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Abstract: Shade-grown coffee is an agricultural system that contains some forest-like characteristics. However,
structure and diversity are poorly known in shade coffee systems. In 61 coffee-growers plots of Chiapas,
Mexico, structural variables of shade vegetation and coffee yields were measured, recording species and their
use. Coffee stands had five vegetation strata. Seventy seven woody species mostly used as wood were found
(mean density 371.4 trees per hectare). Ninety percent were native species (40 % of the local flora), the remain-
ing were introduced species, mainly fruit trees/shrubs. Diametric distribution resembles that of a secondary for-
est. Principal Coordinates Analysis grouped plotsin four classes by the presence of Inga, however the majority
of plots are diverse. There was no difference in equitability among groups or coffee yields. Coffee yield was
835 g clean coffee per shrub, or ca. 1 668 kg ha’. Thereis asignificant role of shade-grown coffee as diversity
refuge for woody plants and presumably associated fauna, as well as an opportunity for shade-coffee growersto

participate in the new biodiversity-friendly-coffee market.
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Diversity loss concerns researchers and
development agents who are studying the caus-
es of diversity loss and trying to propose ater-
native solutions. In some countries researchers
survey existing diversity, but many of these
resources are accelerately being logt, it is esti-
mated that around 150 species go extinct daily
(Reid and Miller in Pimentel et al. 1992).

The loss of diversity has occurred mainly
due to agricultural, industrial, and urban
expansion that has penetrated the agricultural
frontier, in addition to other factors such as use
of pesticides, introduction of exotic species
and forest fragmentation (Pimentel et al. 1992,
Brown and Lugo 1994, Lugo 1995).

Some agricultural partialy resemble to
the natural environment; shaded coffee planta-
tions, maintain soil, climatic and biological
conditions similar to surrounding natural
forests (Jiménez-Avila and Martinez 1979,
Perfecto et al.1996, Moguel and Toledo 1999,
Zuhiga and Calvo unpublished). However, in
many countries, coffee growers have used sin-
gle genus combinations for shade. In other
cases, they have cultivated only one species,
and in the most extreme cases, they have used
unshaded coffee. As a result, this simplifica-
tion process has caused diversity loss and other
problems associated with it, such as erosion,
pest attacks, diseases and loss of resource



978 REVISTA DE BIOLOGIA TROPICAL

availability in the coffee stand (specially for
subsistence producers) (Jiménez-Avila and
Martinez 1979, Moguel and Toledo 1999).

Recent studies have shown the signifi-
cance of managed forests for bio-diversity
conservation (Hansen et al. 1991), diverse
shade-grown coffee plantations can be consid-
ered managed forests. It has been reported that
shade-grown coffee is very important as habi-
tat for birds (Aguilar-Ortiz 1982, Greenberg et
al. 1997, 1997a), mammals (Estrada et al.
1993, Gallina et al. 1996), reptiles (Seib, cited
by Perfecto et al.1996), insects (Torres 1984,
Perfecto et al. 1997), arachnids (Ibarra-NUfez
1990), woody plants (Purata and Meave 1993)
and orchids (Nir 1988), which find refuge
within coffee stands. Additionally, shade-
grown coffee plantations can be considered as
corridors for fauna and flora, since they are
part of the scarcely vegetated areas within
fragmented zones (Moguel and Toledo 1999).
However, there are few studies that describe
structural characteristics and woody plant
species diversity in coffee stands that make
possible to define criteriafor shade-grown cof-
fee plantations. Such studies have acquired
importance due to the recent developing bio-
diversity friendly coffee markets in the United
States and Europe. This market gives produc-
ers the opportunity to increase their income by
selling “ecological friendly coffee”; addition-
ally, it benefits consumers who prefer special-
ty coffee, and helps to maintain environmental
health.

The present study describes and analyzes
coffee stand structure and woody plant diversi-
ty in shade-grown coffee systems in Northern
Chiapas, Mexico.

MATERIALSAND METHODS

Study area and selection of sampling
sites: This study was carried out in two areas
of Northern Chiapas. One in the municipality
of Chilon and the other in the municipality of
Jitotol. Both zones are located in the coffee
belt of Northern Chiapas, Mexico, within the

subtropical zone characterized by a warm and
humid climate (A)C(m) (Garcia 1988). The
area presents a gradient between 800 to
1 200 m above sea level, having an annual
rainfall of 1 200 to 1 500 mm in the higher alti-
tudes; and 2 000 mm at the lower atitudes.
Average annual temperatureis 22 °C. Soils are
recent, thin, and stony. Typical vegetation in
the highest areas is the montane rain forest
(bosgue mesdfilo de montafia), and in the mid-
dle and lowest zones semi-evergreen seasonal
forest (bosque tropical subperennifolio
(Rzedoswki 1978, Breedlove 1981).

The population of the Jitotol area belongs
to the Tzotzil ethnic group and in Chilon they
are Tzeltales. Both of them are Mayan descen-
dants whose main activity is agricultura pro-
duction of corn, beans, squash and coffee
along with some cattle raising.

A characterization of main environmental
and technical conditions in which coffee is
grown was carried out. A questionnaire was
given to 102 producers from Chilon and Jitotol
to identify the main variantsin regional coffee
systems. Sixty-one sampling sites were cho-
sen, controlling for coffee plant age, variety,
and type of shade and management (organic
vs. chemical). In each of the 61 plots a perma-
nent sampling area of 10 m x 10 m was select-
ed, where measurements of the studied vari-
ables were conducted. The square size was
defined in order to relate community structure
and canopy cover (Anderson 1966) based on
the assumption that resulting image from
hemispherical photographs gives an amost
180 degree view in all directions, with the
zenith at the center and the horizon at the edges
of the photograph (Roxburgh and Kelly 1995).

M easurements of coffee stand structure
and diversity: Coffee density, slope and plot
aspect were measured. In each plot a forest
inventory with the following variables was
carried out: number of individuals of each
shade species, separated into nine diametric
classes (1-10 cm, 10.1-20 cm, 20.1-30 cm,
30.1-40 cm, 40.1-50 cm, 50.1-60 cm, 60.1-
70 cm, 70.1-80 cm, and > 80 cm in breast
height diameter (breast height being 1.3 m);
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life forms (tree, shrub, paim and tall herbs).
The number of stratain coffee stand aswell as
height, use of the species and qualitative pres-
ence of woody plant seedlings were recorded.
With the above-mentioned information the fol -
lowing variables were estimated: density, fre-
guency, abundance, species richness, diversity
index and importance value (Mueller-Dumbois
1974, Whittaker 1975). All trees and shrubsin
the plots were mapped in order to define num-
ber of strata. Light density class, crown form,
and number of dead trees were also recorded
(Hutchinson 1988). Illumination classes con-
sidered by the position of tree crown with
respect to the canopy were the following: 1)
emergent, 2) full overhead light, 3) some over-
head light, 4) mainly oblique light, and 5) indi-
rect light. Crown form classes included: 1)
complete circle, 2) irregular circle, 3) half cir-
cle, 4) lessthan half circle, 5) few branches, 6)
mainly sprouts, 7) alive without crown.
Voucher specimens were collected for identifi-
cation and deposited in the ECOSUR’s herbar-
ium (El Colegio de la Frontera Sur) and at the
National Herbarium of Universidad Nacional
Auténoma de México (MEXU).

Hemispherical photos were taken in each
plot (for methodology see Soto-Pinto 2000).
Hemiphot (a computer program) was used to
calculate canopy cover and photon flux densi-
ty below the canopy (Steege 1996).

A Principal Coordinates Analysis (Everitt
and Dunn 1991) based on the Jaccard’s
Similarity Index (Sneath and Sokal 1973) was
carried out in order to identify groups of plots
by floristic composition though the computa-
tional program NTSYS. Unidentified species
were not included in the analysis. For each
group, plot equitability was estimated through
the following formula:

E=BA/R

Where:

E = plot equitability

BA = average basal area

R = species richness in 100 m?

RESULTS

Coffee producers are indigenous people,
which possessin general lessthan 5 hain total;
about onefifth of thisland is devoted to coffee
production. Shade-grown coffee is managed as
alow-input system. In Jitotol there are organi-
cally-grown coffee, chemical-grown-coffee
and natural-grown coffee (no inputs), while in
Chilon the natural-coffee prevails. Producers
do not control any pest or disease besides the
berry borer, what is controlled by cultural
methods. Weeds are handling removed twice a
year. Cultural practices, except for harvesting
are based upon family labor.

Coffee stands present a mixture of vari-
eties Bourbon, Caturra, Mundonovo and
Typica in an average density of 1 500 shrubs
per hectare. Shade trees are densely non-uni-
formly distributed in the plots, since producers
tolerate seedlings growing naturally in the cof-
fee plantation.

Shade vegetation structure in coffee
stands showed a complex vertical profile.
There were five strata of shade vegetation: one
herbaceous stratum, two shrubby strata and
two tree strata. The average profile showed
26.4 % of emergent treesin the canopy; 21.5 %
of individuals with full overhead light,
18.9 % of individuals with some overhead or
oblique light; and 34.2 % with trees or shrubs
with indirect light (not including coffee
shrubs). Different species were represented in
each stratum. The species: Inga pavoniana, .
punctata, Belotia mexicana, Heliocarpus
appendiculatus and |. sapindioides were
mainly emergent trees with full overhead
light, while H. appendiculatus, Citrus sinen-
sis, Musa sapientum and Croton draco main-
ly had some overhead or oblique light.
Additionally, the species Oecopetalum mexi-
canum, Piper auritum, Astrocharium mexi-
canum, Chamaedorea cataractarum, Musa
sapientum and Neurolaena lobata represent-
ed the stratum receiving indirect light.
Frequency of species by illumination classes
is presented in Table 1. Canopy cover ranged
between 23 and 80 %.
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TABLE 1
Soecies frequency by illumination classes for 61 producers plot in Chilon and Jitotol, Chiapas, México

Species

Illumination classes (%)

Emergent Full overhead  Some overhead Mainly oblique Indirect light
trees light light light

Inga pavoniana 24.7 27.9 10.0 29 0

Inga punctata 9.9 13.2 3.3 29 15
Belotia mexicana 9.9 10.3 33 0 29
Heliocar pus appendiculatus 6.2 29 11.7 8.8 15
Inga sapindioides 6.2 29 3.3 29 15
Citrus sinensis 0 0 8.3 29 4.4
Other species 431 57.2 60.1 79.6 88.2

The average tree density was 371.4 treesha'l,
varying between 100 and 800 trees ha. Of all
shade trees or shrubs, 76 % was woody trees.
Average species richness was 3.2 species per
100 m?, varying between one and eight species
per 100 m?.

Tree height varies between 1 and 29 m,
diameters vary between 1 and 109 cm. Most
of shade components were in the range of
<20 cm diameter. Diametric distribution
resembles that of the secondary forest. Inga
contributes significantly to diameters
between 30 and 80 cm (Fig.1).

Tree crowns presented different forms:
49 % were a complete circle; 14 % an irregu-
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Fig. 1. Diametric distributions of shade trees and shrubsin
rustic coffee plantations, Northern Chiapas, Mexico.

lar circle; 21 % ahalf circle; and the remaining
16 % showed less than a half circle, few
branches or mainly sprouts. There were no
alive without-crown trees or shrubs registered.

Seventy-seven woody species were regis-
tered in the sampling plots (Table 2). Of the
total number of species, 90 % were native
ones, the remaining were introduced species,
mainly fruit trees. Most shade species of coffee
stands belong to tropical forests. The remain-
ing belongsto montane forests or are present in
both vegetation types.

Of the total of shade species, 61.5 % are
trees, 29.5 % shrubs, 6.4 % palms, and 2.6 %
tall herbs. Thirty-three families and 56 genera
were identified. The most numerous families
are Fabaceae (legumes), followed by
the Tiliaceae, Asteraceae, Arecaceae,
Euphorbiaceae and Rutaceae. Most of the
species of these families (55 %) were infre-
quent, occurred in only one plot. Other group
of species (35.9 %) is more frequent (10 % of
the total the plots). A smaller group (7.7 %) is
the most frequent species (10-12 % of the
total the plots) (Fig. 2). The most frequent-
species were: |. pavoniana, |. punctata, H.
appendiculatus, N. lobata, B. mexicana, I.
sapindioides, and Croton draco. Although
coffee shade is diverse in woody species, 38
% of the plots presented high importance val-
uesfor any of the Inga species. Therest of the
plots were dominated by other 26 species.
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Fig. 2. Species frequency presented in shade-grown coffee
plantations in northern Chiapas, Mexico.

In most plots (83.3 %), seedlings of
woody species growing from the natural vege-
tation were registered. These seedlings are tol-
erated by coffee growers due to their function
as useful or protection (shade) plants.
Seedlings of 34 useful species were registered.
Most salients were Nectandra globosa,
Chrysophyllum mexicanum, Chamaedorea
cataractarum, and Inga pavoniana (Table 2).

Ninety percent of the species present in the
coffee stands are of some use to the producers.
One hundred and twenty-three products or
services were registered, most of them being
represented by firewood (27.6 %), followed by
food (23.6 %) and construction materials
(9.8 %). The remaining are represented by
plants recognized as good shade for coffee
(16 %), poles used for living fences (5 %),
prime material for handcrafts and labor instru-
ments (3.3 %), home remedies (3.3 %), fibers
(1 %), gums (1 %), fodder (1 %) and other
domestic uses (8.4 %). Of food species, 29 dif-
ferent products were registered: fruits, stems
and edible flowers, with fruits the most fre-
guent. Other organisms observed in the coffee
stands are mushrooms, and plant species of the
families Orchidaceae, Bromeliaceae, Cicada-
ceae and Araceae. Three percent of the total
individuals are dead trees or shrubs.

Average yield in sampling plots is 835 g
of clean coffee per bush or approximately
1668 kg ha.

The Principal Coordinate Analyses shows
four groups of plots: the first group includes
plots (57.6 % of thetotal of plots) with diverse
composition of species; the following group
comprises plots (24.5 % of the total of the
plots) with diverse species and |. pavoniana;
the third group contain plots (9.8 % of the total
the plots) with I. punctata and other diverse
species; and finally, the last group comprises
plots (8.1 % of the plots) including I. punctata,
|. pavoniana and other diverse species (Fig. 3).
Equitability and yields were not significantly
different among groups (p < 0.05).

DISCUSSION

Most of the coffee shade species are
native species and correspond to 40 % of the
species reported for the coffee belt in northern
Chiapas (Miranda 1953, Breedlove 1986, Del
Amo et al. 1992). This highlights the salient
role of shade-grown coffee system in the con-
servation of woody flora, as has been pointed
out by Purata and Meave (1993). Shade-grown
coffee systems play an important role for
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Fig. 3. Plot space projection of the first and second princi-
pal coordinates resulting from the Principal Coordinate
Analyses based on a Jaccard index similarity matrix.
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conservation, specially for species with nar-
rowed distribution, as in the case of species
restricted to montane forests or tropical forest
as the majority of species in this study are.
Even when the results showed four groups of
coffee stands in relation to their woody species
composition, there was no difference in equi-
tability among groups. Each coffee stand is
practically unique in plant composition, except
for the presence of Inga species, whose domi-
nance was corroborated in 38 % of plots.
However, the majority of plots were diverse.
The dominance of Inga species could be
due to the intervention of INMECAFE
(Instituto Mexicano del Café), a government
institution with wide impact on coffee activi-
tiesin Mexico. This institute promoted a tech-
nological package that included the use of
improved coffee varieties, use of inorganic fer-
tilizers, pesticides and the use of species of
Inga as shade trees. Actually, producers of sev-
eral zonesin Mexico still maintain the idea that
Inga is the best choice for shade, and although
the INMECAFE's dissemination programs
have finished, producers still are interested in
shifting diversified shade by shade dominated
by one or two species of Inga. Producerstoler-
ate seedlings of Inga species, one of the most
notable species in secondary regeneration, and
even, in some places they grow seeds for sow-
ing. The fact that plots were grouped in four
classes, depending on the presence of Inga,
responds to this technological innovation
occurred in last three decades. However,
Romero-Alvarado (pers. comm. 2000) and
Pesters (pers. comm. 2000) could not find sig-
nificant differences in yields comparing Inga-
dominated plantations versus rustic planta-
tions. This mosaic diversity acquires impor-
tance for conservation of associated flora and
fauna (Aguilar-Ortiz 1982, Torres 1984, Brash
1987, Nir 1988, Pimentel et al. 1992, Purata
and Meave 1993, Perfecto and Vandermeer
1994, Perfecto and Snelling 1995, Greenberg
et al. 19974, b, and others summarized by
Perfecto et al. (1996). The heterogeneity of
vegetation can play an important role in habi-
tat selection for associated fauna, e.g. bird

species (Greenberg et al. 19974). This hetero-
geneity is maintained by the following fac-
tors: the different crown forms, mainly com-
plete and irregular circles, the presence of
several vegetation strata, an irregular (non-
systematic) disposition of shade trees, a high
number of different taxa, the presence of dead
trees, epiphytes, mushrooms and herbs. This
species mosaic probably contributes to bio-
logical diversity. Unfortunately, the unavail-
ability of studies in natural forest in this life
zone do not permit to compare ecological and
structural features between these and coffee
plantations.

Although we did not quantify secondary
regeneration, the presence of seedlings of many
of the woody species reported was found in the
plots. Consequently, since growing of diverse
woody native species is promoted through the
tolerance of seedlings, the role of producer in
bio-diversity conservation is significant.

The magjority of species have some useful
value. Most notables are those that offer prod-
ucts that can not be substituted and are of pri-
mary necessity such as firewood, food and
materials for construction. Other uses are less
generalized, such as the use of Heliocarpus
donnell-smithii (bark inhabits the larva of an
edible butterfly), B. mexicana (bark is used to
make rope) and Calathea macroclamys (leaves
used to wrap “tamales’, atraditional Mexican
dish made of corn and wrapped in natural
leaves). In this sense, it is very important to
note the important role of producer’s knowl-
edge in adding ecological and socioeconomic
benefits to local and global scopes.

Although producers maintain a high tree
density in their plots which provides the afore-
mentioned products or services, this density
does not avoid the maintenance of coffee
yields even above the Mexican average.
According to Soto et al. (2000), coffee yield
behaves in a quadratic form in relation to the
percentage of shade cover, with the highest
yields nearer to 50 % cover, with an average of
463 shade trees. In addition, Romero-Alvarado
(pers. comm. 2000) also reported that shade
tree density had no effect on crop yields.



986 REVISTA DE BIOLOGIA TROPICAL

These results lead us to think that coffee
growers working on shade-grown coffee planta-
tions have the opportunity to have aplace in the
bio-diversity friendly coffee production and in
the speciaty coffee market without a reduction
in yields. Some estimations suggest that shade-
grown coffee represents roughly one to two per-
cent of the speciaty coffee market, with total
sales estimated at US $ to $60 million per year
(Commision for the Environmental Cooperation
Web Page, 2000. http: //www.cec.org). At the
same time, shade-grown coffee can contribute
to the preservation of natural resources and
wildlife habitats in Mexico.
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RESUMEN

El café bajo sombra es un sistema agricola que con-
tiene algunas caracteristicas de los bosques. Sin embargo,
|as caracteristicas estructurales y de diversidad de la som-
bra del café son poco conocidas. En 61 parcelas de pro-
ductores del norte de Chiapas, Mexico, se midieron vari-
ables estructurales de la vegetacion de sombra y los
rendimientos de café, registrando las especies 'y sus usos.
L os cafetal es presentaron cinco estratos de vegetacion. Se
encontraron 77 especies |efiosas, la mayoria de uso mader-
able (densidad promedio de 371.4 &boles por hectérea).

Noventa por ciento fueron especies nativas (40 % de la
flora local), el porcentaje restante fueron especies intro-
ducidas, principamente arboles o arbustos frutales. Ladis-
tribucién diamétrica se asemeja a la distribucién tipica de
bosques secundarios. El Andlisis de Coordenadas
Principales distinguié cuatro grupos de parcelas por la
presencia de Inga, sin embargo las parcelas son diversas.
No hubo diferencias en equitabilidad entre grupos y tam-
poco en rendimientos de café. Los rendimientos fueron de
835 g de café pergamino por arbusto o aproximadamente
1668 kg por ha. Se discute el importante papel del café de
sombra como refugio de plantas lefiosas y como habitats
para fauna asociada asi como la oportunidad de los pro-
ductores de participar en el nuevo mercado de café amable
con la biodiversidad.
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