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ERRATUM 

The author regrets that on page 3-4 some sources were inadvertently not referred the 

correct way and apologizes for any inconvenience that this mistake may have caused.

The paragraph in which corrections took place is here reported. 

Unfortunately, the decrease in world coffee prices that occurred in the 1990s 

together with the reduction of domestic public support to the agricultural sector around 

the same time resulted in a difficult situation for coffee producers (Ponte 2002, Eakin et 

al. 2006, Aguilar-Støen et al. forthcoming).  At the international level, the coffee market 

was restructured, ending the quota system that had prevailed until 1989, and the 

subsequent oversupply made coffee prices drop dramatically (Ponte 2002).  In the same 

years, the state enterprise Mexican Coffee Institute (Instituto Mexicano del Café - 

INMECAFE) was dismantled, in part due to changes in the regulation of the 

international coffee market and in part due to the restructuring of domestic policies in 

Mexico (Aguilar-Støen et al. forthcoming).  From 1958 to 1989 INMECAFE was 

responsible for providing technical assistance, credit and inputs (i.e. seeds, fertilizers 

and pesticides) to small coffee producers in Mexico.  INMECAFE also offered a secure 

market and stable prices to small coffee producers.  After its dismantling, the credit 

functions, technical assistance and other inputs it had provided were only partly taken 

over by other institutions (Aguilar-Støen et al. forthcoming).   
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Abstract 

Traditional coffee production systems are very biodiverse agroecosystems, in which 

coffee is cultivated under the canopy of native or semi-native forest, usually alongside 

numerous wild and domesticated useful species.  Subsequently to the crash in world 

coffee prices that took place in 1990s and to the simultaneous reduction of domestic 

public support to the agricultural sector, several coffee farms have been abandoned.  

This study compares patterns of woody vegetation structure, richness and diversity 

between currently managed and abandoned traditional coffee production systems and 

focus on richness and abundance of useful species across the two management 

categories.  Woody vegetation was sampled on a transect basis in eight shade coffee 

forests currently in use and eight 6-20 years abandoned shade coffee forests and 

questionnaires were administered to the owners of sampled plantations in order to 

gather information about land use history and use of the species grown alongside coffee 

shrubs.  The coexistence of two distinct patterns was observed: the presence in 

abandoned parcels of a regeneration process and the evidence of the impact land use 

had upon the vegetation.  Structural and compositional characteristics observed in 

cultivated parcels highlighted the capability of shade coffee forests of harbouring high 

diversity of woody plant species as well as some structural characteristics peculiar to the 

preserved forest.  In fact, despite higher species richness in all sampled abandoned 

parcels, in some cases former structural complexity was not maintained.  After coffee 

production stops, total abandonment is not always likely to occur and land can undergo 

different uses, which in most cases are not likely to furnish the same ecological services 

as traditional coffee plantations do.  In conclusion, maintaining shade coffee forests 

active and limiting as much as possible abandonment of coffee production is crucial for 

the preservation of diverse agroecosystems. 
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1. Introduction  

Coffee is one of Mexico’s main agricultural export commodities, ranking fifth in 

terms of harvested area (Moguel and Toledo 1999).  Different coffee production 

systems are found in Mexico (Fuentes-Flores 1979), ranging from agro-industrial, 

input-intensive unshaded monocultures to low-input, traditional rustic polycultures 

(Moguel and Toledo 1999).  While input-intensive coffee production is mainly 

represented on large holdings, traditional production systems prevail among small-scale 

farmers, which in Mexico are the majority (Nestel 1995).  According to Moguel and 

Toledo (1999), small farms under traditional production systems provide over two 

thirds of Mexico’s coffee.  Traditional coffee production systems prevail in Oaxaca, 

which is the second most important coffee-producing state of Mexico (Moguel and 

Toledo 1999).  In these systems, coffee is cultivated under the canopy of native or semi-

native forest, usually alongside numerous wild and domesticated useful species 

(Martínez et al. 2007, Bandeira et al. 2005, Soto-Pinto et al. 2001).  Literature often 

refers to traditional production systems as shade coffee forests  and these terms are used 

interchangeably throughout this study.  

Several studies described Mexican shade coffee forests as structurally complex 

agroecosystems (Soto-Pinto et al. 2001, Rendón and Turrubiarte 1985) and important 

reservoirs of biological diversity both for plant and animal species (Bandeira et al. 2005, 

Hietz 2005, Perfecto et al. 1996, 2003).  It has been shown that Mexico’s traditional 

coffee production systems provide refuge for forest-dependent biota such as orchids and 

other cloud forest epiphytes (Hietz 2005, Solis-Montero et al. 2005, Williams-Linera et 

al. 1995), as well as for arthropods (Perfecto et al. 1997), birds (Greenberg et al. 1997) 

and small mammals (Pineda et al. 2005, Gallina et al. 1996).  The biological importance 

of traditional coffee production systems is enhanced by the fact that coffee growing 

areas in Mexico are located in an elevation belt that is a transition zone between the 

Nearctic and the Neotropical floristic realms (Bandeira et al. 2005, Moguel and Toledo 

1999).  Finally, several coffee areas in Mexico overlap with regions identified as 

biodiversity hotspots by the National Commission for Biodiversity Conservation of 

Mexico (Arriaga et al. 2000, Moguel and Toledo 1999). 

Unfortunately, the crash in world coffee prices that occurred in the 1990s 

together with the reduction of domestic public support to the agricultural sector around 
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the same time resulted in a difficult situation for coffee producers (Eakin et al. 2006, 

Ponte 2002).  At the international level, the coffee market was restructured, ending the 

quota system that had prevailed until 1989, and the subsequent oversupply made coffee 

prices drop dramatically (Ponte 2002).  In the same years, the state enterprise Mexican 

Coffee Institute (Instituto Mexicano del Café - INMECAFE) was dismantled, in part 

due to changes in the regulation of the international coffee market and in part due to the 

restructuring of domestic policies in Mexico (Eakin et al. 2006).  From 1958 to 1989 

INMECAFE was responsible for providing technical assistance, credit and inputs (i.e. 

seeds, fertilizers and pesticides) to small coffee producers in Mexico.  INMECAFE also 

used to regulate coffee market and export permits, offering a secure market and stable 

prices to small coffee producers (Ponte 2002).  After its dismantling, the credit 

functions, technical assistance and other inputs it had provided were only partly taken 

over by other institutions (Eakin et al. 2006).  As a consequence, small-scale coffee 

farmers found themselves forced to face and cope with international price fluctuations 

at a time in which coffee prices were particularly low (Eakin et al. 2006).  Since then, 

coffee producers have been using different coping strategies, such as growing other 

crops within the coffee plantations (Martínez et al. 2007), converting their land to other 

uses (Eakin et al. 2006) or migrating to the cities or internationally in search of wage 

jobs (Batz et al. 2005).  In coastal Oaxaca, several farmers have abandoned their coffee 

farms (Batz et al. 2005).   

The abandonment of shade coffee plantations raises several questions regarding 

the consequences it will have upon the ecosystem.  Regarding whether the vegetation on 

the abandoned lands is getting the chance to restore and, if that was the case, what sort 

of variations in terms of vegetation structure and composition are taking place on it.  

Vegetation structure and composition in abandoned traditional coffee production 

systems has been widely explored in Puerto Rico (Lugo and Helmer 2004, Marcano-

Vega et al. 2002, Weaver and Birdsey 1986) and Ecuador (Lozada et al. 2007), but to 

my knowledge no studies exist for southern Mexico.  

In this study, I compare patterns of woody vegetation structure, richness and 

diversity between currently managed and abandoned traditional coffee production 

systems, in order to understand how these vary as a function of general changes in 

management.  In addition, focus was put on woody plants considered useful by the local 

farmers, and a comparison of the diversity of such useful plants in cultivated and 

abandoned traditional production systems was made. 
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2. Study site 

Fieldwork was conducted in the municipality of Candelaria Loxicha, Oaxaca 

State, Mexico (Fig.1) from September to December 2007.   

The administrative centre of Candelaria Loxicha is located 120 km southwest of 

Oaxaca City (15o55’33’’N and 96o29’30’’W).  The municipality has a territorial area of 

86.8 km2 and an altitudinal range of 120 to 1200 m.a.s.l..  The total population of 

Candelaria Loxicha is 8686 inhabitants, 54% of whom are of Zapotec Descent (INEGI 

2005).  In total, 1690 households are distributed in nine neighbourhoods (rancherías) 

(ibid.). 

Fig.1. The study area, in Candelaria Loxicha, Oaxaca State, Mexico. 

The study area is a mountainous region with a warm sub-humid climate.  The 

mean temperature oscillates between 18-22°C and the annual precipitation varies 

Mexico 
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between 1200-1500 mm (Trejo 2004).  Vegetation is classified as montane rain forest 

and evergreen seasonal forest (Beard 1955).   

Coffee (Coffea arabica L.) production is the main economic activity in the area 

(INAFED 2005).  Coffee was introduced in the municipality in 1930, while sugar cane 

was the main crop before that time.  Coffee is produced using traditional systems, in 

which coffee is cultivated under the canopy of native or semi-native forest.  Coffee 

cultivation is part of a mixed production system that includes the management of 

different land use units such as maize and fallow land, coffee forest gardens, home-

gardens and forest (Aguilar-Støen et al. forthcoming).  The system integrates both 

subsistence and commodity production: home-gardens, maize and fallow lands are 

mainly used to produce food for self-consumption while the coffee forest gardens are 

used to generate cash income (Aguilar-Støen et al. forthcoming).  The majority of coffee 

producers have plots smaller than five hectares and they usually supplement their 

income with off-farm employment (Aguilar-Støen et al. forthcoming).    

Subsequent to the aforementioned crash in world coffee prices and the reduction 

of domestic public support to the agricultural sector, some coffee farmers in the study 

area and in coastal Oaxaca in general abandoned their coffee farms (Batz et al. 2005, 

pers. obs.).  In general, two strategies were observed in the study area: partial and total 

farm abandonment.  Partial abandonment corresponds with either reduced management 

practices in the coffee farm or complete abandonment of one fraction of the coffee farm, 

while the other fraction is still managed.  Total abandonment occurs when farmers stop 

coffee production altogether.  This might imply conversion of the land to other 

agricultural uses or total land abandonment.  Of the abandoned sites included in this 

study, all are plantations that were totally abandoned, and not converted to other 

agricultural uses.  Plantations that are still being fully managed are also included in the 

study as control sites.  
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3. Methods  

3.1 Site selection  

The initial selection of sites was based on unstructured interviews with 43 current 

and former coffee producers.  A snowball-sampling technique (Bryman 2001) was used 

to identify the farmers.  The adoption of snowball-sampling technique was particularly 

required to approach the owners of abandoned farms, as abandonment of coffee 

cultivation was a sensitive issue and farmers were reluctant to talk about it (pers. obs.).  

As described by Batz et al. (2005), the abandonment of coffee production is usually is 

the forced consequence of a downward cycle of decreasing income, reduced 

maintenance and declining yields over several years.  

Eight shade coffee forests currently in use and eight abandoned shade coffee 

forests (hereafter called cultivated parcels and abandoned parcels, respectively) were 

selected for the study.  Selected parcels were located at elevations ranging from 600 to 

1300 m a.s.l. and included a wide range of sizes (2-120 ha).  For reasons of 

comparability, they all had the same southern aspect (Table 1a, 1b).  The time since 

abandonment of the abandoned parcels ranged from 6 to 20 years (Table 1b). 

Table 1a.  Cultivated parcels’ elevation, area, slope and surrounding land use. 

Cultivated parcels 

 Elevation (m a.s.l.) Area (ha) Slope (°) Surrounding land use 

1 1204 6 33.53 Cultivated coffee 

2 748 10 31.58 Agricultural field and cultivated coffee 

3 1298 25 27.59 Cultivated and abandoned coffee 

4 976 5 41.48 Cultivated and abandoned coffee 

5 896 5 24.35 Cultivated and abandoned coffee 

6 977 9 31.05 Cultivated and abandoned coffee 

7 930 80 32.72 Cultivated and abandoned coffee 

8 908 3.5 28.91 Cultivated coffee 
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Table 1b.  Abandoned parcels’ elevation, area, slope, number of years since abandonment 

and surrounding land use.

Abandoned parcels 

Elevation 
(m a.s.l.) 

Area (ha) Slope (°) Years since 
abandonment 

Surrounding land use 

1 696 2 33.44 20 Cultivated coffee 

2 1301 50 36.06 10 Cultivated and abandoned coffee 

3 1283 20 38.78 7 
Agricultural field and cultivated 
coffee 

4 760 12 18.92 9 
Agricultural field and cultivated 
coffee 

5 910 80 25.31 10 
Cultivated and abandoned coffee 
and forest 

6 850 120 26.86 6 
Cultivated and abandoned coffee 
and agricultural field 

7 950 60 19.85 8 Cultivated and abandoned coffee 

8 1030 2.5 30.24 12 
Agricultural field and cultivated 
coffee 

3.2 Data collection

Vegetation sampling followed the methodology proposed by Gentry (1982) and 

later modified by Romero-Romero et al. (2000) for the study of small patches of 

secondary montane rain forest in the State of Oaxaca, Mexico. 

Ten parallel transects of 25x4 m in size were randomly placed following the 

trajectory of the slope at each sampling site, for a total of 160 transects across the 16 

sites.  The distance between transects (5 to 10 meters) was also randomly selected.  

Shrubs and trees with a diameter at breast height (dbh) of more than 10 cm were 

registered within the transects.  Woody vegetation with 1 to 10 cm dbh and higher than 

1.4 m was sampled in ten belt transects of 25x1 m placed in the central portion of the 

larger transects.  Individuals’ height and dbh as well as abundance of coffee plants were 

registered at each sampling plot.  Values of canopy cover were recorded by measuring 

the two perpendicular canopy rays for each individual and then approximating the 

canopy shape to an ellipse.  

All plant species sampled were registered and voucher specimens were deposited 

at the Herbario Metropolitano “Ramón Riba y Nava Esparza” (UAMIZ) of the 

Universidad Autónoma Metropolitana-Iztapalapa (UAM-I), Mexico.  Botanical 
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determination of collected specimens was partly carried out by personnel of UAMIZ, of 

the National Herbarium of the Universidad Nacional Autónoma de México (MEXU) 

and of the Herbarium of Xalapa (XAL). 

Altitude, slope and surrounding land use were also recorded at each sampling site.  

The categories used for land use classification included: forest, abandoned coffee farm, 

managed coffee farm, agricultural field (maize and beans), and fallow field.   

Questionnaires related to the parcels’ land-use history as well as past and present 

management practices were administered to the owners of the eight cultivated parcels.  

For abandoned parcels, it was possible to directly interview only four of the former 

producers.  The other four were absent, but information was gathered about these 

abandoned plantations by interviewing family members and/or owners of adjacent 

farms.  Moreover, farmers were asked about the use of the plant species present in their 

coffee plantations and five categories of use were recorded: food, medicine, firewood, 

fodder and timber. 

3.3 Data analysis 

Statistical analyses were conducted with Minitab 14.0 and SPSS 16.0 for 

Windows.  Only values of P < 0.05 were considered significant. 

3.3.1 Vegetation structure

The height of woody plants was graphed for each sampled site in order to identify 

vertical strata in the vegetation, with class intervals being used to define vegetation 

strata (Piñero 1976).  It is recognized as convenient to compare the importance of 

species occupying the same strata rather than the whole population sampled, as they are 

subjected to the same ecological competition and they are approximately under the 

same ecological conditions (Meave 1990).  Vertical structure analysis was therefore 

used as a first step for the data analysis. 

The basal area and density of each vertical stratum were calculated for all sampled 

sites.  Obtained values as well as percentage canopy cover, mean canopy height and 

coffee shrub density were compared between cultivated and abandoned parcels using a 

t-test.  Dbh frequencies were graphed for cultivated and abandoned parcels. 
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 i=1 

 k 

3.3.2 Species richness and diversity

The species richness of each vertical stratum was calculated for all sampled sites 

and means for abandoned and cultivated parcels were compared using a t-test.  

Similarly, richness and abundance of useful species were calculated for each parcel and 

means for abandoned and cultivated parcels were compared using a t-test. 

Species’ importance values (IV; range 0-300%) were calculated for each land-use 

type as the sum of relative density, relative dominance and relative frequency (Mueller-

Dombois and Ellenberg 1974).  

The Shannon diversity index (H’) was calculated to assess whether management 

and altitude had some influence upon woody plants diversity, according to the following 

formula:   

H’ = - ∑ pi log pi 

where k = number of species, pi = number of individuals of species i (Zar 1996).  The 

diversity index was calculated by grouping species in relation to the altitude at which 

the parcel was located (low, defined as 600-949 m a.s.l. or high, defined as ≥ 950 m 

a.s.l.) and management (cultivated and abandoned).  Both pairs of indexes were 

compared using a t-test for diversity indexes (Zar 1996).  

3.3.3 Floristic and physiognomic structure heterogeneity  

Multiple linear regression analysis following the all-subsets procedure (Quinn and 

Keough 2002) was used to identify the best predictors of species richness and structural 

characteristics (basal area, density, mean canopy height and canopy cover).  The 

independent variables were altitude, slope, management (0 = abandoned, 1 = cultivated) 

and the surrounding land use.  Coffee shrub density and years since abandonment were 

excluded from the analysis in order to avoid multicollinearity errors (Quinn and Keough 

2002), given their strong relationship with the management variable (P < 0.001).  The 

absence of a relationship between years since abandonment and coffee density and the 

response variables for cultivated and abandoned parcels indicated that years since 

abandonment and coffee density did not add any information to the models when the 

management variable was included.  Residuals were tested for normality, independence 

and homogeneity of variance using the Anderson-Darlig and Durbin-Watson statistical 

tests and through residuals plots exploration, respectively.  For all regression analyses, 

residuals met required assumptions. 
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Floristic similarity among parcels was assessed using a hierarchical cluster 

analysis based on Jaccard’s similarity index (ISJ): 

ISJ = c/(A+B-c)*100 

where A = total number of species in site A, B = total number of species in site B, and c 

= number of species common to site A and B (Mueller-Dombois and Ellenberg 1974).  

4. Results 

  

4.1 Vegetation structure 

Vegetation had a complex vertical profile both in cultivated and abandoned 

parcels.  Four vertical strata (hereafter referred to as stratum 1, 2, 3, and 4) were 

identified in both land use categories.  The lowest stratum was primarily composed of 

shrubs and saplings up to a height of 5m.  The three following strata were defined as 

follows: 5.1 - 12m, 12.1 – 18m and higher than 18m.  Vertical stratification was more 

evident in cultivated parcels, while in abandoned parcels individuals’ distribution on the 

vertical scale had a relatively continuous pattern and a smaller proportion of gaps.  

The density of woody species differed between cultivated and abandoned parcels 

only in the lowest stratum (t = 7.39, P < 0.001) (Fig.2). 
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Fig.2.  Mean (± SE) abundance per hectare of individuals in each vertical stratum for cultivated 

and abandoned parcels.  Different letters above the bars within each stratum indicate significant 

differences between cultivated and abandoned parcels within that height class (t-test, P < 0.05). 
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Higher abundance of small size individuals in abandoned parcels was evident also 

by the analysis of dbh frequencies (Fig. 3).  More than three quarters (76%) of the 

individuals sampled in abandoned parcels had dbh≤10 cm, while in cultivated parcels 

individuals with dbh≤10 cm represented only 44% of total sampled individuals. 
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Fig. 3.  Mean (± SE) abundance of individuals in each diametric class for cultivated and 

abandoned parcels.   

No significant difference was observed between cultivated and abandoned parcels 

in total basal area, single strata’s basal area, canopy cover or mean canopy height.  

However, two of the sampled abandoned parcels (parcels 2 and 8) had very low basal 

area and canopy cover values.  Statistical difference in terms of basal area (t = 2.60, P = 

0.032) and canopy cover (t = 2.56, P = 0.027) between cultivated and abandoned parcels 

was found when excluding them from the analyses.  In addition, excluding abandoned 

parcels 2 and 8 revealed significant difference between cultivated and abandoned 

parcels in the highest stratum basal area (t = 2.41, P = 0.037), showing that big size trees 

were rather infrequent in the excluded parcels.   
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Table 2.  Mean (± SD) of structural and diversity variables and H’ in cultivated and abandoned 

parcels.  Only variables that were significantly different (t-test, P < 0.05) between cultivated and 

abandoned parcels were reported.

 Cultivated Abandoned P  

Structure 

Density (ind./ha) 1383.75 ± 459.31 3242.50 ± 543.52 < 0.001 

Stratum 1 density (ind./ha) 480 ± 242.78 2176.25 ± 584.41 < 0.001 

Coffee density (ind./ha) 2876.25 ± 303.45 1654.19 ± 450.98 < 0.001 

Diversity 

Species richness 33.25 ± 11.73 52.88 ± 10.19 0.003 

Stratum 1 species richness 17.25 ± 8.29 40.38 ± 7.39 < 0.001 

H’ 1.71 1.88 < 0.05 

4.2 Species richness and diversity 

A total of 3703 trees, shrubs and saplings were registered, belonging to 53 

families, 114 genera and 226 species.  Out of all sampled species, 83 were determined 

at the species level, 88 at the genus level and 27 at the family level.  Twenty-eight 

species were unidentified, but they were recognized as distinct species.  

Abandoned parcels had significantly higher species richness than cultivated ones 

(t = 3.57, P = 0.003) (Table 2).  In abandoned parcels, 193 species were recorded 

whereas in cultivated ones 122 species were registered.  On average, 53 (± 10.2 SD) 

species were recorded in each abandoned parcel and 33 (± 11.73 SD) in each cultivated 

parcel.  However, when considering vegetation’s vertical stratification, the lowest 

stratum (up to 5m) was the only stratum for which species richness differed 

significantly for different land-use types (t = 5.89, P < 0.001) (Table 2).  This was partly 

explained by the presence of higher shrub richness in abandoned parcels.  Forty-six 

shrubby species were found in abandoned parcels and only 19 in cultivated parcels.  

Shannon’s diversity index was significantly higher (t = 8.93, P < 0.05) in

abandoned parcels (H’ = 1.88) than in cultivated (H’ = 1.71) (Table 2), and for parcels 

located at elevations lower than 950 m a.s.l. (t = 10.24, P < 0.05).  Shannon’s diversity 

indexes were H’ = 1.84 for parcels at lower elevations and H’ = 1.79 for parcels located 

at higher elevations.  
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4.3 Species composition 

Cultivated and abandoned parcels were both characterized by a few dominant 

species and many infrequent species; nonetheless, the ranked species abundance curve 

had a steeper slope for cultivated parcels (Fig. 4).  
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Fig.4. Relative abundance (as percentage) of species recorded in cultivated and abandoned 

parcels.  All the species with relative abundance ≥ 1% were included. 

Leguminosae was the family with the highest number of species recorded in 

cultivated and abandoned parcels, with 16 and 19 species registered, respectively, 

followed by Euphorbiaceae (7 species) and Anacardiaceae (6), in cultivated parcels, and 

by Rubiaceae (17), Asteraceae (10), Moraceae (10) and Solanaceae (9) in abandoned 

parcels.  Leguminosae (14.8% relative abundance) and Musaceae (12.9%) were the 

most abundant families in cultivated parcels, while Urticaceae (10.6%) and Rubiaceae 

(10%) were the families having highest relative abundance in abandoned parcels.  

The most abundant canopy species were Inga oesterdiana Benth., Alchornea 

latifolia Swartz and Cupania glabra Swartz both for cultivated and abandoned parcels.  

They were followed by Musa sp. in cultivated parcels and Cecropia obtusifolia Bertol. 

in abandoned parcels (cf. Appendix 1 for abundance values) (Fig.5).   

The lowest stratum in cultivated parcels was dominated by Musa sp., which was 

represented by 100 individuals (25.4% relative abundance) and contributed to 51% of 

the total basal area.  Musa sp., Chamaedorea sp. and Theobroma cacao L. together 

comprised 72.5% of total basal area.  In abandoned parcels, the most abundant 

understory species were Eugenia capuli (Schltdl. & Cham.) O. Berg. (6.9%), Urera sp. 

(6.6%) and Gonzalagunia panamensis (Cav.) K. Schum. (5,21%) (Fig.6). 
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Less than half of the sampled species (90 species, 40%) were present in both 

cultivated and abandoned sites.  Thirty-two species were exclusively found in cultivated 

parcels while 103 were only observed in abandoned parcels.  The majority of the 

species exclusively found on cultivated sites were represented by one or two individuals 

and only two of them had relative abundance higher than 1%.  Similarly, most of the 

species only recorded in abandoned parcels were infrequent and only five of them had 

relative abundance higher than 1%.  Nine species (Alchornea latifolia Swartz, 

Chrysophyllum mexicanum Brandegee, Coccoloba sp.1, Cupania glabra Swartz, 

Homalium trichostemon S.F. Blake, Inga oerstediana Benth.,   Musa sp., Saurauia 

serrata DC. and Sommera sp. 1) out of the fifteen species  with the highest IV on 

cultivated and abandoned parcels were common to the two management categories 

(Appendix 1). 

Coffee shrubs were present in both cultivated and abandoned sites, even though in 

abandoned parcels their abundance was, as expected, significantly lower (t = -6.36, P < 

0.001) (Table 2). 
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4.4 Floristic and physiognomic structure heterogeneity 

Based on the presence of species, three main groups were identified (using 

Jaccard’s coefficient to cluster) (Fig.7).  The first group was comprised of eight parcels, 

six of which were abandoned.  The second was a cluster comprised of six parcels, all of 

them cultivated.  Two abandoned parcels composed the third cluster.   

Rescaled Distance Cluster Combine 
     0         5        10        15        20        25 

     +---------+---------+---------+---------+---------+ 

Parcels 

5ab  ─┬───────────┐
6ab  ─┘           ├─┐
1ab  ─────────────┘ ├─────────┐
8    ───────────────┘         ├───┐
4    ─────────────────────────┘   ├─────────┐
7ab  ─────────────────────┬───────┘         ├─┐
8ab  ─────────────────────┘                 │ │
4ab  ───────────────────────────────────────┘ ├───────┐
1    ─────────────────────────────────┬───┐   │       │
3    ─────────────────────────────────┘   │   │       │
5    ───────────┬───────────────┐         ├───┘       │
6    ───────────┘               ├───────┐ │           │
7    ───────────────────────────┘       ├─┘           │
2    ───────────────────────────────────┘             │
2ab  ───────────────────────────────────────┬─────────┘
3ab  ───────────────────────────────────────┘

Fig.7. Dendrogram from hierarchical cluster analysis of the 16 sampled parcels based on 

Jaccard’s similarity index.  Cases 1-8 indicate cultivated parcels; cases 1ab-8ab indicate 

abandoned parcels. 

Parcels 4 and 8, the two cultivated parcels clustered in the first group, had several 

species that, while being quite frequent in abandoned sites were absent or scarcely 

represented in the other cultivated parcels.  Among them were Eupatorium sp., Hirtella 

americana L., Ouratea sp., Protium copal (Schltdl. & Cham.) Engl., Pseudobombax 

ellipticum (Kunth) Dugand, Spondias sp., Urera sp., and Urticaceae 2.   

In relation to the third cluster, many of the most frequent species were not present 

in abandoned parcels 2ab and/or 3ab.  Among them were Coccoloba sp. 1, Cupania 

glabra Swartz, Chrysophyllum mexicanum Brandegee, Homalium trichostemon S.F. 

Blake, Inga punctata Willd., and Nectandra sp. 1.  Both parcel 2ab and parcel 3ab had 

very low species richness (39 and 40, respectively) compared with the other abandoned 
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parcels (range: 48-69).  Moreover, in parcels 2ab and 3ab species that were frequent in 

the other abandoned parcels, such as Acacia sp., Eugenia capuli (Schltdl. & Cham.) O. 

Berg., Guauzuma ulmifolia Lam., and Psychotria sp. 3 were not observed.  

Multiple linear regression analysis showed that variation in species richness was 

mainly explained by management (P = 0.003, adj. R2 = 43.9%), which was the only 

significant predictor, although altitude was only insignificant by a small margin (P = 

0.057, ∆ R2 = 10.9%).  Cultivated parcel no.8 was identified as an outlier because its 

value of species richness (55) was extremely high in comparison to the other cultivated 

parcels (range: 19-43).  Variation in density was mainly explained by management (P < 

0.001, adj. R2 = 78.1%).  Slope (P = 0.003) and presence of forest in the surrounding

land (P = 0.019) were the best predictors for variation in basal area (adj. R2 = 54.8%).  

Presence of cultivated and abandoned coffee plantations in the surrounding land (P = 

0.012) was the best predictor for canopy cover, but the model could explain only 32.7% 

of the variability.  Variation in mean canopy height was not explained by any of the 

independent variables.     

4.5 Useful species’ diversity 

A total of 125 species were recorded as useful for any of the five categories - 

food, medicine, wood, fodder and timber.  Of these, 83 species were present in at least 

two plantations and were therefore included in the analysis.  Useful species richness 

was significantly higher in abandoned parcels than in cultivated parcels (t = 2.27, P = 

0.041).  In total, sixty-nine useful species were registered in cultivated parcels and 78 in 

abandoned parcels.   

Almost all of the species registered in cultivated parcels were found also in the 

abandoned parcels.  Only five edible species (Theobroma cacao L., Orbignya cohune

(Mart.) Dahlgren ex Standl., Eriobotrya japonica (Thunb.) Lindl., Pouteria sapota

(Jacq.) H.E. Moore & Stearn. and Leucaena sp. 1) were exclusively found in cultivated 

parcels. 

A higher species richness of medicinal (t = 3.47, P = 0.004) and firewood species 

(t = 4.00, P = 0.002) was registered in abandoned parcels (Fig.8), with 5 medicinal 

species and 6 firewood species found exclusively in abandoned parcels.  For the 

medicinal species, three (Euphorbia pulcherrima Willd. ex Klotzsch, Psychotria sp. 3 

and Piper sp.) out of the five were shrubs.  No significant difference in terms of species 
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richness was found for fodder and timber species, and only one species used as fodder 

and one timber species were found exclusively in abandoned parcels. 
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Cultivated parcels had higher relative abundance of edible species (t = 2.86, P = 

0.021) (Fig.9).  It is worth mentioning that three species, Musa sp., Theobroma cacao L. 

and Annona muricata L., comprised about 20% of the total sampled individuals 

(Appendix 2).  Species used for firewood (e.g. Gonzalagunia panamensis (Cav.) K. 

Schum., Melastomataceae 1, Urera sp., Nectandra sp. 3 and Miconia impetiolaris

(Swartz) D.Don) had higher relative abundance in abandoned parcels (t = 3.80, P = 

0.002).  Relative abundance of medicine, fodder and timber species was not 

significantly different between cultivated and abandoned parcels (P > 0.05). 
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5. Discussion 

The most notable differences between cultivated and abandoned parcels were 

observed in the understory layer, whereas the overall vegetation structure and species 

composition were quite similar for the two land use types.  This simple picture describes 

the coexistence of two distinct patterns: the presence in abandoned parcels of a 

regeneration process and the evidence of the impact land use had upon the vegetation.  

The interaction between humans and natural systems moulds the vegetation’s course 

and several decades are needed for vegetation structure and species richness to restore 

(Ferguson et al. 2003, Pascarella 2000, Rivera and Aide 1998, Zimmerman et al. 1995).  

The time since abandonment of parcels considered in this study has been relatively short 

(20 years maximum) and the impact of a former common management was still 

observable. 

The understory layer differed between cultivated and abandoned parcels both in 

terms of structure and composition, and higher woody plants density and higher species 

richness were recorded in abandoned parcels.  Understory colonization and subsequent 

higher density of saplings is a direct consequence of abandonment (Lugo and Helmer 

2004, Weaver and Birdsey 1986) because in cultivated parcels the continuous 

management avoids that natural regeneration occurs (Lozada et al. 2007).  The high 

proportion of small size individuals in abandoned parcels together with the absence of 

significant difference in density for the other strata reflected the short time since 

abandonment and indicated early-stage succession (Finegan 1996).  Regarding species 

richness and composition, the understory layer in cultivated parcels was dominated by a 

few species, mainly cacao (Theobroma cacao L.) and banana (Musa sp.) plants, which 

were promoted by the farmers for their economic value.  In contrast, in the abandoned 

parcels, the lowest stratum was very species rich and it contained 90% of the species 

exclusively found in the abandoned parcels.  Several of the species present exclusively 

or more abundantly in abandoned parcels were shrubs, and many of them were species 

farmers usually cut down when weeding.  As suggested by Sambuichi and Haridasan 

(2007), weeding acts on species diversity both by limiting the recruitment in general 

and by promoting some species in disadvantage of others.  Similar to what observed by 

Sambuichi and Haridasan (2007) for shade cacao plantations in Brazil, farmers 

eliminated almost all the new seedlings during annual weeding and some seedlings were 

left only if there was need of filling canopy gaps or substituting dead trees.  Moreover, 
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seedlings left on the field usually belonged to species with edible fruits (e.g. Annona 

muricata L., Pouteria sapota (Jacq.) H.E. Moore & Stearn.) or good quality timber (e.g. 

Cojoba arborea (L.) Britton & Rose, Protium copal (Schltdl. & Cham.) Engl.).  

Management practices also had a negative impact upon the richness and diversity of 

useful species.  Shade coffee forests in Mexico are very species-rich agroecosystems 

and they are able to furnish several types of products (Soto-Pinto et al. 2001, Moguel 

and Toledo 1999, Perfecto et al. 1996), as the common presence of most of the useful 

species in cultivated and abandoned parcels showed.  However, all interviewed farmers 

agreed that coffee and in some cases bananas and/or cocoa, were the main products they 

wanted to extract from their fields.  Thus, despite the farmers reported that such useful 

species were valued, several of those same species were weeded out whenever they 

were thought to compete with the main crop(s).     

The regeneration in abandoned parcels was composed of both shade-tolerant and 

light-demanding species, indicating a spatial heterogeneity of canopy cover patterns 

(Marcano-Vega et al. 2002).  Colonization by shade-tolerant species was expected, as 

low light conditions present in agroforestry systems’ understories are suitable for the 

establishment of later successional species (Ferguson et al. 2003).  However, the 

presence of pioneer species has also been observed in abandoned shade coffee 

plantations with a more open canopy (Marcano-Vega et al. 2002).  Species reported by 

Arriaga (2000) as characteristic of the gap-building phase, such as Eugenia capuli

(Schltdl. & Cham.) O. Berg, Psychotria graciliflora (Benth. ex Oersted) Hemsley and 

Clethra sp. were quite abundant in abandoned parcels.  Among the families with higher 

species richness and relative abundance in abandoned parcels were Rubiaceae, 

Melastomataceae, Asteraceae.  Romero-Romero et al. (2000) observed the same pattern 

within the floristic analysis of secondary vegetation in a Mexican montane rain forest 

region.  

 While shade coffee plantations understories presented clear evidence of the 

presence in abandoned parcels of a regeneration process, the impact of a former 

common land use was observable in shade coffee plantations’ canopies.  A complex 

vertical profile was observed both in cultivated and abandoned parcels, similar to what 

reported for traditional coffee production systems in other areas of Mexico (López-

Gómez et al. 2008, Soto-Pinto et al. 2001, Rendón and Turrubiarte 1985).  The presence 

of a canopy stratum with trees higher than 18m showed that management did not impact 

mature trees, confirming that in traditional coffee agroforestry systems large trees are 
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often left in the fields as they constitute an essential element for the shade they provide 

(Moguel and Toledo 1999, Perfecto et al. 1996).  The canopies of cultivated and 

abandoned shade coffee plantations included many species that are usually promoted or 

tolerated by the farmers because of their importance as shade providers (e.g. Alchornea 

latifolia Swartz, Cupania glabra Swartz, Inga spp.), fertilizer (e.g. Inga oerstediana

Benth., Inga punctata Willd.) or timber (e.g. Chrysophyllum mexicanum Brandegee, 

Homalium trichostemon S.F. Blake). 

A third pattern that emerged in this study is the likely occurrence subsequent to 

the abandonment of coffee cultivation of some sort of human disturbance, such as 

logging or firewood extraction.  The same pattern was described also by Lozada et al. 

(2007) for abandoned coffee plantations in Ecuador, where they observed that after 

coffee plantations abandonment some timber species are sometimes cut down to get the 

timber sold, as their shade is not needed anymore.   

6. Conclusions 

Abandoned coffee plantations were similar to cultivated ones in terms of overall 

structure and canopy species composition, but differed regarding understory’s species 

richness and diversity, which were much higher in abandoned parcels.  The clear 

presence in abandoned parcels of a regeneration process leads to think that these 

ecosystems might harbour, in a few decades, higher species diversity within their whole 

profile (Finegan 1996).  However, this study also highlighted the capability of shade 

coffee forests of harbouring high diversity of woody plant species as well as some 

structural characteristics peculiar to the preserved forest.  In fact, despite higher species 

richness in all sampled abandoned parcels, in some cases former structural complexity 

was not maintained.  After coffee production stopped, total abandonment is not always 

likely to occur and land can undergo different uses.  Farmers might convert it to other 

land uses or simply clear it to get the timber sold.  Whichever the land use occurring, 

there is reason to believe that it will not be likely to furnish the same ecological services 

as traditional coffee plantations do.  Coffee is often grown on steep slopes and 

conversion of former shade coffee forests to more intensive uses might result in severe 

erosion (Nestel et al. 1995).  Moreover, the preservation of coffee cultivation ensures 

maintaining forested portion within the landscape, as shade is an essential element of 

the production system.  Considering all this, maintaining shade coffee forests active and 
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limiting as much as possible abandonment of coffee production becomes crucial.  Some 

evidence already exists that economic value can be added to traditional coffee 

production systems by including in the agroecosystem high-cash crops (Martínez et al. 

2007).  In order to make possible for small-scale farmers to avoid abandoning their 

coffee farms, further studies should focus on alternative crops that might be introduced 

in the systems, giving the farmers practical and economically viable coping strategies. 
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Appendix 1.  Botanical, ethnobotanical and ecological data for the species recorded in cultivated and abandoned coffee agroforestry sites in 
Candelaria Loxicha, Oaxaca, Mexico.   
Growth form: t = tree, p = palm, s = shrub. Uses: 1 = food, 2 = medicine, 3 = firewood, 4 = fodder, 5 = timber, * indicates useful species observed in more 
than one parcel. IV = importance value (range:0-300%)

  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Agavaceae        
Yucca sp. Izote t  0.19 12.69   

Amaranthaceae        
Pleuropetalum sprucei (Hook. f.) Standl. Copete de gallo s  0.09 12.59   

Anacardiaceae        
Anacardiaceae 1 Yagalache t 3* 0.67 14.82 0.19 12.81 
Astronium graveolens Jacq. Ropa t  0.19 12.59   
Comocladia palmeri Rose Tatatián t 5* 0.21 25.32 0.05 12.54 
Mangifera indica L. Mangal t 1.2.5* 0.25 40.19 0.13 38.15 
Spondias purpurea L. Ciruelo montés t 1* 0.14 13.40 0.05 12.58 
Spondias sp. Ciruelo montés t 4* 0.52 26.92 0.31 38.13 

Annonaceae        
Annona muricata L. Guanábana t 1* 3.23 66.19 1.55 39.50 
Annona sp.1 Anona montés t 1,2*   0.16 25.83 
Annona sp.2 Nono, Nona t 2* 0.22 26.10 0.03 12.54 
Annona sp.3  t 3* 1.47 77.90 0.08 25.41 

Apocynaceae        
Alstonia pittieri (Donn. Sm.) A.H. Gentry Quino t 2* 0.71 38.74 0.23 12.95 
Apocynaceae 1  t    0.05 12.54 

Araliaceae        
Oreopanax sp. Siete hojas t  0.07 12.61 0.03 12.54 
Dendropanax arboreus (L.) Decne & Planch. Palo mujer t    0.05 12.54 
Oreopanax xalapensis (Kunth) Decne. & 
Planch.

Siete hojas t 3*   0.14 25.12 

Arecaceae        
Chamaedorea sp. Tepejilote p  0.62 51.42 1.79 40.14 
Orbignya cohune (Mart.) Dahlgren ex Standl. Corozo p 1* 1.26 26.80   
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Asteraceae        
Asteraceae 1 Gusano s    0.03 12.55 
Asteraceae 2 Hierbanegra s    0.27 12.76 
Asteraceae 3 Semprevive montés s    0.13 12.66 
Asteraceae 4 Yaco s    0.14 12.87 
Eupatorium sp. Lengua de vaca s 2* 0.16 25.18 0.36 25.46 
Montanoa frutescens Mairet Palo de sal s    0.11 25.18 
Montanoa sp. Arnica s    0.35 25.62 
Senecio sp. Pata de gallina s 2   0.03 12.54 
Sinclairia sp.1 Leche, Ropa blanco s    0.37 50.48 
Sinclairia sp.2 Ropa vieja, Piè de gallina s  0.20 12.68   
Titonia sp. Arnica s 2   0.05 12.54 

Bignoniaceae        
Amphitecna sp. Jicaral t  0.21 12.81 0.04 12.54 
Tabebuya sp. Macuil blanco t 5* 0.30 13.06 0.34 13.87 
Tabebuya rosea (Bertol.) DC. Macuil t 5* 0.27 26.46 0.03 38.21 

Bombacaceae        
Pseudobombax ellipticum (Kunth) Dugand Bailador t  0.22 25.70 0.26 38.05 

Borraginaceae        
Borraginaceae 1 Sombrero t    0.19 25.37 

Cordia sp. 1 
Hormiguero, Arbol de 
rueda 

t 5* 1.01 27.35 0.05 12.54 

Cordia sp.2 Arco t 3* 0.54 25.80 0.05 12.54 
Cordia sp.3  t    0.05 12.54 
Tournefortia glabra L. Hoja negra s 2 0.24 12.69   

Burseraceae        
Bursera simaruba (L.) Sarg. Mulato t 2* 0.13 13.25 0.74 65.57 
Bursera sp. Mulato t 2* 0.35 13.38 0.14 12.64 
Protium copal (Schltdl. & Cham.) Engl. Granadillo t 5* 0.09 12.64 0.08 26.28 
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Caprifoliaceae        
Viburnum sp. Machete s 3   0.18 12.66 

Cecropiaceae        
Cecropia obtusifolia Bertol. Guarumbo t 2* 1.54 41.08 1.81 97.12 

Chrysobalanaceae        
Hirtella americana L. Yagalán colorado t  0.20 13.04 0.32 37.86 
Licania platypus (Hemsl.) Fritsch Zapote t  0.23 25.88 0.15 12.69 

Clethraceae        
Clethra sp. Amole, Mole t 4,5*   0.99 32.17 

Dilleniaceae        
Saurauia scabrida Hemsl. Mameyito mestizo t    0.45 12.91 
Saurauia serrata DC. Mameyito t 5* 0.89 63.95 1.18 78.92 
Saurauia sp.1 Mole t  0.12 12.67   
Saurauia sp.2 Mole t    0.03 12.54 

Euphorbiaceae        
Acalypha diversifolia Jacq.  s  0.10 12.59   
Acalypha sp. Hoja ahuate t  0.18 12.68 0.04 12.54 
Alchornea latifolia Swartz Guitarón s  3.88 110.9 2.17 91.42 
Croton draco Schltdl. & Cham. Grado t 3* 2.02 55.08 0.80 38.82 
Euphorbia pulcherrima Willd. Ex Klotzsch Santa Catarina s 2*   0.40 25.35 
Jatropha curcas L. Pecoy s  0.07 12.60   
Manihot sp. Hierba de caballo t  0.09 12.60   
Ricinus communis L. Grillal, Higuerilla t 2* 0.38 12.73 0.04 12.56 

Fagaceae        
Quercus sp.01 Encino t 3   0.03 12.54 
Quercus sp.02 Encino t 3   0.03 12.56 

Flacourtiaceae        
Casearia commersoniana Cambess. Cafetal montés t  0.56 26.05 0.04 12.54 
Casearia sp. Manzanito t 4 0.09 12.60   
Flacourtiaceae 1  t    0.03 12.54 
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Appendix 1.  (continued)

  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Homalium trichostemon S.F. Blake Piedra t 3,5* 2.44 80.92 1.85 78.02 
Gesneriaceae        

Kohleria deppeana (Schl. & Cham.) Fritsch Arete s    0.32 12.77 
Guttiferae        

Calophyllum brasiliense Cambess. Cimarrón t 5* 0.14 12.73 0.64 65.49 
Vismia camapraguey Sprague & Riley Nanchal montés t  0.09 12.59 0.06 12.68 
Vismia mexicana Schlecht. Nanchal montés t    0.05 12.63 

Heliconiaceae        
Heliconia sp. Platanillo t    0.77 50.82 

Hernandiaceae        
Gyrocarpus sp. Mano de león t    0.19 25.16 
Billia hyppocastanum Peyr. Manzanito t    0.09 25.10 

Lauraceae        
Nectandra sp.1 Aguacatillo t 3* 2.83 81.29 1.74 77.36 
Nectandra sp.2 Aguacatillo blanco t   0.00 0.41 39.07 
Nectandra sp.3  t  1.43 53.62 2.93 80.01 
Ocotea effusa (Meisn.) Hemsl. Aguacatillo delgada t 5* 0.97 67.41 0.57 38.05 
Ocotea sp. Tejón t  0.28 13.19 0.95 38.64 
Persea americana Mill. Aguacate t 1,2,5* 0.32 26.33 0.04 12.54 
Persea sp. Aguacate de piedra t 1,2*   0.73 76.07 

Leguminosae        
Acacia sp. Carnizuelo t 3*   0.36 50.40 
Calliandra houstoniana (Mill.) Standl. Cola de caballo s 2* 0.07 12.60 0.26 12.82 
Cojoba arborea (L.) Britton & Rose Coralillo t 5* 1.26 54.92 0.70 52.69 
Diphysa sp. Cuachipíl t 1* 0.73 51.12 0.08 12.71 
Erythrina sp. Zompantle t  0.07 12.59 0.36 25.76 
Gliricidia sepium (Jacq.) Steud. Cacahuanano t 2   0.05 12.68 
Inga oerstediana Benth. Cuiloxho, Cuil de algodón t  5.29 95.26 1.15 93.66 
Inga punctata Willd. Cuil delgada t  3.58 68.70 0.61 51.43 
Inga sp.1 Cuil t  0.38 13.03   
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Appendix 1.  (continued)

  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Inga sp.2 Cuil blanco t  0.07 12.95 1.88 17.81 
Inga sp.3 Cuil verde, Cuil machete t  1.07 38.57 0.04 12.54 
Inga sp.4 Cuil verde, Cuil machete t  0.28 25.19 0.14 25.16 
Leguminosae 1 Coralillo t  0.07 12.59   
Leguminosae 2 Cuachipíl t 1,5   0.08 12.58 
Leguminosae 3 Frijolillo t 3,5* 0.07 12.65 0.07 12.62 
Leguminosae 4 Huaje montés t    0.03 12.56 
Leguminosae 5 Palo verde t 3   0.04 12.54 
Leguminosae 6  t    0.05 12.54 
Leucaena sp.1 Huaje verde t 1* 0.21 25.30   
Leucaena sp.2 Huaje t 1* 0.35 25.53 0.72 50.96 
Pterocarpus acapulcensis Rose Grado costeño  3* 0.91 26.05 0.51 38.86 
Swartzia simplex (Sw.) Spreng. Tamarindo montés t  0.40 13.24 0.28 37.83 

Loganiaceae        
Strychnos sp. Flor roja s    0.54 13.05 

Lythraceae        
Lafoensia punicifolia DC. Palo de coquito t  0.19 12.68 0.31 13.47 
Lythraceae 1 Cinguelike t 5 0.07 12.64   

Malphighiaceae        
Byrsonima crassifolia (L.) Kunth Nanchal criollo t 1* 0.19 12.79 0.05 12.54 
Malphighia glabra L. Nanche montés t 1* 0.13 12.72 0.14 25.12 

Malvaceae        
Abutilon sp.  S    0.04 12.54 
Hampea sp. Hoja de tamal t    0.12 12.64 

Melastomataceae        
Melastomataceae 1 Paloma t 3*   3.68 66.53 
Melastomataceae 2 Paloma t  0.70 13.79 0.24 25.36 
Miconia impetiolaris (Swartz) D.Don Totomosle t 1,3* 0.33 37.98 2.31 77.88 
Miconia minutiflora (Bonpl.) DC. Chamizo t 3,4* 0.26 13.08 0.50 25.85 
Miconia trinervia D.Don ex G.Don Lengua de vaca s 2* 0.77 13.48 0.05 12.57 
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Meliaceae        
Cedrela odorata L. Cedro t 5 0.19 12.59   
Guarea sp.  t  0.27 13.23 0.35 25.71 
Trichilia cuneata Radkl. Palo de totomosle t 3* 0.50 26.33 0.57 38.35 
Trichilia sp. Palo de totomosle t 3  12.61   

Monimiaceae        
Siparuna sp. Conchuda t 2,3* 0.29 12.83 0.90 76.25 

Moraceae        
Castilla elastica Cerv. Hule t  0.09 12.69 0.05 12.54 
Ficus padifolia Kunth Macahuite blanco t 3 0.12 12.59   
Ficus sp.1 Camolote t 3   0.05 12.54 
Ficus sp.2 Macahuite t 3*   0.11 38.13 
Ficus sp.3 Matapalo t 3* 0.29 13.78 0.06 12.75 
Ficus sp.4  t 3,4* 0.30 26.19 0.72 38.20 
Ficus tecolutensis (Liebm.) Miquel Macahuite t 3* 0.38 14.29 0.23 35.11 
Moraceae 1 Higo t 4   0.04 12.54 
Moraceae 2  t    0.30 25.53 
Poulsenia armata (Miq.) Standl. Charmulla t 1,3   0.05 12.54 
Trophis racemosa (L.) Urb.  t    0.28 25.43 

Musaceae        
Musa sp. Platano t 1* 12.88 105.9 0.50 101.2 

Myrsinaceae        
Ardisia compressa H.B.K. Cinco negritos s 1,2* 0.40 37.87 1.16 101.2 

Myrtaceae        
Eugenia capuli (Schltdl. & Cham.) O. Berg Yagalán escoba s  0.19 12.68 4.38 67.54 
Myrtaceae 1 Yagalán t 3* 2.61 40.75 2.21 77.34 
Psidium guajava L. Guajava t 1,2* 0.00  0.27 25.66 
Syzygium jambos (L.) Alston Guayaba pumarrosa t 1,3* 0.10 12.59 0.03 12.55 

Nyctaginaceae        
Bouganvillea sp. Bougambilia montés s  0.09 12.59   



37

Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Nyctaginaceae 1  t    0.03 12.54 
Ochnaceae        

Ouratea sp. Yagalán blanco t 3* 0.13 12.69 1.09 76.50 
Piperaceae        

Piper sp. Hierbasanta s 2*   2.75 39.91 
Polygonaceae        

Coccoloba sp.1 Carnero t 3* 1.38 67.72 1.38 80.04 
Coccoloba sp.2 Carnero de la sierra t 3   0.08 13.24 

Rosaceae        
Eriobotrya japonica (Thunb.) Lindl. Níspero s 1* 0.53 25.58   

Rubiaceae        
Arachnothrix buddleioides Planch.  s 3   0.19 12.73 
Calycophyllum candidissimum (Vahl) DC. Camarón t 5* 0.14 12.74 0.38 13.12 
Coffea arabica L. Café t  n/a n/a n/a n/a 
Exostema mexicanum Gray Palo picudo t 0.08 12.59 
Faramea occidentalis (L.) A. Rich. Palo cruz t 0.16 12.66 
Gonzalagunia panamensis (Cav.) K. Schum. Maiz tostado s 3,4* 0.23 25.27 4.02 54.73 
Psychotria graciliflora (Benth. ex Oersted) 
Hemsley s 1.47 

26.52 

Psychotria sp.1 Inchasón s 2 0.11 12.62 
Psychotria sp.2 Inchasón s 2 0.12 12.62 
Psychotria sp.3 Inchasón s 2* 0.74 50.67 
Psychotria sp.4 Inchasón s 2 0.05 12.54 
Randia petenensis Lundell Jicaral montés t 3 0.07 12.59 
Randia sp.1 Jicaral montés t 3 0.12 12.62 
Randia sp.2 Jicaral montés t 3 0.07 12.58 
Randia sp.3 Jicaral montés t 3   0.31 12.83 
Rubiaceae 1  t 0.08 12.58 
Sommera sp.1 Mamey colorado, Cobre t 5* 3.25 68.80 1.47 79.33 
Sommera sp.2 Mamey colorado, Cobre t 5* 1.08 52.84 0.62 38.77 
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Rutaceae    
Citrus sp.1 Lima s 1,2 0.14 12.77 
Citrus sp.2 Limón s 1,2* 0.45 38.09 0.03 12.63 
Citrus sp.3 Naranjal t 1* 0.70 50.76 0.17 37.80 
Citrus sp.4 Limón canario s 1 0.13 12.72 
Zanthoxylum sp.1 Ropa t 3 0.18 12.96 
Zanthoxylum sp.2 Ropa t 3* 0.39 38.15 0.33 37.92 
Zanthoxylum sp.3 Ropa t 3* 0.23 37.77 

Sapindaceae  
Cupania glabra Swartz Huanchal t 3* 7.02 109.6 4.42 94.33 
Matayba sp.  t 0.23 13.09 
Sapindus saponaria L. Pipa t 0.45 25.86 

Sapotaceae      
Chrysophyllum mexicanum Brandegee Mazo t 5* 2.84 92.16 2.53 78.13 
Pouteria sapota (Jacq.) H.E. Moore & Stearn. Mamey t 1* 0.33 25.53 

Solanaceae 
Cestrum sp.1 Quelite largo s 1* 0.28 12.93 0.31 50.36 
Cestrum sp.2 Quelite s 1* 0.34 25.34 
Cyphomandra sp. Hierbanegra s 0.04 12.54 
Solanaceae 1  s 0.19 12.73 
Solanaceae 2  s    0.03 12.54 
Solanum schlectedalianum Walp. Pata de primavera s 0.05 12.54 
Solanum sp.1 Palo verde s 0.09 12.59 
Solanum sp.2  s 0.05 12.54 
Solanum sp.3 Boton chiguite s 0.10 12.63 
Whiteringia solanacea L'Herit. pata de primavera s 0.05 12.54 

Sterculiaceae  
Guauzuma ulmifolia Lam. Cuailote t 3* 0.32 25.68 0.56 63.74 
Theobroma cacao L. Cacao t 1* 3.03 42.68   
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Tiliaceae    
Heliocarpus appendiculatus Turcz. Yaco de venado t 1.45 27.23 0.21 25.42 
Heliocarpus sp.1 Yaco t 0.03 12.76 
Heliocarpus sp.2 Yaco bavoso t 0.10 25.96 
Luehea candida (Moc. & sessé ex DC.) Mart. Patastle t 0.07 12.71 
Trichospermum mexicanum (DC.) Baill. t 3 0.06 12.68 

Ulmaceae      
Aphananthe monoica (Hemsl.) Leroy Escobillo t 0.09 25.08 
Celtis iguanaea (Jacq.) Srag. Espina de avilán t 0.07 12.58 
Trema micrantha (L.) Blume Yaco t 1.72 28.02 0.51 27.30 

Urticaceae 
Boehmeria sp.1  s 0.03 12.58 
Bohemeria sp.2  s 3 0.58 13.09 
Urera sp. Chichicastle t 3* 1.52 51.73 3.91 104.27 
Urticaceae 1 Tripa de gallina t 3* 0.37 25.69 
Urticaceae 2 Chichicastle verde s 1.57 26.64 5.70 82.21 

Verbenaceae  
Verbenaceae 1 Flor de San Pedro s 0.55 38.21 0.07 25.08 

Unidentified  
Unidentified 1  t 1,2 0.13 12.66 
Unidentified 2 Cafetal montés t 3,4 0.39 13.24 
Unidentified 3 Canela montés t 2* 0.13 12.95 0.08 12.74 
Unidentified 4  t 0.05 12.54 
Unidentified 5 Cerezo t 0.12 12.65 
Unidentified 6 Chamizo t 3 1.18 14.44 
Unidentified 7 Chamizo t 3 0.13 12.70 
Unidentified 8 Gusano s 0.06 12.63 
Unidentified 9 Hierbanegra s 2 0.19 12.69 
Unidentified 10 Laurel montés t 0.10 12.60 
Unidentified 11 Laurel montés t    0.03 12.54 
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Appendix 1. (continued) 
  Cultivated Abandoned 

Family and species Common name(s) Growth 

form 
Uses 

Rel abund 

(%) 
IV 

Rel abund 

(%) 
IV 

Unidentified 12 Malacate t 0.07 25.12 
Unidentified 13  t 1 0.03 12.55 
Unidentified 14  t 3 1.30 13.62 
Unidentified 15  t 0.14 12.62 
Unidentified 16 Patastle, Patasco s 3 0.41 12.89 
Unidentified 17 Piedra t 3* 0.50 25.40 1.71 27.01 
Unidentified 18 Pipe t 3   0.63 13.51 
Unidentified 19 Ropa vieja s 0.12 12.59 
Unidentified 20  s 0.13 12.71 
Unidentified 21  t 0.03 12.55 
Unidentified 22  t 0.05 12.54 
Unidentified 23  t 0.05 12.54 
Unidentified 24  t 0.04 12.54 
Unidentified 25  t 0.04 12.54 
Unidentified 26 Tatatián blanco t 3 0.12 12.64   
Unidentified 27  t 0.03 12.54 
Unidentified 28 Tlachicun t 0.03 12.54 
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