacao cultivation and the conservation of biological
diversity. Ambio 29:167–173.

Saab, V., and D. Petit. 1994. Impact of pasture development on winter bird communities
in Belize. Condor 94:66–71.

Salas, J. B. 1993. Arboles de Nicaragua. Managua: Instituto Nicaragüense de Recursos Nat-
urales y del Ambiente.

Siegel, R. B., and M. V. Centeno. 1996. Neotropical migrants in marginal habitats on a
Guatemalan cattle ranch. Wilson Bulletin 108:166–170.

Silbert, M. S. 1988. Mesquite pod utilization for livestock feed: an economic development alter-
native in central Mexico. Master’s thesis, University of Arizona, Tucson.

Sotelo, A. 1981. Leguminosas silvestres, reserva de proteinas para la alimantacion del
futuro. Información Científica y Tecnológica 3:28–32.

Thrupp, L. A., S. B. Hecht, and J. O. Browder. 1997. The diversity and dynamics of shift-
ing cultivation: myths, realities, and policy implications. Washington, DC: World
Resources Institute.

Vandermeer, J., and I. Perfecto. 1997. The agroecosystem: a need for the conservation biol-
ogist’s lens. Conservation Biology 11:1–3.

Viswanath, S., P. K. R. Nair, P. K. Kaushik, and U. Prakasam. 2000. Acacia nilotica trees in
rice fields: a traditional agroforestry system in central India. Agroforestry Systems 50:
157–177.

19. Silvopastoral Systems 471



Warkentin, I., R. Greenberg, and J. Salgado Ortiz. 1995. Songbird use of gallery wood-
lands in recently cleared and older settled landscapes of the Selva Lacandona, Chiapas,
Mexico. Conservation Biology 9:1095–1106.

Winograd, M., and A. Farrow. 1999. Agroecosystem assessment for Latin America. Prepared
for World Resources Institute, Washington, DC, as part of the PAGE project.

472 V. Matrix Management in Practice



Chapter  20

Agroforestry and Climate 
Change–Integrated 

Conservation Strategies
Lee Hannah

Mounting evidence indicates that global climate is changing, that species ranges
are shifting in response to warming, and that current conservation strategies
must be revised to be effective in the face of future changes (Hughes 2000;
IPCC 2001b; Hannah, Midgely, Lovejoy, et al. 2002). Past climate change has
resulted in alterations to species’ ranges that have necessitated migration over
tens or hundreds of kilometers (Huntley and Webb III 1989; Clark et al. 1998).
In fully natural landscapes, these range shifts would present a serious challenge
to species’ survival. In today’s world, in which natural habitat is heavily frag-
mented, rapid range shifts may be impossible for many species, dramatically
reducing the prospect of successful natural adjustment to climate change (Han-
nah, Midgely, Lovejoy, et al. 2002). Habitat loss alone may be on the verge of
causing a major mass extinction episode (Myers et al. 2000; see also Chapter 1,
this volume). Climate change may well provide the impetus that makes such a
mass extinction inevitable. Because past conservation strategies have assumed a
stable climate, new strategies are urgently needed that can maintain biodiversity
in heavily fragmented landscapes and a dynamic climate.

Biodiversity will be most strongly affected by climate change in tropical
montane settings as species move upslope and to higher latitudes (Peters 1991;
Bush 2002). Lowland tropical species will face less chance of range displace-
ment because they are adapted to warmer and wetter conditions likely to be
typical of future climates, whereas temperate areas will experience many range
displacements, but in a biota not nearly as rich as the tropics. Cloud forest
species in the tropics may be at particular risk because both global climate
change and regional deforestation lead to changes in cloud cover and cloud
base height (Still et al. 1999). Species face extinction when mountaintop habi-
tat such as cloud forest shifts upward, when there is no habitat in areas that
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become climatically suitable in the future, or when no habitat exists between
areas of suitable present and future climate. It is therefore in restoring and
maintaining tree cover and seminatural habitat in high-biodiversity areas of
the tropics that agroforestry has its greatest potential to benefit conservation
of biodiversity as species’ ranges shift.

Some of the most species-rich areas of the planet (the biodiversity hotspots;
see Chapter 1, this volume), such as the tropical Andes, are heavily montane
areas and therefore at elevated risk from climate change. These hotspots have
already experienced high levels of habitat loss and are likely to be under
increasing pressure for agricultural development as frost lines rise with climate
change. Already, agroforestry is an important land use in upland areas where
crops such as coffee and tea are prevalent. Climate change will alter the
dynamic between species and cropping patterns in these areas, and agro-
forestry will play a role in determining the net impact of these alterations on
biodiversity.

Conservation strategies that respond to climate change have been called cli-
mate change–integrated conservation strategies, or a CCS (Hannah, Midgely,
Millar, et al. 2002). A major component of a CCS is the active management of
the matrix of land uses outside and between parks to accommodate range shifts
and other changes caused by climate variation. Agroforestry is a major land use
option that can be important in conservation efforts in the matrix. Not all agro-
forestry systems work well in a CCS, however; some are valuable, whereas oth-
ers have little advantage over other cropping systems. In this chapter, we exam-
ine the conservation challenges posed by climate change, then describe the
attributes of agroforestry systems that can contribute to conservation of biodi-
versity in a changing climate.

Conservation Challenges
Climate has changed over the past century, leading to biotic changes (Walther
et al. 2002). Mean global temperature has increased approximately 0.6°C since
1900, and models of global climate (general circulation models [GCMs]) pre-
dict further warming of 2.5°C to 6.7°C by 2100 (IPCC 2001b). Biological
responses to the warming already under way include species range shifts and
changes in abundance and phenology (Parmesan and Yohe 2003; Root et al.
2003). Major impacts on biodiversity from these changes are expected in trop-
ical montane areas and at high latitudes. Agroforestry will be most important
in helping manage impacts in tropical areas. Montane agroforestry crops such
as coffee will play an especially important role (see Chapter 9, this volume).

Our understanding of the conservation implications of climate change
stems in large part from similar changes in the past. Understanding the role of
agroforestry entails understanding the conservation challenges that result from
biotic response to climate change, as well as emerging strategic responses.
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Range shifts have affected many species during past climate changes (Huntley
and Webb 1989). Past shifts have been recorded in both plants and animals
(Graham and Grimm 1990; Ponel 1995; Webb 1995). Paleoecologists have
used pollen deposited in lakes, fossil and semifossil small mammal nests, and
numerous other tools to detect past vegetation changes. Fossil remains have
been used to show changes in distribution in mammals, birds, marine shell-
fish, and other species after global, local, or regional changes in climate 
(Riddle 1996).

Changes in abundance and patterns of abundance of individual species
may occur in the absence of or in tandem with range shifts. For example,
extensive pollen core data show shifting relative and absolute abundance of
plant species in the transition from cooler climates to the warmer climate of
the present (Huntley, Cramer, et al. 1995). This is most evident in temperate
recolonization after the last glacial maximum but is also well supported in
tropical regions, especially tropical mountains (Webb 1995; Flenley 1998).

The speed of biotic response to past climate change has often been remark-
able. Recolonization after glacial retreat commonly exceeds rates calculated
from mean dispersal and growth time to reproductive maturity (King and
Herstrom 1995). Plant and animal species have tracked major temperature
changes (about 10°C) occurring on time scales of decades or centuries with-
out major extinction episodes (Roy et al. 1996). Figure 20.1 illustrates rapid
climate changes recorded in a Greenland ice core temperature proxy. Outlier
pockets of vegetation have been implicated in vegetation responses to rapid
changes such as these. For example, forests on the South Island of New
Zealand dominated the landscape within a few centuries after the decline of
glacial conditions, despite the presence of a water barrier separating the known
forest refugia on the North Island (McGlone 1995). It has been suggested that
microrefuges in the complex montane relief of the South Island maintained
small pockets of forest that subsequently expanded when suitable climatic
conditions returned (McGlone 1995). Rapid dispersal may also be dependent
on rare long-distance dispersal events, so maintaining healthy populations of
possible long-distance dispersal agents such as bats, birds, and large mammals
will increase the probability of maintaining the natural capacity for range
migration (Clark et al. 1998). Whether from microrefugia or by long-distance
dispersal, the rapid range shifts of the past will be greatly constrained by cur-
rent levels of habitat loss. Many species able to make rapid range adjustments
in a fully natural landscape will face extinction in future rapid changes.

Changing frequency and intensity of extreme events have been associated
with past climate changes (Easterling et al. 2000). High-intensity storms, El
Niño events, and droughts are examples. These events may play important
roles in determining biodiversity patterns (Connell 1978). Rapid temperature
transitions in northern European climate, for instance, are associated with
increased dust storm intensity in Asia, indicating both a global signature to 
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climate changes and changes in extreme events associated with variations in
temperature (Broecker 1999). Drought plays a major direct role in shaping
species distributions and abundance in tropical forests (Condit 1998). It is
associated with greater fire risk in temperate, mediterranean, and tropical sys-
tems (Clark 1990; Simmons and Cowling 1996; Bond 1997; Cochrane et al.
1999). The frequency of El Niño events may change with climate and create
major regional changes in biodiversity through drought, fire, and other factors
(Trenberth and Hoar 1997).

Climate Change–Integrated Conservation
Strategies
The sum of range shifts, changes in abundance, and other factors will deter-
mine the net biotic impact of climate change. To manage the impact of these
changes on biodiversity, Climate Change–Integrated Conservation Strategies
(CCS) have been proposed. A CCS consists of five elements:

• Regional climate and biotic modeling
• Expansion of protected areas
• Management of the matrix outside protected areas
• Regional coordination of management actions
• Financial and technical resource transfer

Use of regional climate change models and models of species response are
an essential first step in generating scenarios of future species distributions.
Regional climate models such as MM5 (developed by the National Center for
Atmospheric Research and Pennsylvania State University) and RAMS
(Regional Atmospheric Model System, developed by Pielke) are fine-scaled
models imbedded in a GCM. They take GCM parameters at the boundary of
the region and use them to drive much higher-resolution projections of
regional climate. They are particularly important in representing changes in
albedo and convective dynamics caused by land use change and regional
topography in ways that are impossible in GCMs (e.g., western North Amer-
ica from the Sierra Nevada to the Rocky Mountains is treated as a giant
plateau in most GCMs). Regional climate models currently exist for many
parts of the world. They are normally used for weather forecasting or agricul-
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tural studies and, more recently, for biodiversity studies. Regional climate
models exist or are under development for Brazil, South Africa, China, and
other tropical countries.

Projections produced by a regional climate model may be used to drive
regional biotic models. One of the most advanced instances of such use is
under way in the Cape Mediterranean Region of South Africa. There, an
MM5-based regional climate model, originally developed for climatology
studies, is being used to drive models of biome, species, and plant functional
type changes in the region (Midgley et al. 2001). Figure 20.2 illustrates pro-
jected biome changes in the two biodiversity hotspots of this region. Other
regional analyses are under way in other parts of the world, although they
often use projections from GCMs rather than regional climate models (Hunt-
ley, Berry, et al. 1995a; Peterson et al. 2002).

The regional modeling phase of a CCS culminates in a sensitivity analysis
that incorporates as much site- and species-specific information as possible.
Integrative sensitivity analysis examines the effects of climate change on 
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individual species—especially rare, threatened, and climate-sensitive species—
and ecological processes. Processes include disturbance regimes that may affect
vegetation dominance (e.g., fire, drought), migrations, and other factors.
Habitats that are sensitive to climate change (e.g., wetlands) and effects on the
distribution of montane species receive special consideration. The result of
modeling and sensitivity analysis is a series of scenarios of possible climate
change effects and management options and may include spatially explicit
mapping of possible changes in species ranges. Based on these scenarios, a con-
servation strategy is developed that includes expansion of protected areas,
management of the land use matrix between protected areas, and regional
coordination of conservation efforts.

Matrix Management
Biodiversity-friendly land uses, such as appropriately designed agroforestry
systems, may provide habitat for many species, increasing the chance of move-
ment through the matrix when climate change alters habitat in parks. Con-
versely, the wrong mix of land uses in the matrix can mean little chance of
species moving outside of park boundaries and can increase penetration of a
microclimate typical for open agricultural areas and plant invasion, causing a
retreating forest edge in the reserves themselves (Gascon et al. 2000).

Efforts to connect protected areas with natural or seminatural land uses
may be called corridors, landscape conservation, or ecoregional conservation
(see Chapters 1 and 3, this volume). Connections provide continuity between
habitat fragments and can help maintain viable populations in multiple-use
landscapes. They also have value in allowing species range shifts with climate
change, but unless they are specifically designed for this using regional mod-
eling results, they will not realize their full potential. CCS efforts therefore
complement existing connectivity planning by explicitly designing connectiv-
ity with climate change in mind.

The ability of species to exist and traverse the matrix becomes critical as
climate change–driven range shifts occur. As changing conditions or extreme
events alter vegetation in protected areas, the matrix may contain the only
available habitat for some species or at some times. Predicting when the matrix
would come into play carries many uncertainties, so one CCS element is to
maximize biodiversity-friendly land uses in the matrix, including the option
to revert human-oriented land uses to natural habitat.

Restoring habitat is an increasingly used option in biodiversity and may
take on increasing importance with climate change. In particular, intentional
maintenance of lands in seminatural uses such as agroforestry may be useful
in keeping restoration options open in the future. For example, if modeling
shows that a species’ range is likely to shift along two potential routes but is
unable to say with great certainty which route is more likely (because of dif-
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ferences in GCM projections or other sources of uncertainty), then a matrix
management strategy might opt for keeping both routes in seminatural vege-
tation, monitoring the species in the field, and restoring habitat as the actual
path of the range shift becomes clear. Such corridor management strategies
have little or no track record, but they are conceptually feasible. The restora-
tion principles involved are generally understood, among which limiting soil
tillage is one of the most important. Applying these principles in a flexible
land use management strategy will entail careful monitoring coupled with
conservation agreements with landholders.

Conservation managers can prepare for future matrix habitat needs by
preparing conservation agreements with landholders outside parks. Matrix
conservation agreements may specify maintaining certain habitat qualities,
such as a percentage of tree cover, or may include rights to future restoration
for biodiversity management. This is an extension of the principle of purchas-
ing packets of rights to land (in this case the right to future use) rather than
outright full acquisition of land (see also Chapter 7, this volume).

An example of planning the matrix for both conservation and production
with possible agroforestry applications is a system being implemented in the
wine-growing region of South Africa near Cape Town. Wine is a major land
use in the region and often occupies hillsides that neighbor upland parks.
Here, joint planning between conservationists and landholders is helping gen-
erate a biodiversity-friendly land use matrix. The Botanical Society, a local
conservation organization, has developed a geographic information system
(GIS) to help vineyards plan future plantings while maximizing conservation.
Landowners and conservationists will use analysis of future consumer demand
and possible climate changes to jointly plan location and scale of new plant-
ings. GIS will be used to identify suitable areas for planting while conserving
natural habitat.

Similar tools could be applied in agroforestry. Like grape vines, trees take
years to mature, so planning horizons are on the order of decades, making
such operations good partners for planning with climate change, which also
unfolds on decadal time scales. The productivity, product quality, and suscep-
tibility to drought and diseases of both vineyards and agroforestry enterprises
are intimately linked to climatic conditions, so that joint planning with state-
of-the-art regional climate models is an advantage to the land user as well.

Agroforestry in the Matrix
Agroforestry, particularly in the biodiversity-rich tropics, has characteristics
important for matrix management and conservation during climate change.
Agroforestry initiatives may be well suited to provide increased habitat value
and connectivity in the matrix because they involve increased tree cover, often
of native species, relative to conventional agriculture or pasture. By promoting
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or maintaining tree cover, agroforestry provides habitat, may leave land better
suited to future conversion to natural habitat, creates a microclimate suitable
for many plant and animal species, and may provide food sources outside
reserves for many seed dispersers and pollinators (Lord et al. 1997). These ele-
ments are in turn important in providing source populations, transitional
habitat, seed dispersal to new areas, and destination habitat for species mov-
ing because of climate change.

Agroforestry may play a role in broader regional climate maintenance as
well. Forest denuded to grassland may warm rapidly, causing hot updrafts that
lead to convective rainfall. At a medium scale, this effect results in increased
rainfall intensity. Over larger areas, it is believed to lead to regional drying
(Pitman et al. 2000). Either effect can compound climate change–related
increases in storm frequency or drying. By providing a landscape with substan-
tial tree cover, agroforestry in conjunction with major protected areas under
natural forest cover may help moderate rainfall disruptions and regional dry-
ing. This in turn reduces regional climatic changes that may affect species’
ranges and abundance through changes in food resource availability, reproduc-
tive timing, or survival (especially during drought or fire).

Habitat provided by agroforestry is important for some species. For exam-
ple, shade coffee has been shown to provide habitat to bird species that
unshaded coffee (or “sun coffee”) does not (see Chapter 9, this volume). If the
ranges of these species shift because of climate change, shade coffee plantations
provide a semipermeable matrix land use that may facilitate natural move-
ments. Shade coffee often is practiced by smallholders with low capital inputs,
meaning that the marginal cost of maintaining these conservation values is
low. In contrast, intensive coffee culture offers little alternative habitat, may
pollute the soil with pesticides, and has high cost of conversion to conserva-
tion set-asides, if such conversion is even biologically possible.

Agroforestry can help provide food sources outside reserves that main-
tain populations of large seed-dispersing birds and some mammals that
facilitate range shifts. It can also facilitate long-distance foraging when food
is less plentiful in nature reserves. The importance of providing food
sources to seed dispersers is illustrated by the brown-cheeked hornbills (C.
cylindricus) of the Dja Reserve in Central Africa (Whitney et al. 1998).
These birds are resident in the largest park in Cameroon and one of the
largest in Africa yet depend on food sources outside the park in certain sea-
sons. Radio tracking in small planes has shown that they move hundreds of
kilometers and across international borders in search of off-season food,
despite the fact that the Dja Reserve is half the size of Belgium (Figure
20.3). Movements such as these can be critically important to forest plant
species whose ranges are shifting because of climate change. Hornbills are
important seed dispersers, and in times of rapidly changing climate, getting
seeds to areas with newly suitable climates is critical to the ability of forest
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tree species to shift their ranges. Without food sources outside reserves,
these movements would be reduced, greatly decreasing the chance of long-
distance dispersal for some forest plants. In landscapes in which forest is
being increasingly converted to agriculture, agroforestry can therefore play
a pivotal role in maintaining trees that provide off-season food resources for
large dispersers such as hornbills.

A final example illustrates the potential of agroforestry to foster forest
regeneration. Cocoa is an agroforestry crop often favored by smallholders.
Cocoa must be replanted periodically to maintain productivity, providing an
economic window in which conversion to conservation set-asides could take
place. Apart from the habitat value of native plants, the cocoa and associated
trees maintain many soil components and understory microclimate conditions
necessary for forest regeneration (see Chapter 10, this volume). Restoring for-
est on denuded land can be extremely difficult and slow because of the
changes in soil and the light and moisture regime that occur with total clear-
ing. Cocoa, though in no way comparable to natural forest, does provide 
conditions for forest regeneration far superior to those of cleared land. If
intentionally managed as part of a CCS, these attributes may help maintain
future options for biodiversity management.
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Attributes of Biodiversity- and Climate-Friendly
Agroforestry
Agroforestry land uses can be a constructive, biodiversity-friendly part of a
CCS when they

• Maximize soil conservation,
• Maintain high levels of native tree cover,
• Include appropriate levels of capital investment, and thereby
• Maintain options for conversion to conservation land uses

Options that minimize soil disturbance and avoid pollution are important
because they maintain soil biota that are critical to the establishment and
movement of natural vegetation. Soil bacteria, fungi, and mycorrhizal associ-
ations are critical to establishing and maintaining native vegetation (Perry et
al. 1990). Forests and other native plant formations depend on these soil
microorganisms to break down minerals and make nutrients available. Soil
fauna is important for maintaining soil structure and litter decomposition.
High-intensity agriculture that breaks the soil and reduces soil organic matter
negatively affects these soil biota, and it may take years or decades for them to
become reestablished (Perry et al. 1990).

As climate change causes changes in vegetation, soil biota may be the lim-
iting factor in plants becoming established in areas that have become newly
climatically suitable (Perry et al. 1990). Agroforestry land uses that minimize
soil tillage, avoid soil pollution with pesticides, and maintain soil organic mat-
ter through soil cover and litter inputs thus foster soil microflora and fauna,
which may play an important role in facilitating plant range shifts in the
matrix in response to climate change.

Tree cover maintained by agroforestry is directly correlated with habitat
values and the ability of the land use to maintain regional climate. Agro-
forestry trees may provide habitat for birds, epiphytes, and other species and
may provide a corridor of transit for species such as primates even when not
suitable as primary habitat (see Chapter 3, this volume). Trees may provide
indirect benefits to many more species in the surrounding region by helping
to maintain regional climate. Loss of tree cover over large areas may result in
reduced moisture recycling and regional drying. Specific levels of tree cover
necessary to maintain regional climate may be derived from climatic model-
ing, as illustrated by Woodward et al. (1998). Tree cover beneficial for the
conservation of regional climate can be a mix of native and introduced trees
if no invasive species are used (see Chapter 15, this volume). Depending on
their size and planting density, tree crops could provide microclimate condi-
tions similar to those of forests; however, their value as habitat for forest
wildlife usually is greater if native tree species are used. Extensive monocul-
tures, even of tree crops, cannot provide these biodiversity benefits.
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Future management adjustments necessitated by climate change are diffi-
cult to predict precisely, making land uses that keep options open an asset in
conservation efforts. Highly capital-intensive land uses are unlikely to be avail-
able for future conversion to conservation set-asides. Conversely, lack of capi-
tal investment resulting in soil degradation and erosion may also make future
conversion costly. On the other hand, land uses with moderate levels of capi-
tal investment may give landowners more flexibility in considering conserva-
tion agreements in which land is reverted to natural forest in return for 
payments (see Chapter 7, this volume) while maintaining soil properties in a
state that allows forest reestablishment.

In addition to outright conversion of agroforestry land to conservation
through reforestation or allowing natural regeneration, areas with flexible land
use, such as agroforestry, may also be valuable in conservation planning involv-
ing trade-offs between conservation and production objectives. For example, an
agroforestry concession that could help meet wood demand through use of
shaded tree crops or silvopastoral systems with timber trees might be valuable in
allowing some production forest to be retired to conservation, as part of a CCS.

Impact of Climate Change on Agroforestry
Climate change also affects human land uses, and these changes may in turn
affect biodiversity. Current agricultural areas may become less productive as cli-
mate change alters regional growing conditions (IPCC 2001a). This may force
landholders to expand their agricultural land, resulting in encroachment on
natural habitats, an effect that should be considered when planning agro-
forestry in support of conservation.

Land use planning should consider the impacts of climate change on farm-
ing systems in a region in parallel with likely biological changes caused by 
climate shifts. By anticipating declining agricultural production caused by a
drier climate, for example, planners can help provide appropriate levels of cap-
ital input and crop germplasm adapted to future climatic conditions, thereby
maintaining income and food security and fostering social stability in areas that
might otherwise resort to desperation clearing of natural forest to compensate
for income losses. Agroforestry crops and planting designs should be selected
based on future as well as current growing conditions; consequently, long-term
plans are needed to ensure transitions in land use practices that maintain pro-
ductivity and stability of land use in the face of climate change.

Conclusions
Not all agroforestry systems have biodiversity benefits, either in the near term
or as future climate changes. Systems consisting of exotic tree species are less
valuable for biodiversity conservation than agroforests possessing a closed
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canopy and forest structure (see Chapter 10, this volume). Replacing natural
forest with any type of agroforestry system entails huge losses of biodiversity
and should be considered only where conversion to less desirable land uses
would be the inevitable alternative. In these cases, agroforestry systems that
avoid soil disturbance and pollution, maintain tree cover, incorporate native
species, have appropriate levels of capital inputs, and thereby keep options
open for the regeneration of natural forest in the future have the greatest
potential for matrix management as part of a CCS.

Application of agroforestry in CCSs is a new concept. Opportunities to
test agroforestry in this context should expand in the future as these use
strategies are more widely implemented in the matrix of tropical mosaic land-
scapes. The potential roles for agroforestry include providing transitional
habitat for species whose ranges are shifting, supplemental habitat for species
in decline, food sources outside protected areas, microclimatic conditions
appropriate for many species, and flexible options for future regeneration of
natural forest.
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Following the World Agroforestry Center, in this book we define agroforestry
as a dynamic, ecologically based natural resource management practice that,
through the integration of trees and other tall woody plants on farms and in
the agricultural landscape, diversifies production for increased social, eco-
nomic, and environmental benefits. The 20 chapters in this book analyzed
ways in which agroforestry could best contribute to one particular group of
environmental benefits, namely the conservation of tropical biodiversity. In
the Introduction we proposed three hypotheses on how agroforestry could
help conserve tropical biodiversity: by reducing the pressure to deforest
remaining forestland and degrade forest through the unsustainable extraction
of its resources, by providing suitable habitat for forest-dependent plant and
animal species, and by creating a biodiversity-friendly matrix to facilitate
movements between existing patches of natural habitat and buffer them
against more hostile land uses. In this Conclusion, we briefly review these
three hypotheses in light of the contributions in this volume, identify oppor-
tunities where existing knowledge can be applied, and pinpoint knowledge
gaps where further research is needed. We conclude with a list of the most
immediate research needs.
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Agroforestry as a Means of Protecting Natural
Forest

Agroforestry can help reduce pressure to deforest additional land for
agriculture if adopted as an alternative to more extensive and less sus-
tainable land use practices, or it can help the local population cope
with limited availability of forestland and resources, such as near effec-
tively protected parks (the agroforestry-deforestation hypothesis).

This hypothesis should not be misunderstood to suggest that the promotion
of agroforestry in forest frontier areas as such would have a general forest-
conserving effect. Both historical and economic arguments reviewed in this
book show that this is not a simple causal relationship. A key argument in the
early discussion of the effects of agroforestry on deforestation was that by
being more sustainable than alternative land use practices, agroforestry may
reduce deforestation as a means to create new fertile crop lands to substitute
for degraded agricultural lands (Chapter 5). However, although it is true that
agroforestry often is more sustainable than alternative agricultural land uses,
this does not necessarily lead to less deforestation, for two reasons. First, even
potentially sustainable land use practices can be used in an unsustainable man-
ner if the prevailing socioeconomic conditions favor the occupation of new
land rather than investments in sustaining the productivity of existing fields,
pastures, and plantations. For example, converting new forest areas for agri-
culture may be a way for farmers (e.g., immigrants) to establish use rights,
defend traditional use rights against other land users or the government, or
simply expand their farmed land. Furthermore, the profitability of tree crops
such as cocoa and rubber usually is highest if they are grown in newly defor-
ested areas, which provides a further incentive for farmers to establish new
plantations in primary forest rather than replant already cultivated land as
long as forestland is readily available (Chapter 6). Second, if agroforestry land
use, such as growing commercial tree crops, is more profitable than alternative
activities in the same or nearby regions, such as slash-and-burn agriculture
with subsistence crops, there will be a tendency for agroforestry to expand,
including into forested areas, if socioeconomic factors (access to land, labor,
and capital) or biophysical factors (soil conditions and pest and disease pres-
sures) do not pose obstacles to such expansion (Chapter 5).

In combination, these two factors explain why some perennial crops,
which form the basis of the most biodiversity-rich agroforests, have also con-
tributed significantly to the expansion of the agricultural frontier into primary
forest. Chapter 6 demonstrates this for cocoa; other examples include rubber
in lowland Sumatra (Chapter 5) and coffee in Colombia (Chapter 7) and else-
where. Global markets for these commodities, their (former) profitability, and
an abundant labor force of immigrants, for example in Sumatra and the West
African rainforest zone, are among the factors that have permitted this expan-
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sion of tree crops, sometimes grown in agroforests, into primary forest areas
(Chapters 5 and 6).

On the other hand, there are combinations of farmer characteristics, types
of agroforestry practices, and market and tenure conditions under which agro-
forestry is likely to pull labor and capital resources away from the forest fron-
tiers and thereby help to reduce deforestation. In particular, techniques that
necessitate long-term investments in the land (e.g., through the planting of
trees with a long productive life), that are labor or capital intensive, and that
reduce production risks and thus the need to clear excessive land as a form of
insurance are likely to have this effect. Cases in which agroforestry adoption
has helped to stabilize the forest frontier include the introduction of coffee in
slash-and-burn systems in Nicaragua (Chapter 5). Also, in some regions tradi-
tional shaded cocoa systems reduced forest conversion compared with modern
monoculture cocoa by extending the useful life of the cocoa tree and, critically,
facilitating replanting on the same site (Chapter 6).

However, as Angelsen and Kaimowitz (Chapter 5) point out, it will often
be difficult to promote the techniques that have the highest forest-saving
potential in a forest frontier situation. Because farmers tend to prefer tech-
nologies that increase rather than limit their options (including the option to
move into new forest areas if this appears advantageous), they will often be
reluctant to adopt labor- or capital-intensive agroforestry technologies when
these factors are scarce but land is abundant, as is typically the case at open
forest frontiers, especially where these frontiers are continuously being opened
up by road construction and logging development (Chapter 2). Therefore,
rather ironically, agroforestry practices or technologies that have the highest
forest-saving potential are more likely to be adopted once the forest is gone
(Chapter 5) or has become inaccessible to farmers.

In isolation, promoting agroforestry therefore will not usually be an effec-
tive means of reducing deforestation. Rather, the evidence and experiences
reviewed in this book suggest that agroforestry can make its greatest contribu-
tion to forest conservation when it is combined with other, more direct forest-
conserving measures, such as the declaration and enforcement of protected
areas and other environmental legislation, or approaches that provide farmers
with net benefits from forest conservation, such as conservation concessions
(Chapter 7), access to special markets, ecotourism revenues, payments for
watershed functions, or perhaps carbon credits (Chapter 4).

Agroforestry can complement such direct forest conservation measures in
several ways. Agroforestry practices that allow the sustainable intensification of
land use in deforested areas and increase the profitability per unit area, such as
through the introduction of tree crops in pasture or slash-and-burn areas or
valuable secondary crops and timber trees in tree crop systems, can help pop-
ulations cope with reduced land availability in a closed-frontier situation, such
as the buffer zone of a park. Under such conditions of limited land availability,
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the potential for sustainability of agroforestry practices is more likely to be
realized and labor-intensive practices more likely to be adopted. By providing
timber and nontimber products that would otherwise be taken from the for-
est, agroforestry in buffer zones can also help reduce pressure on forest
resources and make legal restrictions on their extraction from the forest more
acceptable to the local population (Chapter 10). Where populations live
within the limits of less strictly protected areas, tree-dominated land uses such
as complex agroforests may be the land use option that is most acceptable to
both farmers and park managers and thereby help avoid conflict (Chapter 13).

Agroforestry is a suitable land use option not only in areas surrounding
legally protected forests but also where land users voluntarily opt for conser-
vation set-asides in exchange for direct payments, investments in health or
educational infrastructure, or other benefits, as in the conservation concession
approach (Chapter 7). In the long term, the protected status of conservation
set-asides will depend on the sustainable use of the remaining agricultural
land, or at least the cost of setting aside land will increase if unsustainable land
use in the surroundings increases the pressure on the forest protected by a con-
cession. Therefore, sustainable agroforestry practices that also reduce farmers’
dependency on forest products probably can contribute to the long-term via-
bility of conservation set-asides. As Hannah (Chapter 20) suggests, the greater
flexibility of agroforestry compared with other land uses for eventual future
conversion into natural habitat, which results from native tree cover, soil con-
servation, and extensive management of agroforestry areas, is an added advan-
tage in the proximity of conservation set-asides and legally protected areas (by
contrast, agroforestry practices using exotic tree species can be a serious threat
to such areas, as discussed later).

Including agroforestry land uses in conservation concession agreements
could sometimes make a critical difference in farmers’ decision to adopt 
agroforestry in exchange for simpler agricultural practices. Transition to agro-
forestry often entails long-term investments (e.g., in tree planting), or 
agroforestry may be more sustainable but produce lower yields than nonagro-
forestry alternatives, at least in the short term, as is often the case with shaded
compared with unshaded tree crops (Chapters 6 and 9). Consequently, by
adopting agroforestry, farmers often incur immediate additional costs for
which they may be rewarded only in the longer term. Some biodiversity-
friendly agroforestry practices may even necessitate permanent subsidies to be
competitive with conventional agricultural land uses. Through conservation
concessions, land users can be compensated for such investments in biodiver-
sity and sustainability in return for conserving additional forest or retiring
agricultural land, thereby increasing the opportunities for integrated land use
planning (Chapters 7 and 20). In a similar way, farmers could be rewarded for
conserving forest and managing agricultural land sustainably through rev-
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enues from ecotourism, access to specialty markets (ecolabeling), payments for
maintaining watershed functions, or carbon trading (Chapter 4).

As mentioned earlier, agroforestry may help maintain the integrity of
forests by providing timber and nontimber forest products that would other-
wise be collected from forests, often in an unsustainable manner. Empirical
evidence is emerging that farmers who possess agroforests are less dependent
on forest resources in general (Chapter 10). Whether this also applies to hunt-
ing is less clear, however. Tropical farmers commonly hunt in agroforests,
where wildlife may be attracted by fruits and seeds and where hunting may
serve the purpose of crop protection and subsistence (Chapter 13). In some
cases, farmers even conserve tree species in cultivated areas specifically to
attract wildlife (Chapter 8). In principle, hunting in agroforestry buffers could
reduce hunting pressure in primary habitat; however, the extent to which this
is the case and how source populations in primary habitat are affected by pos-
sibly high hunting pressure in cultivated areas, which could act as population
sinks, have not been studied adequately.

In summary, although it would be naive to expect that promoting agro-
forestry as such would lead to reduced forest clearing, agroforestry can make
significant contributions to the political acceptability and long-term stability
of forest frontiers if they are imposed or protected by other, more direct mech-
anisms and may reduce pressures on forest resources. Forest conservation in
parks or conservation concessions and the promotion of agroforestry land uses
in the surroundings are likely to have synergistic effects. The development of
such synergies depends to a large extent on good governance, especially sound
environmental legislation and its effective enforcement, and institutions that
allow and engage in integrated approaches to conservation and rural develop-
ment planning. Thus, under particular scenarios and in combination with
other measures, the agroforestry-deforestation hypothesis appears to be valid,
although more empirical work is needed to clarify the range of social and eco-
nomic conditions under which its validity is maintained.

Agroforestry as Habitat for Native Plant 
and Animal Species

Agroforestry systems can provide habitat and resources for partially
forest-dependent native plant and animal species that would not be
able to survive in a purely agricultural landscape (the agroforestry-
habitat hypothesis).

As several contributions to this volume have shown, tropical agroforestry sys-
tems such as shifting cultivation, shaded tree crops, and complex agroforests
contain or contribute to supporting many species and varieties of plants and
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animals that are not present in agricultural monocrops and pastures. Some of
these species and varieties belong to the planned components of a system,
especially crops, planted shade trees or tree crops, and domestic animals; oth-
ers are remnants from prior plant and animal communities or are present as
populations or metapopulations distributed over, or using, both natural and
agroforestry-based patch types in the landscape (unplanned components).
Both groups may contain species or varieties that are threatened and in need
of conservation and others that have low conservation priority but may con-
tribute to the productivity and stability of the land use system.

Some of the planned components of an agroforestry system may be wide-
spread and often exotic crop and tree species, whereas others may be of native
origin, including threatened crop species and varieties (Chapter 8). Although
not usually considered in biodiversity conservation projects, the active conser-
vation of such local crop species and varieties may be important for many rea-
sons, including site adaptation and use in future breeding programs, but also
as insurance of cropping systems against yield failure, especially under chang-
ing climatic conditions, which could force impoverished farmers to clear more
forest or migrate to new forest frontiers (Chapter 20). Among the wild species
present in a system, some common, disturbance-adapted species, including
weeds, may contribute to ecosystem processes such as nutrient retention, pol-
lination, and biological pest control but have low conservation value, whereas
others may be rare forest species. Of the latter, some may be actively managed
to fulfill essential functions, for example as shade trees, whereas others may be
exploited occasionally for timber or nontimber products, and yet others may
be merely tolerated or not noticed at all. Some common weedy species may
also provide important food resources and habitat for other species more in
need of conservation (Chapter 19).

As land use systems are intensified, wild species tend to be increasingly
suppressed (e.g., by weeding and application of pesticides with cascading
effects on higher trophic levels) or be replaced by a smaller number of planned
species (e.g., forest remnant trees by planted, often exotic shade trees and tree
crops, spontaneous weed communities by introduced cover crops, or diversi-
fied native by monospecific planted fallows; Chapters 8 and 9). Consequently,
where high diversity of wild plant and animal species occurs in agroforestry
systems or landscapes, this is usually the result of extensive management or
even temporary abandonment of cultivated areas, that is, a result of the toler-
ance or unintentional maintenance (as in fallows) of biodiversity in produc-
tion systems rather than specific management to promote its persistence.

This is most obvious in shifting cultivation, the most widespread and among
the oldest forms of agroforestry. As Finegan and Nasi (Chapter 8) point out, the
length of the fallow period (i.e., the time during which land is not managed or
is managed only very extensively to enable it to recover from previous cropping)
is a key factor determining the accumulation of wild species both at the plot and
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at the landscape scales. Consequently, the widespread phenomenon of shorten-
ing fallow periods in the tropics as a result of increasing land use intensity and
the concomitant increase of disturbance through vegetation cutting and burn-
ing threatens not only the sustainability of these systems but also their potential
to conserve native forest species. This is particularly true for forest plants, which
tend to be excluded from short-rotation fallows through burning and weeding
during the cropping phase and perhaps through competition from pioneers dur-
ing the fallow phase. Forest animals, on the other hand, are often able to move
between different habitat patches in shifting cultivation landscapes and tend to
be less affected, although they will suffer if shortening of fallow periods leads to
smaller areas of older fallows, or primary vegetation, in the landscape. Some
groups may even be more abundant or diverse in structurally heterogeneous fal-
low landscapes than in more homogeneous primary forest, as has been shown
for some raptors, certain primates, and small to medium-sized mammals,
whereas other groups such as terrestrial and understory insectivorous forest birds
generally are less abundant (Chapter 8).

Extensive management is also a key factor influencing the habitat value of
more permanent agroforestry practices, including shaded tree crop systems
and complex agroforests. Shaded, and especially extensively managed, rustic
coffee plantations have been shown to provide habitat for numerous species of
mammals and birds that are absent from intensively managed sun coffee or
other treeless areas and also to provide critical overwintering sites for migrant
birds (Chapter 9). Complex agroforests, such as jungle rubber in Indonesia or
shaded cocoa systems in Africa and Latin America, are the most forest-like of
all agricultural systems and have been shown to provide at least temporary
habitat to many forest species, including some threatened cat, primate, and
bird species. Extensive management of the whole system or of certain sections
or vegetation strata, or even abandonment of the system during certain phases
(e.g., at times of low commodity prices), often allow the persistence or recol-
onization by native plant and animal species (Chapter 10). However, even
such extensively managed, forest-like systems are no substitutes for native
habitat because certain species groups tend to be underrepresented or absent.
This is particularly true for forest interior species, large herbivores, and top
predators (high hunting pressure clearly contributes to the declines especially
of larger animals; Chapter 14). Furthermore, many forest animals that are
observed in agroforestry systems or fallows may depend on the existence of
nearby native habitat and use these managed systems only sporadically or as
stepping stones between patches of natural vegetation (Chapter 10). The
degree to which some threatened species depend on the presence of natural
forest in agroforestry landscapes is a key question for future research because
it will influence the rates of depletion of local populations as natural forest is
replaced by even the most forest-like agricultural systems.

Although the same biodiversity benefits arising from rustic coffee systems
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or complex cocoa or rubber agroforests cannot be expected from isolated trees,
windbreaks, or hedgerows, such agroforestry elements in managed landscapes
have been shown to permit the presence of several species of birds, bats, and
small mammals that would not be present in treeless fields or pastures, includ-
ing occasional forest interior species (Chapter 11). Woodlots of native trees in
pasture areas have been shown not only to provide supplementary fodder
resources for livestock and increase their carrying capacity during periods of
low forage availability but also to provide crucial habitat for insects and migra-
tory birds (Chapter 19). In wider wooded corridors connected to native for-
est, substantial colonization by forest plant, bird, and mammal communities
has occurred within a few years of establishment, suggesting rapid develop-
ment of suitable habitat conditions (Chapter 18).

Whether agroforestry systems provide habitat for forest species depends to
a large degree on their management, especially whether they are managed on
a short rotational or semipermanent basis, the structural complexity and diver-
sity of their shade canopy and understory, and the degree of weeding, pollard-
ing, and pesticide use. In addition, the size and location of the system within
the landscape, particularly its proximity and degree of connectivity to remain-
ing forest cover, strongly influence the abundance and diversity of plant and
animal species present (Chapters 10 and 11).

Another key factor that acts directly on the animal diversity and abun-
dance of agroforestry landscapes is hunting pressure. Wildlife is hunted in
most tropical regions for food, income, medicine, and trophies, to control
crop pests and predators of domestic livestock, and to reduce threats to human
safety (Chapter 14). Although as a result of moderate levels of disturbance
agroforestry landscapes tend to be more productive for certain wildlife species
than undisturbed forest, present levels of wildlife consumption in many trop-
ical regions are unsustainable and risk driving many species to extinction, par-
ticularly large and slowly reproducing species. In more densely populated
tropical regions, the potential of agroforestry landscapes to serve as habitat for
forest wildlife therefore also depends on changes in local consumption prefer-
ences and attitudes toward wildlife (Chapter 14). Furthermore, wildlife
species that pose threats to crops or the safety of humans or domestic livestock
are unlikely to be tolerated in inhabited areas (Chapter 13), stressing again the
need for large and undisturbed areas of natural habitat even in regions where
agroforestry is a dominant land use.

In summary, certain agroforestry practices have a significant potential to
provide habitat for many species of forest-dependent flora and fauna and can
probably play a crucial role in reducing species extinctions in regions where the
area of remnant native habitat has been greatly reduced. However, because even
in the most diversified and extensively managed agroforests certain groups of
forest species are missing or underrepresented, agroforestry systems cannot be
seen as a substitute but only as a complement to areas of natural habitat. Fur-
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thermore, increasing intensification of land use practices in tropical regions,
such as shortening of fallow periods or reduction and simplification of shade
canopies in tree crop plantations, reduces the habitat value of these systems for
native species (Chapters 8 and Chapter 9). Therefore, it will be increasingly
important to find ways to increase the profitability of traditional agroforestry
systems while maintaining as much as possible of their biodiversity benefits.

Agroforestry as a Benign Matrix Land Use 
for Fragmented Landscapes

In landscapes that are mosaics of agricultural areas and natural vege-
tation, the conservation value of the natural vegetation remnants
(which may or may not be protected) is greater if they are embedded
in a landscape dominated by agroforestry elements than if the sur-
rounding matrix consists of crop fields and pastures largely devoid of
tree cover (the agroforestry-matrix hypothesis).

It has been suggested that the type of land cover and land use in the matrix of
managed areas around and between remnant forests and parks has an impor-
tant influence on ecosystem processes and population dynamics within these
patches; therefore, matrix management has become an emergent topic in the
design and implementation of biodiversity conservation strategies (Chapter
1). Key functions of the matrix that were identified in this book include pro-
viding a smooth transition between open agricultural areas and forest bound-
aries that reduces edge effects and the incursion of fire into forest areas (Chap-
ter 2), providing connectivity between patches of primary habitat (Chapter 3),
and providing alternative or supplementary habitat and resources for forest
species (Chapter 8). Agroforestry systems may also provide a supply of timber
and nontimber forest products that reduces the dependency of the local pop-
ulation from forest resources, as discussed earlier. Evidence supporting the
hypothesis that the conservation value of habitat fragments is greater if they
are embedded in a matrix of agroforestry than in less diversified and struc-
turally simpler agricultural land uses is still mainly indirect, although direct
evidence is slowly accumulating.

In several tropical regions, complex agroforests form the transition between
human settlements and intensively used agricultural areas on one hand and nat-
ural forest on the other (Chapter 10). In this situation, depending on the
height, structure, and extension of such agroforests, their buffering effect on
microclimate and wind can be expected to result in lower edge-related mortal-
ity of forest trees than in unprotected forest, as has been shown for buffers of
tall secondary forest; however, empirical evidence that such an effect also occurs
with agroforests is lacking. Similarly, it is very likely but has not yet been
demonstrated that forests buffered in this way are less affected by fire incursions
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because farmers will attempt to avoid damage to their tree crops. Despite the
lack of proof of such effects, pioneer projects have started to implement agro-
forestry buffers around forest fragments (Chapter 17), which will in due course
also serve as an empirical test of their basic hypotheses.

Some direct and substantial indirect evidence exists for the role of differ-
ent types of agroforestry in increasing the connectivity of landscape mosaics
for forest species. Shaded coffee ecosystems and pastures invaded by native
legume tree species in Central America regularly host migrant birds arriving
from North America, thereby providing a terminus to migrations as well as
stopovers and, in a sense, ensuring connectivity on a continental scale (Chap-
ters 9 and 19). Species of large cats that are known to use large territories, such
as tiger and puma, have been seen in damar agroforests in Sumatra and cocoa
agroforests in Costa Rica, respectively, although the degree to which such
forested habitat in the agricultural landscape is necessary to ensure connectiv-
ity remains to be established. In Bahia, Brazil, lion tamarins (an endangered
primate species) have been recorded in cocoa agroforests but are believed to be
dependent on primary forest and to use the agroforests only as temporary
habitat (Chapter 10). Remnant trees and windbreaks in fields and pastures
often are used as stepping stones and dispersion paths for birds and flying
mammals and may occasionally allow the passage of howler monkeys or other
larger fauna (Chapters 11 and 17). In wider agroforestry corridors, such as
100-m-wide wooded strips connecting forest fragments, forest species have
become established within only a few years, providing direct evidence of the
value of such corridors as dispersion paths (Chapters 3 and 18).

Recent research has also shown a surprising degree of connectivity on a
landscape scale for trees in forest fragments that were previously assumed to be
“living dead” for lack of nearby mating partners. Agroforestry trees in the
matrix may cross-pollinate with trees of the same species in forest fragments
or may facilitate movements of pollinators and seed dispersers across the land-
scape. Consequently, such fragments are genetically less isolated than previ-
ously expected. However, the possibility that a few highly productive remnant
trees (“superadults”) in the open landscape dominate the pollen pool in habi-
tat fragments and reduce effective population sizes warrants further consider-
ation (Chapter 12).

However, there are further risks associated with the use of agroforestry in
the matrix around natural habitat. One of these is the use of invasive alien tree
species. Many species of timber, fruit, and service trees that are commonly
used in agroforestry outside their native home range have occasionally been
found to invade natural habitat, often after disturbance (Chapter 15). Because
forests bordering on agricultural areas are particularly prone to disturbance,
for example through logging and fire, the chances of invasion by agroforestry
trees grown in the matrix may be greater. Mutualists such as pollinators, seed
dispersers, mycorrhizal fungi, and nitrogen-fixing bacteria (also often aliens)
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in and around agroforestry systems may also facilitate invasions. In some gen-
era, introduced species may also hybridize with native species, thereby threat-
ening native gene pools (Chapter 12), or exotic species may hybridize with
each other, thereby increasing their invasiveness (Chapter 15). Nonnative trees
(and crops) may also host exotic pests and diseases to which the natural vege-
tation is not adapted, resulting in severe epidemics that may fundamentally
alter the composition of natural communities or may be susceptible to native
pests and diseases to which they have no tolerance or resistance (Chapter 16).
Although these risks can be avoided by using native tree species, this may not
be without cost and additional effort for the land user, who may forgo income
opportunities from faster-growing, more valuable, or simply more available
and better-known exotic species, which are often promoted by “diversification
projects” using “promising” exotic species (Chapters 15 and 16).

For farmers, growing agroforestry crops in buffer zones and mosaic land-
scapes may involve both opportunities and risks, and the perception of these
will influence their attitudes toward the conservation of primary habitat and
wildlife. As the agricultural matrix becomes more hospitable and permeable to
wildlife, there will also be greater risks of wildlife damaging crops and threat-
ening domestic livestock or even humans (Chapter 13). For some farmers liv-
ing close to the forest boundary and possessing the ecological knowledge to
hunt larger fauna, benefits from the presence of wildlife may exceed crop
losses, but for others it may not. To avoid conflict, land managers could help
farmers plant unpalatable crops such as tea or coffee along park boundaries,
thereby repelling wildlife from crop fields and channeling it into less sensitive
corridors, or develop schemes through which farmers are compensated for
crop losses to wildlife (e.g., from tourism revenues). Open communication
between stakeholders about their respective objectives is clearly a condition for
such integrated, landscape-scale planning and management (Chapter 13).

Although crop damage by wildlife generally is higher in proximity to 
primary habitat, little is known about how the exposure of crops to pests and
diseases is affected by mosaic landscapes compared with more open and
homogeneous areas. Although examples of both positive and negative effects
exist, there is evidence of greater potential for biological pest and disease con-
trol in mosaic landscapes, which adds to the value of natural vegetation for the
in situ conservation of resistance genes. However, where agricultural areas are
taken out of production as part of conservation set-asides, they may turn into
sources of disease inoculum, and intervention may be needed to avoid dam-
age (Chapter 16).

In summary, the available evidence suggests that managing the agricultural
matrix for soft transitions between cultivated and protected areas and increased
connectivity through a diversified, structurally heterogeneous, and intercon-
nected network of agroforestry elements, preferentially dominated by trees
from the regional species pool, could make a substantial contribution to the
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long-term viability of plant and animal populations in tropical mosaic land-
scapes. Whether and at what cost this type of matrix management can be
implemented in real tropical landscapes depend critically on the perceptions
of farmers who live in such biodiverse landscapes and who will experience
both the synergies and the trade-offs between their private goals and the objec-
tive of biodiversity conservation. The benefits of greater access to forest prod-
ucts and ecosystem services, such as water supply, pollination, and biological
pest and disease control, and the costs of not planting exotic and potentially
invasive crop and tree species, of tolerating wildlife on one’s farmland, and
possibly of coping with pests and diseases that cross-infect between native veg-
etation and agricultural crops and trees are all parts of an equation that deter-
mines whether farmers will perceive the biodiversity of tropical mosaic land-
scapes as an asset or a liability for which they need to be compensated by those
who value this biodiversity and the ecosystem services connected to it.

Outlook and Research Needs
This book provides evidence in support of all three mechanisms through
which agroforestry can help conserve tropical biodiversity:

• By helping to reduce deforestation and pressure on forest resources through
synergies between agroforestry land use and direct measures of forest protec-
tion

• By increasing habitat for native species in cultivated areas, which is most
important where natural habitat has been severely reduced

• By providing a more benign and permeable matrix for patches of primary
habitat in land use mosaics

This suggests that agroforestry has an important role to play in biodiver-
sity conservation strategies for the tropics, complementing and supporting the
essential role of natural habitat within and outside parks and other protected
areas. In conservation strategies that integrate agroforestry with other conser-
vation measures, the relative importance of these three mechanisms depends
on the specific situation of an area, particularly the degree of human coloniza-
tion of a landscape and the availability of native habitat. In largely forested
wilderness areas, biodiversity will be most effectively conserved by maintain-
ing a maximum of forest cover; consequently, the most important role of agro-
forestry will be to help reduce the pressure on forestland and forest resources,
and the direct habitat role of agroforestry areas will be of secondary impor-
tance. In areas where natural habitat has already become fragmented through
human colonization, this role will be complemented by the creation of a
matrix that maintains connectivity and softens transitions between forest and
agricultural areas. The direct habitat role of agroforestry areas will be most
important in regions where natural habitat has been greatly reduced so that
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agroforestry areas provide some of the last remaining habitat for those forest-
dependent species that tolerate a certain level of disturbance.

The effective integration of agroforestry into conservation strategies is a
major policy and institutional challenge that necessitates integrated
approaches to natural resource management and rural development across tra-
ditional disciplinary, ministerial, and departmental divisions. It will also take
substantial research and development efforts on biological, agronomic, socio-
economic, institutional, and political levels to close critical knowledge gaps, as
well as substantial efforts on the part of scientists to communicate more effec-
tively with decision makers and policymakers.

We conclude with a list of some of the most immediate research needs (in
no particular order of priorities), hoping to inspire increased research efforts
that may help develop agroforestry into an effective tool to complement ongo-
ing conservation efforts in tropical landscapes.

• Develop, in a participatory manner, indicators and effective monitoring sys-
tems to assess the ecological services fulfilled by agroforestry systems, espe-
cially in mosaic landscapes comprising both agroforestry and natural forest
areas, as both a guide for decision making in land management and a basis
for valuing these services and creating political support for biodiversity-
friendly land uses.

• Determine the degree to which threatened forest species present in agro-
forestry systems depend on natural forest within the landscape because this
will determine which species will be able to maintain viable populations in
agroforestry landscapes in the absence of natural habitat.

• Determine the ecological, social, economic, and political conditions under
which shifting cultivation is a stable land use form in biodiversity-rich
forested areas; in research on improved fallows include analyses of biodiver-
sity values of longer, extensively managed tree-based fallows and their often
substantial use values to local people.

• Assess the ability of different agroforestry types, when planted along forest
boundaries, to reduce forest degradation through edge effects, including
wind and microclimatic disturbance, invasions by weedy plant and animal
species, and fire incursions, as a basis for the strategic use of such systems in
buffer zones and mosaic landscapes.

• Determine the effectiveness of different types of agroforestry systems as bio-
logical corridors or stepping stones for wildlife (particularly fragmentation-
sensitive or edge-avoiding species), the influence of species composition,
structure, size, landscape position, and management of these systems, and
their associated costs and benefits for farmers and society at large.

• Assess the conditions for hunting sustainability (ecological and economic) in
mosaic landscapes, including source-sink dynamics of wildlife populations
between agroforestry areas and natural habitat from where overhunted 
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populations may be replenished; in particular, study the effect of hunting in
agroforestry buffer zones on wildlife populations in protected areas, both as
it reduces hunting pressure in core areas and as it creates a drain on source
populations of hunted wildlife.

• Develop methods of increasing the productivity of traditional diversified
agroforestry systems while maintaining biodiversity benefits, and quantify
trade-offs between productivity and biodiversity as a basis for designing
incentives for farmers to maintain or adopt practices that optimize these
trade-offs.

• Design agroforestry systems that optimize trade-offs between biological con-
trol of pests and diseases (e.g., through the right species combinations,
degree of shade, and structural complexity) and profitability. At the land-
scape scale, study the effect of diversified mosaic landscapes on the dynam-
ics and interactions of pests, diseases, and their natural enemies and the 
associated costs and benefits for farmers.

• Identify more indigenous tree species suitable for shading tree crops such as
coffee and cocoa that optimize agronomic (labor needs, establishment,
growth), economic (e.g., fruits, timber), and ecological benefits (habitat for
wild species, nutrient cycling); currently an insufficient number of species
(mostly exotics) are used in shaded plantations worldwide.

• Formulate robust strategies to avoid tree invasions and introduction of
exotic pests and diseases arising from agroforestry where the use of alien
species cannot be avoided, including improved screening and quarantine
procedures for alien species and management options for reducing invasive-
ness.

• Determine the properties of agroforestry systems that increase the accept-
ance of restricted access to forest resources in protected areas by the local
population (e.g., range of products provided by agroforestry, labor, and cap-
ital inputs).

• Determine which agroforestry practices, under which circumstances, neces-
sitate initial or even permanent compensations or subsidies to be economi-
cally viable for tropical farmers; research the kinds of incentives (e.g., carbon
credits, ecotourism, payments for watershed services) that could lead land
users to adopt sustainable and biodiversity-friendly land uses and the insti-
tutional mechanisms that would ensure that those who fulfill the environ-
mental services of these land uses also benefit from the rewards.

• Develop marketing channels for products from biodiversity-friendly land
use systems that ensure that tropical farmers benefit from increased prices of
such products in developed countries, including certification systems that
are transparent to consumers and that the farmers can afford.

• Use participatory methods to devise effective ways of undertaking land use
planning by integrating disciplines that are traditionally spread over several
government departments and ministries, such as agriculture, forestry, infra-
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structure development, tourism, and biodiversity conservation, taking into
account current trends toward decentralization of natural resource manage-
ment in many tropical countries and empowerment of local authorities and
civil society.
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movements (faunal) and plant dispersal:

canopy and corridor continuity, 58–59
length, corridor, 58
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fences (live)/isolated trees/windbreaks,

263, 265, 266, 271, 272, 277, 278
genetics/gene flow, 302
invasive agroforestry trees/plants, 383
matrix land use for fragmented

landscapes, 496
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invasive agroforestry trees/plants,

378–79
land cover characteristics, 353
shifting cultivation, 157
see also under Cocoa growing

Cotton, 400
Coula edulis, 115
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technologies, agroforestry, 96–99
see also Cocoa growing; Economic

conditions/issues; Fragmentation,
habitat

Demographic/genetic models connected at
landscape levels, 304–5

Diabo State Park, 420
Didymopanax morototoni, 172
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concessions; Deforestation
Ecuador, 73, 109, 198
Edge effects, 37–40, 58, 253–54
Elaeocarpus angustifolius, 436, 437
Elephants, 56, 174–75, 354
El Niño events, 475, 476
El Salvador, 198, 207–9, 270
Emerging market economy (EM) stage in

development of agricultural frontiers,
158

Endophytes, 398, 399, 407
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Extractivism and agroforests, contrasting,

228–29

Faidherbia albida, 270
Fallows, 3–4, 97–98, 153–55, 305, 454–55

see also Shifting cultivation
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Granivores, 177, 273, 277
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habitat-agroforestry hypothesis, 8–9
overview, 491–95
quality, 57
shifting cultivation, 154, 177–79, 187
see also Connectivity and biological

corridors; Fragmentation, habitat;
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Himatanthus sucuuba, 233
Honduras, 295, 302, 305, 363
Hotspot conservation approach, 23–25
Howler monkeys, 274, 276



518 Index

Humans and diseases in tropical agroforestry
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Land degradation-deforestation hypothesis,

93–95
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Movements, wildlife, see Connectivity and

biological corridors
Muriqui, 26
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Musey people, 157



520 Index
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Needle blight, 403
Nematodes, 211, 215
Net economic returns/benefits, 68–72
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see also Genetics/gene flow
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Population sinks and connectivity/biological
corridors, 55

Porcupines, 212
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Prosopis, 303, 380–82, 387, 458
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Puerto Rico, 200, 204
Pumas, 212, 250, 329, 496

Quaruba verdadeira, 243
Quezungual fallow system, 305

Raccoons, 212
Raptors, 177, 274–75
Rarity and habitat fragmentation, 35
Rat, canefield, 448
Rattan, 254
Redstarts, 465
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Rice, 167, 232, 254
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trees/plants, 387–88
Rodenticides, 449
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Rwanda, 399
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Senna, 272
Senna atomaria, 462
Senufo people, 157
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rubber trees, 3–4
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regeneration in fallows, plant, 

161–64
shortening of fallow periods, 159–61
successional dynamics of fallows,

164–66
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widespread use, 453

Shorea, 296, 297, 303
Shrubs, 166, 173

see also Fences (live)/isolated
trees/windbreaks

Siamang, 243
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467–68
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management focus, 458–59
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conclusions/summary, 468–70
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South America:
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Warming, global, 22
Water dispersal of pathogens, 399, 400–401
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Watershed Conservation Fund, 73
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defining terms, 371–72
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trees/windbreaks
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Windward Islands, 109
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