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Review 

Biodiversity Conservation in Traditional Coffee Systems 

of Mexico 

PATRICIA MOGUEL* AND VICTOR M. TOLEDOtt 
*Universidad Michoacana de San Nicolas de Hidalgo, Morelia, Michoacan, Mexico 
flnstituto de Ecologia, National University of Mexico, Apdo. 41-H Sta. Maria Guido, Morelia, 
Michoacdn 58090, Mexico 

Abstract: In Mexico, coffee is cultivated on the coastal slopes of the central and southern parts of the country 
in areas where two or more types of vegetation make contact. Based on management level and vegetational 
and structural complexity, it is possible to distinguish five main coffee production systems in Mexico: two 
kinds of traditional shaded agroforests (with native trees), one commercially oriented polyspecific shaded sys- 
tem, and two "modern" systems (shaded and unshaded monocultures). Traditional shaded coffee is cultivated 
principally by small-scale, community-based growers, most of whom belong to some indigenous culture 
group. Through an exhaustive review of the literature, we found that traditional shaded coffee plantations 
are important repositories of biological richness for groups such as trees and epiphytes, mammals, birds, rep- 
tiles, amphibians, and arthropods. We evaluated the conservation role of these traditional shaded systems by 
estimating the percentage of the whole coffee area under traditional management, by reviewing the ecologi- 
cal and geographical distribution of coffee areas in Mexico, and by connecting the geographical distribution 
of these coffee areas with recognized centers of species richness and endemism. The assesment revealed that in 
Mexico, coffee fields are located in a biogeographically and ecologically strategic elevational belt that is an 
area of overlap between the tropical and temperate elements and of contact among the four main types of 
Mexican forests. We also found that between 60% and 70% of these coffee areas are under traditional man- 
agement and that at least 14 of 155 priority regions selected by experts as having high numbers of species and 
endemics overlap with or are near traditional coffee-growing areas. 

Conservaci6n de la Biodiversidad en Sistemas de Cultivo Tradicional de Cafe en Mexico 

Resumen: En Mexico, el cafe se cultiva sobre las vertientes del Golfo de Mexico y del Pacifico en el centro y 
sur del pais, ahi donde dos o mas tipos de vegetaci6n se ponen en contacto. De acuerdo al nivel de manejo y 
a la estructura de la vegetaci6n, es posible distinguir cinco principales sistemas de producci6n de cafe en Mex- 
ico: dos tradicionales donde el cafe se produce bajo la sombra de la vegetaci6n original, uno intermedio 
donde la sombra la proveen arboles no nativos, y dos "modernos" (monocultivos con y sin sombra). El cafe 
cultivado bajo la sombra del dosel original de los bosques o selvaspredomina en Mexico, y es producidofun- 
damentalmente por pequenios productores, muchos de los cuales pertenecen a alguna cultura indigena. A 
partir de una revisi6n exhaustiva de la literatura, el presente articulo muestra la riqueza biol6gica de las 
plantaciones tradicionales de cafe bajo sombra, en grupos tales como arboles y epifitas, mamiferos, aves, rep- 
tiles, anfibios y artr6podos. Para ponderar la importancia conservacionista de estos sistemas agroforestales, 
las secciones finales del articulo se dedican a estimar elporcentaje de las areas cafetaleras bajo manejo tradi- 
cional, y a revisar la distribuci6n geografica de las zonas cafetaleras en relaci6n con las areas ricas en espe- 
cies o endemismos. El analisis revel6 que en Mexico las areas productores de cafe se localizan en porciones de 
gran importancia biogeografica y ecol6gica, ahb donde se ponen en contacto los elementos tropicales y temp- 
lados; que entre el 60 y 70% de las areas cafetaleras se encuentran bajo manejo tradicional; y que por lo 
menos 14 de 155 regiones prioritarias recomendadas para su conservaci6n se sobreponen o estdn pr6ximas 
a areas con caf'r bajo so m bra y ma n ejo tradicio nal. 

tAddress correspondence to E M. Toledo. 
Paper submitted April 7, 1997; revised manuscript accepted April 15, 1998. 
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Introduction 

Biodiversity will not be conserved effectively in natural ar- 
eas alone. There are just under 7000 nationally protected 
areas in the world, covering some 650 million ha, which 
represents less than 5% of the earth's land surface (Ryan 
1992). The rest of the terrestrial environment is affected 
by human activities, including agriculture and urbaniza- 
tion. According to Pimentel et al. (1992), about 75% of the 
earth's ecosystems are manipulated to obtain products 
used by humans. Consequently, it is necessary to comple- 
ment the natural reserve system with a matrix of areas 
managed by ecological principles, both for self-sufficiency 
and commodity production as well as for conservation of 
biological diversity (Harris 1984; Pimentel et al. 1992). 

Studies of biological diversity have focused mainly on 
undisturbed ecosystems, with less attention given to 
changes in biodiversity in managed or agricultural ecosys- 
tems. Landscape structure, field area and margins, and 
polycultures that are part of the indigenous agricultural 
strategy appear to increase the biodiversity of traditional 
agroecosystems (Altieri et al. 1987; Oldfield & Alcom 
1987; Toledo 1990). Thus, there is increasing evidence that 
the mosaic structure of landscapes under indigenous man- 
agement maintains and even improves biodiversity (Alcom 
1991, 1994; Gonzalez-Bemaldez 1991; Brown & Brown 
1992; Reichhardt et al. 1994; Toledo et al. 1994). 

Forest exploitation can range from little-disturbed natu- 
ral forests to agroindustrial, monospecific plantations. Be- 
tween these two extremes are the traditional agroforests 
under indigenous management, which combine relatively 
high and sustainable economic benefits with a seemingly 
diversified, productive system. In Mexico, traditional grow- 
ers dominate in terms of number and amount of land 
planted in coffee. As in other regions of Latin America 
(Perfecto et al. 1996), they maintain multilayered, shaded 
coffee agroforests, which contrast sharply with the mod- 
em, agroindustrial, sun coffee plantations with their chem- 
ical inputs and year-round labor. 

In the context of worldwide coffee production, Mexico 
is ranked fourth in terms of volume, fifth in amount of 
land, and ninth in yield performance. Mexico is, in addi- 
tion, the world's first country to export organic coffee, ac- 
counting for one-fifth of the total volume. Coffee is also 
an important agricultural export commodity for the coun- 
try, ranking fifth nationally in terms of harvested area. 

According to the Coffee Census of the Instituto Mexi- 
cano del Cafe (INMECAFE), the state agency responsible 
for the trade and production of coffee in Mexico that was 
dismantled in 1990, by 1989 coffee was produced in about 
4300 localities, and it was cultivated in 357 municipalities 
and 12 states. The main coffee-producing states in Mexico, 
in decreasing order of importance, are Chiapas, Oaxaca, 
Veracruz, Puebla, Hidalgo, Guerrero, and San Luis Potosi. 

In Mexico, coffee is cultivated in a variety of settings, 
ranging from 300 to almost 2000 m above sea level and in 

areas exhibiting a wide range of climates, soils, and vegeta- 
tion types. Coffee production is most successful between 
600 and 1200 m, on relatively steep slopes, and in the tran- 
sitional zone between tropical and temperate ecotones. 

It is estimated that the number of coffee producers 
reaches approximately 200,000, with a total of 1.5 miilion 
people economically involved in the cultivation of coffee 
(Nolasco 1985). In 1989 the cultivated areas covered 
700,000 ha (Census of INMECAFE) and over 850,000 ha 
in 1991, according to the last National Agricultural Cen- 
sus (Censo Nacional Agropecuario y Ejidal). Ninety per- 
cent of the coffee growers worked small holdings cover- 
ing less than 5 ha, and 70% worked less than 2 ha 
(Santoyo et al. 1995). 

A substantial part of organic coffee production (con- 
ducted without agro-chemical inputs and in environmen- 
tally friendly agroforests) occurrs in indigenous communi- 
ties of Oaxaca, Chiapas, Guerrero, and other states. In the 
coffee-producing municipalities there is an indigenous 
population of 1.87 miflion belonging to 28 ethnic groups 
(Moguel 1996; Moguel & Toledo 1996). 

Coffee Production Systems in Mexico 

There are five main coffee production systems in Mex- 
ico, distinguished according to management level and 
vegetational and structural complexity (Fuentes-Flores 
1979; Nolasco 1985; Fig. 1): traditional rustic or "moun- 
tain," traditional polyculture, commercial polyculture, 
shaded monoculture, and unshaded monoculture. The 
traditional rustic or "mountain" coffee system substi- 
tutes coffee bushes for the plants growing on the floor 
of tropical or temperate forests. This system removes 
only the lower strata of the forest. As a result the original 
tree cover is maintained, under which coffee bushes are 
inserted. In Mexico this type of management may be ob- 
served in relatively isolated areas, where Indian or local 
communities typically have introduced coffee into the 
native forest ecosystems. This system is adopted by in- 
digenous groups and features minimal management, no 
agrochemical products such as pesticides and herbi- 
cides, and a markedly low yield. 

The traditional polyculture system is a shaded coffee 
plantation that involves the most advanced stage of manip- 
ulation of the native forest ecosystem. As in the previous 
case, coffee is introduced under the cover of the original 
forest but in a different way. Coffee is grown alongside nu- 
merous useful plant species, forming a sophisticated sys- 
tem of managing native and introduced species-for in- 
stance, by favoring the growth of or eliminating certain 
tree species. The result is an exuberant "coffee garden" 
with a great variety of arboreal, shrub-like, and herbaceous 
species, both wild and domesticated. In this system, coffee 
platantions reach maximum vegetational and architectural 
complexity and the highest "useful diversity." Commercial 
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Figure 1. the five coffee-growing systems of Mexico, 
showing vegetational complexity, height of canopy, 
and! variety of components. 

products include coffee and an array of products for mar- 
ket and local subsistence, such as foodstuffs, medicines, 
and raw materials. According to Alcorn (1983), among the 
Huastec Indians, coffee gardens contain over 300 useful 
species, principally medicines, foods, construction materi- 
als, and forage. 

The commercial polyculture system involves complete 
removal of the original forest canopy trees and the intro- 
duction of a set of shade trees appropriate for coffee culti- 
vation. Rather than the original trees, the forest cover of 
this cultivation type comprises tree species that provide 
shade (such as many leguminous plants wliich add nitro- 
gen to the soil) or are useful commercially, such as the 
nonnative trees rubber (Castilla eldstica), pepper (Pi- 
menta dioica sp), cedar (Cedrela odorata), jiniquil (Inga 
spp), chalahuite (Inga spp), and colorin (Erythrina spp). 
These trees make up the arboreal cover of polyculture 
plots where coffee, citrus fruits, bananas, and other cash 
crops are grown. This system has a better coffee yield and 
makes use of agrochemical products somewhat fre- 
quently; production is directed exclusively to the market. 

The shaded monoculture system, along with the fol- 
lowing system, exemplifies the modern cultivation sys- 

tems introduced by INMECAFE in Mexico. Leguminous 
trees (species of Inga) are used almost exclusively to pro- 
vide shade for coffee bushes. The result is a monospe- 
cific coffee plantation beneath a canopy that is equally 
specialized. The use of agrochemical products is obliga- 
tory, and the production unit is focused on generating 
products that are exclusively market-oriented. 

The unshaded monoculture system has no tree cover at 
all, and the coffee bushes are exposed to direct sunlight. 
This approach represents a system that is totally agricul- 
tural and has lost the agroforestal character displayed in 
the previous systems. Converted into a specialized planta- 
tion, this coffee-producing system requires high inputs of 
chemical fertilizers and pesticides, the use of machinery, 
and an intensive work force throughout the yearly cycle. 
The highest yields are obtained under this system. 

Ecological and Biological Implications of 
Coffee Systems in Mexico 

These five systems represent a gradient from the most tra- 
ditional, low-input, and vegetationally and structurally di- 
verse systems-although coffee gardens present the max- 
imum useful diversity-to the least diverse and most 
intensive, technified, and modern systems. The five de- 
signs can be divided first in terms of the use of trees as 
shade, separating shaded from unshaded (or sun) coffee 
systems. This division also makes for a basic management 
contrast: agroforestry versus agricultural systems (no ar- 
boreal species at all). A second criterion distinguishes 
polycultures from monocultures. The last two systems 
shaded and unshaded monocultures-contrast sharply 
with the polycultures where coffee is grown under a can- 
opy of several tree species and has as neighbors various 
cultivated species (such as citrus, bananas, and plantains). 

Whereas shaded, multilayered coffee plantations can 
be considered "traditional" managed systems, a last dis- 
tinction must be made between shaded polycultures 
with nonoriginal or nonnative trees (commercial polycul- 
tures), which generally are owned by small-scale, Spanish- 
speaking peasants, and coffee plantations in which origi- 
nal forests are transformed into managed forests (rustic 
coffee and coffee gardens) by the minds and hands of in- 
digenous peasants. The commercial polyculture system 
is a less diversified design, directed mainly to the produc- 
tion of cash crops under a multispecific canopy of intro- 
duced trees. Thus, although the two traditional systems 
are both agroforests where coffee and other cultivars are 
introduced to the native forests, commercial polycul- 
tures are "artificial forests" created through the complete 
manipulation of the arboreal species. Consequently, tra- 
ditional agroforests present an average canopy height of 
20-30 m, whereas commercial polycultures generally 
house a planted canopy (commonly of legume trees) of 
no more than 15 m. 
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The architectural, vegetational, and structural complex- 
ity of these five systems and their corresponding systemic 
and ecophysiological features have different ecological 
consequences, not only on a microenvironmental scale 
qimenez-Avila 1981; Jimenez-Avila & Gomez-Pompa 1982; 
Nestel 1995) but also on the scale of the regional ecosys- 
tem. For instance, the presence or absence of shade in 
the coffee plantation not only is the most significant dif- 
ference in terms of the ecology and economy of coffee 
systems (Beer 1987), but is also a key factor in the mainte- 
nance of the landscape equilibrium of the region. Some 
evidence has linked the complete elimination of tree 
cover with a less stable physical environment because of 
increased soil and air temperature, lowered soil water 
content, decreased of soil microorganism abundance and 
diversity, and decreased soil fertility. In addition, a di- 
verse shade forest creates more habitats for macrofauna 
and microfauna (Nestel 1995). Consequently, the differ- 
ent coffee systems, representing different ecological de- 
signs and degrees of ecosystem manipulation, affect in 
different ways and to various degrees ecological and bio- 
logical processes such as hydrologic balance, soil quality, 
forest cover, CO2 equilibrium, and, of course, biological 
diversity. 

Biodiversity in Traditional Coffee Systems 

We conducted an exhaustive review of the literature that 
reports quantitative data on the flora and fauna inhabit- 
ing the shaded and unshaded coffee systems of Mexico. 
When possible, the data presented in each reference 
were classified according to the type of coffee system in- 
volved, as defined previously. Our review indicates that 
information exists for at least five main groups of organ- 
isms: plants, arthropods, birds, amphibians and reptiles, 
and terrestrial mammals. In addition, we conducted a 
brief review of the "useful phytodiversity" (ethnobotany) 
of these traditional agroforests. 

Plants 

Unlike intensive agricultural systems (monospecific crops 
and pastures), traditional coffee systems only partially dis- 
place original forests and thus can be considered human- 

ized forest remnants. Therefore, the vegetational architec- 
ture of polyspecific shaded coffee systems maintains a 
certain plant diversity. 

Quantitative vegetational analysis of traditional coffee 
fields reveals interesting patterns. First, the systems un- 
der indigenous management present a complex vegeta- 
tional structure formed by herbs, shrubs, and three 
strata of trees. Plant richness in such coffee sites ranges 
between 90 and 120 species. These figures are obtained 
from studies of two coffee systems: one of four sites 
with oak and tropical dry forest in Atoyac, Guerrero 
(Rend6n & Turrubiarte 1985) and the other in a coffee 
system derived from a tropical rain forest near Coatepec, 
Veracruz (Molino 1986). 

In these studies, herbs represent between two and 
four times the number of tree species, with shrubs being 
represented by only a few species (Table 1). The number 
of trees in these traditional agroforests ranges between a 
minimum of 13-18 species to a maximum of 48-58. Cof- 
fee sites in the more humid regions of the Gulf of Mexico 
contain a higher average of tree species (31.7) than the 
drier Pacific sites (22.9) (Table 2). The few available data 
reveal that no correlation exists between tree species 
richness and elevation, suggesting that arboreal diversity 
is basically an effect of human manipulation (Table 2). 

In addition to herbs, shrubs, and trees, traditional cof- 
fee agroforests also house an important number of epi- 
phytes. Although no complete inventory of epiphytes in 
coffee plantations is yet available, Williams-Linera et al. 
(1995) reported 25 orchid species growing in shade 
trees of two sites, and Marquez et al. (1976) encoun- 
tered 90 epiphytic species in 10 coffee sites distributed 
on the coastal slopes of the Gulf of Mexico. Because 
Valdivia (1977) found 153 species of epiphytes living in 
only 45 tree species of a tropical rain forest, we specu- 
late that about three epiphyte species can be found for 
each recorded tree species. In Mexico, montane cloud 
forests and lowland rain forests are richer in epiphytes 
than are other communities, and a high percentage of 
coffee in traditional agroforests grows only under trees 
of these two types of forest. 

By housing useful or potentially useful species of plants 
(and animals), shaded coffee systems and especially cof- 
fee gardens are also notable reservoirs of utilitarian biodi- 
versity. Ethnobotanical studies reveal that coffee systems 

Table 1. Number of plant species in four coffee plantation sites under traditional management in Atoyac, Guerrero.* 

Trees 

Habitat Herbs Shrubs Canopy Medium size Understory Total 

Oak forest 101 7 18 13 12 132 
Tropical dry forest 55 1 16 15 13 85 
Tropical dry forest 58 11 10 7 17 92 
Oak forest and tropical dry forest 84 8 18 20 34 126 

*Source: Rend6n and Turrubiarte (1985). 
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Table 2. Number of tree species in shaded plantations of Pacific and Gulf of Mexico coastal slopes, located at different elevations (meters 
above sea level).* 

Pacific slopes Number of species Gulf of Mexico slopes Number of species 

El Molote (1570-1700) 13, 16 Huatusco (900-1300) 28 
El Porvenir (810-1010) 22, 24 Coatepec (900-1300) 36 
El Quemado (250-970) 23, 24, 29, 34 Misantla (900-1300) 12, 58 
El Cucuyachi (620-850) 18, 26 Tlapacoyan (less than 900) 30 

Tamazunchale (less than 900) 26 
C6rdoba (less than 900) 16, 48 

Average 22.9 31.7 

*Pacific slopes: Rend6n and Turrubiarte (1985) and Nufiez (1987). Gulf of Mexico slopes. Marquez et al. (1976) and Molino (1986). 

under indigenous management can contribute a high 
number of useful species for both consumption and mar- 
ket (Table 3), a consequence of the ecological manipula- 
tion of native forests, which produces a complex array of 
vegetational architectures (Molino 1986). 

In a detailed survey of 10 strategic traditional coffee 
sites on the Gulf of Mexico side on the states of San Luis 
Potosi, Puebla, and Veracruz, Marquez et al. (1976) found 
90 useful species of trees. In contrast, Chazaro-Bazaniez 
(1982) reported the same number of melipherous plants 
in a coffee site in Coatepec, Veracruz, and Alcorn (1983) 
provided a global figure of over 300 useful species for the 
coffee gardens of the Huastec Indians. 

Arthropods 

The arthropod fauna from ground level to 2 m in a polyspe- 
cific shade plantation (coffee garden) near Tapachula, Chia- 
pas (La Victoria, at 430 m elevation), was studied in detail 
by Ibarra-Nunez (1990). A total of 39,566 individuals was 
collected, belonging to 609 (morpho)species and 258 fami- 
lies. Almost 80% of this arthropod community is repre- 
sented by species of Diptera, Hymenoptera, Coleoptera, 
Homoptera, and Araneae, all of which except Coleoptera 
are abundant. By functional roles, there is a clear domi- 
nance of four trophic groups of arthropods: phytophagous 
(mainly Homoptera), parasites (wasps and others), preda- 

Table 3. Number of useful plant species in three multilayered 
shaded coffee sites.* 

Central 
Use Coatepec Cosaultldn Veracruz 

Foods 17 51 24 
Medicinal 25 10 5 
Forage 4 3 
Domestic use 14 
Magic and religious use 3 
Ornamental 4 8 4 
Construction 7 4 2 
Other 6 28 
Total 74 82 55 

*Sources: Coatepec, Pisanty and Carabias (1979); Conautlan, 
Molino (1986); Central Veracruz, Escamilla et al. (1993). 

tors (spiders), and polyphagous (mainly ants). In terms of 
relative numbers, the structure of the arthropod commu- 
nity found in this coffee plantation resembles its natural 
counterpart-namely, the arthropod fauna of tropical rain 
forests found in a similar survey (Janzen 1973). 

The high structural complexity and diversity of the cof- 
fee arthropod community revealed by Ibarra-Nufiez's 
study suggests that a certain equilibrium exists in the 
shaded plantation. For instance, although phytophagous 
arthropods-potential pests for coffee and other intro- 
duced crops-represent 25% of the species and 37% of 
the individuals, the plantation had no problems with in- 
sect pests. This may be explained by the high numbers of 
predators and parasites, which composed almost 25% of 
the individuals and 42% of species. The dominant groups 
of predators and polyphagous arthropods-web-building 
spiders and probably ants-seem to play a key role as pest 
controllers, a function already suggested by other authors 
(Robinson & Robinson 1974). Insect-pest outbreaks and 
large fluctuations in insect-pest populations are correlated 
with the reduction of plant and structural diversity in 
agroecosystems (for coffee see Nestel & Dickschen 1990; 
Perfecto et al. 1996). 

There also have been studies of the soil macroco- 
leoptera fauna (Mor6n 1987; Nestel et al. 1993) and of xy- 
lophilous beetles (Mor6n 1988) of traditional coffee plan- 
tations. Although no specific study on the subject exists, a 
large number of butterfly specimens has been collected 
inside shaded coffee fields in central and southern Mexico 
(J. LLorente-Bousquets, personal communication). In gen- 
eral, the areas with higher endemism and richness of but- 
terflies (Papilionoidea) in Mexico coincide with many of 
the main shaded coffee regions, such as Tamazunchale in 
San Luis Potosi, Sierra de Manantlan inJalisco, Teocelo and 
Jalapa in Veracruz, Sierra de Atoyac in Guerrero, and Sierra 
de Juarez in Oaxaca (LLorente-Bousquets et al 1996). 

Birds 

The importance of traditional tropical agroforests in the 
conservation of bird diversity has been demonstrated in 
empirical studies (Borrero 1986; Andrade & Rubio 1994; 
Thiollay 1995). Shaded, traditionally managed coffee plan- 
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tations of Mexico constitute an appropriate habitat for a 
high number of both resident and migratory bird species. 
Although the role played by traditional coffee agroforests 
in bird conservation has been pointed out by several au- 
thors (Terborgh 1989; Wille 1994), there are still few 
studies reporting data for Mexican sites. The Smithsonian 
Migratory Bird Center is currently carrying out a detailed 
research project on this topic (Greenberg 1994). 

A spectrum of bird diversity apparently exists, having 
its extremes in the traditional shaded coffee gardens and 
the technified, sun-grown coffee plantations. Specifi- 
cally, 136 and 82-184 bird species were recorded in tra- 
ditional coffee fields of Central Veracruz and Soconusco, 
Chiapas, respectively (Aguilar-Ortiz 1982; Martinez & Pe- 
ters 1996), whereas 104 and 107 species were present in 
a commercial polyculture with several or a few canopy 
species (Greenberg et al., in press), 50 species in monoge- 
neric shaded coffee, and between 6 and 12 species in a 
sun-grown monoculture (Martinez & Peters 1996). 

In general, birds inhabiting shaded coffee agroforests 
represent a mixture of forest species-particularly those in 
the canopy-and second-growth species (Greenberg 
1993). Birds are attracted to coffee agroforests not only for 
the coffee cherries but also for several other foods, includ- 
ing fruits, nectar, and insects. Because coffee plantations 
normally occur adjacent to original or mature forests, it is 
difficult to determine the ability of the plantation alone to 
support reproducing bird populations. Therefore, the con- 
nectivity or isolation of the shaded coffee patches might be 
key factors determining the maintenance of bird species di- 
versity. Martinez and Peters (1996) found 184 species of 
birds in a traditional coffee field located alongside a tropical 
forest, a figure which fell to 82 species in a similar coffee 
garden isolated from any forest remnants. 

A comparative analysis by Aguilar-Ortiz (1982) in a 28- 
ha area of a traditional coffee parcel and the surrounding 
forests revealed that the avifauna of the traditional coffee 
system has a similar richness (136 species) to that of the 
adjacent cloud forest (138) and tropical dry forest (133) 
and is notably higher than that of the pine forest (96). By 
analyzing the composition of the coffee avifauna, the 
same author found that 70% of the species are generalists 
and only 30% are species restricted to a specific type of 
habitat. The avifauna of the coffee garden is formed by 
habitat-restricted species coming from the adjacent 
cloud forests (19%), pine forests (1%), and tropical dry 
forests (10%). Based on Aguilan-Ortiz's study, traditional 
coffee systems are apparently operating as new vegeta- 
tional habitats where bird species not only create new 
avifaunal pools producing new combinations of species, 
but they also maintain and even increase bird species di- 
versity. The same study revealed that birds inhabiting the 
traditional coffee system are mostly species of the can- 
opy and the medium stratum with frugivorous, insectivo- 
rous, and nectarivorous feeding habits. 

According to Greenberg (1994), Terborgh (1989), and 

Borrero (1986), of all agricultural systems in the Neotro- 
pics, shade coffee plantations have some of the highest 
numbers of individuals and species of migratory birds. 
This phenomenon is particularly important in Mexico for 
two reasons: first, Mexican territory is the most significant 
winter destination of those migrants considered poten- 
tially endangered species (Terborgh 1989), and second, 
most of the coffee-growing areas coincide with the winter 
habitat of migrants. In addition, shaded coffee plantations 
play an important role as a dry-season refuge for both mi- 
grants and local species (Greenberg et al., in press). 

Amphibians and Reptiles 

There is only one published study reporting data on the 
herpetofauna of a coffee site, in Santiago Jalahui, Oaxaca 
(Rend6n-Rojas 1994). Based on 64 hours of exclusively di- 
urnal collections, the researchers report the presence of 
16 species (5 amphibians and 11 reptiles). Although the 
author recognizes the inventoried site as shade coffee 
growing under an assembly of native trees, no data are 
given about the vegetational structure, species composi- 
tion, and sampled area of the site. When compared with 
inventories in undisturbed tropical rain forests-for ex- 
ample in Los Tuxtlas, Veracruz (94 species; Perez- 
Higareda et al. 1987), or Selva Lacandona, Chiapas (77 
species; Lazcano-Barrero et al. 1992), the results of this 
study reveal a depauperate herpetofauna at the coffee site. 
Because of the low number of collections and the absence 
of nocturnal observations, however, the report is not con- 
clusive. Thus, detailed inventories are needed to evaluate 
the diversity of herpetofauna in shade coffee plantations. 

Mammals 

A total of 24 nonflying, midsize mammalian species were 
reported by Gallina et al. (1996) in a site with traditional 
managed coffee in Central Veracruz (Region of Xalapa). 
These include marsupials (4 species), edentata (2), rab- 
bits (1), big and midsize rodents (4), and carnivores (13). 
Small mammals such as rats, mice, and bats were not 
considered in the study, and large mammals such as deer 
and big cats were not recorded. Half of the recorded spe- 
cies are terrestrial, with 21% arboreal and 25% scansorial. 

Because over 50% of the recorded species include fruit 
as part of their diets, mammals must be playing a key role 
as seed dispersers. Also, many species of the coffee 
mastofauna probably are acting as pest controllers be- 
cause 46% are insectivorous and 25% have small rodents 
as their main source of food. 

Although the number of mammalian species found in 
traditional coffee fields is low compared with the origi- 
nal pool of species present in natural forests, species 
considered rare or threatened, such as the chupamiel 
(Tamandua mexicana), the nutria (Lutra longicaudis), 
and the viztlacuache (Coendu mexicanus), are among 
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those found in coffee agroforests. Thus, coffee gardens 
mimic forests sufficiently to attract at least some species 
of endangered wildlife. It is probable that new and more 
complete studies will reveal these traditional agroforests 
as suitable refuge areas for other mammalian fauna. 

Discussion 

The empirical data we reviewed confirm that traditional, 
indigenously managed shaded coffee agroforests are im- 
portant repositories of biological diversity. As a whole, 
this highly managed diversity produces great structural 
complexity in the shaded coffee agroecosystem. The 
number of herbs, and especially the number of arboreal 
species, seem to be the key components determining the 
biological diversity of the coffee agroecosystem. Tree spe- 
cies not only support a rich epiphytic flora; they also at- 
tract and maintain birds and mammals by offering edible 
fruits, nectar, and insects, and also arthropods such as 
xylophilous beetles. Herbal richness is probably decisive 
for the diversity of many groups of arthropods. 

A remarkable feature of traditional shaded coffee fields 
is the high number of resident, migratory, and endemic 
bird species reported by available inventories (between 
136 and 184 species). The high avian diversity of these 
coffee systems exceeds notably the average number of 
birds of cloud forests (100-110), humid oak-pine forests 
(50-80), oak forests (60), and pine forests (50) (Fig. 2). 
Their relativity high diversity probably results from their 
ecotonical character, which produces a unique anthro- 
pogenic avifauna consisting of mixtures of both lowland 
and highland elements. Similar patterns probably exist 
for the shaded coffee mastofauna and some arthropod 
groups (ants, spiders, and butterflies), although no study 
is yet available to test this prediction. 

The high number of plant and animal species housed by 
traditional shaded coffee fields indicates that these agrofor- 
ests can play a conservation role as protected anthropo- 
genic habitats for species of the original forests. The im- 
portance of shade coffee as a refuge for biodiversity is 
linked mainly to its location in biologically rich areas that 
have been particularly affected by deforestation (Perfecto 
et al. 1996). In the following sections we evaluate this po- 
tential conservation role by (1) estimating the percentage 
of the whole coffee area under traditional management 
(multispecific shaded systems), (2) reviewing the ecologi- 
cal and geographical distribution of coffee areas in Mex- 
ico, and (3) comparing the geographical distribution of 
coffee-growing areas with recognized centers of species 
richness and endemism. 

Estimating Shaded and Unshaded Coffee Areas 

Although no study has yet accurately documented the 
geographic distribution of the five systems across the to- 
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Figure 2. Species richness of birds in the main Mexi- 
can types offorests (plus one site in Guatemala) and 
in three shaded coffee sites: A, Los Tuxtlas, Veracruz 
(Coates-Estrada & Estrada 1985); B, Pet6n, Guatemala 
(Escalante et al. 1993); C, Montes Azules, Chiapas 
(Gonzalez-Garcia 1992); D, Ocosingo, Chiapas (accu- 
mulated number of speciesfor two plantations; Green- 
berg et al., in press); E, Central Veracruz (Aguilar-Ortiz 
1982); F, Soconusco, Chiapas (Martinez & Peters 1996); 
G, average number of three localities (Hernandez-Baflos 
et at 1995); H, I, andj, Omiltemi Guerrero (Navarro 
1992); K, Yucatdn (Escalante et al 1993); and L, 
Chamela, Jalisco (Ceballos 1995). 

tal coffee-growing area of Mexico, it is possible to offer 
some estimates. The most important factor determining 
the present distribution of these five designs is the pro- 
cess of technological modernization promoted by INME- 
CAFE from 1970 to 1986. Technological packages en- 
couraged by INMECAFE included intensive use of 
agrochemicals, an increase in the density of coffee 
shrubs per unit of land, use of new varieties, and, espe- 
cially, the reduction or complete removal of shade trees. 

According to Nestel (1995), most of INMECAFE's activ- 
ities-75% of the total new seedlings and 85% of techni- 
cal assistance-were concentrated in three states: Chia- 
pas, Oaxaca, and Veracruz. A national survey showed 
that approximately 50% of the farms were already pro- 
ducing coffee under the shade of a single tree by the first 
years of the 1980s (Nolasco 1985). Curiously, Nolasco 
does not report the existence of farms producing coffee 
under unshaded conditions. 

A survey we conducted on a sample of more than 52% 
of the total coffee area of Mexico (370,000 ha out of 
700,000), encompassing seven main coffee regions, pre- 
sents a more accurate overview. The survey was based on 
field observations reported by Santoyo-Cortes et al. (1995) 
and on the analysis of municipal statistics of each region 
obtained from the 1989 Coffee Census of INMECAFE. Ac- 
cording to our survey, 11% of the sampled coffee area had 
been transformed into an intensive, unshaded monocul- 
ture, 42% remained as shaded monoculture, 10% was com- 

Conservation Biology 
Volume 13, No. 1, February 1999 



18 Coffee Cultivation and Biodiversity Conservation Moguel & Toledo 

Table 4. Area for each coffee system (Fig. 1) in 124 municipalities of seven coffee-growing regions of Mexico.* 

Coffee system (ha) 

Total area Traditional Commercial Shaded Sunny 
Region (number of municipalities) (ha) Rustic polyculture polyculture monoculture monoculture 

Cuetzalan, Puebla (7) 16,448 13,982 8,224 822 822 
Xicotepec, Puebla (4) 35,168 - 7,034 3,516 7,034 17,584 
Central Veracruz (46) 96,968 969 31,017 11,632 52,341 969 
Pochutla-Pluma Hidalgo, Oaxaca (11) 33,756 21,941 1,688 1,688 8,439 - 

Lacandon Forest and Northern Chiapas (29) 79,875 2,396 22,365 6,390 47,925 799 
Soconusco, Chiapas (13) 72,661 - 10,899 3,634 36,330 21,789 
Atoyac, Guerrero (4) 33,152 23,206 9,146 - - - 

Total (124) 367,988 48,412 96,931 35,084 152,891 41,972 
Percentage 13 26 10 42 11 

*Adaptedfrom Santoyo-Cortes et al. (1995) and the Coffee Census of INMECAFE (Greenberg et al., in press). 

mercial polycultures, and 39% was traditional coffee poly- 
cultures created inside the original forests (Table 4). 

Our survey included zones representing the two main 
areas of sun coffee in Mexico (Xicotepec, Puebla, and 
Soconusco, Chiapas), but it omitted important portions 
of traditional managed areas, such as the indigenous re- 
gions of Las Huastecas in Hidalgo and San Luis Potosi, 
the Chinantla, Sierra Mazateca, Sierra de Juarez, Regi6n 
Chatina, and Mixteca in Oaxaca, as well as all the tracts 
of shaded coffee of Colima and Nayarit. Thus, the survey 
overrepresents shaded and unshaded monocultures. 
Therefore, 60-70% of shaded polyculture and 30-40% of 
shaded and unshaded monocultures seem more realistic 
estimates than Nolasco's (1985) and are nearer to Nes- 
tel's (1995) approximation that 30% of the landscape 
vegetation in the coffee regions of Mexico changed from 
highly diversified coffee agroforestry systems to coffee 
(shaded and unshaded) monocultures. It can be estab- 
lished that in Mexico over two-thirds of the coffee areas 
are under traditional management. 

Geographic Distribution of Coffee-Growing Areas 

The humidity and thermal requirements of coffee crops 
dictate that in Mexico coffee plantations be cultivated 
within a speciflc elevational range on the coastal slopes 
of the central and southern mountains. These elevational 
limits vary by region, however, according to geographic 
orientation. Mexican coffee is cultivated on both the At- 
lantic and Pacific coastal slopes, which differ markedly in 
terms of climate. 

In general terms, Atlantic slopes are wetter than their 
Pacific counterparts because Atlantic slopes are under 
the influence of the trade winds that bring humidity al- 
most all year from the Gulf of Mexico (from north and 
east). In contrast, Pacific slopes have a monsoon-type re- 
gime, with humid air currents flowing toward the main- 
land during half the year and dry air flowing seaward 
during the next 6 months. Consequently, Pacific slopes 
are generally humid, and interior slopes are xeric. These 

climatic features are a key factor influencing vegeta- 
tional differences on both slopes: tropical rain forests 
and cloud forests dominate on the Atlantic side, tropical 
dry forests and pine-oak forests on the Pacific. 

Situated generally between 600 and 1200 m elevation, 
coffee fields are located in a biogeographic and ecologi- 
cally strategic altitudinal belt in which tropical and tem- 
perate elements overlap and the four main types of Mexi- 
can forests come in contact. Therefore, coffee fields 
support, depending on the geographic orientation, vari- 
ous types of vegetation. An ecogeographical analysis con- 
ducted by Moguel (1995) of the 356 coffee-growing mu- 
nicipalities showed that coffee areas located on the 
Atlantic slopes correspond mainly to regions originally 
covered by tropical rain forests (50-76% of the total), 
whereas those on Pacific slopes (in Nayarit, Colima, and 
Guerrero) are cultivated where tropical dry forests domi- 
nate (45-83% of the total area) (Table 5). Coffee in cloud 
forest areas is important in Hidalgo and Chiapas but less 
notable in Puebla, Veracruz, Guererro, and Oaxaca. Cof- 
fee in pine-oak forests is important in Puebla and Guer- 
rero (Table 5). 

Traditional Coffee Gardens and Conservation Priority Areas 

The confirmed capacity of traditional shaded coffee fields 
to house high biodiversity, plus the strategic location of 
coffee-growing areas, suggest that these systems can play 
an important conservation role. In central and southern 
Mexico, species richness is concentrated in lowland habi- 
tats, whereas endemic species, species with limited geo- 
graphic ranges, and species that are rare or locally distrib- 
uted are found in montane habitats (Peterson et al. 1993). 
This altitudinal pattern is found among the main biologi- 
cal groups: flowering plants, mammals, birds, herptiles, 
and butterflies (see papers in Ramamoorthy et al. 1993). 

An extensive overlap between coffee-growing areas and 
several regions with high numbers of species and endem- 
ics can be illustrated. For instance, 14 of the 155 regions 
regarded as crucial to the conservation of Mexico's biodi- 
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Table 5. Percentage of tropical and temperate forests displaced 
or affected by coffee fields in the nine Mexican states 
producing coffee.* 

Tropicalforest Temperate forest 

State Rain Dry Cloud Pine-oak 

Gulf of Mexico slopes 
San Luis Potosi 76 14 4 6 
Puebla 51.5 1 7 40.5 
Hidalgo 47 24 29 
Veracruz 68.5 18.5 7 6 

Pacific slopes 
Nayarit 82.5 17.5 
Colima 83 17 
Guerrero 45 5 50 

Both slopes 
Oaxaca 76 14 4 6 
Chiapas 54.5 12 15.3 18 

*Compiled with information from our data bank on coffee munici- 
palities and the ecological regions of Mexico. 

versity by a selected group of experts (Comision Nacional 
para el Estudio y Uso de la Biodiversidad, or CONABIO) 
overlap with or are near various coffee-growing areas. 
Based on this information and other criteria, 14 main cof- 
fee regions in Mexico can be identified as hot spots for 
conservation (Fig. 3). With the exception of portions of 
the Sierra Norte of Puebla and the Region of Soconusco 
in Chiapas (SNP and SOC in Fig. 3), where sun coffee has 
been planted in large tracts, traditional shaded fields still 
dominate these regions. 

In regions where deforestation has drastically affected 
original forests, traditional coffee systems can act as ref- 
uges for many species (Las Huastecas, Sierra Norte de 
Puebla, Altos de Chiapas, Soconusco, etc.). This function 
could be decisive in those biogeographically important 
areas where habitats have been severely transformed, as 
in the region of Soconusco in Chiapas. In other cases, cof- 
fee fields can operate as conservation sites complementary 
to or even part of biosphere reserves and other protected 
areas (Los Tuxtlas, Selva Lacandona, Manantin). Finally, 
from a landscape perspective, traditional coffee fields can 
contribute to preserving regional ecological processes 
because, for example, coffee areas maintain forested por- 
tions as part of an entire watershed. 
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