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Few studies have focused on the response of woody vegetation and seed banks to 

To bridge this gap inslash-and-burn agriculture in tropical deciduous forest ecosystems. 

knowledge, the following research project was undertaken. 

Pasture conversion fires killed 87% of the sampled woody plants that had sprouted 

following slashing of a tropical deciduous forest. Species richness was reduced by 40%. Prior 

to burning 96% of all sampled plants sprouted from above-ground tissues. Post-burn 98% of the 

survivors sprouted from below-ground tissues. During the first year following pasture 

conversion, survival of sprouting plants was high, 91%. Average height, elliptical crown area, 

and total area covered by sprouting plants tripled, average crown volume increased over 500% 

within a year. 

To document impacts on species composition, density, and structure prior to and 

following pasture conversion, transects were established in the intact forest in 1992 and following 

pasture conversion in 1994. Additional transects were established in an adjacent 10-year old 

pasture. The intact forest had an average density of 3115 ± 137 (3T± 1 SE) woody plants/ha 

(DBH z 2.5 cm), containing 59 species. Following pasture conversion the average density of 

1.0 cm) was 1338 ± 133. Thirty-six species were identified.woody plants/ha (stump diameter 

The ten year old pasture had an average density of 1592 ± 105 woody plants/ha, containing 32 
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species. The average area covered by woody plants per 100 m2 transect sampled, as well as 

average elliptical crown area, crown volume, and height per plant were all lower at the new 1993 

pasture than at the older one. 

Burning reduced the germinable seed density from 1003 seeds/m2 to 70 seeds/m2 

immediately following the fires. Seventy-one percent of the germinated seeds from pre-fire soils 

were annual and perennial herbs, 18.4% were monocots, and 10.2% were trees, shrubs, and 

vines. Germination from post-fire soil sampling included a majority of herbs, and no monocots 

and or trees. 

One year following pasture conversion 3503 seeds/m2 germinated from the sampled 

soils, 96.9% of the total seed pool were monocots, 3.1% of the germinated seed pool were 

dicots. Germination from the adjacent intact forest soils sampled in 1994 produced a total of 

703 seeds/m2. Life form distribution was similar to 1993 slashed forest distribution. 
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REGENERATION DYNAMICS IN RESPONSE TO SLASH-AND-BURN AGRICULTURE IN A
 

TROPICAL DECIDUOUS FORESTS OF WESTERN MEXICO 

CHAPTER 1 

INTRODUCTION 

The most abundant type of tropical forests are tropical dry forests, which globally 

comprise 42% of all mature tropical forests (Lugo 1988). Fifty percent of central American 

tropical forests are tropical dry forests (Murphy and Lugo 1986). These ecosystems are 

considered to be the most threatened of all tropical forest types because human impacts have 

been more extensive in dry tropical forests than in any other tropical ecosystem (Janzen 1988, 

Lugo 1988). Land clearing and burning for agricultural activities have resulted in degradation of 

forested habitats. Such human activities are one of the primary causes of the unprecedented 

high rates of species extinction that currently occur (Myers 1988). Despite the extent of tropical 

dry forests, surprisingly few studies have focused on the dynamics of these ecosystems (Murphy 

and Lugo 1986). 

Fire and agricultural activities disrupt or completely alter successional pathways in 

tropical dry ecosystems. Repeated burning associated with pasture formation leave only the 

most resilient species or those with a great capacity to invade disturbed sites (Rico-Gray and 

Garcia-Franco 1992, Sampaio et al. 1993). The rate and direction of regeneration of disturbed 

ecosystems depend on the availability of propagules, resistance and resilience of the established 

species present at the time of perturbation or abandonment, and the type of former 

management practices and intensities of land use (Uhl et al. 1988, Gerhardt and Hytteborn 

1992). No studies have yet quantified composition and structure prior to disturbance and then 

quantified regenerational processes following disturbance in tropical dry forests. 
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Virtually no data are available on natural fire disturbance cycles of these systems in the 

neotropics. However, it is likely that major fires are infrequent in tropical dry forests (Murphy 

and Lugo 1986). 

In response to these important gaps in knowledge, the overall objectives of this study 

were 1) to document the sprouting capacities of primary forest species following human-caused 

deforestation, fire at varying levels of severity, and pasture establishment, (2) to describe species 

composition and density changes of primary forest species and the potential losses of plant 

species and reductions of biodiversity due to slash and burn agricultural practices, and (3) to 

quantify changes in seed bank composition and density in response to slashing, burning, and 

pasture conversion. The thesis is divided into five chapters, three of which are each addressing 

one objective. 
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CHAPTER 2
 

EFFECTS OF CUTTING AND BURNING ON THE SPROUTING CAPACITY OF WOODY
 

SPECIES IN A TROPICAL DECIDUOUS FOREST OF WESTERN MEXICO
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ABSTRACT 

The use of fire for forest clearing and pasture conversion is fairly recent in many 

neotropical ecosystems, particularly along the west coast of Mexico. The recovery potential of 

these forests following fires is largely unknown. This study documented recovery and sprouting 

response of the native woody vegetation to slash-and-burn agriculture in a tropical deciduous 

forest of western Mexico. 

Following slashing of the forest, but prior to burning we tagged, identified, and 

measured 456 sprouting plants in eight experimental plots. The interval between cutting and 

burning differed to vary fuel moisture in an attempt to control the level of biomass consumption 

in each plot. Following the fires, another 42 sprouting plants per plot were measured due to low 

survival of plants tagged prior to the fires. One plot was removed from study as an outlier. 

Eighty-seven percent of 399 woody plants that had sprouted following cutting died 

during slash fires in April and May, 1993. No relationship was found between percent biomass 

consumption per plot and survival or growth of tagged plants. 

Prior to burning we encountered 90 species from 28 plant families; post-fire sampling 

encountered only 54 species from 26 families, a reduction in species richness of 40%. 

Ninety-six percent of all cut and sprouting plants sampled pre-fire sprouted from stumps; 

following the fires 98% of all sprouting occurred from below ground tissues. 

Survival of sprouting woody plants through the first year following pasture conversion 

was 91% overall. Average height, elliptical crown area, and total area cover by sprouting plants 

tripled, and average crown volume per plant increased over 500% within a year. However, 

growth values varied considerably among species. 

While recovery of those plants that survived through the initial slash fires was rapid, new 

added environmental stresses such as competition with pasture grasses, periodic pasture fires, 

weeding and grazing will only leave the most resilient species on site. Many species may 

ultimately disappear from these ecosystems. 
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INTRODUCTION AND LITERATURE REVIEW 

Sprouting from dormant epicormic tissues and below-ground tissues is a common 

means of regeneration in tropical forests and facilitates a rapid recovery of forest structure in 

response to periodic natural disturbances (Murphy and Lugo 1986, Hardesty et al. 1988, Putz 

Sampaio et al. (1993) found that 94%and Brokaw 1989, Kauffman 1991, Sampaio et al. 1993). 

of all species coppiced after slashing a tropical dry forest in Brazil (Caatinga). A study of 

regenerating tropical dry forest in Mexico reported that all the dominant woody species had the 

capacity to regenerate from shoots, and that 32% of all the woody species sampled had 

In a Ghanian tropicalregenerated from coppiced shoots (Rico-Gray and Garcia-Franco 1992). 

dry forest, 65% of the tree and 72% of the liana species sprout from epicormic or below-ground 

tissues (Lieberman and Mingguang 1992). Establishment from sprouts facilitates rapid regrowth 

which provides a competitive advantage to exploit resources compared to seedlings or 

herbaceous plants (Kauffman 1991). Sprouting and rapid regrowth are of particular importance 

in tropical dry forest ecosystems where water is a significant limiting resource and seedling 

establishment is often unsuccessful (Swaine 1992). 

The role that sprouting plays in the recovery of tropical forests can be strongly 

influenced by the severity of the disturbance (Uhl and Jordan 1984, Kauffman 1991, Sampaio et 

al. 1993). Severe fires reduce the number of individuals surviving by sprouting (Uhl et al. 1981, 

Stocker 1981, Uhl et al. 1988, Kauffman and Martin 1990, Sampaio et al. 1993). Following fires 

of increasing severities in the Brazilian Caatinga, sprouting was reduced to 43%, 21%, and 10% 

of the pre-fire density. Prior to burning, most sprouts originated from buds located on stumps. 

Following fire, sprouts originated from below-ground tissues. In addition, different species had 

variable responses to increasing fire severity. For example, the capacity of Mimosa sp. to 

sprout was little affected by fire severity; its relative abundance increased with fire severity from 

8% to 36 %. Croton sonderianus Muell. Arg. density decreased with fire severity, but its relative 

abundance varied little between treatments. Bauhinia cheilanta Stand. had the highest survival 
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rate (78%) at low fire severity, but survival significantly decreased to 9% with increasing fire 

severity (Sampaio et al. 1993). 

In forests with a history of recurrent fires, the majority of woody plant species have the 

capacity to sprout following fires (Kauffman and Martin 1990, Hodgkinson 1991). However, 

natural fires do not frequently occur in undisturbed neotropical deciduous forests (Murphy and 

Lugo 1986). The recovery potential of forests following conversion to pastures on the Pacific 

slopes of Mexico is largely unknown. 

Repeated weeding and burning associated with subsistence agriculture exhausts the 

sprouting reserves of most species through root mortality, loss of regenerating tissues, and 

decreased capacity to store carbohydrates. When practiced on a large scale, slash and burn 

agriculture ultimately results in a regional decline in species diversity of tropical forests (Stocker 

1981, Uhl et al. 1982, Uhl 1987, Uhl et al. 1988). 

The overall objective of the study reported here was to quantify the effects of cutting, 

burning at three levels of fire severity, and pasture conversion on woody vegetation of a tropical 

deciduous forest ecosystem . Fire severity was artificially manipulated by cutting and burning at 

different times to achieve high, medium, and low severity burns. 

This study addressed the following questions: 

1) How does time since cutting impact sprouting and growth of sprouting woody plants? 

2) How does cutting and burning impact the ability of native woody vegetation to sprout? 

3) Is there a difference in location on the plant from which sprouting occurs before and after the 

slash fires? 

4) How do the different burn treatments impact survival and growth following the fires? 

5) Do trees that were not cut prior to burning have a higher probability to survive through the 

fires? 

6) How is species richness impacted by slash and burn treatments? 
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7) How does pasture conversion impact the survival and growth of surviving woody plants 

through the first year post-fire? 

8) Are species impacted differentially by pasture conversion? 

SITE DESCRIPTION 

The study site was located on communal agricultural property (the San Mateo Ejido) 

near the Estacion Biologic de Chamela in the state of Jalisco, Mexico, along the central Pacific 

coast (19°30'N, 105°03'W). Elevation at the site ranged from approximately 200 to 300 m above 

sea level. Aspect was west with most slopes varying from 40 to 60%. Local soils are young and 

often shallow (0.5 1 m depth), with a poor structure. Parent material is mostly rhyolite or 

basalt. The common soil texture is a well weathered sandy loam entisol that is low in 

phosphorus and organic matter (2.5%). PH values range from 6 to 7 (Bullock 1986, Maass et al. 

1988). The mean annual rainfall is 714 mm, with a range from 453 937 mm (1977 - 1990). 

Generally, more than 80% of the annual rainfall occurs between July and October (Maass et al. 

1988). Mean annual temperature at the Chamela Station is 24.9°C and varies monthly from 

22.6°C to 27.3°C (Bullock 1986). 

The principal vegetation type found in the Chamela Bay region is tropical deciduous 

forest, a division of tropical dry forest ecosystems that includes tropical semideciduous forests, 

wetland communities, and coastal strand (Lott 1993). Tropical deciduous forests are typical of 

the Pacific coast of Mexico and cover approximately 10% of the country. These ecosystems are 

generally found on uplands and are characterized by a dominance of drought deciduous 

species. The seasonal drought typically begins in November, and the forest remains leafless 

until the onset of the wet season which typically starts in June or July. Many of the tree species 

flower and produce seeds while leafless (Bullock and Solis-Magallanes 1990). Species richness 

of the Chamela forests exceeds the richness of all tropical dry forests reported; at least 1120 

plant species representing 544 genera and 124 families have been identified (Lott et. al. 1987, 

Lott 1993). 
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Figure 2.1. Study site location at the San Mateo Ejido in the state of Jalisco, western Mexico. 
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METHODS 

Experimental Design 

Nine adjacent experimental plots, each measuring approximately 33 x 100 m, where 

delineated during December, 1992, before the forest was slashed. A randomized complete 

block design was utilized to assess treatment effects; three plots were considered a treatment 

block. Each experimental plot in each block was randomly assigned one of three treatments 

(Fig. 2.2). 

Om 
REFERENCEIA IB IC IIA IIB IIC IIIA IIIB IIIC 
FORESTmed high low med 

low high med high low 

100 m 

Figure 2.2. Experimental Design. Time between slashing and burning was 98-101 days for the 

high severity fires, 73-74 days for the medium, and 55-56 days for the low severity fires. 

Treatments were manipulated by allowing different lengths of time between slashing 

vegetation and burning the plots (i.e. 98-101 days for the high severity fires, 73-74 days for the 

Moisture content of fuels varies with
medium, and 55-56 days for the low severity fires). 

increased time periods between slashing and burning and influences percent 

above-ground biomass consumption during the fires, which was used as an indicator of fire 

severity. Data on percent above-ground biomass consumption and fire behavior are presented 

by another project researcher (Gonzalez-Flores, in prep.). 

The primary forest was slashed January 19-26, 1993, for the three high severity 

treatment plots, February 2-6, 1993, for the three medium severity treatment plots, and February 
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8-12, 1993, for the three low severity treatment plots. The low severity plots were burned on 

April 9, 1993, the medium severity plots on April 23, 1993, and the high severity plots on May 3 

and 9, 1993. 

Plot IIIA had not yetA fire escaped from plot IIC into plot IIIA during the April 9, fire. 

been sampled; therefore, the total number of study plots was reduced from nine to eight. To 

ensure sufficient replication in the extreme treatments, one medium severity plot, IIIB, was 

reassigned to the high severity treatment by extending its drying period to 95 days and burning 

the plot on May 9. 

Following the fires of April and May 1993, the entire study site was seeded during June 

and July, 1993, to corn and three exotic pasture grasses (Panicum maximum Jacq., Cenchrus 

ciliaris L, and Andropogon sp.). All plots were grazed by cattle for one month during January 

1994, and another month during April, 1994. The stocking herd averaged 40 animals. 

Field Procedures 

To asses effects of cutting vegetation at different times and of variable fire severity, 57 

sprouting plants per plot, a total of 456 plants in eight plots, were randomly selected for study 

during the post-slash, pre-fire period of April, 1993. All sprouting plants measured were z 1.0 

cm in diameter at the base of their stumps. Sprouting plants as well as all trees left standing by 

the farmer following cutting were identified to species, mapped, and tagged with permanent 

metal tags. For the cut and sprouting plants, I recorded the location from which sprouting 

occurred (above- or below-ground tissues), maximum sprout height, diameter of the largest 

sprout, number of sprouts, and plant cover by measuring the crown diameter in two directions. 

Elliptical crown area, total area, and crown volume were calculated. 

Measurements were taken initially during the post-slash, pre-fire period of April, 1993, 

and were repeated three times post-fire, August, 1993, April, 1994, and August, 1994. Plant 

cover measurements were only made during the rainy seasons of August, 1993, and August, 

1994, because most sprouting plants were leafless during the April, 1994, sampling period. Due 
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to high fire mortality, we randomly selected an additional 42 sprouting plants per plot in August, 

1993, to quantify the effects of fire treatments on growth and survival through two growing 

seasons. As a result of adding 42 sprouting plants in each plot to the surviving number of 

originally tagged plants, sample size of sprouting plants per plot varied from 45 to 56 plants in 

August, 1993. 

Data Management 

Plant cover was determined from elliptical crown area which was calculated as: 

A = .TE * W1 * W2 
4 

where W1 and W2 are the plant crown diameter measured in two directions. W1 is the 

maximum crown diameter, and W2 is the crown diameter perpendicular to W1 (Kauffman and 

Martin 1990, Sampaio et al. 1993). Crown volume was calculated by multiplying elliptical crown 

area by height (Kauffman and Martin 1990, Sampaio et al. 1993). From these data, I estimated 

differences in growth between treatments (high, medium, and low severity burns) and impacts 

on sprouting capacities following pasture conversion. All data were analyzed as per plot means 

of all sprouting plants in a plot, except for total area calculations which were based on the sum 

of the elliptical crown areas calculated for all sprouting plants in each plot. Results are 

presented as means ± 1 standard error. 

Species specific growth is presented as averages of all plants of a species in all plots. 

Total area calculations were based on the sum of the elliptical crown areas of sprouting species 

in all plots combined. 

The relationship of the mean pre-fire growth estimates of sprouting plants per plot with 

the varying periods of time each plot had before burning the slashed forest was analyzed with a 

simple regression utilizing the averages of the growth parameters measured in each plot as the 
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dependent variables and the time period (days) since cutting of each plot as the independent 

variable. 

Calculations of total above-ground biomass consumption per plot and treatment block 

means revealed that percent biomass consumption did not correspond to the different time 

periods the slashed vegetation had to dry in the three treatment blocks. Percent biomass 

consumption was very high in seven out of eight plots. The medium severity treatments had a 

lower biomass consumption value than some of the low severity treatments (Gonzalez-Flores, in 

prep.). Therefore, relationships between biomass consumption and data on survival and growth 

were quantified with a simple regression analysis using percent biomass consumption per plot, 

rather than per treatment block, as the independent variable and survival and average growth 

estimates per plot as the dependent variables. Differences in survival through the first year 

following the fires, between plants tagged and measured before the fire in April, 1993, and plants 

tagged and measured after the fire in August, 1993, were analyzed using a chi-square test. 

The relative abundance of plant families and species is defined as the proportion that 

each species contributed to the total sample of each plot or the total in all plots combined. 

Species that could not be identified in the field were collected and sent to the University of 

California at Riverside for identification by Dr. Emily J. Lott. 
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RESULTS 

Pre- and cost-fire 1993 

Pre-fire April, 1993 

The 456 identified cut and sprouting plants represented 28 plant families and 90 

species (Table 2.1). The three most common families were Leguminosae, Capparaceae, and 

Burseraceae. Leguminosae was the most abundant plant family present on the study site. Forty 

percent of all plants sampled and 43% of all species encountered belonged to this family. 

Members of the Capparaceae and Burseraceae represented 13% and 11% of all sampled plants, 

and 2% and 3% of all species encountered (Table 2.1). The total number of families sprouting 

during the post-slash period in each plot varied from 9 to 17, and the total number of species 

per plot varied between 19 and 34. 

The two plots that were cut first for the high severity treatment had the highest 

abundance of families and species sprouting; plot IC contained 17 families and 34 species and 

plot IIA contained 14 families and 31 species. Plots that were cut for medium and low severity 

In the medium severity plotstreatments were similar in family as well as species representation.
 

abundance of families varied from 9 to 11, represented by 19 to 22 species. The low severity
 

plot contained 9 to 13 families and 19 to 28 species (Appendix A).
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Table 2.1. Family and species distribution of 456 sprouting plants following slashing of a 
Mexican tropical deciduous forest, April, 1993. 

Family # of # of Family # of # of 
ind. species ind. species 

Leguminosae 195 39 Sterculiaceae 4 2 

Capparaceae 57 2 Tiliaceae 3 1 

1Burseraceae 49 3 Amaranthaceae 2 

1Achatocarpaceae 26 1 Julianeaceae 2 

Boraginaceae 23 3 Violaceae 2 1 

Euphorbiaceae 22 8 unknown 2 2 

Nyctaginaceae 14 2 Anacardiaceae 1 1 

Rubiaceae 10 2 Asteraceae 11 

1 1Acanthaceae 7 2 Erythroxylaceae 

1Rutaceae 6 5 Hernandiaceae 1 

1 1Sapindaceae 6 2 Malphigiaceae 

1Flacourtiaceae 5 1 Polygonaceae 1 

1Sapotaceae 5 1 Zygophyllaceae 1 

1Theophrastaceae 5 Total 456 90 

Rhamnaceae 4 3 

The average growth of the 57 sprouting plants per plot increased with increasing period 

of time from when they were cut. Data for growth period and growth parameters for each plot 

are given in Appendix B. 

The average largest sprout diameter per plant was the growth parameter with the 

poorest relationship with time since cutting (Table 2.2). Average height,. elliptical crown area, 

crown volume, and total area covered by sprouting plants in each plot showed similar increases 

in growth with increasing growth period (Table 2.2). 
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Table 2.2. Linear regression results of growth period 
vs. growth parameters measured in a slashed 
tropical deciduous forest in western Mexico, 
March-April, 1993. Y = a + bx 

Dependent variable R2% p-value 

Elliptical crown area 83.90 0.001 

Crown volume 86.53 0.001 

Height 83.28 0.002 

Number of sprouts 77.08 0.004 

Max. sprout diameter 48.50 0.055 

Out of 456 plants that were measured during April, 1993, 96% sprouted from above-

ground tissues, 3.4% sprouted from underground tissues, and 0.6% had not yet sprouted. The 

15 plants that sprouted from underground tissues were represented by seven families and at 

least nine species: Caesalpinia eriostachys Benth., Caesalpinia caladenia Standl., Chloroleucon 

mangense (Jacq.) Britton & Rose (all Leguminosae), Achatocarpus gracilis H. Walt 

(Achatocarpaceae), Jacquinia pungens A. Gray (Theophrastaceae), Helicteres baruensis Jacq. 

(Sterculiaceae), Capparis flexuosa (L.) L (Capparaceae), Cordia sp. (Boraginaceae), two 

unknown members of the Leguminosae and one of the Asteraceae. 

The farmers left a total of 156 trees standing in the eight slashed plots. Twenty-three 

tree species from ten families were identified (Table 2.3). The legume family had the highest 

relative abundance, accounting for 56% of all trees left and 44% of the 23 species identified. 

Thirty-one percent of the trees belonged to the Boraginaceae, but they accounted for only 13% 

of all species. Relative abundance of the other eight families ranged from 0.06% to 3.9%. Six of 

the eight families were represented by only one individual (Table 2.3). 
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Table 2.3. Family and species distribution of leave trees before and after pasture 

conversion fires of a tropical deciduous forest in western Mexico, April 

(pre-fire) and August (post-fire), 1993. 

Family Pre-fire 
# of 

Pre-fire 
# of 

Post-fire 
# of 

Post-fire 
# of 

indiv. species indiv. species 

Leguminosae 88 10 6 4 

Boraginaceae 48 3 2 1 

Unknown 6 ? 0 0 

Zygophyllaceae 5 1 0 0 

Rubiaceae 3 3 0 0 

1 1Polygonaceae 1 1 

Flacourtiaceae 1 1 1 1 

Nyctaginaceae 1 1 0 0 

1 1 0 0Euphorbiaceae 

1 1 0 0Capparaceae 

1 0 0Burseraceae 1 

Total 156 23 10 7 

Post-fire August, 1993 

Only 74 of the 456 sprouting plants (16.2%) tagged in eight plots before the fire survived 

by August, 1993 (5- = 9.3 ± 2.5 plants/plot). Survival varied between 5% and 25% in all plots 

except for plot IIIC which did not burn well and had 40% survival (Fig. 2.3). A t-test comparison 

of the single survival observation in plot IIIC and the mean of survival in the other seven plots 

revealed significant differences in survival between plot IIIC and the other seven plots (p < 0.02) 

(Sokal and Rohlf 1981). Percent biomass consumption was significantly lower in this plot than in 

Because the center of this plot did not burn, fireall the other plots (Gonzalez-Flores, in prep.).
 

effects on the vegetation parameters measured were difficult to assess. Therefore, it was
 

decided to exclude data from plot IIIC from further analysis, reducing overall survival to 11.8% (5(
 

= 7.3 ± 1.7 plants/plot).
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Figure 2.3. Percent survival of 57 sprouting plants/plot through slash fires and pasture 

conversion of a tropical deciduous forest in western Mexico, August, 1993. Plots are 

arranged in order of increasing percent biomass consumption. 

Even though plot IC had the highest biomass consumption value of the seven remaining 

treatment plots (81%), it had the highest number of surviving plants: 14 out of 57 tagged plants 

survived. Only four of 57 plants survived in plots flA and the IA where biomass consumption 

Plot IB had the lowest biomass consumption value
was near 80% (Gonzalez-Flores, in prep.).
 

(69%) of the seven plots, but only five out of 57 sprouting plants survived the fire in this plot
 

(Gonzalez-Flores, in prep.).
 

After adding an additional 42 post-fire sprouting plants per plot and eliminating plot IIIC 

from further analysis, the seven remaining plots contained 347 sampled plants, representing 26 

families and 54 species. Leguminosae and Burseraceae remained as two of the three dominant 

families among the post-fire sprouting plants, but Capparaceae, which was a dominant family in 

the pre-fire sampling, was replaced by Boraginaceae (Table 2.4). Leguminosae was still the 

most abundant plant family on the post-fire study site, although its relative abundance had 
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dropped considerably. Leguminosae now accounted for only 26% of the individuals and species 

encountered, down from a pre-fire abundance of 40% of the individuals and 43% of the species. 

Members of the Boraginaceae represented 14% of all sampled plants and 6% of all species 

encountered. Burseraceae was represented by 8% of all plants sampled and 4% of all species 

encountered (Table 2.4). 

Table 2.4. Family and species distributions of sprouting plants following 
slashing and burning of a tropical deciduous forest in western Mexico, 

August, 1993. 

# of # ofFamily # of # of Family 
ind. speciesind. species 

1Leguminosae 90 14 Asteraceae 7 

Boraginaceae 50 3 Acanthaceae 7 1 

5 2Burseraceae 27 2 Verbenaceae 

Capparaceae 20 2 Rubiaceae 5 2 

Apocynaceae 19 2 Hernandiaceae 3 1 

1Anacardiaceae 16 Achatocarpaceae 21 

Nyctaginaceae 15 1 Julianiaceae 2 1 

1Flacourtiaceae 12 3 Bignoniaceae 2 

1 1Euphorbiaceae 13 3 Sapotaceae 

Rutaceae 11 2 Sterculiaceae 1 1 

1 1Polygonaceae 11 2 Sapindaceae 

1 1Malpighiaceae 10 3 Bombacaceae 

Theophrastaceae 8 Total 347 541 

1Violaceae 8 
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The relative abundance of all other families in each plot varied between 2% and 9%. 

Woody plants from 15 to 18 families sprouted per plot during August, 1993; the total number of 

species per plot varied between 21 and 30 (Appendix C). 

Post-fire sprouting occurred from underground tissues in 98% of the 347 sprouting 

plants measured. Only four plants from three species sprouted from stumps (Caesalpinia 

eriostachys Benth., Jatropha chamelensis Perez-Jimenez, Manihot chlorosticta Standl. and 

Goldman). Three plants from two species (Caesalpinia eriostachys Benth. and Bursera sp.) 

sprouted from both above- and below-ground tissues. Stump sprouting plants were located in 

the medium and high severity treatments. 

Only 10 of the 156 trees (6.4%) that were not cut pre-fire, survived until August, 1993. 

The surviving trees were from four families and seven species. The majority of the surviving 

trees, 60%, belonged to the Leguminosae (Table 2.3). Forty-eight of the trees could not be 

located following the fires and were presumably completely consumed by the fires. Ninety-two 

trees were dead and standing, and six were dead on the ground. Of the 10 surviving trees nine 

sprouted from above-ground stems and branches, only one sprouted from underground and 

above-ground tissues. 

Post-fire growth period August, 1993 August, 1994 

Overall Survival 

Chi-square tests revealed no significant differences in survival through the first year post-

fire (August, 1993, to August, 1994) between the surviving plants tagged pre-fire and the 42 

additional plants tagged post-fire. Calculated chi-square values for seven plots were consistently 

smaller (x2 = 0.045 to 0.309) than the critical value (x2 = 3.84, 1 df, 0.05.). Therefore, the two 

cohorts of the pre- and post-fire tagged plants were grouped together for all further growth and 

survival analyses. 

Survival of the 347 sprouting plants through the first year following the fires was 91% 
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overall, ranging between 83% and 98% in the seven plots (Fig. 2.4). Plots IA, IIA, and IIC had 

the highest survival values, 96% - 98%. Plot IB, a medium intensity plot, had the lowest survival, 

39 of 47 plants (83%), even though it had the lowest value for percent biomass consumption 

(69%). The period when plants died differed among the seven plots. Survival was lowest in IB, 

IIB, and IC from August, 1993, to April, 1994 (89 92%). Survival was 100% during this period in 

IIC and IA. Survival from April, 1994, to August, 1994, was 95 100% in all plots except IB which 

had a slightly lower survival rate of 93 % (Fig. 2.4). 
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2.4. Number of sprouting plants per plot surviving through the first year following pasture 
Plots are arrangedconversion of a tropical deciduous forest in western Mexico, 1993-94.
 

in order of increasing biomass consumption.
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Growth of all plants combined 

Simple regression analysis of average growth means in each of the seven plots verses 

percent above-ground biomass consumption per plot did not reveal any significant relationship 

during August, 1993, or August, 1994 (Table 2.5). 

Table 2.5. Linear regression results of % biomass consumption vs. growth 
following pasture conversion of a tropical deciduous forest in 
western Mexico, 1993-94. Y = a + bx 

Dependent variable 1993 1993 1994 1994 
R2% p-value R2% p-value 

Number of sprouts 36.2 0.15 18.7 0.33 

Height 13.7 0.41 15.8 0.38 

Sprout diameter 12.5 0.44 22.2 0.29 

Elliptical crown area 4.92 0.63 37 0.15 

Crown volume 0.31 0.91 39.6 0.13 

Therefore, data from all seven plots were combined to analyze growth of sprouting 

plants through the first year following the fires (Figures 2.5 - 2.10). 

The average number of sprouts per plant was the only measured parameter that 

decreased during the measuring period (Fig. 2.5); all other parameters increased (Figures 2.5 

2.10). The average number of sprouts per plant was 10.28 ± 0.47 in August, 1993, and 7.34 ± 

0.37 in August, 1994. Most of the measured decrease occurred in the four-month period from 

April, 1994, to August, 1994. The percent decrease in the average number of sprouts per plant 

was only 8.1% between August, 1993, and April, 1994, but the decline was 22.3% between April, 

1994, and August, 1994 (Fig. 2.5). 
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Figure 2.5. Average number of sprouts per plant ± 1 SE) following pasture conversion of a 
tropical deciduous forest in western Mexico, 1993-94. 
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Figure 2.6. Average increases of sprout diameter per plant ( ± 1 SE) following pasture 

conversion of a tropical deciduous forest in western Mexico, 1993-94. 
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Average sprout diameter per plant increased by 131% between August, 1993, and 

August, 1994; it had doubled by April, 1994, followed by only a slight increase by August, 1994 

(Fig. 2.6). 

Average height, elliptical crown area per plant, as well as total area covered by the 

tagged sprouting plants tripled between August, 1993, and August, 1994 (Figures 2.7, 2.8, 2.10). 

Increases in height occurred mostly between August, 1993, and April, 1994 (Fig. 2.7). Average 

crown volume per plant increased by 536% within a year (Fig. 2.9). 

140 

120 

100 

80 

5 60 

40 

20 

0 
August 93 April 94 August 94 

Date 

Figure 2.7. Average increases in height per plant (57 ± 1 SE) following pasture conversion of a 

tropical deciduous forest in western Mexico, 1993-94. 
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Figure 2.8. Average increases in elliptical crown area (ECA) per plant (ie-± 1 SE) following 

pasture conversion of a tropical deciduous forest in western Mexico, 1993-94. 
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Figure 2.9. Average increase in crown volume per plant (7< ± 1 SE) following pasture conversion 

of a tropical deciduous forest in western Mexico, 1993-94. 
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Figure 2.10. Total plant area increases following pasture conversion of a tropical deciduous 

forest in western Mexico, 1993-94. 

Survival of abundant species 

Analysis of the eight most abundant woody sprouting species on the study site revealed 

values of similar high survival among all species (Fig. 2.4), ranging between 73% and 100% (Fig. 

2.11). Forchhammeria pallida Liebm., Spondias purpurea L, and Caesafpinia eriostachys 

Benth., all represented by 16 individuals, had the highest survival rate of all eight species; none 

of the selected individuals died during the sampling period. Cordia alliodora (Ruiz & Pay.) Oken 

and Piptadenia constricta (Michell) Macbr. were the most abundant sprouting species following 

the fires in August, 1993, with 37 and 35 individuals, respectively. Only one of the 37 C. 

alliodora plants died during the sampling period between April, 1994, to August, 1994. One 

individual of 35 P. constricta plants died between August, 1993, and April, 1994, followed by the 

death of three more plants by August, 1994. Bursera sp., had the lowest survival of all sampled 

species between August, 1993, and April, 1994. Only 22 individuals of the originally 27 plants 

were still alive in April, 1994, a total of 21 plants survived to August, 1994, resulting in a 
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cumulative survival of 78%. Guapira cf. macrocarpa Miranda had the lowest overall survival of 

all species with 73% of the 15 individuals surviving to August, 1994 (Fig. 2.11). 
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Figure 2.11. Number of individual plants of the eight most common species surviving through 

the first year following pasture conversion of a tropical deciduous forest in western 

Mexico, 1993-94. FOPA=Forchhammeria pallida, CAER =Caesalpinia eriostachys, 

PICO=Piptadenia constricta, COAL=Cordia alliodora, BOPU=Bourreria cf. purpusii, 

GUMA=Guapira cf. macrocarpa, BU=Bursera sp., SPPU=Spondias purpurea. 

Growth of the abundant species 

Variation in growth estimates was great among species (Figures 2.12 - 2.17). 

Forchhammeria pallida was the only species of the eight selected that had on average more 

sprouts per plant in August, 1994, than in August, 1993, increasing the average number of 

sprouts per plant by a total of 13% within a year (Fig. 2.12). However, the average number of 

Initially,sprouts per plant of F. pallida increased to April, 1994, then declined by August, 1994. 

the average number of Caesalpinia eriostachys sprouts increased from 17.88 ± 3.54 to 
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18.81 ± 5.44, but the increase was followed by the largest decline in sprouts by August, 1994. 

All other species showed a progressive decline in average sprout numbers from the time of initial 

measurements in August, 1993, decreasing between 13% and 39% by August, 1994. Spondias 

purpurea had the lowest number of sprouts per plant during all three sampling periods. (Fig. 

2.12), however it had the largest sprout diameters (Fig. 2.13). 

Piptadenia constricta, Bourreria cf. purpusii Brandegee, and Guapira cf. macrocarpa 

had the highest percent increases in sprout diameter during the year. The period of highest 

diameter growth for all species was between August, 1993, and April, 1994 (Fig. 2.13). 

Forchhammeria pellicle had the lowest sprout diameter in August, 1994, and the least increase 

during the year. 
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Figure 2.12. Average changes in the number of sprouts per plant ( -± 1 SE) of the eight most 

common species following pasture conversion of a tropical deciduous forest in western 

Mexico, 1993-94. For plant codes see Fig. 2.11. 
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Figure 2.13. Average changes in sprout diameter per plant ( ± 1 SE) of the eight most 
common species following pasture conversion of a tropical deciduous forest in western 

Mexico, 1993-94. For plant codes see Fig. 2.11. 

Spondias purpurea had the tallest sprouts by August, 1994, an increase of 108% from 

August, 1993 (Fig. 2.14). Bourreria cf. purpusii had the largest percent increase in height per 

plant, 358% (Fig. 2.14). Sprouts of Forchhammeria pallida grew the least during the one year 

measurement period, only 79%, from 29.94 ± 4.56 cm to 53.5 ± 5.83 cm (Fig. 2.14). 
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Figure 2.14. Average sprout height increases per plant CT( ± 1 SE) of the eight most common
 
species following pasture conversion of a tropical deciduous forest in western Mexico,
 

1993-94. For plant codes see Fig. 2.11.
 

The two legumes, Piptadenia constricta and Caesalpinia eriostachys, had the highest 

average elliptical crown area and crown volume per plant and the greatest increase in total area 

covered by individuals of a species at the study site (Figures 2.15 - 2.17). Average elliptical 

from 0.12 ± 0.02 m2 tocrown area per plant of P. constricta increased 542% within one year, 

0.77 ± 0.14 m2. Caesalpinia eriostachys had the highest values of elliptical crown area per plant 

in August, 1994, as well as second highest percent increase in one year, 384% (Fig. 2.15). 

Forchhammeria pallida had the lowest average values and lowest percent elliptical crown area 

increase of the eight species (Fig. 2.15). 

Increases in crown volume mirror those of crown area (Figures 2.15 and 2.16). The 

highest increases in percent crown volume were observed in P. constricta and C. eriostachys, 

1700% and 1027% respectively, within one year (Fig. 2.16). 
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Figure 2.15. Average elliptical crown area (ECA) increases per plant (7 ± 1 SE) of the eight most 
common species following pasture conversion of a tropical deciduous forest in western 

Mexico, 1993-94. For plant codes see Fig. 2.11. 
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Figure 2.16. Average crown volume increase per plant ( ± 1 SE) of the eight most common 

species following pasture conversion of a tropical deciduous forest in western Mexico, 

1993-94. For plant codes see Fig. 2.11. 
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Piptadenia constricta and C. eriostachys had the highest increases of total area 

occupied per species of the eight most abundant species measured. The area occupied by P. 

constricta increased 460%, from 4.27 m2 in August, 1993, to 23.93 m2 by August, 1994. The 

Total areaarea of C. eriostachys increased 387%, from 6.04 m2 to 29.42 m2 within a year.
 

increase for Cordia alliodora was only 96%, from 29.56 m2 to 57.85 m2, but by August, 1994, it
 

occupied the largest total area of the eight species (Fig. 2.17). Forchhammeria pallida, B. cf.
 

purpusii Brandegee, G. cf. macrocarpa, and Bursera sp. occupied the least amount of area by
 

August, 1994, ranging from 1.54 m2 for F. pallida to 6.03 m2 for Bursera sp.. Total area
 

increase of F. pallida was only 2.7%, the lowest percent increase of all species (Fig. 2.17).
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Figure 2.17. Total area increases of the eight most common species following pasture 

conversion of a tropical deciduous forest in western Mexico, 1993-94. For plant codes 

see Fig. 2.11. 
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DISCUSSION 

Forty percent of the species sprouting before the fires did not resprout following the 

fires. This number may be underestimated because pre-fire species composition was based 

only on plants that sprouted post slashing during the height of the dry season. Sprouting plants 

were scarce in the medium and low severity burn plots and much more abundant in the high 

severity burn plots that were cut first. Many plants and species may have not yet sprouted due 

to the lack of available water particularly at the time when the last plots were slashed. Post-fire 

species composition data was taken during the height of the growing season to assess mortality 

and survival. It is likely that many more species were alive after slashing, but had not yet 

sprouted at the time of burning. 

Many woody species of the tropical deciduous forest are considered to be rare, i.e. they 

are widely spaced and occur only a few times in a given area (Lott et al. 1987). Over 40% of the 

intact forest species on our study site occurred only once or twice in all the transects sampled 

(Chapter 3). It is easy to imagine therefore that our estimate on species loss may be to low. 

Species loss due to fire alone is likely much higher than our estimate. 

Contrary to our expectations and other research results, cutting and burning at different 

times evidently had no clear impact on the survival of tagged individuals, which may be 

attributed to the fact that fire severity and biomass consumption were very high in all treatment 

plots (Gonzalez-Flores, in prep., Sampaio et al. 1993). It is likely that those individuals that 

survived, did so because of the random pattern with which fires burn, leaving some areas not at 

all or only lightly burned, while others experienced high fire severity. Slope, exposure, and 

weather all contributed to the intensity of the fires, outweighing the effects that fuel moisture 

content could have had on fire severity. Slash fires on less exposed and flat areas may result in 

variable fire severities when slashing and burning occur at different time intervals and therefore 

leave more survivors. 
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Trees that were not cut by the farmer fared worse than the trees that were cut and 

sprouted before the fires. While 12% of the sprouting plants tagged before the fires survived, 

only 6% of the standing trees lived through the fires. Over 30% of the tagged trees could not be 

Standing trees arelocated following the fires and were presumed to have completely burned. 

more susceptible to fire than the cut trees, presumably because of the increased availability of 

the standing tree biomass. Sprouting occurred from above-ground tissues in almost all of the 

surviving trees, indicating that a larger surface area of the uncut trees facilitated the survival of 

some epicormic buds. Sprouting from stems and branches rather than below-ground tissues 

was the primary sprouting method of cut trees following the fires. 

It is interesting to note that 96% of all plants that sprouted pre-fire did so from above-

ground tissues or stumps. Following the fires, this ability was severely reduced and sprouting 

occurred in 98% of all plants from below-ground tissues. This phenomenon has been observed 

in other tropical forests as well as in temperate species (Uhl et al. 1981, Wright and Bailey 1982, 

Clearly, above-ground tissues are veryUhl and Kauffman 1990, Sampaio et al. 1993). 

susceptible to heat damage, which is largely due to the fact that many tropical tree species have 

very thin bark (Uhl and Kauffman 1990). Bark thickness is considered to be a primary factor in 

protecting the cambial layer from heat influx (Wright and Bailey 1982). Soil is highly effective in 

insulating roots from the high temperatures that occur above-ground during slash fires 

(Kauffman and Uhl 1990). The alternate ability to also sprout from underground tissues 

becomes therefore the sole means of survival for many woody species of the tropical deciduous 

forest. 

One of the most notable results of this study was that even though overall survival after 

the fires was low (12%), the surviving woody species grew substantially and mortality was very 

low through the first year post-fire despite restrictions on growth and survival caused by the 

cumulative effects of annual drought, grazing, and selective weeding. Rapid recovery following 

disturbance at our study site was indicated by the tripling of average height and cover values, as 

Rapid post-fire growth can bewell as an increase in crown volume of over 500% within a year. 



34 

attributed to the sprouting plants taking advantage of the root system of the original tree, 

increases in available nutrients through pyromineralization, and diminished resource competition 

as neighboring trees are replaced by pasture grasses. 

The only plant growth parameter that decreased during the study period of one year 

was the number of sprouts per plant. The decrease in sprout number coincided with an 

increase in sprout diameter which could be indicative of a self-thinning process caused by 

overcrowding and internal resource competition. 

Our data supports other research in other tropical dry forests in that woody species 

have a high degree of resilience and resistance to natural disturbance by sprouting from stumps 

(Murphy and Lugo 1986, Hardesty et al. 1988, Putz and Brokaw 1989, Kauffman 1991, Sampaio 

et al. 1993). We also concluded that many species of the Mexican tropical deciduous forest 

have the ability to sprout from underground tissues following fires, which appears to be a 

fortuitous adaptation rather than an ability local plants evolved to survive frequent fires as is 

often observed in other ecosystems were fires are a frequent occurrence (Kauffman and Martin 

1990, Hodgkinson 1991). 

The species specific data was compiled to account for differences in growth and survival 

among species which are masked when compiling all growth and survival values into one. While 

all eight species had similar high survival values, growth differed substantially between species. 

Rapid post-fire growth increases for the two dominant legumes reflect their overall dominance on 

the site pre-fire as well as post-fire. The Leguminosae is evidently a family that contains many 

disturbance resistant species, which may be one of the reasons why legumes are the dominant 

woody species in the stressful environments of tropical dry forest zones. 

It is interesting to note that Spondias purpurea and Forchhammeria pallida represent the 

extreme measurements taken for, average number of sprouts and sprout diameter but neither 

experienced mortality during the first year of the study. Apparently there was no impact on 

survival whether the recovery strategy is to produce few large sprouts or many small sprouts. 
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Forchhammeria pallida also had the lowest values for height and cover. However, these have to 

be interpreted with caution because Forchhammeria is a wet-deciduous species and had no 

leaves during the August measurement period when the other species were fully leaved out. 

Species such as Bursera sp., Bourreria cf. purpusii, and Guapira cf. macrocarpa which 

had the lowest values for cover increase were often observed growing beneath the grass canopy 

which sometimes reached more than 2 m in height. Competition for light and other resources 

may ultimately lead to a local extinction of these less rapid recovering species as was already 

indicated by their lower survival values than those that incurred for taller, more vigorous species. 

CONCLUSION 

The natural ability of woody species in tropical dry forest to resist disturbance may be 

advantageous for the conservation of certain forest species in these ecosystems. However, 

even though regrowth of the surviving plants was relatively rapid and the area covered by 

sprouting plants and crown volume per plant increased substantially within a year, cumulative 

synergistic effects of repeated weeding and burning may exhaust sprouting reserves and 

ultimately result in a decline in woody plants and in species diversity. 

As observed by Uhl (1987) in the Amazon rain forest, remnant trees may serve as a 

seed source for woody plant regeneration, provide safe sites for seed establishment, and 

provide shelter for seed dispersers. However, while survivors may thrive, those that did not 

tolerate the fire may ultimately completely disappear from these systems as pasture conversion 

becomes a more frequently used agricultural practice and seed sources become scarce. 

Clearly only the most resilient species will remain, particularly because pastures in the 

Chamela region are rarely abandoned and are generally maintained indefinitely through 

continued weeding and burning. Increased pasture conversions and the escape of pasture fires 

into adjacent intact forests may ultimately result in the degradation of the tropical deciduous 

forests into a savannah type ecosystem only sustaining plants with the fortuitous adaptations 

that allows them to exist and regenerate through frequent anthropogenic perturbations. 
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Appendix A. Family and species distribution of 456 sprouting plants in eight experimental 

plots following slashing of a tropical deciduous forest in western Mexico, April, 1993. 

PLOT: IA 

Family 

Leguminosae 

Burseraceae 

Capparaceae 

Boraginaceae 

Rubiaceae 

Sapindaceae 

Achatocarpaceae 

Nyctaginaceae 

Theophrastaceae 

Tiliaceae 

Violaceae 

Total: 11 

#of 
ind. 

26
 

9
 

7
 

3
 

3
 

3
 

2
 

1
 

1
 

1
 

1
 

57
 

#of 
Species 

10
 

2
 

2
 

1. 

2
 

1
 

1
 

1
 

1
 

1
 

1
 

23
 

Species 

Caesalpinia eriostachys &nth.
 

Capparis flexuosa (L) L
 

Acacia picachensis Brandegee
 

Bursera sp.
 

Bursera heteresthes Bullock
 

Acacia angustissima (Mill.) Ktze.
 

Thouinia paucideruata Radik
 

Cordia alliodora (Ruiz & Pay.) Oken.
 

Randia sp.
 

Caesalpinia sclerocarpa StandL
 

Caesalpinia caladenia Standl.
 

Achatocarpus gracilis H. Walt.
 

Lonchocarpus constrictus Pitt.
 

Leguminosae
 

facquinia pungens it Gray
 

Hybanthus mexicanus Ging.
 

Heliocarpus pallidus Rose
 

Guettarda elli ptica Sw.
 

Guapira c f. macrocar pa Miranda
 

Forchhammeria pallida Liebnt
 

Caesalpinia sp.
 

Caesalpinia pulcherrirna (L) Sw.
 

Apoplanesia paniculata Presl.
 

Total: 23
 

# of 

ind. 

8
 

6
 

5
 

5
 

4
 

4
 

3
 

3
 

2
 

2
 

2
 

2
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

57
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Appendix A. (continued) 

PLOT: IIC 

# of # of # of 

Family ind. Species Species ind. 

Leguminosae 29 8 Caesalpinia enbstachys 9 

Burseraceae 10 3 Pi ptaderzia flava (DC.) &nth. 6 

Capparaceae 9 2 Ca p parts flexuosa 5 

Achatocarpaceae 4 1 Bursera sp. 5 

Acanthaceae 1 1 Acacia picachettsis 4 

Eupborbiaceae 1 1 Forchhammeria pallida 4 

Rubiaceae 1 1 Bursera arborea (Rose) Riley. 4 

Theophrastaceae 1 1 Achatocarpus gracilis 4 

Zygophyllaceae 1 1 Pi ptadenia constricta (Michell) Macbr. 3 

Total: 9 57 19 Leguminosae 3 

Lysiloma micro phyllum 2 

Randia sp. 1 

Justicia candicans (Nees) L. 1 

Jacquinia pungens 1 

Guaiacum coulter:. A. Gray 1 

Bursera heteresthes 1 

Argythamnia lottiae J. Ingram 1 

Apo planeszd paniculata 1 

Acacia angustissima 1 

Total: 19 57 
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Appendix A. (continued) 

PLOT: IIIC 

# of # of # of 

Family ind. Species Species 

Leguminosae 27 12 Caesalpinia eriostachys 7 

Euphorbiaceae 6 Randia sp. 5 

Rubiaceae 5 Croton suberosus HBK. 5 

Acanthaceae 3 1 Mimosa arenosa (Wald.) Poir. 4 

Burseraceae 3 2 Caesalpinia putcherrima 4 

Capparaceae 3 2 Justicia candicans 3 

Boraginaceae 

Julianiaceae 

2 

2 

2 

1 

Lysiloma micro phyllum 

Heliocarpus pallidus 

2 

2 

Tiliaceae 2 1 Forchhammeria pallida 2 

Achatocarpaceae 

Hemandiaceae 

1 

1 

1 

1 

Caesalpinia platyloba S. Wats. 

Caesalpinia caladenia 

2 

2 

Sapindaceae 

unknown 

1 

1 

1 

1 

Bursera sp. 
Amphypterigium adstringens (Schlecht.) Schiede 2 

Total: 13 57 28 unknown 1 

tripinnate legume 1 

Thouinia paucidentata 

Piptadenia flava 1 

Pinnate legume 1 

Acacia picachensis 

Gyrocarpus latro phi folius Domin, 1 

Croton alamosanus Rose 

Cordia sp. 1 

Cordia alliodora 

Capparis flexuosa 
Caesalpinia conaria (Jacq.) Wald. 1 

Bursera heteresthes 

Apoplanesia paniculata 1 

Achatocarpus gracilis 1 

Total: 28 57 
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Appendix A. (continued) 

PLOT: IB 

#of #of # of 

Family ind. Species Species ind. 

Leguminosae 34 10 Acacia picachensis 12 

Capparaceae 8 2 Forchhanvneria pallida 6 

Burseraceae 5 1 Caesalpinia eriostachys 6 

Achatocarpaceae 3 1 Bursera sp. 5 

Euphorbiaceae 3 1 Acacia angustissima 4 

Nyctaginaceae 1 1 Lysiloma micro phylum 3 

Rhamnaceae 1 1 Crown suberosus 3 

Rubiaceae 1 1 Achatocar pus gracilis 3 

Sapotaceae 1 1 Pi ptadenia flava 2 

Total: 9 57 19 Pi ptadenia consrricta 2 

Capparis flexuosa 2 

Caesalpinia caladenia 2 

Leguminosae 1 

Sideroxylon stenospermum (Standl.) Pennington 1 

Randia sp. 1 

Mirabilis sp. 1 

Lonchocarpus eriocardinalis Micheli 1 

Karwinskia latifolia Standl. 1 

Calliandra formosa (Kurth) Benth 1 

Total: 19 57 
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Appendix A. (continued) 

PLOT: LIB 

# of # of # of 

Family ind. Species Species ind. 

Leguminosae 17 10 Achatocarpus gracilis 9 

Capparaceae 11 2 Bursera s p. 8 

Achatocarpaceae 9 1 Ca pparis flexuosa 6 

Burseraceae 8 1 Forchhammeria pallida 5 

Sterculiaceae 4 2 Acacia picachensis 3 

Boraginaceae 3 1 Helicteres baruensis Jacq. 3 

Asteraceae 1 1 Cordia sp. 3 

Rhamnaceae 1 1 Acacia angustissima 3 

Rutaceae 1 1 Chloroleucon mangense (Jacq.) Britton & Rose 2 

Theophrastaceae 1 1 Pithecellobium duke (Roth) Benin 2 

unknown 1 1 Pi ptadenia flava 2 

Total: 11 57 22 unknown 1 

Leguminosae 1 

Zanthoxylum sp. 1 

Lysiloma micro phyllurn 1 

Jacquinia pungens 1 

Colubrina tri flora Brongn. 1 

Caesalpinia sp. 1 

Caesalpinia caladenia 1 

Byttneria catalpifolia Jacq. 1 

Asteraceae 1 

Acacia sp. I 

Total: 22 57 
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Appendix A. (continued) 

PLOT: MB 
#of #01 # of 

Family ind. Species Species ind. 

Leguminosae 22 9 Ca pparis. flexuosa 10 

Capparaceae 13 2 Bursera arborea 8 

Burseraceae 9 2 Acacia picachensis 7 

Achatocarpaceae 5 1 Achatocar pus gracilis S 

Flacourtiaceae 3 1 Caesalpinia eriostachys 4 

Boraginaceae 1 1 Samyda mexicana Rose 3 

Nyctaginaceae 1 1 Lysiloma micro phyllum 3 

Rutaceae 1 1 Forchharnmeria pallida 3 

Sapotaceae 1 1 Pi ptadenia `lava 2 

Theophrastaceae 1 1 Leguminosae 2 

Total: 10 57 20 Sideroxylon stenos permum 1 

Pithecellobium dulce 1 

Pi ptadenia conaricta 1 

facquinia pungens 

Helietta totriae Chiang. 

Gua pira c f. macrocarpa 1 

Cordia sp. 1 

Caesalpinia caladenla 1 

Bursera heteresthes 1 

Acacia angustissima 

Total: 20 57 
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Appendix A. (continued) 

PLOT: IC 

# of # of # of 

Family ind. Species Species ind. 

Leguminosae 18 10 Guapira c f. rnacrocar pa 9 

Nyctaginaceae 9 1 Pi ptadenia constricts 7 

Euphorbiaceae S 4 Cordia alliodora 3 

Boraginaceae 4 2 Cctesalpinia eriostachys 3 

Acanthaceae 2 2 Sideroxylon stenos permum 2 

Amaranthaceae 2 1 Samyda mexicana 2 

Burseraceae 2 1 Lagrezia monosperrna (Rose) StandL 2 

Capparaceae 2 Forchhammeria paLlida 2 

Flacourtiaceae 2 1 Croton alamosanus 2 

Rutaceae 2 2 Bursera sp. 2 

Sapindaceae 2 2 Zanthoxyium arborescens Rutaceae 1 

Sapotaceae 2 1 Thouinia psTrcideru'ata 1 

Achatocarpaceae Spondias purpurea L 1 

Anacardiaceae 1 1 Serjania brachyr..arpa A Gray 1 

Erythroxylaceae 1 1 Chloroleucon mangense 1 

Rhamnaceae 1 1 Marulsot chlorosticta StandL & Goldman. 1 

Theophrastaceae 1 1 Lysiloma micro phylum 1 

Total: 17 57 33 Lonchocarpus constrictus 1 

Leguminosae 1 

Karwinslcia latifolia 1 

Justicia candicans 1 

Jacquinia pungens 1 

Esenbeckia berlandieri BailL 1 

Erythroxylum sp. 1 

Coursetia caribaea (Jacq.) Lavin 1 

Calliandra formosa 1 

Caesalpinia caladenia 1 

Bourreria c f. purpusii Brandegee 1 

Bernardia sp. 1 

Astrocasia peltata StandL 1 

Achatocar pus gracilis 1 

Acanthaceae 

Acacia angustissima I 

Total: 33 57 
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Appendix A. (continued) 

PLOT: IIA 
# of # of # of 

Family ind. Species Species ind. 

Leguminosae 22 10 Lonchocarpus constrictus 7 

Boraginaceae 10 2 Cordia alliodora 7 

Euphorbiaceae 7 6 Cap paris flexuosa 3 

Capparaceae 4 2 Caesalpinia eriost. 3 

Burseraceae 3 1 Bursera sp. 3 

Nyctaginaceae 2 1 Boureria cf. purpusii 3 

Rutaceae 2 2 Pipiadenia flava 

Acanthaceae 1 1 Pipaidenia constricta 

Achatocarpaceae 1 1 Gua pira cf. rnacrocar pa 2 

Malpighiaceae 1 1 Astrocasia peltata 2 

Polygonaceae 1 1 Apo planesia paniculata 2 

Rhamnaceae 1 1 Acacia angustissima 

Sapotaceae 1 1 Sideroxylon stenos permum 

Violaceae 1 1 Chloroleucon mangense 

Total: 14 57 31 Pithecellobium duke 

Acacia picachensis 1 

Manihot chlorosticra 1 

Justicia candicans 1 

Hybanthus mexicanus 

Heteropterys palmeri Rose 1 

Gouania rosei Wiggins 1 

Forchhammeria paUida 1 

Esenbeckia sp. 

Esenbeckia berlandieri 1 

Diphysa occidentalis Rose 

Croton pseudoniveus Lundell. 

Croton alamosaruzs 1 

Coccoloba liebmannii Lindau 1 

Berr.ardia sp. 1 

Argythamma lottiae 

Achatocarpus gracilis 

31 57 
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Appendix B. Average growth values of 456 sprouting plants In eight experimental plots of 
a slashed tropical deciduous forest in western Mexico, April-March, 1993. 

growth 
period # of height diameter crown total 

Plot days sprouts SE cm SE sprout cm SE ECA(m2) SE vol(m3) SE area(m2) 

IC 101 1154 3.78 20.16 233 0.34 0.02 0.077 0.039 3.854 2.550 4.441 

IIA 98 8.64 1.22 19.93 2.82 0.73 0.43 0.056 0.020 3.274 1.802 3.448 

IIIB 74 7.40 2.78 1135 1.78 030 0.04 0.015 0.004 0.448 0.171 0.917 

I-B 72 7.81 1.29 14.42 1.74 0.28 0.02 0.041 0.010 1.297 0394 2.641 

IIB 72 3.63 038 13.12 2.06 0.25 0.02 0.022 0.008 0.819 0360 1.418 

IA 55 4.60 0.53 13.25 2.42 0.26 0.02 0.016 0.005 0.679 0.288 1.049 

IIC 55 3.70 033 8.89 136 0.21 0.01 0.011 0.004 0319 0.183 0.726 

inc 56 272 0.26 10.06 1.66 0.27 0.06 0.008 0.002 0.194 0.068 0.495 
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Appendix C. Family and species distribution In eight experimental plots following slash fires in 

a tropical deciduous forest in western Mexico, August, 1993. 

PLOT: IA 
*of *of # of 

Family incl. Species Species ind. 

Leguminoseae 10 5 Cordia alliodora 8 

Boraginaceae 8 1 Spondias purpurea 4 

Anacardiaceae 4 1 Piptadenia constricta 3 

Theopbrastaceae 3 1 Jacquinia pungens 3 

Nyctaginaceae 3 1 Guapira cf. macrocarpa 3 

Burseraceae 3 1 Caesalpinia eriostachys 3 

Rutaceae 2 1 Bursera arborea 3 

Polygonaceae 2 1 Ruprechtia fusca Fern. 2 

Capparaceae 2 I Lonchocarpus constrictus 2 

Asteraceae 2 1 Liabum caducifolium Robins.& Bartlett 2 

Violaceae 1 1 Forchhammeria pallida 2 

Rubiaceae 1 1 Esenbecicia berlandieri 2 

Malpighiaceae 1 1 Leucaena lanceolata S. Wats 1 

Julianiaceae 1 1 Justicia candicans 1 

Apocynaceae 1 1 Hybaathus mexicaaus 1 

Achatocarpaceae 1 1 Hamelia versicolor A. Gray 1 

Acanthaceae 1 1 Bunchosia palmed S. Wats 1 

Total: 17 46 21 Amphypterigium adstringens 1 

ALstonia longifolia (A. DC.) Pichon 1 

Achatocarpus gracilis 1 

Acacia picacheasis 1 

42 46 
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Appendix C. (continued) 

PLOT: ric 
# of # of # of 

Family ind. Species Species ind. 

Leguminoseae 14 8 Bursera arborea 6 

Burseraceae 7 2 Pi ptadenia constricta 5 

Boraginaceae 7 2 Forchhammeria pallida 5 

Capparaceae 6 2 Cordia alliodora 4 

Apocynaceae 5 2 ALstonia longi folia 4 

Polygonaceae 3 2 Caesalpinia eriostachys 3 

Flacourtiaceae 3 2 Bourreria cf. purpusii 3 

Rutaceae 2 1 Samyda mexicana 2 

Violaceae 1 1 Ruprechtia fusca 2 

Verbenaceae 1 1 Esenbeckia berlandieri 2 

Tbeoptrastaceae 1 1 Thouinia paucidentata 1 

Sapindaceae 1 1 Tabernaemontana amygdalifolia Thai. 1 

Rubiaceae 1 1 Tabebuia impetiginosa (Mart.) StandL 1 

Nyctaginaceae 1 1 Senna fruticosa (Mill.) I. & B. 1 

Euphorbiaceae 1 1 Lysiloma micro phylum 1 

Bignoniac:eae 1 1 Lonchocarpus eriocarinalis 1 

Asteraceae 1 1 Lonchocarpus constricts 1 

Total: 17 56 30 Liabum caducifolizun 1 

latropha chamelen.sis Perez-Iimenez 1 

Iacquinia pungens 1 

Hybanthus mexicanus 1 

Guettarda elliptica I 

Gua pira c f. macrocar pa 1 

Coccoloba liebmannii 1 

Citharexylum (standleyi) 1 

Casearia tremula (Griseb.) Wright 1 

Ca pparis flexuosa 1 

Caesalpinia caladenia 1 

Bursera sp. 1 

Aix) planesia paniculata 1 

Total: 30 56 
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Appendix C. (continued) 

PLOT: IB
 

# of # of
 # of 

Family ind. Species Species ind. 

6Leguminoseae 11 8 Cordia alliodora 

Boraginaceae 7 2 Guapira c f. macrocar pa 4 

Rutaceae 4 1 Esenbeckia beriandieri 4 

Nyctaginaceae 4 Liaburn caducifolium 31 

Capparaceae 4 2 Caesalpirda eriostachys 3 

Burseraceae 4 2 Piptaderda constricta 2 

Asteraceae 3 fair° pha chameknsis 21 

Euphorbiaceae 2 Forchhammena pcdlida 21 

Apocynaceae 2 1 Ca pparis fle.zuosa 2 

Viotaceae 1 1 Bursera sp. 2 

Theophrastaceae Bursera arborea 21 1 

Rubiaceae 1 1 Alstonia longifolia 2 

Malpighiaceae 1 1 S pondias purpurea 1 

Flaopurtiaceae 1 1 Lysiloma micro phylum 1 

Anacardiaceae 1 1 Lonchocarpus eriocarinalis 1 

Total: 15 47 25 Lonchocarpus constrious 1 

Jacquinia pungens 1 

Hybanthus mexicanus 1 

Guettarda elliptica 1 

Erythrina Janata Rose 1 

Casearia tremula 1 

Caesalpinia caladenia 1 

Bunchosia pabneri 1 

Bourreria c f. pur pusii 1 

Acacia picachertsis 1 

47Total: 25 
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Appendix C. (continued) 

PLOT: rrB 
# of # of # of 

Family ind. Species Species ind. 

Leguminose_ae 14 S Caesal pinia caladenia 5 

Boraginaceae 6 3 Forchhammena pallida 4 

Capparaceae 5 2 Cordia alliodora 4 

Euphorbiaceae 4 2 Bursera sp. 4 

Burseraceae 4 1 S pondias purpurea 3 

Apocynaceae 3 1 Pi ptadenia consrricta 3 

Anacardiaceae 3 1 Jcuropha chamelensis 3 

Violaceae 2 1 Caesalpinia erios-tachys 3 

Verbenaceae 2 1 Lonchocar pus constrictus 2 

Malpighiaceae 2 1 Hybanthus mexicanus 2 

Hernandiaceae 2 1 Gyrocarpus jatro phi foliar 2 

lleophrastaceae 
Sterculiaceae 

1 

1 

1 

1 

Citharexylum (standleyi) 

Bunchosia palmeri 

2 

2 

Polygonaceae 1 1 ALstonia longi folia 2 

Achatocarpaceae 1 1 Tabernaemontana arnygdallfolia 1 

Total: 15 51 23 Ruprechtia fusca 1 

Pithecellobium duke 1 

Manihot chlorosficta 1 

lacquinia pungens 1 

Helicteres baruensis Jacq. 1 

Cordia sp. 1 

Ca pparis flexuosa 1 

Bourreria c f. purpusii 1 

Achatocarpu.s gracilis 1 

Total: 24 51 
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Appendix C. (continued) 

PLOT: IC 

Family 

# of 
ind. 

# of 
Species Species 

# of 
ind. 

Leguminoseae 

Boraginaceae 

Apocynaceae 

Nyctaginaceae 

Flacourtiaceae 

Burseraceae 

Verbenaceae 

Theophrastaceae 

Anacardiaceae 

Acantbaceae 

Rutaceae 

16 

6 

6 

4 

4 

4 

2 

2 

2 

2 

1 

6 

2 

2 

1 

1 

2 

2 

1 

1 

1 

1 

Pi ptadenia constricta 

Cordia alliodora 

Tabernaemontana amygdali folia 

Samyda mexicana 

Gua pira cf. macrocar pa 

Lonchocarpus constriaus 

Bursera arborea 

S pondias Fur purea 

Jusricia candicans 

Jacquinia pungens 

Alstorzia longi folia 

9 

5 

4 

4 

4 

3 

3 

2 

2 

2 

2 

Rubiaceae 

Polygouaceae 

Malpigbiaceae 

Euphorbiaceae 

Asteraceae 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ruprechtia fusca 

Manilla chlorosticta 

Lonchocarpus eriocarinalis 

Liaburn caducifollum 

Lantana sp. 

1 

1 

1 

1 

1 

Total: 16 54 25 Hamelia versicolor 1 

Esenbeckia beriandieri 1 

Coursetia caribaea 1 

Citharexylurn (standleyi) 1 

Calandra formosa 1 

Caesalpinia eriostachys 1 

Bursera sp. 1 

Bunchosia palmeri 1 

Bourreria cf. purpusii 

Total: 25 

1 

54 
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Appendix C. (continued) 

PLOT: IIA 

#of #of # of 

Family ind. Species Species ind. 

Bora Onaceae 12 2 Cordia alliodora 8 

Legyrninoseae 12 3 Lonchocarpus constrictus S 

Malphigiaccae 3 2 Pioadenia consiricra 4 

Flacourtiactae 3 2 Bourreria cf. purpusii 4 

Eupborbiaceae 3 2 S pondias purpurea 3 

Anacardiactae 3 1 Justicia candicans 3 

Acantbaceae 3 1 Samyda mexicana 2 

Burseraceae 2 2 Phyllanthus mociniaruis BailL. 2 

Violaceae 1 1 Caesalpinia eriostachys 2 

Rutaceae 1 1 Bunchosia palmeri 2 

Rubiaceae 1 1 Zatuizoxytunt six 1 

Polygonaceae 1 1 Tabernaemontana amygdall folio 1 

Nyctaginaceae 1 1 Intro pha chamelensis 1 

Hernandiaceae 1 1 Hybanthus mexicanum 1 

Capparaceae 1 1 Heteropterys pairneri 1 

Apocynaceae 

Total: 16 

1 

48 

1 

23 

Gyrocar pus jatro phi fol us 

Gueaarda air:dal 

1 

I 

Guapira c f. macrocarpa 1 

Forchharnmeria pallida 1 

Coccoloba liebmannu 1 

Casearia corymbosa HBK. 1 

Bursera sItt 1 

Bursera arborea 1 

Total: 23 48 
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Appendix C. (continued) 

PLOT: IIIB 
# of# of # of 

Family ind. Species Species ind. 

9 

Boraginaceae 4 1 Bourreria cf purpu.sa 4
 

Polygonaceae 3 2 S pondias purl:urea 3
 

Burseraceae 3 2 Ruprechtia fusca 2
 

Anacarniaceae 3 1 Hybanthus mexicanus 2
 

Violaceae 2 1 Guapira c j. rnacrocarpa 2
 

Nyctaginaceae 2 1 Forchhammeria pallizia 2
 

Malphigiaceae 2 2 Bursera arborea 2
 

Euphorbiaceae 2 2 Tabebuia impetiginosa 1
 

Capparaceae 2 1 Sideroxylon stenos permum 1 

Sapotaceae 1 1 Samyda mexicana 1 

Rutaceae 1 1 Phyaanthus mocinianus 1 

Julianiaceae 1 1 Mal pighia sp. 

Leguminoseae 14 6 Pi oadenia constricra 

1 

Flacourtiaceae 1 1 Lysiloma micro phylum 1 

Bombacaceae 1 1 Lonchocarpus eriocanhalis 1 

Bignoniaceae 1 1 Lonchocarpts constrictus 1 

Apocynaceae 1 1 Justicia candicans 1 

Acanthaceae 1 1 fair° pha charnelensis 1 

Total: 18 45 27 Esenbeclda berLandieri 1 

Coccoloba liebmannii 1 

Ceiba sp. 1 

Caesalpinia eriostachys 1 

Caesalpinia caladenia 1 

Bursera sp. 1 

Buncho.sia paimeri 1 

Arnphypterigium adstringens 1 

Al:Ionia longifolia 1 

Total: 27 45 

http:purpu.sa
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CHAPTER 3
 

INFLUENCES OF SLASH-AND-BURN AGRICULTURE ON REGENERATION PROCESSES
 

AND PLANT DIVERSITY IN A TROPICAL DECIDUOUS FOREST OF WESTERN MEXICO
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ABSTRACT 

Tropical dry forest ecosystems are considered to be the most threatened of all tropical 

ecosystems due to human population pressures. The objectives of this study were to document 

impacts on species diversity associated with slashing and burning a primary tropical deciduous 

forest and to quantify the regeneration potential following pasture conversion. 

Transect lines were established through the intact forest prior to slashing and burning, in 

the newly established pasture, and in an adjacent 10-year-old pasture to quantify changes in 

species composition and structure through time. The intact forest had an average density of 

3115 ± 137 woody plants/ha (mean ± 1 SE with a DBH z 2.5 cm) and 59 species from 26 

families. Only 10 of the 60 species were common, occurring z 10 times at the site; 40% were 

rare and occurred only once or twice. Following pasture conversion the average density of 

woody plants/ha (stump diameter 1.0 cm) was 1338 ± 133. Almost 17% of the sampled plants 

were seedlings; over 83% of all plants had sprouted from below-ground tissues. Thirty-six 

species representing 22 plant families were identified in the new pasture. Six species were 

common; 50% were rare. The ten year old pasture had an average density of 1592 ± 105 

woody plants/ha. Thirty-two species from 13 families were identified. Seven species were 

common; 50% were rare. 

The average area covered by woody plants per 100 m2 transect sampled was 8.94 ± 

0.97 m2 for the new pasture and 14.04 ± 1.55 m2 for the 10 year old adjacent pasture. Average 

elliptical crown area, crown volume, and height per plant were all lower at the new pasture than 

at the older one. 

The three most common species of the intact forest were not encountered in the two 

pastures in 1994, indicating their low tolerance to fire and land management practices. Despite 

high densities of sprouting plants in established pastures and an apparent recruitment of woody 

plants from seeds, plant growth was stunted in the 1983 pasture and only the most disturbance 
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resistant and resilient species remained at the site. Biodiversity of tropical deciduous forests can 

only be maintained through intensive management of existing pastures so that new pasture 

conversions can be kept at a minimum and by setting aside intact forests for reserves. 

INTRODUCTION AND LITERATURE REVIEW 

Tropical dry forests of Mexico are very diverse with a high degree of endemism (Gentry 

1982). Tropical deciduous forests, a division of tropical dry forests, of the Chamela region in 

western Mexico exceed the species richness of all tropical dry forests reported (Lott et al 1987, 

Lott 1993). Sixteen percent of all identified species in the tropical dry forest at the Chamela 

Research Station in western Mexico are endemic to that region (Lott et al. 1987). Gentry (1982) 

proposed that plant species richness increases linearly with increasing rainfall. However, a study 

on species diversity and structure of tropical dry forests at Chamela reported species richness to 

be more than twice the predicted value for the amount of rainfall in this region (Lott et al. 1987). 

The most common plant families of the uplands at Chamela were Leguminosae, Euphorbiaceae, 

and Rubiaceae. In sampled stands, the most common woody species of the uplands included 

Croton pseudoniveus Lundell., Lonchocarpus constrictus Pitt., Trichilia trifolia L, Cordia 

alliodora (Ruiz & Pay.) Oken., Guapira sp., and Lonchocarpus lanceolatus Benth. (Lott et al. 

1987). 

Natural disturbances such as hurricanes and beetle attacks may promote increased 

diversity in tropical dry forests in Mexico. While small burned areas have been observed, no 

natural or escaped fires on a large scale have been reported from the Chamela region (Lott et 

al. 1987). 

Successional processes in wet and dry tropical ecosystems vary widely because of 

Generally, regeneration in tropical dry forests is rapiddistinct adaptive strategies for survival. 

only during the wet season. In a comparison between regeneration dynamics of wet and dry 

ecosystems in Costa Rica and Puerto Rico, canopy cover was >90% after 13 months following 
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anthropogenic disturbance in tropical dry forests. However, cover values were near 100% after 

only six months of regrowth in wet forest types (Ewel 1977). 

The degree to which a seed bank contributes to vegetation establishment following 

disturbance varies greatly, depending on local environmental conditions as well as on the 

severity and type of disturbance (Skoglund 1992). Tropical dry forests are water limited, and 

water is often the primary limiting factor of successful regeneration (Ewel 1977, Swaine 1992). 

Most regrowth following disturbance occurs from sprouts; regeneration from seeds is limited to 

certain species and is seasonally restricted to the wet season in tropical dry forests (Murphy and 

Lugo 1986, Sabogal 1992, Swaine 1992). However, Hubbell (1979) linked clumped dispersion 

patterns of 61 tropical dry forest tree species to establishment of these forests from seed. In 

tropical dry forests of Ghana successful tree regeneration from seed increased with increasing 

rainfall (Swaine 1992). 

Regeneration dynamics of dry forests on perturbed sites with an absence of residual 

trees to serve as a seed source for tree reestablishment has not yet been studied (Murphy and 

Lugo 1986). A study on seedling recruitment in an undisturbed tropical dry forest in Ghana 

reported that more than 68% of 1033 seedlings of a variety of species died within the first 24 

months following germination. Mortality was lowest during the wet season and highest in the 

dry months (33%). Sheltered, shaded sites had consistently higher seedling densities (25 to 44 

seedlings/m2) while seedling densities in open, exposed areas were much lower, five to 13 

seedlings/m2 (Lieberman and Mingguang 1992). 

Further limitations for establishment from seed include predation by insects and 

mammals, mechanical damage of seedlings by falling trees and branches, and uprooting by 

insects and small mammals (Lieberman and Mingguang 1992). 

Regrowth potential following fire depends on how much the fire reduced the seed bank 

and on the fecundity and recovery of surviving trees (Swaine 1992). Repeated fires slow forest 
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recovery because of the depletion of seed banks, sprouting reserves, and increased mortality of 

parent trees (Kauffman and Uhl 1990). 

One hundred years after disturbance by shifting agriculture, species composition of 

second growth forests in Mexican tropical dry forests was quite different than composition of 

primary forests (Rico-Gray and Garcia-Franco 1992). Many species found in the original 

primary forest were absent or rare because of the lack of seed sources and dispersal agents, 

failure of dispersal, or long distances to seed sources which limited reinvasion. Successional 

dry forests which were aged at 1 100 yrs since abandonment showed little variation in species 

richness, evenness, and diversity between stands of different ages. 

The overall objective of this study was to document and describe changes in woody 

plant diversity, density, and structure of tropical dry forests along human disturbance gradients 

associated with slash-and-burn agriculture. We attempted to answer the following questions to 

accomplish this objective: 

1) What are the density, species richness, diversity, and evenness values of a tropical 

deciduous forest prior to pasture conversion? 

2) How does cutting and burning impact woody species diversity and composition? 

3) How much growth occurs within a year following pasture conversion and how do density, 

height and cover values compare to those of a similar pasture with a 10-year history of 

perturbation? 

4) How are species richness, diversity, and evenness impacted through time following initial 

pasture conversion? 
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SITE DESCRIPTION 

The study site was located on a communal agricultural property (the San Mateo Ejido) 

near the Estacion Biologic de Chamela in the state of Jalisco, Mexico, along the central Pacific 

coast (19°30'N, 105°03'W). Elevation at the site ranged from approximately 200 to 300 m above 

sea level. Aspect was west with most slopes varying from 40 to 60%. Local soils are young and 

often shallow (0.5 - 1 m depth), with a poor structure. Parent material is mostly rhyolite or 

basalt. The common soil texture is a well weathered sandy loam entisol that is low in 

phosphorus and organic matter (2.5%). PH values range from 6 to 7 (Bullock 1986, Maass et al. 

1988). The mean annual rainfall is 714 mm, with a range from 453 - 937 mm (1977 1990). 

Generally more than 80% of the annual rainfall occurs between July and October (Maass et al. 

1988). Mean annual temperature at the Chamela Station is 24.9°C and varies monthly from 

22.6°C to 27.3°C (Bullock 1986). 

The principal vegetation type found in the Chamela Bay region is tropical deciduous 

forest, a division of tropical dry forest ecosystems that includes tropical semideciduous forests, 

wetland communities, and coastal strand (Lott 1993). Tropical deciduous forests are typical of 

the Pacific coast of Mexico and cover approximately 10% of the country. These ecosystems are 

generally found on uplands and are characterized by a dominance of drought deciduous 

species. The seasonal drought typically begins in November and the forest remains leafless until 

the onset of the wet season which typically starts in June or July. Many of the tree species 

flower and produce seeds while leafless (Bullock and Solis-Magallanes 1990). Species richness 

of the Chamela forests exceeds the richness of all tropical dry forests reported; at least 1120 

plant species representing 544 genera and 124 families have been identified (Lott et. al. 1987, 

Lott 1993). 
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Figure 3.1. Study site location at the San Mateo Ejido in the state of Jalisco, western Mexico. 
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METHODS 

Experimental Design 

Pre-slash structure and diversity of the intact tropical deciduous forest were determined 

during December, 1992, along belt transects running east-west down the slopes in the study 

area. Transects were 33 m apart and roughly corresponded to the boundaries of nine individual 

plots to be burned. 

The site was slashed in the months of January and February, 1993, and burned during 

April and May of the same year. Planting with corn and pasture grasses occurred in June and 

July, 1993. The corn was harvested in September, 1993, after which the site developed into a 

pasture planted with three species of exotic grasses, Panicum maximum Jaqc., Andropogon sp., 

and Cenchrus ciliaris L. Grazing occurred during the months of January and April, 1994. 

During August, 1994, measurements were taken in belt transects located within the 

burned site, now a newly established pasture, approximately 15 m from where the original 

transects were measured and roughly 33 m apart from each other. This newly established 

pasture was named the 1993 pasture for reference comparison. 

In order to predict species persistence, woody species composition, density, and growth 

following several years of fire and grazing, a second site, the 1983 pasture, located directly 

below and adjacent to the 1993 pasture, was sampled during August, 1994. The second site 

was selected for its similarity to the 1993 pasture in terms of slope (40-60 %), aspect (west), 

presumed original species composition, as well as management practices. The 1983 pasture 

was originally slashed and burned in 1983, was burned a second time in 1986, and a third time 

when the 1993 pasture was burned in April, 1993. The predominant pasture grasses at the 1983 

pasture are Panicum maximum and Cenchrus ciliaris. In addition to fires and pasture grazing, 

parts of the 1983 pasture were treated several times with herbicides to eliminate thorny woody 

vegetation. 
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Field Procedures 

Intact forest species composition, density, and structure 

Methods to determine woody plant species composition, density, and structure followed 

those of Lott et. al. (1987), who conducted a floristic diversity study in the same region, and 

Gentry (1982). During December, 1992, the initial predisturbance species composition and 

density of woody species with a diameter at breast height (DBH = 1.3 m) 2.5 cm were 

measured in 2- x 50-m belt transects. Individuals had to be rooted within a transect to be 

counted. Stems ascending from different rooting points were recorded as separate individuals. 

For plants branching < 1.3 m above the ground, each branch z 2.5 cm DBH was recorded; 

these data were converted to basal area, summed, and the corresponding single bole diameter 

was calculated (Lott et al. 1987). Five diameter classes were established to determine structural 

features of the intact forest (2.5-5 cm, 6-10 cm, 11-20 cm, 21-30 cm, and > 31 cm). Density and 

DBH were determined from 20 2-x 50-m transects. Species composition was recorded in nine 

transects out of 20 transects at the site to be slashed and burned (900 m2). 

Woody plant composition, density and structure following pasture conversion 

During the second year of study, in August, 1994, 13 2- x 50-m belt transects (1300 m2) 

were measured in each of the two converted pasture sites, the 1993 the 1983 pastures. Woody 

species were identified, and cover, density, and height from the origin of the tallest sprout to its 

tip or from the ground surface to the tip of a seedling were measured. All woody plants were 

1 cm in diameter at the base and rooted within the transect were included. In the 1993 pasture, 

whether plants originated from seeds or sprouted from stumps was recorded. 
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Data Management 

Plant cover of woody plants in the two pastures was determined from elliptical crown 

area which was calculated as: 

A = 7C * * W2 
4 

where W1 and W2 are the plant crown diameter measured in two directions. W1 is the 

maximum crown diameter, and W2 is the crown diameter perpendicular to W1 (Kauffman and 

Martin 1990, Sampaio et al. 1993). Crown volume was calculated by multiplying elliptical crown 

area by height (Kauffman and Martin 1990, Sampaio et al. 1993). Total area is the sum of all 

elliptical crown areas measured in each 100 m2 transect. Means are reported ± 1 standard 

error. 

Species diversity and evenness at the intact forest and the pastures were calculated 

from the each transect at each site using the Shannon-Wiener index formulas (Magurran 1988). 

Relative abundance of plant species is defined as the proportion that each species contributed 

to the total number of plants identified (Sampaio et al. 1993). 

Specimens which could not be identified in the field were collected and sent to the 

University of California at Riverside for identification by Dr. Emily Lott and to the Royal Botanical 

Gardens at Kew, England, for identification by Ma. de Lourdes Rico. 

RESULTS 

Intact Forest Composition, Density, and Structure 

The number of individuals sampled in each of the twenty transects in the intact forest 

ranged from 19 to 40. The total number of plants sampled was 623, resulting in the average 

The majority of plantsdensity of 3115 ± 137 plants per hectare with a DBH of at least 2.5 cm. 

were less than 6 cm in DBH. Fifty-six percent of 623 individuals sampled had a DBH 



between 2.5 and 5.9 cm. Twenty-nine percent had a DBH between 6 and 10.9 cm. Twelve 

percent were in the 11 to 20.9 cm class, 2.3% in the 21 to 30.9 cm class, and the remaining 

0.6% were larger than 31 cm in DBH. 

The total number of plants identified in the 900 m2 area (nine 2- x 50-m transects) of the 

intact forest was 281. The total number of species encountered in the intact forest transects was 

59, ranging from 15 to 25, averaging 19.67 ± 1.3 species per transect. A species-area curve 

revealed that the number of species had not yet reached the levelling point at an area of 900 

m2, indicating that the area sampled was not sufficient to represent community composition 

(Fig. 3.2). The total number of plant families encountered was 26, ranging from 7 to 12 among 

the nine transects. A complete list of all families and species encountered in the intact forest is 

presented in Appendix A. The average Shannon-Weiner index of diversity (natural log) per 100 

m2 transect area was 2.82 ± 0.06, ranging from 2.6 to 3.04 in the nine transects. Average 

evenness was 0.95 ± 0.01, ranging from 0.92 to 0.97. 
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Figure 3.2. Species area curve for a tropical deciduous forest in western Mexico, December 

1992. 
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A species or family was called common if it occurred ten or more times at the site and 

rare if it occurred only once or twice at the site. Ten common species (16.7%) from five families 

were identified (Table 3.1.). Six of the 59 species identified (10%) occurred between six and 

nine times in the 900 m2 area. Nineteen species (32%) occurred between three and five times. 

Twenty-five of the 59 species (42%) were considered rare. 

Table 3.1. Common families and species in a 900 m2 area of tropical deciduous forest in 
western Mexico, December, 1992. 

Family # of # of Species # of rel. 

ind. Species ind. abund. 

Leguminosae 111 19 Randia sp. 20 7.1 

Euphorbiaceae 45 7 Lysiloma microphyllum 16 5.7 

Rubiaceae 30 4 Bemardia spongiosa 14 5.0 

Boraginaceae 13 3 Caesalpinia eriostachys 14 5.0 

Achatocarpaceae 13 1 Achatocarpus gracilis 13 4.6 

Nyctaginaceae 10 1 Astrocasia peltata 12 4.3 

Capparaceae 10 2 Lonchocarpus constrictus 12 4.3 

Lonchocarpus eriocarinalis 12 4.3 

Chloroleucon mangense 11 3.9 

Guapira cf. macrocarpa 10 3.6 

Woody plant composition, density, and structure following pasture conversion 

Following the fires of April and May, 1993, a total of 174 woody plants were sampled at 

the 1993 pasture in August, 1994. Density of woody plants ranged from 5 to 20 per 100 m2 

transect, averaging 1338 ± 133 plants per hectare. A total of 36 species from 22 plant families 

were identified. The number of species per transect ranged from 4 to 13 and the number of 

families from 4 to 10. A complete list of all families and species identified is presented in 

Appendix B. 
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A total of 207 plants were encountered in the 1300 m2 area at the 1983 pasture, ranging 

from nine to 24 per transect. The average density of woody plants with a basal diameter of at 

least 1 cm was 1592 ± 105 per hectare. A total of 32 species from 13 families were identified. 

The number of species per transect ranged from 6 to 11; the number of families ranged from 3 

to 8. A complete list of families and species identified is provided in Appendix C. 

Twenty-nine (16.7%) of the total number of plants encountered in the 1993 pasture were 

seedlings, and 145 (83.3%) originated from underground tissues of charred stumps. The 29 

seedlings represented 10 species from 8 families. The most common seedling species was 

Calliandra formosa (Kunth) Benth. (Leguminosae); 10 of 11 plants sampled were seedlings. 

Piptadenia flava (DC.) Benth., another legume, was the second most abundant seedling 

species, eight of the nine plants sampled were seedlings (Appendix B). Three of the 10 seedling 

species occurred as seedlings only (lpomea wolcottiana Rose, Cnidosculous urens (L.) Arthur, 

and Heliocarpus pallidus Rose). 

The Shannon-Weiner index of species diversity (natural log, x ± 1 SE) was 2.08 ± 0.10, 

ranging from 1.33 to 2.51 in the 13 transects of the 1993 pasture. Average evenness was 0.96 ± 

0.004, ranging from 0.92 to 0.98. The diversity index for the 13 1983 pasture transects averaged 

1.88 ± 0.07, ranging from 1.43 to 2.35. Average evenness was 0.89 ± 0.02, ranging from 0.80 to 

0.98 between transects. 

Six species and 4 families were common at the 1993 pasture (Table 3.2), and 7 species 

from 5 families were common at the 1983 pasture (Table 3.3). Three (8%) of the species 

identified at the 1993 pasture and 3 (9%) of the species at the 1983 pasture occurred between 6 

and 9 times in each of the two 1300 m2 areas. Nine (25%) of the species at the 1993 pasture 

and 6 (19%) of the species at the 1983 pasture occurred between 3 and 5 times. Eighteen 

species (50%) of the 1993 pasture were considered rare, and 16 species (50%) of the 1983 

pasture occurred only once or twice in the sampling area. 

The two most abundant families at both sites were Leguminosae and Boraginaceae 

(Tables 3.2 and 3.3). The legume family was represented by 75 individuals and 10 species at 
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the 1993 pasture and 102 individuals and 14 species at the 1983 pasture. The Boraginaceae 

was represented by 23 individuals and 2 species at the 1993 pasture and 42 individuals and 3 

species at the 1983 pasture. The third most abundant family at the 1993 pasture was 

Flacourtiaceae, represented by 15 individuals and one species (Table 3.2). The third most 

abundant family at the 1983 pasture was Euphorbiaceae, represented by 19 individuals and 3 

species (Table 3.3). 

Five of the 6 common species at the 1993 pasture were also common at the 1983 

pasture although their relative abundances differed (Tables 3.2 and 3.3). The most common 

species at the 1993 pasture was Lonchocarpus constrictus Pitt. (Leguminosae), represented by 

24 individuals; its relative abundance was 14%. Lonchocarpus constrictus Pitt. was among the 

common species sprouting at the 1983 pasture as well; however, its relative abundance was 

only 5%, 11 individuals. By far the most common species at the 1983 pasture site was another 

legume, Piptadenia constricta (Micheli) Macbr., represented by 53 individuals, with a relative 

abundance of 26%. Piptadenia constricta (Michell) Macbr. was represented by only 12 

individuals at the 1993 pasture site, with a relative abundance of 7%. 

Table 3.2. Common families and species of woody plants 1.5 years following pasture 
conversion of a tropical deciduous forest in western Mexico, August, 1994. 

Family # of # of Species # of rel. 

ind. species ind. abund. 

Leguminosae 

Boraginaceae 

Flacourtiaceae 

75 

23 

15 

10 

2 

1 

Lonchocarpus constrictus 

Samyda mexicana 

Cordia alliodora 

24 

15 

13 

14.0 

8.7 

7.5 

Euphorbiaceae 14 4 Piptadenia constricta 

Calliandra formosa 

12 

11 

7.0 

6.4 

Bourreria cf. purpusii 10 5.8 
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Table 3.3. Common families and species of woody tropical deciduous forest species in a ten 
year old pasture in western Mexico, August, 1994. 

# of rel.Species # of # of Species 
ind. abund.ind. species 

Leguminosae 102 14 Piptadenia constricta 53 26.0 

Boraginaceae 42 3 Cordia alliodora 26 12.6 

Euphorbiaceae 19 3 Croton suberosus 15 7.3 

Acanthaceae 11 1 Bourreria cf. purpusii 15 7.3 

Flacourtiaceae 10 1 Justicia candicans 11 5.3 

Lonchocarpus constrictus 11 5.3 

Samyda mexicana 10 4.8 

The average area covered by woody plants per 100 mz was 8.94 ± 0.97 m2 at the 1993 

pasture, and 14.07 ± 1.55 m2 the 1983 pasture transects (Fig. 3.3). 

1983 Pasture1993 Pasture 
Location 

Figure 3.3. Average area covered by woody plants (Z+ 1 SE) per 100 m2 at two sites following 

pasture conversion of a tropical deciduous forest in western Mexico, August, 1994. 

Time since slashing the 1993 pasture and the 1983 pasture was 1.5 years and 

10 years, respectively. 
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Average elliptical crown area per plant was 0.70 4- 0.07 m2 at the 1993 pasture and 0.91 

± 0.10 m2 the 1983 pasture (Fig. 3.4). Average crown volume per plant was also lower at the 

1993 pasture than the 1983 pasture, 1.21 ± 0.17 m3vs. 1.61 ± 0.25 m3(Fig. 3.5). 

The average plant height at the 1993 pasture was 122.87 ± 3.19 cm; the average height 

at the 1983 pasture, 138.02 ± 6.81 cm (Fig. 3.6). 

1.1 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0
 1983 Pasture1993 Pasture 
Location 

Figure 3.4. Average elliptical crown area per woody plant (5 ± 1 SE) at two sites following 
1994. Timepasture conversion of a tropical deciduous forest in western Mexico, August, 

since slashing the 1993 pasture and the 1983 pasture was 1.5 years and 10 years, 

respectively. 
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1993 Pasture 1983 Pasture 
Location 

Figure 3.5. Average crown volume per woody plant (x ± 1 SE) at two sites following pasture 
conversion of a tropical deciduous forest in western Mexico, August, 1994. Time 
since slashing the 1993 pasture and the 1983 pasture was 1.5 years and 10 years, 
respectively. 

150 

140 

130 

120 

110 

100 

E
0 

90 

80 

70 
a)
I 60 

50 

40 

30 

20 

10 

0 
1993 Pasture 1983 Pasture 

Location 

Figure 3.6. Average height per woody plant ± 1 SE) at two sites following pasture conversion 
of a tropical deciduous forest in western Mexico, August, 1994. Time since slashing the 

1993 pasture and the 1983 pasture was 1.5 years and 10 years, respectively. 
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Intact forest vs. pasture comparisons 

The third most abundant family in the intact forest, Rubiaceae, was represented at the 

1993 pasture and at the 1983 pasture by only one individual and one species at each site. 

Rubiaceae also contained the most abundant species, Randia sp., which was represented by 20 

individuals in the intact forest. No Randia sp. were located in the transects during the 1994 

sampling period. The only Rubiaceae species at the 1993 pasture was Hamelia versicolor A. 

Gray represented by one individual. One Guettarda elliptica Sw. was the only Rubiaceae 

species at the 1983 pasture. Guettarda elliptica occurred in the intact forest transects 4 times; 

H. versicolor was not encountered in the 1992 intact forest sample. 

Lysiloma microphyllum (Leguminosae), the second most abundant species in the intact 

forest during 1992, represented by 16 individuals, did not occur in either of the two pasture sites 

sampled in 1994. 

Caesalpinia eriostachys (Leguminosae) and Bernardia spongiosa (Euphorbiaceae) both 

ranked as the third most abundant intact forest species with 14 individuals each. Caesalpinia 

eriostachys was represented by 9 individuals at the 1993 pasture site and by 5 individuals at the 

1983 pasture site. Bemardia spongiosa did not occur in either one of the areas sampled at the 

two pasture sites in August, 1994. 

Five of the other 6 common species of the intact forest, Achatocarpus gracilis H. Walt 

(Achatocarpaceae), Lonchocarpus constrictus Pitt. and L. eriocarinalis Micheli (Leguminosae), 

Guapira cf. macrocarpa Miranda (Nyctaginaceae), and Chloroleucon mangense (Jacq.) Britton 

& Rose (Leguminosae), occurred at the 1983 pasture as well. Their relative abundances were 

low and varied between 0.5 and 5.3%. The two species of Lonchocarpus were the most 

abundant of the 5 species, represented by 11 and 7 individuals respectively. Only L. constrictus 

was considered common at the 1983 pasture site. 

Only three of these five common intact forest species occurred at the 1993 pasture; L. 

constrictus was the most abundant species, represented by 24 individuals with a relative 

abundance of 13.9%. Lonchocarpus eriocarinalis occurred only once in the 13 transects of the 
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1993 pasture. Guapira cf. macrocarpa had a relative abundance of 5.2% at the 1993 pasture (9 

individuals). 

The sixth of the other common species of the intact forest, Astrocasia peltata Stand!. 

(Euphorbiaceae), represented by 12 individuals, did not occur in the two pasture site transects. 

DISCUSSION 

Impacts on species diversity 

Our study documents the loss of species diversity caused by slash-and burn agriculture. 

The three most common species of the intact forest, Randia sp., Bernardia spongiosa, and 

Lysiloma microphyllum, did not occur in the transects of the 1993 pasture or the 1983 pasture, 

clearly a sign of the low tolerance to fire and land management practices of these species. All 

three species sprouted following slashing of the intact forest, but did not occur in transects 

following burning (Chapter 2). This was particularly surprising in the case of Lysiloma 

microphyllum, which has a very thick bark compared to most of the other species on the site. 

Thick bark is generally accepted as a characteristic of a fire tolerant species in the temperate 

zones of North America (Wright and Bailey 1982), as well as in the Brazilian cerrado and other 

tropical ecosystems that evolved with frequent fire occurrences (Coutinho 1990, Goldammer and 

Penafiel 1990, Kauffman and Uhl 1990, Uhl and Kauffman 1990). The Rubiaceae, the third most 

abundant family containing the most abundant species of the intact forest, Randia sp., was one 

Regenerating forests will clearlyof the rare families at the 1993 pasture and the 1983 pasture. 

include only species with fortuitous adaptations which allow them to maintain themselves 

through fires and management practices. 

The three most common families of the intact forest and the average number of species 

per 100 m2 were similar to those found by Lott et al. (1987) in the Chamela region uplands. 

However, the average diversity index from our transects were lower than those calculated by 

Lott et al. (1987). Furthermore, only one of the common species found in our study was also 

common on their sampled upland sites, reflecting the spatial heterogeneity of species 
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distribution in this ecosystem. Our sampling occurred during the dry season, when the trees 

were leafless, which may have resulted in misidentification of some plants and possible 

underestimation of species diversity. We identified 59 woody species with a DBH of at least 2.5 

cm, which comprises only 19% of possible species to be found in the Chamela region (Lott et al. 

1987). Our study site was not a core forest, but bordered pasture lands. Periphery forests are 

known to be less species diverse than core forests due to differing light conditions and 

disturbance caused by wandering cattle (Gentry 1982, Khan et al. 1986) 

Most of the seedlings at the 1993 pasture were disturbed site, early seral species (Lott 

1993). However, the three species that only occurred as seedlings at the 1993 pasture were not 

encountered at the 1983 pasture, indicating that their capacity to establish on disturbed sites is 

only possible in the absence of fire. Their paucity from the 1983 pasture indicates a very low fire 

tolerance and that they are not likely to survive pasture fires. 

Though the total number of species at the two pasture sites was similar, 73% of the rare 

families present at the 1993 pasture were not present at the 1983 pasture. The legume family is 

generally prevalent in tropical dry forest ecosystems (Gentry 1982), and on our site it appears to 

also have the highest resilience. The Leguminosae had the largest number of individuals and 

species at the two sites; relative abundance of individuals belonging to the legume family was 

43% at the 1993 pasture and 49% at the 1983 pasture. Also, the two most abundant seedling 

species at the 1993 pasture were in the Leguminosae. 

Woody plant regeneration and density 

Lott et al. (1987) reported an average density of plants with a DBH of z 2.5 cm of 4500 

plants/ha from the uplands of Chamela in western Mexico. This is substantially higher than our 

estimate of 3115 plants/ha, but our estimate is similar to Gentry's (1982) estimate for a variety of 

tropical dry forests in Costa Rica and Venezuela (mean = 3320 plants/ha). The lower density 
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reported here may be partly due to the lack of large woody vines in our study area and because 

the area was adjacent to pastures from which cattle could stray and impact regeneration. Only 

two of the 281 sampled plants representing 59 species were vines. In comparison, Lott et al. 

(1987) found that 13 (9.2 `)/0) of all species sampled at two Chamela uplands were vine species. 

The lack of large woody vines could be due to the small area sampled by our transects (2 ha), 

or the result of clumped species distribution patterns of tropical dry forests (Hubbell 1979). 

Considering the variation in the number of species per transect (15 to 25), it is possible that the 

area sampled was not large enough to include all of the spatial variation found in the upland 

forests of the Chamela region. 

The distribution of diameter size classes in the intact forest was representative of tropical 

dry forests and was similar to that found by Gentry (1982), Murphy and Lugo (1986), and Lott et 

al. (1987). The majority of plants were in the < 6 cm DBH category and very few plants were 

larger than 21 cm DBH. 

Woody plant density was still quite high one year following the fires. Despite ten years 

of repeated fire and the introduction of pasture grasses, density of woody plants was higher in 

the older pasture than at the newly established the 1993 pasture site. The increase in density 

can be explained by the recruitment of plants from seeds. Clearly, despite high mortality of 

seeds in the seed bank, some seeds do survive or are introduced via seed rain (Chapter 4). 

Temperatures at the soil surface during subsequent pasture fires may not be high enough to kill 

buried seeds (Wright and Bailey 1982, Kauffman and Uhl 1990). 

High survival of sprouting plants through the first year following fires at the 1993 pasture 

indicates a high resilience of those plants which survived the fires (Chapter 2). Some mortality 

does occur through time from adverse environmental conditions, repeated fires, and land 

management practices. However, pasture fires are generally less severe than slash fires and 

may cause little damage to some woody plant species (Wright and Bailey 1982, Gill et al. 1990). 

The higher plant density and plant growth values in the older 1983 pasture over the newly 

established 1993 pasture confirm this observation. Even though the 1983 pasture was burned 
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one year prior to measurements, very little evidence of fire damage, such as charring or recent 

sprouting events, were observed. 

Plant height and cover values were higher for the 1983 pasture than the 1993 pasture, 

which was expected because of the large differences in time since the initial disturbance. 

However, considering that the 1983 pasture had 10 years to recover height and cover values 

since the initial disturbance, full canopy recovery does not appear to occur. Height estimates 

were nowhere near the height values of intact forest trees which ranges from 4 10 m (Lott et al. 

1987). Even 10 years following pasture conversion, growth remains stunted which may be due 

to a variety of factors including repeated perturbations such as pasture fires and selective 

weeding. 

CONCLUSION 

This study has shed some light on the disturbance ecology of the deciduous forests of 

the Chamela region and the ability of the forest to recover following anthropogenic disturbances. 

Human impacts on these systems are great and will continue to increase with increasing 

population pressure. It is therefore imperative to get a long-term perspective on the impacts of 

land use practices and to integrate human impacts on regeneration and restoration potentials of 

these systems. 

Because most primary forest species have typically poor capacities for seed dispersal, 

resprouting forests will provide some degree of floristic stability following disturbance (DeRouw 

1993). Seedling establishment will be dependent on seed rain, which is a function of distance 

from seed source. Through pasture conversion and escaping fires into the primary forest edges, 

neotropical dry forests may eventually change towards a savannah type ecosystem, supporting 

only trees that have adaptations that allow them to persist through repeated anthropogenic 

disturbances. 
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In conclusion, I believe that it is possible to maintain biodiversity and the tropical 

deciduous forest ecosystems in western Mexico by promoting intensive pasture management 

practices on existing pastures, such as low grazing density, fertilizers, fewer fires, and legume 

forage plantings to minimize the need for new pasture conversions. The preservation of species 

diversity is only possible by protecting entire ecosystems through the creation of forest reserves 

where human perturbations are kept at a minimum. 
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Appendix A. Woody plant families and species present prior to pasture conversion of an 

intact tropical deciduous forest during December, 1992. 

Family	 # of # of 
ind. species 

Leguminosae 111 19 

Euphorbiaceae 45 7 

Rubiaceae 30 4 

Boraginaceae 13 3 

Achatocarpaceae 13 1 

Capparaceae 10 2 

Nyctaginaceae 10 1 

Flacourtiaceae 9 2 

Burseraceae 7 2 

Rutaceae 6 2 

Verbenaceae 4 1 

Sapindaceae 3 2 

Tiliaceae 3 1 

Theophrastaceae 3 1 

Sapotaceae 3 1 

Anacardiaceae 2 1 

Rhamnaceae	 1 1 

Polygonaceae 1 1 

Opiliaceae 1 1 

Meliaceae 1 1 

Convolvulaceae 1 1 

Cactaceae 1 1 

Bignoniaceae 1 1 

Asteraceae 1 1 

Apocynaceae	 1 1 

total: 26	 281 59 
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Appendix A.(continued) 

# of # of 

Species ind. Species ind. 

Randia sp. 20 Forchhammeria pallida Liebm. 3
 

Lysikma micro phyllum Benth. 16 Crown pseudoniveus Lundell. 3
 

Caesalpinia eriostachys Benth. 14 Casearia tremula (Griseb.) Wright 3
 

Bernardia spongiosa McVaugh 14 Bumelia sp. 3
 

Achatocarpus gracilis H. Walt. 13 Albizia tomentosa (Michell) Stand!. 3
 

Lonchocarpus eriocarinalis Michell 12 Thouinia paucidentata Radk. 2
 

Lonchocarpus constrictus Pitt. 12 S pondias purpurea 2
 

Astrocasia peltata Stand!. 12 Mimosa arenosa (Willd.) Poir. 2
 

Cloroleucon mangense (Jacq.) Britton & Rose 11 Lonchocar pus sp. 2
 

Guapira c f. macrocar pa Miranda 10 Euphorbiaceae sp. 2
 

Acacia picachensis Brandegee 9 Esenbeckia sp. 2
 

Cnidoscolus spinosus Lundell. 9 Caesalpinia skrocarpa Stand!. 2
 

Apo planesia paniculata Presl. 8 Allenanthus hondurensis Stand!. 2
 

Capparis flexuosa (L) L 7 Entada polyslachia (L) DC. 2
 

Samyda mexicana Rose 6 Trichina tri folia L 1
 

Bursera excelsa (HBK.) Engl. 6 Tabebuia sp. 1
 

Piptadenia constricta (Michell) Macbr. 5 Serjania brachycarpa A. Gray 1
 

Cordia eleagnoides DC. 5 Ruprechtia fusca Fern. 1
 

Hintonia latiflora (Sesse & Moe. ex DC.) Bullock 4 Piptadenia sp. 1
 

Helietta lottiae Chiang. 4 Piptadenia flava (DC.) Benth. 1
 

Guettarda elliptica Sw. 4 Opuntia excelsa Sanchez-Me jorada 1
 

Crown alamosanus Rose 4 Jatropha platyphylla Muell. Arg. 1
 

Cordia sp. 4 I pomea wolcottiana Rose 1
 

Citharexylum affine D. Don. 4 Gliricidia se pium (Jacq.) Kunth ex Steudel 1
 

Caesalpinia coriaria (Jacq.)Willd. 4 Asteraceae sp. 1
 

Bourreria c f. purpusii Brandegee 4 Colubrina tri flora Brongn. 1
 

Lonchocarpus cochkatus Pitt. 3 Bursera arborea (Rose) Riley 1
 

Legume sp. 3 Alstonia longifolia (A. DC.) Pichon 1
 

Jacquinia pungens A. Gray 3 Agonandra racemosa (DC.) Stand!. 1
 

Heliocarpus pallidus Rose 3 Total: 59 281
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Appendix B. Woody plant families and species present 1.5 years following pasture 
conversion of a tropical deciduous forest in western Mexico, August, 1994. 

Family 

Leguminosae 

Boraginaceae 

Flacourtiaceae 

Euphorbiaceae 
Nyctaginaceae 

Burseraceae 

Cochlospermaceae 

Apocynaceae 

Anacardiaceae 

Rutaceae 
Violaceae 

Sterculiaceae 

Convolvulaceae 

Acanthaceae 

Tiliaceae 

Theophrastacaeae 

Sapotaceae 

Rubiaceae 

Malpighiaceae 

Julianiaceae 

Hernandiaceae 
Capparaceae 

22 

total total 

# of # of 
ind. species 

75 10 

23 2 

15 1 

14 4 

9 1 

5 1 

4 1 

4 1 

4 1 

3 2 

3 1 

2 1 

2 1 

2 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

173 36 
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Appendix B. (continued) 

total total 

# of # of 

Species ind. seedlings 

Lonchocarpus constrictus 24 0 

Samyda mexicana 15 0 

Cordia alliodora (Ruiz & Pay.) Oken 13 1 

Piptadenia constricta 12 0 

Calliandra formosa (Kurth) Benth. 11 10 

Bourreria c f. purptisii 10 0 

Pi ptadenia flava 9 8 

Gua pira c f. macrocarpa 9 0 

Caesalpinia eriostachys 9 0 

Manihot chlorosticta Stantil. & Goldman 5 0 

Crown suberosus H BK. 5 1 

Bursera arborea 5 0 

S pondias purpurea 4 1 

Cochlospermum viti folium (Wald.) S preng. 4 2 

Caesalpinia caladenia StandL 4 0 

ALstortia longi folio 4 0 

Hybanthus mexicanus Ging. 3 0 

Aeschyrnone amorphoides (S. Wait) Rase 3 0 

Zanthosylum sp. 2 0 

Phyllanshus mocinianus Baill. 2 0 

lusticia candicans (Nees) L 2 0 

1 pomea wokoaiana 2 2 

Helicteres baruensis lacq. 2 1 

Cnidosculus wrens (L) Arthur 2 2 

Unknown 1 0 

Sideroxylon stenospermum (Stand!.) Pennington 1 0 

Acacia picachensis 1 0 

Lonchocarpus eriocarinalis 1 0 

Jacquinia pungens 1 0 

Heliocarpus pallidus 1 1 

Hamelia veraicolor A. Gray 1 0 

Gyrocarpus jatrophifolius Domin. 1 0 

Esenbeckia berlandieri Baill. 1 0 

Capparis flexuosa 1 0 

Caesalpinia coriaria (Jacq.) Willd. 1 0 

Bunchosia palmed S. Wats sen.s.lat. 1 0 

Amphipterygium adstringens (Schlecht) Schiede 1 0 

36 174 29 
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Appendix C. Woody plant families and species present in a 10-year old pasture in western 

Mexico, August, 1994. 

#of #of of 

Family ind. species Species ind. 

Leguminosae 102 14 Pi ptadenia constricta 53 

Boraginaceae 42 3 Cordia alliodora 26 

Euphorbiaceae 19 3 Croton suberosus 15 

Acanthaceae 11 1 Bourreria cf. papers:1i 15 

Flacourtiaceae 10 1 Lonchocarpus con:ricts 11 

Julianiaceae 7 1 Jusricia candicans 11 

Rutaceae 6 2 Samycla mexicana 10 

Apocynaceae 4 2 Lonchocar pus eriocarinalis 7 

Nyctaginacr.ae 2 1 Arnphypterygium adstringens 7 

Rubiaceae 1 1 13i physa sp. 6 

Polygonaceae 1 1 Caesalpinia eriostachys 5 

Anacardiaceae 1 1 Aeschyrnone amorphoides 5 

Achatocarpaceae 1 1 Pi ptadenia flaw 4 

13 207 32 Calliandra formosa 4 

Zanthoxytum sp. 3 

Esenbecicia beriandieri 3 

Tabernaernontana amygdali folio facq.? 2 

Phyt7anthus mocinianus 2 

Gua pira cf. macrocarpa 2 

Croton alamosanus 2 

Cresalpinia caladenia 2 

ALsrorua longifolia 2 

S pondias purpurea 1 

Chloroleucon mangensr 1 

Mimosa arenosa 1 

Guertarda era pdca I 

Entada polystachia (L) DC. 1 

Cordia inermis (Mill.) I.M. John I 

Coccoloba liebmannii Lindau 1 

Achatocar pus groats 1 

Acacia famesiana (L) Willd. 1 

Acacia angustissirna (MILL) Ktze. 1 

32 207 
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CHAPTER 4
 

SOIL SEED BANK DYNAMICS IN RESPONSE TO SLASH-AND-BURN 

AGRICULTURE IN A TROPICAL DECIDUOUS FOREST OF WESTERN MEXICO 
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ABSTRACT 

Regeneration following severe perturbations such as slash-and-burn agriculture in 

tropical ecosystems usually is dependent on the seed bank or on seed dispersal from off-site 

locations. Very little information is available on the dynamics of seed banks in neotropical dry 

forests and even less on the response of the seed bank to slash-and-burn agriculture. The 

objective of this study was to quantify changes in germinable seed density and plant life forms in 

soil seed banks after slashing and burning of a primary tropical deciduous forest in western 

Mexico. 

Soil samples were collected just prior to burning in the slashed forest, and immediately 

after burning in 1993. Additional sampling occurred in the newly established pasture and the 

adjacent reference forest in 1994. High consumption slash fires during April and May, 1993, 

reduced the germinable seed density from 1003 seeds/m2 to 70 seeds/m2 immediately 

following the fires. Seventy-one percent of the germinated seeds from pre-fire soils were annual 

and perennial herbs, 18.4% were monocots, and 10.2% were trees, shrubs, and vines. 

Germination from post-fire soil sampling included 64.3% annual and perennial herbs, 16.7% 

vines, 16.7% shrubs, and 2.4% small trees/shrubs. No monocots and no trees germinated from 

post burn soils. 

One year following pasture conversion 3503 seeds/m2 germinated from the sampled 

Onlysoils, 96.9% of the total seed pool were monocots, presumably exotic pasture grasses. 

3.1% of the germinated seed pool were dicots, of which 2.2% were herbs. Germination from the 

reference forest soils sampled in 1994 produced a total of 703 seeds/m2. Life form distribution 

was similar to 1993 slashed forest distribution. 

Our findings suggest that undisturbed soil seed banks of tropical dry forests are 

dominated by mostly herbaceous plants and that fire has a drastic effect on lifeform composition 

and germinable seed density in the soil seed bank. The lack of woody species may have 
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dramatic consequences on forest regeneration and restoration of tropical deciduous forests 

following severe and repeated perturbations. 

INTRODUCTION AND LITERATURE REVIEW 

Soil seed banks are defined as the accumulation of viable, dormant seeds contained in 

the soil or on the surface of a given area (Bigwood and Inouye 1988, Garwood 1989). Few seed 

bank studies have focused on tropical ecosystems and only a very small percentage of those 

have examined seed bank dynamics in tropical dry ecosystems (Hall and Swaine 1980, 

Lieberman and Mingguang 1992, Rico-Gray and Garcia-Franco 1992, Skoglund 1992). Seed 

densities of tropical forests are variable, but generally lower than those observed in temperate 

seed banks (Skoglund 1992). Pickett and McDonnell (1989) reported seed densities for 

temperate forests at 117 to 13650 seeds/m2, while a survey by Garwood (1989) found seed 

densities in the tropics between 2 and 4700 seeds/m2. Seed density is highest in the 

neotropics of all tropical forests and has been reported at 60 to 4700 seed/m2; seed densities in 

Africa ranged between 45 and 900 seeds/m2, Australia - New Guinea from 398 to 1120 

seeds/m2, and southeastern Asia had the lowest densities of 2 to 243 seeds/m2 (Garwood, 

1989). Seed bank densities of tropical dry forests are generally lower (55 696 seeds/m2) than 

those of tropical moist forests (60 - 4700 seeds/m2)(Garwood 1989). Low seed density in 

tropical dry forests has been attributed to high seed mortality risks and to early germination in 

response to ephemeral favorable conditions (Skoglund 1992). 

Early seral species commonly have dormancy mechanisms to ensure that germination 

will not occur from the seed banks of primary forests until the canopy is removed through 

disturbance (Uhl et al. 1982, Hopkins and Graham 1983, Uhl and Clark 1983, Saulei and Swaine 

1988). Seeds of early seral species contain a number of adaptations that facilitate persistence in 

high numbers in primary forest soil seed banks such as long distance seed dispersal, high seed 
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viability, and a light requirement to break seed dormancy (Gomez-Pompa and Vazquez -Yanes 

1974, Hall and Swaine 1980, Uhl and Clark 1983). Seeds of tropical primary forest species are 

commonly large and short lived, have less effective dispersal mechanisms, and have a high 

susceptibility to predation (Hopkins and Graham 1983). 

Hall and Swaine (1980) described a variety of tropical forest types in Ghana and found 

that plant species of the ambient forests showed a typical trend toward increasing diversity with 

higher rainfall. Ninety-nine percent of all germinated seedlings in the seedbed were early seral 

species common to all forest types. Low similarities between the extant vegetation and seed 

banks was also reported for a second growth tropical dry forest in Mexico (Rico-Gray and 

Garcia-Franco 1992). 

Seed banks of primary and secondary forests were found to be similar in composition 

in tropical moist forest ecosystems of New Guinea (i.e., mostly secondary woody species and 

few grasses and forbs) (Saulei and Swaine 1988). However, in regenerating second growth dry 

forests (1-100 years old) of the Yucatan Peninsula, Mexico, seed banks were dominated by 

herbaceous plants (Rico-Gray and Garcia-Franco 1992). In Ghana, composition and diversity of 

seedlings in an undisturbed tropical dry forest (approximately 150 yrs since last disturbance) 

were representative of the adult forest community (Lieberman and Mingguang 1992). 

Density and species composition of the seed bank are indicators of the regrowth 

potential of tropical plant communities following disturbance (Harper 1977, Hopkins and Graham 

1983, Jimenez and Armesto 1992). Species that comprise tropical forests regenerate by 

numerous mechanisms following natural or anthropogenic disturbances. Regeneration occurs 

from seed banks, seed dispersal, sprouting from epicormic or subterranean sprouts, as well as 

sprouting from stumps (Brokow 1985). Regeneration following severe, multiple perturbations 

such as slash-and-burn agriculture usually occurs mainly from the seed bank or seeds dispersed 

onto the site after disturbance. Uhl et al. (1981) found that almost all plants that sprouted from 

Therefore, all early successional species had tostumps after cutting did not survive burning.
 

come from stored seeds or post-burn seed dispersal. Burning following cutting reduced the
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seed bank from 752 to 157 germinable seeds/m2 in this study of Amazonian rainforest 

succession. 

The synergistic effects of repeated fires, weeding, and mechanical treatment result in the 

depletion of soil seed banks and therefore dramatically alter the future composition of the forests 

(Kellman 1974, Bernhardt and Hurka 1989, Viera et al. 1994). However, a study of seed banks in 

Mexican tropical dry forests reported an increase in germination from 805 seedlings/m2 after 

slashing to 1815 seedlings/m2 within a year following slashing and burning. Species diversity 

was not significantly influenced by these treatments (Rico-Gray and Garcia-Franco 1992). 

Following deforestation and establishment of cattle pastures, the seed bank may be 

altered to consist primarily of grasses and forbs. These species have the capacity to flower, 

germinate, and set seed in the intervals between weedings and fires (Uhl 1987). Regeneration of 

woody species in abandoned pastures occurs mainly through seed dispersal by animals, but 

reestablishment can be retarded by animal avoidance of the open pastures and seed and 

seedling predation by ants and small rodents (Uhl et al. 1988, Viera et al. 1994). 

Repeated fires of human origin will alter the natural course of succession in tropical 

forests, creating a dominance of species with adaptations to persist or increase in abundance 

under anthropogenic disturbance regimes (Rico-Gray and Garcia-Franco 1992). The potential 

rate at which a seed bank will reaccumulate to predisturbance density and composition is 

related to the severity and size of the disturbance, reproduction strategies of colonizers, and the 

degree of isolation from seed sources (Garwood 1989). 

In response to the scarce information about the dynamics of seed banks in tropical dry 

forest ecosystems and the complete lack of available information on the response of the seed 

bank to anthropogenic disturbances the following study was proposed. The main objective was 

to describe changes in germinable seed density and plant life forms in soil seed banks after 

slashing and burning a primary tropical deciduous forest and the response to subsequent land 

management practices. 
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To accomplish this objective the following questions were addressed:
 

1) What is the density and life form composition of a tropical deciduous forest prior to pasture
 

conversion? 

2) How does burning impact the density and life form composition of the seed bank? 

3) How does germinable seed density and life form composition change within a year following 

pasture conversion? 

Impacts of anthropogenic influences on seed banks were determined through 

quantification of seedling density and categorization of the differences into life forms, before and 

after high intensity fires. Seed bank composition and density of the treated areas were also 

compared to the seed bank of the reference primary forest adjacent to the study site. 

Germinable seed density and composition of treated areas and reference forest soils were 

analyzed using the germination method. This method of seed bank analysis is the most frequent 

approach to describe seed banks of tropical forests (Kellman 1974, Hall and Swaine 1980, Ewel 

et al. 1981, Uhl et al. 1981, Uhl et al. 1982, Hopkins and Graham 1983, Uhl and Clark 1983, 

Comparing methods used toSaulei and Swaine 1988, Rico-Gray and Garcia-Franco 1992).
 

estimate seed numbers in the soil, Gross (1990) found that germination methods provided the
 

most reliable method for determining species composition.
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SITE DESCRIPTION 

The study site was located on a communal agricultural property (the San Mateo Ejido) 

near the Estacion Biologic de Chamela in the state of Jalisco, Mexico, along the central Pacific 

coast (19°30'N, 105°03'W). Elevation at the site ranged from approximately 200 to 300 m above 

sea level. Aspect was west with most slopes varying from 40 to 60%. Local soils are young and 

often shallow (0.5 1 m depth), with a poor structure. Parent material is mostly rhyolite or 

basalt. The common soil texture is a well weathered sandy loam entisol that is low in 

phosphorus and organic matter (2.5%). PH values range from 6 to 7 (Bullock 1986, Maass et al. 

1988). The mean annual rainfall is 714 mm, with a range from 453 937 mm (1977 - 1990). 

Generally more than 80% of the annual rainfall occurs between July and October (Maass et al. 

1988). Mean annual temperature at the Chamela Station is 24.9°C and varies monthly from 

22.6°C to 27.3°C (Bullock 1986). 

The principal vegetation type found in the Chamela Bay region is tropical deciduous 

forest, a division of tropical dry forest ecosystems that includes tropical semideciduous forests, 

wetland communities, and coastal strand (Lott 1993). Tropical deciduous forests are typical of 

the Pacific coast of Mexico and cover approximately 10% of the country. These ecosystems are 

generally found on uplands and are characterized by a dominance of drought deciduous 

species. The seasonal drought typically begins in November and the forest remains leafless until 

the onset of the wet season which typically starts in June or July. Many of the tree species 

Species richnessflower and produce seeds while leafless (Bullock and Solis-Magallanes 1990). 

of the Chamela forests exceeds the richness of all tropical dry forests reported; at least 1120 

plant species representing 544 genera and 124 families have been identified (Lott et. al. 1987, 

Lott 1993). 
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Figure 4.1. Study site location at the San Mateo Ejido in the state of Jalisco, western Mexico. 
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METHODS 

Fire effects on the seed bank were quantified in three plots which were burned at high 

severity resulting in above ground biomass consumption of 76 to 81%. To thoroughly sample 

the seed bank, soil samples were collected in a systematic pattern in each of three 100 x 33 m 

plots. Every 15 m along the 100 m sides of each plot, a transect crossed the width of the plot, 

for a total of 6 transects per plot. Along each of these transects soil was collected at four 

locations using a cylinder 10.3 cm in diameter and 5.5 cm deep. The total volume of each soil 

sample was 864 cm3. Samples were collected 24 hrs before the fires on May 3 and 9, 1993. 

Twenty-four soil samples were collected in each plot, for a total of 72 samples. Within 24 hrs 

following the fire, another 72 soil samples were collected within a 2 m radius from the original 

sampling location. All 144 samples were brought to Oregon State University for germination 

experiments. Each sample was randomly assigned to a 25 x 25 cm plastic tray, spread over 

vermiculite, and maintained in a greenhouse at temperatures varying from 21 to 27°C. Trays 

were randomly relocated on the greenhouse benches at weekly intervals. Plant life forms were 

categorized, counted, and when possible grown out for further identification to species. Trays 

were watered and observed for germinating seedlings until no further germination occurred or 

until germination slowed to the point of little significance within the scope of this study. 

During June and July, 1993, the site was planted with maize and some squashes, as 

well as three species of exotic pasture grasses, Panicum maximum Jacq., Cenchrus ciliaris L, 

and Andropogon sp. The maize and squashes were harvested in September, 1993, after which 

the site was left to grow into a pasture. Grazing occurred for a month in January, 1994, and in 

April, 1994. 

During late April, 1994, 72 soil samples were collected at the same site as in 1993 (now 

an established pasture). Another 72 samples were collected in the adjacent reference forest. 

Seedlings grown to an identifiable size were collected as herbarium vouchers and send 

to Dr. Emily J. Lott at the University of California at Riverside for identification. 
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RESULTS 

Six-hundred-two seeds (1003 seeds/m2) germinated from pre-burn soils. The 

germinating seed pool included 491 dicot and 111 monocot seedlings (Fig. 4.2). The 72 post-

burn samples contained only 42 germinating dicot (70 seeds/m2) and no monocot seedlings 

(Fig. 4.3). 

In 1994, a total of 2101 seeds (3503 seeds/m2) germinated from soils collected from the 

same plots as in 1993. The site was now a newly established pasture. The vast majority of 

germinating seedlings, 2027 individuals, were monocots. Dicots were represented by only 74 

individuals (Fig. 4.4). The adjacent reference forest soils sampled in April, 1994, yielded a total 

of 422 seedlings (703 seeds/m2); 54 of which were monocots, and 368 were dicots (Fig. 4.5). 

Pre-burn, Mexico 1993 

30 34 38 42 46 50 54 58
6 10 14 18 22 26 

Days since planting 

11111 monocots dicots 

Figure 4.2. Total number of monocots and dicots germinating from soils of a slashed tropical 
deciduous forest in western Mexico prior to burning in May, 1993. 
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Figure 4.3. Total number of monocots and dicots germinating from soils of a newly burned 
tropical deciduous forest in western Mexico, May, 1993. 
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Figure 4.4. Total number of monocots and dicots germinating from soils of a newly established 

pasture one year following slashing and burning of a tropical deciduous forest in 

western Mexico, May, 1994. 
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Figure 4.5 Total number of monocots and dicots germinating from soils of a tropical deciduous 
forest in western Mexico, May, 1994. 

Total germination was 30% lower from the 1994 reference forest soils when compared 

with germination results from the adjacent slashed forest soils collected in 1993, however, the 

percentage monocots present was similar in 1994 and 1993, 13.4 and 18.4% respectively (Fig. 

4.6). Seventy-four dicots germinated from the 1994 pasture soils compared with 42 dicots from 

the post-fire 1993 soils, but dicots were only a small fraction, 3.1%, of the total 1994 pasture 

seed bank. 
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Figure 4.6. Changes in germinating seed density pre- and post-burn 1993, and following pasture 
conversion of a tropical deciduous forest in western Mexico, 1994. Density of 
germinating seeds is also given for the adjacent intact forest (reference). 

In the 1993 pre-burn soil samples, dicots constituted 81.6% of the identifiable 

germinating seed pool. The majority of germinating seeds, 71.4%, were annual and perennial 

herbs. Monocots, presumably composed of a majority of exotic pasture grasses, represented 

18.4% of the germinating seed pool (Fig. 4.7). 

Annual and perennial herbs were still in the majority among dicot seedlings following the 

fires, comprising 64.3% of the germinating seed pool. No trees and no monocots germinated 

from post-burn soils. Vines, shrubs, small trees/shrubs, all increased in relative proportions of 

seedlings (Fig.4.8). 
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Pre-burn, Mexico 1993 
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Figure 4.7. Life form distribution of seedlings from the seed bank of a slashed tropical 
deciduous forest in western Mexico prior to burning, May, 1993. 

Post-burn, Mexico 1993 

vines (16.7%) 

sm.trees/shrubs (2.4%) 

shrubs (16.7%) 

herbs (64.3%) 

Figure 4.8. Life form distribution of seedlings from the seed bank of a slashed and burned 

tropical deciduous forest in western Mexico, May, 1993. 
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In 1994, the vast majority of seeds germinating from soils collected in the newly 

established pasture were monocots, representing 96.9% of the total identifiable seed pool (2092 

of the 2101 germinated seeds) (Fig. 4.9). Only 3.1% of the identified seed pool were dicots. No 

trees germinated from the pasture soil samples. 

Pasture, Mexico 1994 

sm.trees /shrubs /vines (0.9%) 

herbs (2.2%) 

monocots (96.9%) 

Figure 4.9. Life form distribution of seedlings from the seed bank of a slashed and burned 

tropical deciduous forest in western Mexico one year following pasture conversion, May, 

1994. 

Four-hundred-and-three seedlings of the 422 germinated total were identified to life form 

from reference forest soils (Fig. 4.10). The majority of the germinating seed pool represented 

annual and perennial herbs, 58.8%. Shrubs and monocots were similar and next in relative 

proportions, followed by vines. Trees and small trees/shrubs were the lowest proportions but 

were similar to the proportion for this life form in pre-burn samples. 
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Reference Forest, Mexico 1994 

trees (1.5%) vines (11.4%)
monocots (13.4%) 

sm.trees/shrubs (1.0%) 
shrubs (13.9%) 

herbs (58.8%) 

Figure 4.10. Life form distribution of seedlings from the seed bank of a tropical deciduous
 
forest in western Mexico, May, 1994.
 

The adjacent intact reference forest sampled in 1994 and the slashed forest sampled in 

1993 had similar life form distributions (Fig. 4.11). Fire changed this distribution substantially. 

Although annual and perennial herbs still dominated the dicot seed pool immediately following 

the fires, shrubby and vine components increased, while monocots and trees completely 

disappeared from the post-burn germinated seed pool. The seeding and subsequent 

establishment of exotic pasture grasses resulted in a drastic change of life form distribution in 

the seed pool that germinated from pasture soil samples collected in 1994. The total seed pool 

was overwhelmingly dominated by monocots, but annual and perennial herb seedlings were still 

dominant in the dicot component of the seed pool from pasture soil samples. 
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Figure 4.11. Distribution of life forms among germinating dicot seedlings in response to slash-

and-burn agricultural practices in a tropical deciduous forest in western Mexico, 1993-94. 

Life form distribution is also given for the adjacent intact forest (reference). 

In 1993, 322 dicots were identified to species from pre-burn soils; they represented 31 

Six of
dicot species. Seven species were identified from 42 individuals from the post-burn soils. 

the post-burn species were also present in pre-burn soil samples, one species germinated from 

One year later, in 1994, 13 dicot species from 60
the post-burn soils only (Appendix A). 


individuals were identified from the same site, now a newly established pasture (Appendix 8). In 


soil samples collected in 1994 from the adjacent reference forest, 31 dicot species were 

identified from 327 plants (Appendix C). 
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DISCUSSION 

Our data supports the findings by Rico-Gray and Garcia-Franco (1992) from the 

Yucatan Peninsula in Mexico that the seed banks of neotropical deciduous forests are 

dominated by herbaceous plants. While their forests were of different ages since disturbance, 

our forest, although bordering pasture lands, was presumably undisturbed before slashing in 

1993. This suggests that even in undisturbed neotropical deciduous forests the seed bank is 

dominated by herbaceous plants. Monocots, which comprised a large percentage of the 

germinating seeds from pre-bum and reference forest soils are likely introduced to the seed 

bank from nearby pastures through animal and wind transport. 

The drastic reduction of seed germination following the fires is a clear indicator of the 

absence of adaptations to fire in this ecosystem. in many ecosystems that evolved with frequent 

fires seed germination can increase substantially following burning (Sabiiti and Wein 1987, 

Morgan and Neuenschwander 1988, Hartnett and Richardson 1989). Clearly this is not the case 

in this tropical deciduous forest of western Mexico, indicating that regeneration from seeds 

following fires is dependent on few remaining buried seeds or post-burn seed dispersal. 

Monocots, which represented a large percentage of the pre-burn soil seed bank were 

completely absent immediately following the fires, but increased dramatically within a year. 

The dramatic increases in monocot germination on our study site can be attributed to a bumper 

seed crop produced by planted exotic pasture grasses. Seed banks of disturbed or 

successional sites are known to be generally larger than forest seed banks and to consist mostly 

of forbs and grasses (Uhl and Clark 1983). These results lead us to confirm reports of sharp 

increases in germination within a year following slashing and burning in tropical deciduous forest 

ecosystems of Mexico (Rico-Gray and Garcia-Franco 1992). 

In contrast with Rico-Gray and Garcia-Franco's results (1992), who reported either no 

differences or increases in the number of species between slashed, slashed-and-burned, and 

one year old regenerating forests, burning and pasture conversion on our study site in western 
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Mexico did have dramatic effects on species number immediately following the fires as well as 

one year following pasture conversion. Despite the fact that seedling identification was difficult 

and often not complete, the number of dicot species identified in slashed and adjacent reference 

forests were remarkably consistent, while the newly burned site had the lowest number of dicot 

species with only a relatively slight increase a year after burning. 

Although the density of germinating dicots in the soil seed pool varied with time, 

treatment, and location of the collection site, the distribution of dicot life forms remained 

relatively constant, with a dominance of herbs, followed by shrubs and vines, and only very few 

trees. No trees germinated from soils collected following the fires. 

Despite the fact that the soils were sampled shortly after the time when many trees shed 

their seeds in the Chamela region (Bullock and Solis-Magallanes 1990), very few trees actually 

germinated from the soil samples. Low tree seed germination could be due to high predation 

rates of seeds as soon as they arrive on the forest floor or due to dormancy mechanisms. Most 

primary tropical forest species are not known to have dormancy mechanisms and typically 

germinate quickly or are removed by predators (Guevara and Gomez-Pompa 1972, Hopkins and 

Graham 1983, Uhl and Clark 1983). A subsample of the soils were sieved and inspected for 

ungerminated seeds following the germination trials, and no ungerminated seeds were found. It 

is therefore possible that seeds of tree species were either removed by predators, or that they 

decomposed in the wet soil during the germination experiment. Another possibility might be the 

lack of viable tree seed production during the two years of study. Very little information is 

available on the production and viability of seeds of tropical deciduous forest trees and further 

research is necessary to shed some light on this subject. 

Germination of secondary tropical forest species generally is triggered by light, water, 

and increased temperatures (Uhl and Clark 1983). Therefore, if any tree seeds were present in 

our sampled soils, most of them should have germinated. Since few trees germinated, it must 

be assumed that regeneration from seeds is sporadic and that it is possible that few trees of the 
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tropical deciduous forest actually regenerate regularly from seeds. The primary regeneration 

mechanism is evidently coppicing stumps or underground tissues following disturbance. 

Tree regeneration from seeds following severe disturbances such as repeated burning is 

largely dependent on the introduction of seeds from disturbance resistant trees that are able to 

germinate and establish in a pasture environment (Uhl et al. 1982). This observation is strongly 

supported by our findings of tree seedlings being completely absent from the germinating seed 

pool immediately following the fires, as well as one year after the disturbance in the newly 

established pasture. 

CONCLUSION 

The composition of viable seeds in the seed bank is an indicator of the regrowth 

potential of a plant community. However, the paucity of trees in the germinating seed pool at 

the two sites and during the two sampling years supports the belief that regeneration of tropical 

deciduous forests is primarily a function a sprouting following disturbance (Ewel 1977, Murphy 

and Lugo 1986, Hardesty et al. 1988, Putz and Brokaw 1989, Kauffman 1991, Sampaio et al. 

1993). However, once the sprouting reserves of plants are exhausted through years of 

agricultural practices, the seed bank may be the only route to forest succession (Uhl et al. 

1982). Pioneer tree species may enter the site via seed dispersal, but regeneration is a much 

slower and difficult process in tropical dry zones than in the humid tropics (Ewel 1977). 

Besides environmental conditions, the rate and direction of natural regeneration is also a 

function of severity and size of the disturbance, as well as propagule availability (Gerhardt and 

Hytteborn 1992). In the Chamela region, pasture conversions are generally considered 

permanent and pastures are typically not abandoned and allowed to turn into secondary forests. 

Pastures are burned frequently to eliminate or reduce woody species competition with pasture 

grasses. While some woody species reinvade pastures via seeds (Chapter 3), the regeneration 

If allowedpotential of native plants from seeds appears very low in tropical deciduous forests. 
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to turn back into a forest, passive restoration may take a long time depending on severity and 

Restoration ofsize of the disturbance, as well as the distance to the nearest seed sources.
 

forest trees is no longer possible if seed sources are destroyed and sprouting reserves are
 

depleted through long term land management practices.
 

This study has been one of only a few studies on seed bank dynamics in tropical dry 

ecosystems. Most previous studies have focused on dry ecosystems of the paleotropics. 

Forest seed banks in the old world tropics have different life form compositions and respond 

differently to disturbances partly because they evolved with frequent human induced 

disturbances (Hall and Swaine 1980, Hopkins and Graham 1983, Sabiiti and Wein 1987, 

Lieberman and Mingguang 1992, Skoglund 1992). The lack of trees in the germinable seed 

bank documented by this study is alarming and may have dramatic consequences on forest 

regeneration and restoration following severe and repeated anthropogenic disturbances. 

In light of the ever increasing pressures of human induced disturbances in these 

ecosystems it is likely that many forest species will become extinct at an even more rapid rate 

than in the humid tropics where regeneration from seeds is frequent and where agricultural lands 

are allowed to go fallow and regenerate for a number of years. 

Presently almost all upland agricultural efforts in the uplands of western Mexico are 

directed towards cattle grazing. However, in the future there may be need for alternative income 

sources for the local people. Tropical dry forests may provide an important source of food, 

medicine, and non-timber products. Therefore, future research should be directed towards 

sustainable, alternative uses of the diverse forest vegetation present in these ecosystems. 

Extensive intact forests need to be set aside in order to preserve the diverse gene pool of these 

forests and to provide a sustainable resource base for the future generations. 
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Appendix A. Dicot species germinating from pre-and post-burn soils of a slashed tropical 
deciduous forest in western Mexico, April, 1993. Parentheses indicate tentative 
identification. All plants were identified by Dr. E.J. Lott, UC Riverside, California. 

Pre-burn soil only Pre- and Post-burn soil 

Annual herb 

Hybanthus attenatus (Numb. & Bonpl.) G.K. Schulze
 
(Physalis maxima)
 
Solanum deflexum Greenm.
 

Perennial herb 

Elytraria imbricata (Val.) Pers.Peperomia sp.
 
Ayenia wrightii Robinson
 
Acalypha microphylla KI. Talinum paniculatum (Jacq.) Gaertn. (Post-burn only)
 

Oxalis sp.
 
Tetramerium nervosum Nees.
 

Herb 

Portulaca oleracea L 

Shrub 

Carlowrightia arizonica A. Gray 
Croton sp. 
Coursetia caribaea (Jacq.) Lavin 

Acalypha multiflora 
(Standl.) A. Radcliffe-Sm. 
Acalypha (schiedeana) 

Byttneria aculeata Jacq. 

Small tree/shrub 

Phyllanthus sp.Mimosa/Acacia sp.
 
Calliandra formosa (Kunth.) Benth.
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Appendix A. (continued) 

Pre- and Post-burn soilPre-burn soil only 

Tree 

Piptadenia constricta (Micheli) Macbr. 
Amphiptetygium adstringens (Sclecht.) Schiede 

Vine 

1pomoea sp.Phaseolus sp. 
1pomoea nil (L) RothDalechampia scandens L. 

(lpomoea triloba) 
Melothria pendula L. 

Nissolia leioygne Sandw. 
Gouania rosei Wiggins 
(Marsdenia sp.) 
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Appendix B. Dicot species germinating from the soil seed bank one year following pasture 
conversion of a tropical deciduous forest in western Mexico, April, 1994. Parentheses 
indicate tentative identification. 

Annual herb 

Solanum deflexum Greenm.
 
Hybanthus attenuatus (Numb. & Bonpl.) G.K. Schulze
 

Perennial herb 

Elytraria imbricata (Vahl.) Pers.
 
Sida sp.
 
Acalypha microphylla Kl.
 

Herb 

Portulaca oleracea L 
Chamaesyce sp. 

Shrub 

Pluchea symphytifolia (Mill.) Gillis 
Verbenaceae (Lantana sp.) 
Coursetia caribaea (Jacq.) Lavin 

Small tree/shrub
 

Mimosa/Acacia sp.
 

Vine
 

Centrosema virginianum (L) Benth.
 
Phaseolus sp. 
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Appendix C. Dicots germinating from the soil seed bank of a tropical deciduous forest in 
western Mexico, April 1994. Parentheses indicate tentative identification. 

Annual herb 

Solanum deflexum Greenm.
 
Hybanthus attenuatus (Numb. & Bonpi.) G.K. Schulze
 

Perennial herb 

Acalypha microphylla Ki. 

Ayenia wrightii Robinson 
Elytraria imbricata (Vahl.) Pers. 
Sida sp. 

Herb 

Solanum sp. 
Chamaesyce sp. 
Portulaca oleracea L 

Shrub 

Argythamnia lottiae J. Ingram
 
Acalypha multiflora (Standl.) A. Radcliffe-Sm.
 
Acalypha sp. (schiedeana)
 
Carlowrightia arizonica A. Gray
 
Coursetia caribaea (Jacq.) Lavin
 
(Lagrezia/Justicia sp.)
 
Phyllanthus sp.
 
Pluchea symphytifolia (Mill.) Gillis
 
Verbenaceae (Lantana sp.)
 

Small tree/shrub 

Calliandra formosa (Kunth.) Benth. 

Tree 

Amphypterygium adstringens (Schlecht.) Schiede
 
Heliocarpus pallidus Rose
 
Piptadenia constricta (Micheli) Macbr.
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Appendix C. (continued) 

Vine 

Byttneria catalpifolia Jacq. 
Cucumis sp. 
Centrosema virginianum (L.) Benth.
 
Guania rosei Wiggins
 
Ipomea nil L. (Roth)
 
1pomea sp.
 
(Marsdenia sp.)
 
Nissolia leiogyne Sandw.
 
Phaseolus sp.
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CHAPTER 5 

CONCLUSION 

Regeneration following severe disturbances such as slash-and-burn agriculture in 

tropical deciduous forests in Mexico is a static process due to repeated anthropogenic 

Full recovery may inperturbations such as periodic pasture fires, weeding, and cattle grazing. 

fact not be possible following repeated fires. This study confirmed reports from other 

researchers about regeneration processes of tropical dry ecosystems. It also contributed 

additional new information about survival and the sprouting capacity of individual species, as 

well as changes in seed bank composition and density of germinable seeds in response to 

slash-and-burn agriculture in the uplands of western Mexico. 

The Chamela region is known for having the highest species richness of all tropical dry 

forests reported and for its high degree of endemism. New species are discovered frequently. 

Our study confirmed reports of high species richness and diversity in the upland forests of the 

Chamela region. Over 40% of all species encountered in the intact forest of this study were 

Therefore, many species present in the intact forest were probablyconsidered rare on the site.
 

not encountered by the sampling procedures used in this study. Following pasture conversion
 

species richness was reduced by 40%. Prior to burning, 90 species had sprouted, following the 

Relative frequencies of surviving plantsfires only 54 species were encountered (Chapter 2). 

changed considerably from those measured in the intact forest to those measured 1.5 years 

following slashing and burning and 10 years following initial pasture conversion. Four of the 

most common species of the intact forest were not encountered in the pastures. The true 

extend of species losses is unclear but has likely been underestimated due to sampling error 

and the taxonomic difficulties in sampling a flora which is still in the process of being 

documented. 
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NearlyThe ability of woody plants to sprout was severely impacted by slash burning. 

90% of the woody plant that had sprouted prior to burning died during the fires. The vast 

majority of plants sampled during the post-slash period had sprouted from stumps. Following 

the fires 98% of all sprouting occurred from below-ground tissues (Chapter 2). Tissue 

regeneration of survivors following pasture conversion was rapid and survivors grew substantially 

during the first 1.5 years following the slash fires. Although the response of individual species 

varied considerably, average plant height, elliptical crown area, and total area covered by 

sprouting plants on the study site tripled, and average crown volume per plant increased by over 

500% during the study period (Chapter 2). However, in the long term it appears that recovery is 

only rapid during the initial post slash fire period. The synergism of repeated burning and a 

multitude of land management practices causes growth of woody species to remain static. Ten 

years following pasture conversion, woody plant density had not increased substantially in an 

adjacent pasture. The average height of surviving and recovering plants ranged from 0.94 to 

1.88 m among transects, which is far from a height range of 4 to 10 m described for intact forest 

species (Chapter 3, Lott et al. 1987). 

The seed bank is considered to harbor the recovery potential	 of a site following severe 

Fire reduced the density ofand repeated disturbances such as slash-and-burn agriculture. 

germinating seeds by more than 90% of its original pre-burn values. The seed bank pre- and 

post-burn was dominated by herbaceous plants with very few woody plants. Within a year 

following pasture conversion, seed density increased nearly 5000% from post-burn estimates. 

However, 97% of the seed pool one year after burning was composed of introduced pasture 

grasses. No trees germinated from sampled post-burn soils. Our study showed that few trees 

are adapted to survive through fires and tree seeds are either rare or completely absent from the 

seed bank following the fires (Chapter 4). However, despite the paucity of tree seeds in the 

seed bank soil samples, some trees do reproduce via seeds. Seventeen percent of the woody 

plants sampled 1.5 years after the burn were seedlings, all of which were small trees or trees 

(Chapter 3). Fires generally burn patchy and seeds may have survived the fires or were 



121 

introduced via seed rain. The study site was surrounded on three sides by intact forest and 

Establishment of woodyintroduction of seeds via passive or active seed transport is very likely.
 

plant seedling probably took place during the post-fire the rainy season in June and July 1993,
 

while the pasture was also in the process of developing. The post-fire nutrient flush combined
 

with low resource competition due to the low density of plants on the site, post-burn 1993, and
 

an abundance of safe site availability all contributed to successful seedling establishment. 

Additional studies on seed rain and seed bank dynamics are necessary to expand further our 

knowledge and understanding on the regeneration dynamics of tropical dry ecosystems. 

Many questions have been answered but many more arose during the course of this 

study. In summary, it becomes clear however, that studies alone will do nothing for the 

protection of these ecosystems. Boundless meat consumption in developed countries and 

population pressures in the less developed countries are the true threat to the tropical forests. In 

combination with the lowering of resource consumption levels and promoting population control, 

future research needs to foous primarily on sustainable agricultural practices along with 

researching non-timber products to preserve species diversity and allow the people to continue 

living on the land. 
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