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ABSTRACT 

Croton fantzianiis Seymour (Euphorbiaceae), is a structurally important tree in the 

tropical deciduous forest of the Municipality of Alamos in southern Sonora. It has 

become important as a non-timber forest product within the last thirty-five years, 

harvested for stakes {vara blanca) for the agricultural fields in Sonora, Sinaloa and Baja 

California. A study was carried out on ecology of the species, macroeconomics and 

household economics to determine sustainability of current patterns of use. 

During a study on the ecology of the tree the species was identified from 

specimens collected and found to be a disjunct population known previously from 

Nicaragua. It was determined that vegetative and reproductive phenologies are driven by 

water availability with responses along a water gradient varying among study sites. 

Rapid development of silver mining in Alamos precipitated woodcutting for 

timber and fuel at unprecedented rates in the late 17"* century. The original tropical 

deciduous forest was transformed to secondary forest by this extraction. Closure of the 

mines in the early 20*^ century began economic isolation of the Municipality that persists 

today. The economy is depressed in response to national and state economy, people are 

under- or un-employed. Many cut vara blanca. 

Economic strategies in the Municipality include exploitation of non-timber forest 

products, the most important is vara blanca. There are three levels of organization for 

vara extraction; cutters, middlemen truckers, and large truckers. Income generated by 

each level is significantly larger than the daily minimum wage. Financial records indicate 

that nine of eleven respondents rely on the resource for all or part of their incomes. 
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A study of the population ecology of the species indicates it is the most important 

component of the forest community at all study sites. Population structure and 

compostion are variable and may be related to prior harvest history. Loss of reproductive 

capacity was recorded on a recently harvested area. The tree may be a successional 

species and does well in disturbed areas. Government records and informant interviews 

indicate intensification of extraction has depleted the population. It is questionable if 

extraction at recent rates can be sustained. 
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CHAPTER 1. INTRODUCTION 

Perspectives on Natural Resource Utilization 

Utilization of natural resources from forests has spanned the boundaries of time 

and societies. Forests have provided the basics of fuel, food, medicine and housing 

materials essential to survival of human populations throughout the world. E)emand for 

forest products has not only expanded to meet these basic subsistence needs, but also to 

meet the requirements of a rapidly expanding global economy. Extraction of forest 

species is critical to both rural subsistence and big business. 

These demands on the forest are often in direct conflict with each other. The rural 

poor who once depended on products from the forest for domestic use and some 

supplemental income are suddenly presented with the problem of residing in areas that 

are reservoirs of great potential worth to outside interests. The dichotomy is particularly 

obvious in developing nations where international debt pressure and greater national 

economic goals are at odds with the subsistence needs of forest dwellers. Poverty, and 

the absence of food security and economic opportunity hold the people captive and 

powerless. 

Lack of government assistance to these populations coupled with economic 

pressure has set in motion a series of responses. Disenfranchisement of all rights of some 

subsistance populations to the natural resources around them, and entry by large 

international corporations to mine resources on the land where they reside has been 

responsible for displacement of inhabitants, social conflict and murder (Nations 1992; 
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Boom 1989; Clay 1988). In those cases where the population has retained rights to the 

forest and its resources, there is pressure to extract as much economic value as possible. 

The resulting exploitation of forest products by people under economic duress carries 

with it the potential for long term ecological consequences. External factors such as 

crises within the national or local economy may transform what once was a source of 

supplemental income for marginalized populations into the sole source of sustenance. 

This raises the possibility that overexploitation will occur and the level of use will exceed 

the ability of the species to reproduce and grow at a rate equivalent to human needs. The 

end result is the depletion or destruction of the resource upon which both the forest 

dwellers and the national or international interests depend. 

In the tropical deciduous forest subsector of the dry tropical forest in Sonora, 

Mexico, people are faced with particularly challenging problems. Many inhabit marginal 

communal land and are dependent solely on rainfall for agricultural production. At the 

mercy of the physical climate and the economy and policies of the Mexican government, 

communal dwellers, landless people and private landowners have adopted strategies 

incorporating natural resource utilization from the surrounding forest into their income 

generation strategies. 

Here, I explore one obscure plant resource from Sonora, Mexico and examine the 

factors affecting the long-term potential of activities focused on extraction of the tree. 
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Susiainability 

"Sustainability" is commonly used in reference to agricultural systems. One 

definition of sustainable production according to O.K. Douglass (Netting 1993, p. 143) is 

"an average level of output over an indefinitely long period which can be sustained 

without depleting renewable resources on which it depends". When speaidng of 

agricultural sustainability, there are several dimensions that are intertwined and influence 

the balance between human needs and production. These include the physical, chemical, 

biological and socioeconomic dimensions. Detailed measurements over time of various 

aspects of each of these factors are rarely carried out for smallholder systems or large 

farms (Netting, 1993). 

For purposes of this study, the above definition of sustainability is applied and 

expanded to include the following dimensions as applied to natural resource utilization; 

(1) Ecological: Forest history, natural history and plant population dynamics of the 

natural resource and the forest community in which it occurs and the effects of harvesting 

and disturbance on both. Ethnoecological knowledge and use of forest resources, (2) 

Macroeconomic; International, national, state and local economic factors, past and 

present, leading to extraction of the resource. History, structure and functioning of the 

extractive business organization, (3) Household Economic: Land tenure, local levels of 

income and index of poverty. Economy at the household level in response to political 

and economic factors. Income-producing strategies and contribution of natural resource 

extraction to household economies. 
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Tropical rain forests of the world have received the bulk of scientific investigation 

regarding species loss, habitat degradation and fragmentation due to human activities. 

These same issues have rarely been addressed in seasonally dry tropical forests where 

the impacts may be more severe. Investigators state that only a small percentage of the 

dry tropical forest remains in the New World (Mooney, Bullock and Medina 1995; 

Janzen 1988). 

Many studies of deforestation in the tropical dry forest relate impacts due to 

human activity as a response to population growth. Extraction of trees for flielwood, 

charcoal, lumber, and the clearing of the forest for cattle raising and crops are blamed 

primarily for the loss of species (Murphy and Lugo 1995). 

Within the past decade specialists in tropical forest conservation and development 

have begun to focus on the use of non-timber forest products as a way to halt destruction 

of the forests and while providing income for adjacent populations. Non-timber forest 

products are those resources which when extracted are not destroyed or which regenerate 

rapidly and are not accompanied by the wide scale destruction and degradation that 

accompanies timber felling. The extent to which they can be extracted to guarantee 

sustainable income is not well known (Murphy and Lugo 1995). In addition, there have 

been few studies determining sustainable levels of harvest (Shankar et. al. 1998; Boot and 

Gullison 1995; Hartshorn 1995). 
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Problem Description 

This is a study of the mechanisms of natural resource utilization and the 

dimensions of sustainability of vara blanca, an economically important non-timber forest 

product found in the tropical deciduous forest in the Municipality of Alamos, Sonora, 

Mexico. The tree is harvested for tomato and grape stakes exported to agricultural fields 

in Sonora, Sinaloa and Baja California. 

The species is poorly known. Originally identified as Croton fragilis (Gentry 

1942), taxonomists gave it the interim name of Croton cf. niveus (Steinmann 1995). 

Outside of government documents wth harvest guidelines in them (Secretarta de 

Medioambiente, Agricidtura, Recursos Naturales y Pesca n.d.) and three theses focusing 

on economic production value and management (Lopez 1997; Muro 1987; Maldonado 

1986) very little has been written about vara blanca ecology or its natural history. 

There is confusion over exactly which Croton species can be called vara blanca. 

Maldonado (1986) argues that the tree harvested in Alamos is Croton fragilis, based on 

the identification by Gentry. Muro (1987) and Lopez (1997), however, treat several 

species of Croton growing in Sinaloa as vara blanca, none of which are the same species 

as the tree being harvested in the Municipality of Alamos. Another recent reference to 

trees exploited in Sinaloa also includes five species of Croton, in addition to Croton 

fragilis that are being called vara blanca (Bye 1995). 

The ecology, distribution and importance of the species as a component of the 

tropical deciduous portion of the dry tropical forest in southern Sonora are unclear. Its 
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emergence as an economically important non-timber forest product is relatively recent. 

Originally harvested for local use in construction, importance of the tree shifted over 

thirty years ago to commercial use for stakes in the agricultural fields of northwestern 

Mexico. Now, stakes are transported to agricultural fields in Sonora, Baja California and 

Sinaloa for use in the tomato, grape and vegetable production. 

Harvest of the tree has become a multi-tiered business within and outside of 

Alamos and an important source of income to its economically marginalized residents. 

The structure and functioning of the business and the contribution of this non-timber 

forest product to the local economy are not clearly understood. Extraction levels are 

difficult to determine and the effect of prolonged, intensified harvesting on the species 

and the surrounding community not well known. The vara blanca population has 

suffered a sharp decline in Sinaloa due to destructive harvesting practices (Jorge 

Valenzuela Romero 1995. Personal Communication.). Workers involved with the 

extraction and sale of the tree in Alamos state that the population is declining there also. 

This study addressed; 

1. Identification of the species of Croton and its natural history. 

2. Evolution of the historical, social and economic situation of the Municipality 

of Alamos within the context of the State of Sonora and Mexico, the contribution 

of these factors to the tropical deciduous forest composition today and the 

emergent importance of non-timber forest product extraction. 

3. Importance of vara blanca in the local and regional economy and at the 

household level. 
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4. Population ecology of the tree, its role in the tropical deciduous forest 

community, level of extraction as a non-timber forest product, and its response to 

harvesting and disturbance. 

I sought to test the hypothesis that sustainable use of vara blanca is dependent on 

three interrelated factors. These include: (1) the ecology of the resource, (2) household 

economics, and (3) macroeconomic forces. When one or more of these factors is 

perturbed, equilibrium of the system is affected and the resource, and potentially the 

forest ecosystem itself, may suffer. 

Dissertation Format 

Each Appendix is an unpublished manuscript authored solely by myself and is the 

result of original research on the above topics related to vara blanca. Each one 

investigates a specific dimension of sustainability as related to the hypothesis and is 

meant to stand on its own. The major findings of the manuscripts are summarized in 

Chapter II, "Present Study". The manuscripts are included in the appendices. 

Natural and cultural history of a poorly known species of Croton in the tropical 

deciduous forest of southern Sonora. 

Ecology is addressed in Appendix A, "Natural and cultural history of a poorly 

known species of Croton in the tropical deciduous forest of southern Sonora." This 
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manuscript serves as an introduction to the species Croton fantzianus Seymour and 

discusses previously unknown information about the tree, its identification use and 

phenology. The manuscript is intended for Madrono. 

Vara hlanca, Croton fantzianus Seymour (Euphorbiaceae): An example of natural 

resource utilization in the tropical deciduous forest. 

Regional economic issues are addressed in Appendix B, "Vara blanca, Croton 

fantzianus Seymour (Euphorbiaceae): An example of natural resource utilization in the 

tropical deciduous forest." It discusses the history of the Municipality of Alamos and 

places it in the context of the state and national economy. The long-term harvest history 

of trees from the tropical deciduous forest that accompanied economic development from 

the founding of Alamos to the present, and the contribution of this history to the 

transformation of virgin forest to secondary forest, is traced. The decision to harvest vara 

hlanca is discussed as being driven by this history and economy. Intensification of 

harvesting by residents is briefly addressed. This manuscript is being submitted to 

Journal of the Southwest. 

Non-timber forest products and economic diversification in a Mexican municipality. 

Household economic issues are addressed in Appendix C, "Non-timber forest 

products and economic diversification in a Mexican municipality." This presents an 

overview of economic activities in the Municipality on a local level and the use of non-
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timber forest products part of the economic survival strategies of the inhabitants. The 

importance of vara blanca at the household level is underscored, and its place in the 

economy is discussed based on interviews and economic summaries kept by residents. 

This manuscript is intended for Economic Botany or The Journal of Ethnobiology. 

Some effects of non-timber resource extraction on the tropical deciduous forest of 

Sonora, Mexico. 

Plant population ecology is addressed in Appendix D, "Some effects of non-

timber resource extraction on the tropical deciduous forest of Sonora, Mexico." It 

characterizes the plant communities in which Croton fantzianus is a component. 

Extraction records of the tree are presented and the plant community composition in 

relation to this information is investigated. The Croton fantzianus populations and 

demography at study sites is determined, effects of disturbance are evaluated and 

comparisons between a harvested and unharvested area are made. This manuscript is 

intended for Economic Botany or The Journal of Tropical Ecology. 
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CHAPTER 11. PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important findings 

in these papers. 

Significant Results 

"Natural and cultural history of a poorly known species of Croion in the tropical 

deciduous forest of southern Sonora." (Appendix A) 

The species occurring in the study area in the Municipality of Alamos, formerly 

known as Croton fragilis H.B.K. is identified as Croton fanizianus Seymour based on 

specimens from this study of flowers and fhiit which had previously not been collected. 

Identification was made by Dr. Grady Webster, University of California, Davis. 

Specimens were deposited in herbaria. The species physical aspects are described as 

follows. It is a slender, straight-boled, drought-deciduous tree growing to 10 meters in 

height. Leaves, flowers and fruit are fragrant. Bark is white, mottled with gray patches. 

Leaves large, 10.5 cm long to H.2 cm wide; alternate, expanded, palmately veined with 

entire margins, subcordate at base, acuminate at tips, very green on surface with stellate 

hairs on the undersides. Inflorescence spicate, borne along stems in axils of leaves. 

Flowers monoecious, numerous (approximately 30 per spike), globose, very small with 

the staminate above and pistillate below. Male flowers have 5 sepals and 13-15 stamens. 

Female flowers have ovaries with 3 carpels. Fruit is a capsule, pubescent with stellate 
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hairs and dehisces explosively. Seeds light brown, approximately 7.5mm long by 5mm 

wide. 

Regional (Sonora and Sinaloa) nomenclature for vara blanca is variable and 

includes other species of Croton, particularly in Sinaloa, leading to problems with 

identification of Croton fantzianus and other Croton species. 

There has been confusion regarding identification of the species in the field. This 

study determined that Croton fantzianus is differentiated from Croton Jlavescens and 

Croton alamosanus in the field by the dark gray bark color of the latter two, leaf shape 

and texture, flowering parts and fhiit. In addition, Croton alamosanus leaf bases bear 

stipules for part of the season. 

Croton fantzianus is distributed among four zones within the Municipality of 

Alamos. Based on field observations, the range of the population has contracted from the 

localities previously indicated in informant interviews. 

Comparisons of vegetative and reproductive development with precipitation data 

for the Municipality, indicate timing of phenological events is related to plant water 

availability. Seasonal leaf production appears to be most affected. Leaf emergence and 

growth coincides with summer rains, and senescence and abscission begin synchronously 

with the dry fall season. A gradient of water stress may be responsible for differential 

rates of leaf bud break during winter months, although flushing occurs synchronously 

with the summer rainy season. 

Timing of reproductive phenology is variable. Variations among study sites are 

probably related to microclimate and edaphic features that affect soil moisture levels. 
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Reproductive responses suggest differing patterns of water availability. Croton 

fantzianus appears to have little or no water storage capacity. The spring flowering cycle 

reflects the strategy of utilizing dry season rainfall for reproductive development on some 

sites, preserving the ability of the tree to rely on heavy summer rainfall for leaf 

production. However, the occurrence of flowering on sites with little or no dry season 

rainfall during leaf expansion may be an intraspecific reproductive strategy in response to 

water deficits on the sites. 

Other studies of reproductive phenology in the dry tropical forest indicate the 

rapid and ephemeral nature of flowering of Croton fantzianus is an indicator of water 

stress. There may be at least two pulses of flowering and fruiting annually. Fruit 

viability for summer fruit is low (27%). Seed dispersal occurred to take advantage of 

heavy summer rains. Seedling emergence was 11.5 % of total seeds; seedling height at 

62 days averaged 6.17 cm per individual. 

"Vara blanca, Croton fantzianus Seymour (Euphorbiaceae): An example of natural 

resource utilization in the tropical deciduous forest." (Appendix B) 

The social and economic history of the Municipality of Alamos is the background 

for factors influencing economic choices of residents and the tropical deciduous forest 

composition. Harvesting of trees that began with the establishment of mines and 

settlements three hundred years ago transformed the original tropical deciduous forest 

into a secondary forest. The harvest intensity and type of timber used has changed over 

time, but wood use has remained continuous to the present time, fluctuating with 
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population and types of economic activities. 

The Real de Alamos was one of the most productive silver mining centers in 

Sonora until international and national problems forced the closure of mines. The 

national economic focus changed when the Mexican government began large-scale 

irrigation projects to make Sonora and Sinaloa key exporters of agricultur<i! products. 

Sonora, after a period of economic crisis, began to look to irrigated agriculture to 

recuperate. Alamos was politically, geographically and economically isolated from this 

activity. 

The Municipality of Alamos went into a decline, and political, social and 

economic importance was lost. Alamos today is a product of geographic and political 

isolation. Variable topography and rainfall, poor government support and infrastructure 

are responsible for the inability of the Municipality to compete in the larger state 

agricultural projects. The Municipality is poor. In the socioeconomic index for the 

country it is categorized in the second lowest (second most marginalized) level for all 

municipalities. There are 81 ejidos (communal land) in the Municipality, the highest 

number in the state. Ejidal land is marginal, and the residents have little or no access to 

credit, water, farm equipment and vehicles. Income generating options for residents of 

Alamos are limited. The local economy is depressed and is exacerbated by the poor 

national economy. People are under- or unemployed. Many people are day laborers have 

relied on government programs to supplement their incomes. In the absence of other 

alternatives, vara blanca harvesting has become increasingly important to the residents of 

the Municipality. 
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"Non-timber forest products and economic diversification in a Mexican municipality." 

(Appendix C) 

Poor people living near the tropical deciduous forest in the Municipality of 

Alamos rely on non-timber forest products for a variety of income-producing activities. 

The most important resource is the harvest of vara blanca stakes used in agriculture for 

tomatoes and grapes are a lucrative source of income for residents. 

There are three levels of employment: cutters, middlemen or brokers and large 

truckers. People fi-om all economic levels benefit from full or part time employment in 

the three levels. 

The business grew fi-om 15 people involved full time in the 1960's to 90 in 1997 

and by 1999 it was estimated that between 1000 and 1500 people throughout the 

Municipality were participating in some aspect of the enterprise. The dependence of 

more people on the resource has been responsible for intensified harvesting. 

Harvesting is occurring on common property by people outside of the commons, 

blurring the line between the common property and open access regimes. 

A comparison of economic strategies employed by residents of the Municipality 

highlight the importance of the vara blanca to the local economy, with 9 of 11 

respondents reporting varying amounts of income from the resource. 

"Some effects of non-timber resource extraction on the tropical deciduous forest of 

Sonora, Mexico." (Appendix D) 



Population ecology of Croton fantzianus indicates it is the most important 

community species on all sites studied. In the absence of baseline data, the long-term 

effects intensive harvesting has had on the plant are not known. Government records 

indicate intensified harvest rates over a period of twenty years. Although the data are not 

included in recent government reports, clandestine cutting is occurring, and the harvest 

levels are probably as high if not higher than in former years. 

Recent harvest history indicates a drop in mean densities per hectare and a loss of 

reproductive capacity. Site species richness increases as Croton species decrease, 

allowing the diversity of the site to rise through competitive release. Densities in areas 

farther from well-developed transportation routes are higher, indicating distance and 

infrastructure are important considerations in extraction. 

Croton fantzianus is a secondary successional species, as suggested by the high 

importance value and low species richness and diversity at one site. 

Disturbance is a factor in distribution and density of Croton fantzianus. Mean 

density is low on a private cattle ranch due to disturbance. Diversity is high in disturbed 

areas and the mean density of Croton fantzianus is also, indicating it is successfully 

recruiting from a lau^ge propagule pool. The ability of seedlings to become established in 

spite of non-harvest disturbance by people and cattle suggests that reproduction of Croton 

fantzianus is not halted by perturbation. However, the degree of disturbance appears to 

have an impact on the density of the population. There is a difference in densities on 

intensively used private land and less intensively used communal land. 
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Indications from field observations and interviews are that the resource cannot 

sustain recent harvest rates. The tree has disappeared from some areas and is not 

regenerating rapidly enough in others. Other labor-intensive spwcies are being used as 

replacements, although the stakes produced from them will not last as long as those of 

vara hlanca will. The plant does not appear to be in danger of extirpation, but as a 

resource is not economically sustainable under the present extraction regime. 

There is no management plan for the resource. Government programs have failed 

and economic pressure on poor populations continues to be responsible for heightened 

extraction of the resource. The likely scenario is that the people will come to depend 

more on the resource, and unless they are able to receive some type of support in the form 

of economic incentives, loans or employment, demand will further deplete the 

population. 
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Summary and Conclusions 

The use of vara blanca as a non-timber forest product offers an alternative to 

deforestation in the tropical deciduous forest, while providing crucial income to the 

economically marginalized population in the Municipality of Alamos. Sustainability of 

production is dependent not only on the reproductive and regenerative capacity of the 

tree, but also on the intensity of extraction as driven by local and external economic and 

political forces. These factors are part of three dimensions of sustainability, and it is 

critical to have an understanding of each of them independently, and together, to 

determine if production will continue. 

Political and economic isolation from the state of Sonora in the early 20''^ century 

became the foundation for the evolution of modem Alamos. Extractive levels of vara 

blanca have risen with the depression of the local economy in response to national 

economic woes and the devaluation of the peso coupled with the absence or loss of 

government programs for the poor. Clandestine cutting, the opening of both private and 

communal land to outsiders for harvesting, and the increase in the number of residents 

depending on the resource are indications of the extraordinary measures to which people 

will resort in order to ensure economic survival. Intensified harvesting has led to a 

depletion of the resource and producers are now exploring alternatives. Although 

harvesting has impacted the reproductive capacity of the species, results of this study 

indicate that the species will probably not become extirpated, but that without economic 

alternatives for the people, management and monitoring, its sustainability as a resource 

will end. 
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APPENDIX A. NATURAL AND CULTURAL HISTORY OF A POORLY KNOWN 

SPECIES OF CROTONTHIUE TROPICAL DECIDUOUS FOREST OF SOUTHERN 

SONORA. 



31 

NATURAL AND CULTURAL HISTORY OF A POORLY KNOWN SPECIES OF 

CROTONINTHE TROPICAL DECIDUOUS FOREST OF SOUTHERN SONORA 

Cynthia Lindquist 

Office of Arid Lands Studies 

University of Arizona, Tucson, Arizona 85719 

Abstract 

A tree Croton (Euphorbiaceae) from southern Sonora, Mexico formerly identified 

as Croton fragilis H.B.K. was determined by taxonomists to be misidentified. It has been 

referred to in recent botanical literature as Croton aff. niveus Jacq. Based on specimens 

collected during this study, the plant is found to be a disjunct population of Croton 

fantzianus Seymour known previously from Nicaragua. Its biology is poorly known. 

Field observations of the physical description and natural history of the tree were made in 

the Municipality of Alamos, Sonora, Mexico and are presented here. Known locally as 

vara blanca, the tree is under increasing pressure from harvesting for use as stakes in the 

agricultural fields of northwest Mexico. Local nomenclature for this and other Croton 

species has caused confusion in determining the range of the population. It appears to be 

restricted to the Municipality, although it may at one time have been more widespread in 

Sonora and Sinaloa. Local rainfall and temperature data indicate variable climate in parts 
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of the Municipality. Phenological observations were made at five sites with different soils 

and microclimates and specimens were collected over a period of 14 months. The 

driving force behind the vegetative and reproductive phenologies appears to be water 

availability, with responses of the species varying among the sites along a moisture 

gradient. 

Resumen 

Un arbol en la genera Croton (Euphorbiaceae) del sur de Sonora que era 

identificado como Croton fragilis H.B.K., era determinado por investigadores ser de 

mala interpretacion. Se lo refierre en la literatura botanica reciente como Croton aff. 

niveus Jacq. Basado sobre especimenes recogido durante este estudio, la planta ahora es 

considerado parte de un poblacion muy separado de Croton fantzianus Seymour 

declarado antes de Nicaragua. Su biologia no esta bien estudiado. Habia hecho 

observaciones en el campo sobre la descripcion fisica y la historia natural de la planta en 

el Municipio de Alamos, Sonora, Mexico. Llamada localmente como "vara blanca", el 

arbol esta baja presion que esta creciando por la corteza por el uso como estacones en los 

campos agriculturales del noroeste de Mexico. La nomenclatura local por esto y otros 

especies de Croton se confundo la determinacion de los limites del poblacion. Esta 

restringuido al Municipio, pero posiblemente estaba mas comun en Sonora y Sinaloa en 

el pasado. Datos sobre las lluvias y la temperatura indican una clima variable en partes 

del Municipio. Observaciones sobre la fenologia de la planta eran hecho a cinco sitios 

con suelos y microclimas diferentes, y especemenes eran collecionado durante un periodo 
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que dura 14 meses. La fuerza que maneja phenologia vegetative y reproductive es el 

disponibilidad de agua, con la respuesta de los especies variante sobre un pendiente de 

humedad entre los 

sitios. 

Key Words: Croton fantzianm Seymour, Croton ajf. nivens Jacq.. vara blanca, tropical 

deciduous forest of Sonora, Mexico. 

Introduction 

For a number of years many studies have focused on the impact of human 

activities in tropical rain forests around the world. Slash and bum agriculture, logging 

and collection of wood and other forest products have been responsible for the loss of 

large areas of forest habitats and the animals dependent on them. Many species native to 

these forests remain unknown to science. Scientists have hastened to inventory flora and 

fauna with the hope that this can be accomplished before these unknown species become 

extinct (Gentry 1990; Wilson 1988). 

In contrast, comparatively little scientific attention has been given to dry tropical 

forests worldwide. These forests endure long periods without moisture and are home to 

many species that have evolved to survive the unusual conditions of the environment. 

This ecosystem is reportedly one of the most endangered by the effects of human 

activities today (Janzen 1988; Gentry 1995). 
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In the New World, only a small portion of the once-expansive dry tropical forest 

extending from central Argentina north to northwestern Mexico remains intact today 

(Mooney et al. 1995; Murphy and Lugo 1995; Sampaio 1995). Oeforestation began after 

the arrival of the Spanish in the Western Hemisphere, intensifying with each passing 

century. Clearing for farming and ranching caused severe habitat loss and forest 

fragmentation. By 1988 less than 0.1% of the dry tropical forest was protected from 

clearing and less than 2% sufficiently intact to interest conservationists (Janzen 1988). 

Presumably, these figures pertain to level sites. In the barrancas of western Mexico the 

habitat is relatively undisturbed. 

It is important to note that "dry tropical forest" is a designation used widely by 

investigators to describe an ecosystem that encompasses a variety of forest classification 

systems. In the bioclimatic classification of Holdridge (1967) dry tropical forests "...are 

found in frost-free areas where mean annual biotemperature (a special calculation that 

reduces the effects of extreme temperatures) is above 17°C, annual rainfall ranges from 

250 to 2000 mm, and the ratio of potential evapotranspiration to precipitation is greater 

than one, to a maximum value of two" (Murphy and Lugo 1995, p. 9). The dry tropical 

forest is then subdivided into units based on varying characteristics including (Murphy 

and Lugo 1995, p.lO): 

"...overall water limitation (e.g. dry or subhumid forest); seasonality (e.g. 

seasonal wet or seasonal drought forest); foliage longevity (e.g. evergreen. 
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semievergreen, semideciduous or deciduous forest); vegetation structure (e.g. 

forest, woodland or thicket); or substrate (e.g. limestone or alluvial forest); or 

some combination of these." 

Early research in the dry tropical forest was limited and sought to investigate 

some of the mechanisms of growth and phenology (Daubenmire 1972). More recently, in 

response to destruction and modification of large areas of dry topical forests there has 

been an acceleration of research activities. These studies, carried out in various 

subdivisions of the dry tropical forests, focus on forest structure and the poorly 

understood phenology, responses to drought and other characteristics unique to member 

species (Murphy and Lugo 1986; Lott 1987; Wright and Comejo 1990; Bullock and 

SoHs-Magallenes 1990;Medina 1995; Mooney et. al. 1995). 

The Croton species discussed here is found in the tropical deciduous forest or 

se/va baja caducifolia subdivision of the dry tropical forest in Mexico where the majority 

of plant species lose their leaves in response to seasonal drought. The tropical deciduous 

forest lies on the western edge of the country and, in Sonora, extends along the Pacific 

Coast from the southern border to south of Hermosillo (Figure 1). The distinguishing 

feature of this ecosystem is its extended dry period during the cool (low sun) season. 

This study is one part of a larger investigation of a poorly known tropical 

deciduous forest species. Vara blanca (white stick) is the common name used for a tree 

Croton (Euphorbiaceae) growing in a small, geographically restricted area of the tropical 

deciduous forest in southeastern Sonora and northern Sinaloa. It is a dominant 

understory species in parts of the forest and is drought deciduous, typical of the shrubs 
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and trees in this formation. The tree has become an important economic resource in the 

Municipality of Alamos and surrounding areas. It is harvested by local residents and sold 

for vegetable, tomato and grape stakes used in the agricultural fields of Sonora, Sinaloa 

and Baja California. It is unclear whether the rate of harvest is sustainable and if the 

survival of the population is threatened. This investigation is a preliminary description of 

the natural history and phenology of the species. 

Background 

In Rio Mayo Plants, Howard Scott Gentry (1942) identified vara blanca as 

"Croton fragilis H.B.K.?". The question mark after the name indicates problematic 

identification of the species at that time, and Gentry ends his description with the 

following: "The plant perhaps should be referred to [sic.] Croton alamosana Rose". 

Standley and Steyermark (1946) remarked in their treatment of Croton fragilis that the 

South American, Mexican and Central American representatives would eventually be 

found to be distinct species. This has proven to be true. In 1995, based on previous 

confiision in the taxonomy, the species in this study was instead thought to be Croton aff. 

niveus Jacq.(Steinmann 1995, personal communication). 

The genus Croton is found in both hemispheres and extends from the tropics and 

subtropics through Panama north to the southern United States. There are over 800 

morphologically variable species in the genus. The systematics are complicated and 

there is an absence of a clear classification system of the sections and the subsections of 

the genus and species (Webster et al. 1993). 
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In Sonora Croton is represented by 14 species. Of these, all but one are classified 

as shrubs or herbs (Steinmann and Felger 1997). They designated vara blanca as Croton 

aff. niveus Jacq. Based on his examination of specimens collected during my study, 

Webster stated in 1998, "The plant is indeed a different species from Croton niveus, and 1 

think that it is Croton fantzianus Seymour, a species described from Nicaragua." He goes 

on to state that, "The closest collection I have seen to the Alamos area is from Oaxaca, so 

this is a remarkable disjunction" (Webster 1998. Personal communication.). Webster's 

designation of the species as Croton fantzianus will be referred to herein. Two other 

Croton species from Sonora can be considered as small trees, Croton alamosanus Rose 

and Croton flavescens Greenm. Both occur in areas populated by C. fantzianus and are a 

source of confusion in the field since they closely resemble the latter in form and aspect. 

During 1996 and 1997, observations were made of plant phenology and habit at 

five different sites in the Municipality of Alamos, Sonora, Mexico. The city of Alamos is 

located at the center of the Municipality and is approximately 42 km east of Navojoa and 

approximately 600km south of Tucson, Arizona (Figure 1). A summary of observations 

and a preliminary phenology follow. 

Materials and Methods 

Study Sites 

The spatial pattern of land ownership in the Municipality of Alamos is 

fragmented. Private land ownership is more than twice that of land in the control of 

ejidos, or communal land. Large tracts of private land cleared for cattle ranches are 
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interspersed with the smaller ejidal holdings used for rainfed agriculture and small-scale 

cattle operations. Due to problems with accessibility to private property, five study sites 

in the vicinity of the City of Alamos (N 27° 01W 108°56 ', elevation 450 m) were 

chosen with the help of local residents. The primary criterion for selection of the sites 

was the presence of Croton fantzianus. Permission was obtained to work at three sites 

located on ejidos, and two sites on private ranches (Figure 2). 

Some transect sites were chosen by the author and others were identified for the 

author by ejidatarios, based on their willingness to suspend activity in these areas for the 

period of the study. It is important to note that all sites were disturbed to some degree 

due to varying levels of wood or vara blanca harvesting. 

Descriptions of the localities are as follows: 

Site 1—approximately 6.5 km south of the Alamos highway and 23 km 

west of Alamos at N 27° 02 ' 47 ", W 109° 07 ' 89 " on a north-facing slope on a 

steep mountain at an elevation of 536 meters. Soil is red, dry and rocky. At the 

beginrung of fieldwork, local ranchers indicated that xara blanca at this site had 

been cut once three years prior to the study, and that there was little other 

disturbance from cattle or woodcutting. Vegetation is characteristic of the 

tropical deciduous forest. It includes Acacia coulteri Benth., Bursera laxiflora S. 

Watson, Brongniartia alamosana Rydb., Coursetia glandulosa Gray, Fouquieria 

macdougalii Nash, Haematoxylum brasiletlo Karst., Pachycereus pecten-

aboriginum (Engelm.) Britton & Rose and Randia obcordata S. Watson. 
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Site 2—approximateiy 4 km east of Alamos at N 27° 01' 49 W 108° 54' 

05 " at an elevation of 399 m on a gently sloping east facing bajada. The soil is 

dry and rocky. A communal farming community controls the site. Up to the year 

fieldwork began in 1996, the same year the government imposed a five-year 

moratorium on harvesting, there had been extensive cutting of vara blanca. At 

this site tropical deciduous forest species include Brongniartia alamosana, Cordia 

sonarae Rose, Croton flavescens, Croton alamosaniis, Gauzuma ulmifolia Lam., 

Haematoxylum brasiletto, Jacquinia macrocarpa Cav. subsp. pungens (A. Gray) 

B. Stahl, Jatropha cordata (Ortega) Mull. Arg., Lysiloma divaricatum (Jacq.) J.F. 

Macbr. [Lysiloma microphyllum Benth.], Pachycereus pecien-aboriginum, Randia 

echinocarpa Sesse & Mo^. ex EXI!., Randia obcordata. Senna atomaria (L.) Irwin 

6 Bamaby and Lonchocarpus hermannii Marco. 

Site 3—approximately 6 km southeast of Alamos at N 26° 59 ' 24 ", W 

108° 52 ' 80" at an elevation of 300 m on rocky red soil. The study site is located 

on a ranch and is an "island" in the middle of a large cleared area that has been 

converted to a pasture seeded to buffelgrass {Pennisetum ciliare L.). There is 

evidence of cattle presence on the site as well as some cutting of vara blanca but 

the rancher felt it was not extensive. Dominant plant species include Acacia 

cochliacantha Himib. & Bonpl. ex Willd., Brongniartia alamosana, Bursera 

laxiflora, Cordia sonorae, Coursetia glandulosa, Croton flavescens, Fouquieria 

macdougalii, Haematoxylum brasiletto, Jatropha cordata, Lysiloma divaricatum, 

Pachycereus pecten-aboriginum and Randia obcordata. 
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Site 4—approximately 24.25 km southeast of Alamos at N 26° 51' 07", 

W 108° 51' 53 " at an elevation of 304 m. The site is on a gentle northwest facing 

slope. Soil is dry and rocky. This site is notable because of the dominance 

of vara blanca. This may be due to the cutting of other tropical species in the 

past, leaving only vara blanca. Local residents stated that the timber from 

particularly durable species such as amapa {Tabebuia impetiginosa (Mart. Ex 

DC.) Standi. \T. palmeri Rose]) andpalo Colorado (Caesalpiniaplatyloba S. 

Watson) was widely used in construction and was over cut prior to government 

protection. Visitors to older homes will observe roof timbers, posts, fences and 

corrals constructed from these species. With the help of SEMARNAP (Secretaria 

de Medioambiente Recursos Naturales y Pesca) the communal farming 

community has recently established a nursery near the study area to reforest these 

depleted populations. Other species found are Brongniartia alamosana, Bursera 

fagariodes (H.B.K.) Engl. var. elongata McVaugh & Rzedowski, Croton 

flavescens, Haematoxylum brasileito, Jatropha cordata, Lysiloma divaricatium, 

Pachycereus pectin-aboriginum and Randia obcordata. 

Site 5—located approximately 19.5 km southeast of Alamos at N 26° 55' 

30 ", W 108° 50 ' 04 " on a moderate south facing slope at an elevation of 366 m. 

The soil is dry and rocky. This site is on a hill above a communal farming 

community. Members of the community state that three years ago vara blanca 

was harvested here, now very little is cut at this location. Present extraction at the 

site is limited to community members who use the vara blanca for building and 
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fence construction purposes. There are signs of disturbance by horses and cattle 

on the site, but residents say the livestock are exclosed from the area by fences. A 

nursery has been established nearby for Tabebuia impetiginosa, Caesalpinia 

platyloba and Senna atomeria. Tropical deciduous forest species found include; 

Acacia cochliacaniha, Bursera fagaroides var. elongata, Bursera laxiflora, 

Haematoxylum brasiletto, Erythrina flabelltformis, Fouquieria macdougalii, 

Ipomoea arborescens, Jatropha malacophylla, Jatropha cordata^ Lonchocarpus 

hermannii, Lysiloma divaricatum, Stenocerens ihurberi and Tabebuia 

impetiginosa. 

Climate 

Climate is variable across the Municipality due to topography. The rainfall regime 

is regionally classified as biseasonal, with some localities receiving e.xtremely low 

amounts of precipitation during the winter and the majority during the summer rains. 

Percentage of summer rainfall (June to September) ranges from between 66% to 86% of 

the total annual rainfall measured at six Municipal weather stations in 1997. These 

stations are mainly located along the western border of the Municipality (Figure 2) in 

areas not particularly representative of the geography and microclimates found within the 

study areas. Summer convective storms enter the Municipality from the south and east 

and thus the amount of rainfall for Sites 4 and 5 may be very different from amounts 

represented by the closest weather station. Station 3. In general, rainfall levels increase 
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along a gradient from south to north, with the exception of Station 3, which is at the 

highest elevation of all stations. 

There is also variability of maximum and minimum temperatures among stations. 

At Station 3, the one most commonly used by researchers in the area for climate data, the 

average maximum temperature for 1997 was 30.08° C and the average minimum 

temperature was 15.4° C. It should be noted that climate data collection procedures used 

in the Municipality might be unreliable, making meaningful correlation with plant 

responses to rainfall and temperature difficult. 

Interviews 

To assist with determining the natural history and distribution of vara blanca, 

ranchers, communal farmers, government officials, vara cutters and transporters in the 

Municipality of Alamos were interviewed. Trips were made throughout the Municipality 

of Alamos and into the Municipalities of Quieriego and Rosario to discover the extent of 

the range of the tree. A trip to the State of Sinaloa was made to visit sites where the tree 

was reported growing. In Culiacan an interview was conducted with Guadalupe Lopez 

from the Universidad Autonoma de Sinaloa who is studying the use of a number of 

species of Croton known in Sinaloa as vara blanca. Jesus Valdez, a resident of Alamos, 

mapped the zones of importance for distribution and harvest of the tree based on his 

fifteen year experience as the field representative of a now-defunct bank which made 

loans to ejidos. 
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Specimen Collections and Phenological Observations 

Over a period of fourteen months I visited five study sites (Table 1). On each visit 

I collected specimens of leaf buds, leaves, flower buds, flowers, fruit and seeds as 

available. I made observations on the time of appearance of leaves and reproductive 

parts in each area to determine if there is differential timing of development between 

sites. 

Recorded observations and collected specimens were used by me to plot leaf and 

reproductive phenologies of the tree. With this information I made comparisons among 

the five sites. 

Rainfall and Temperature Data 

I obtained rainfall and temperature data from the Secretary of Agriculture 

and Hydraulic Resources [Secretaria de Agricultura y Recursos Hydraulicos (SARH)], in 

Hermosillo. These data help to characterize the type and variability of climate across the 

Municipality. 

Fruit Collection and Seed Viability 

I inspected three hundred mature fruits from Site 3 on July 24, 1997. They 

revealed insect infestation and aborted seeds and help determine the percentage viable 

prior to seed dispersal. 

Seed Dispersal and Seedling Emergence 
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To monitor seed drop and seedling emergence, at Site 3,1 established ten 1 x 1 

meter square plots were established. Counts were made on July 24, July 30, August 6 

and October 1, 1997. Seedling height of newly emerged plants was measured on October 

1. 

Results 

Use of the Tree 

Results of interviews indicate that Croton fanizianus is being exclusively 

harvested in large quantities by residents of the Municipality of Alamos to be used as 

stakes primarily in tomato and grape fields in Sonora, Sinaloa, and Baja Califorma. 

People cutting the tree are paid by the piece, providing them the opportunity to earn a 

comparatively lucrative wage in this part of Sonora where most of the population is 

unemployed or underemployed. Local middlemen and long-distance truckers who 

transport the stakes are also paid by the piece. It is possible for vara cutters to earn 

between two and ten times the minimum daily wage in Mexico (25 pesos or 

approximately S2.50 USD at the time of the study) for a day's cutting. Truckers are able 

to earn even more from the volume of stakes they transport. 

Three types of stakes are sold; tomato and grape stakes, and posts. Tomato 

stakes are most in demand and are most commonly cut.. There is a standardized size and 

price for each type of stake harvested. The diameters of the stakes can vary, but must be 
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in the general range of the diameter specified in forestry guidelines (SARH 1994, 

SEMARNAP 1995). People working with vara say the diameters of the stakes can range 

from about 2.5 to 3.8 cm. 

There are Federal and State regulations regarding the harvest of vara 

hlanca {ibid.). Although permits are required for cutting at specific locations and in the 

quantity determined under the law, these regulations are rarely enforced. There is only 

one forester fi^om the SEMARNAP regional office in 

Navojoa responsible for a region that includes the Municipalities of Navojoa, Etchojoa, 

Huatabampo, and Alamos, and for this reason control is lax. 

Informants in Sinaloa have stated that the resource there is diminishing as a result 

of over harvesting. Sinaloa now imports stakes fi'om the Municipality of Alamos. Data 

gathered during this study suggest that of the number of stakes destined for agricultural 

fields weekly total 12,000 pieces per large truckload. In Alamos alone, there are four 

truckers with the capacity to carry this size load. There are other truckers outside of the 

Municipality who also come in to transport vara. 

Prior to intensified harvesting for stakes, the wood was and is still used locally for 

construction of daub and wattle walls of buildings and in roof construction. When cut, 

the plant coppices, and informants indicate it will regenerate to the length necessary to be 

cut again within three to five years. However, field observations and interviews indicate 

the second growth stems often are crooked and not commercially useful for stakes, but 

still suitable for construction. 
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Identification of the Species 

Croton aff. niveus was the name formerly applied to a species in southern Sonora 

recently determined to be Croton fantzianus. C. fantzianus is described from type 

material collected in Nicaragua, but an apparently disjunct population is found in a 

restricted area of the tropical deciduous forest in the Municipality of Alamos, where it is 

common. Material with open flowers was sent for identification to Dr. Grady Webster, 

Department of Plant Biology, University of California, Davis. For the first time 

specimens "the only ones with open staminate flowers and the only ones besides [Victor 

Steinmann's] that have fruit and seeds" has been collected "...which is critical for 

defining Croton fantzianus as a species" (Webster 1998). Field and phenological 

observations have been used to botanically describe the species and distribution. Voucher 

specimens have been deposited in the Herbarium at ARIZ and other specimens sent to 

various Herbaria; DAV, RSA, MEXU, USON, MO, SIM, UC, MICH, SD, WS, UCR, 

CAS, TEX, US, NY, F, and TX. 

Description of the Species 

Croton fantzianus Seymour (Figure 3) is a perennial, slender drought-deciduous 

tree growing to 10 meters in height in older individuals. Flowers and leaves are fragrant, 

as is the cut wood. The tree has a straight bole and white bark mottled with light gray 

patches. The leaves are alternate, expanded, palmately veined with entire margins, 

subcordate at the base and acuminate at the tips. They are very green on the surface, and 

the undersides are sparsely covered with stellate hairs. Leaves can be quite large for a 
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Croton, some collected ranged from 10.5 cm long to 11.2 cm wide at maturity. 

Inflorescences are spicate, borne along the stems in the axils of leaves. Flowers are 

monoecious, the staminate above and the pistillate below. Pedicels of male flowers are 1 

mm in length, the number of sepals is 5 and the number of stamens is 13 to 15. The 

ovaries of female flowers have 3 carpels. Flower buds are numerous, around 30 per 

spike, globose prior to opening and very small (buds are about 2 mm in diameter per 

flower). After opening the flower spikes resemble yellow puffl^alls because of the 

numerous exerted stamens on the male flowers. Bees are attracted to the flowers. The 

fruit is an ovate capsule, pubescent with stellate hairs, divided six times with three 

chambers each containing one seed. The fruit dehisces explosively upon maturity, 

sending seeds raining to the ground. Seeds are approximately 7.5 mm long and 5 mm 

wide, of a uniform light brown color. 

Regional Variability of Nomenclature 

Informants in the immediate vicinity of the city of Alamos commonly call Croton 

fantzianus Seymour "vara bianco'^ or "white stick". In the northern portion of the 

Municipality the tree is called "vam rear, or "royal stick." In Sonora, Municipal 

informants readily identify C alamosana and C. flavescens as "varaprieta''' ("dark 

stick") and state that these Croton species are not useful as stakes in agricultural fields 

because they do not last long and thus are not cut. 

In Sinaloa, however, there is confusion over species identity and regional 

variability of nomenclature for species designated as vara blanca. Any species of Croton 
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useful for stakes and construction is called "vara bianco'^ (Lopez 1996. Personal 

communication.) This includes C flavescens, C. alamosaniis and a species referred to by 

informants as C septinervius. Muro (1987) described C. fragilis and C. morifolius in 

Sinaloa as "vara bianco". Vara blanca has also been referred to generally as ̂ ^Croton 

species, usually C. reflexifolins H.B.K., C alamosanus Rose, C. flavescens Greenm., C 

morifolius Willd., C. adspersus Benth. and C. fragilis H.B.K." (Bye 1995). 

Identification of the Tree in the Field 

Other tree species of the genus in the Municipality of Alamos bearing a 

resemblance to Croton fantzianus are Croton alamosanus and Croton flavescens. During 

the dry season when there are no leaves, the two can generally be distinguished from vara 

blanca in the field by the bark color. As the common name vara prieta indicates, both 

trees have very dark gray trunks. In addition, during the rainy season, leaf bases of C 

alamosanus bear large stipules, facilitating identification. The stipules eventually 

deciduate after which it is more difficult to differentiate between C. alamosanus and C. 

flavescens. Leaf shape and texture, as well as the appearance of the flowering parts and 

fruit are the best method to separate the two from C. fantzianus. Leaves of C.alamosanus 

and C. flavescens are elongate and leathery in textiu"e, while those of C. fantzianus are 

broader and softer. Flower spikes of C. alamosanus have fewer and larger buds than C 

fantzianus and are pilose to the eye. Flowers of C flavescens are borne on racemes. The 

flowering and fhiiting periods of C alamosanus, C. flavescens and C. fantzianus may 

differ. Otherwise, differentiating between the species requires microscopic examination 
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of reproductive characteristics and foliar trichomes. 

Distribution in the State ofSonora 

The distribution of Croton fantzanius is restricted mainly to four zones in the 

Municipality of Alamos (Figure 2). Zones are determined by the estimated abundance of 

vara hlanca (Valdez 1997. Personal communication.). Based on information from 

informants and field observations they are ranked as follows: 

• Zone 1 is the area with the greatest abundance of vara blanca and extends a 

short distance into Sinaloa. 

• Zone 2 is the second most important area and is restricted to the Municipality 

of Alamos. 

• Zone 3 is of equal importance to Zone 2 and crosses into the Municipality of 

Quieriego. 

• There are small areas of concentrated populations in Zone 4 which extends 

into Sinaloa for a short distance. 

Phenological Observations 

In general, leaf emergence and growth coincides with the beginning of the 

summer rains at the end of June. Leaves are fully expanded within a period of weeks. 

Mature leaves last until October after which the plants begin to lose their leaves. 

Flowering and fruiting times vary within the range of the population of the tree. 

Phenological observations are summarized in Figure 4, Leaf Development and 
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Figure 5, Reproductive Development. Data were not collected during certain months for 

all sites and were only collected for Site 4 in November 1996 and Site 5 in December 

1996. No data were collected in September 1997. 

Leaf Development—The most obvious differences in leaf development between sites are 

found in the areas of leaf budding, senescence and dormancy. Budding began as early as 

January at Sites 1 and 2 and as late as April at Site 3. Leaf bud growth remained static 

until the summer rains began in late June when leaf expansion was noted on Sites 2 and 

5. It was observed at all five sites in July. Senescence was observed on Sites 2 through 4 

in November, 1997 while C. fanizianus on Site 1 moved rapidly from bearing fully 

mature leaves into a dormant state. 

Reproductive Development—Flower bud spikes appeared in January on Sites 3,4 and 5, 

on Site 2 in February and Site 1 in April. Rates of fhiit development on Sites 1 and 3 

varied from the other three sites. Fruit was observed from May to July on Sites 2, 4 and 

5. Although flower buds were present immediately prior to the development of fhiit, no 

open flowers were noted on these sites. Flower buds were retained longer on Sites 1 and 

3 and fhiit was observed only in month of July at these sites. Seeds were found in 

August in Site 3 alone. Fruit and flower buds were absent from all other sites. Flower 

bud spikes reappeared on Sites 1,2,4, and 5 in October and on Site 3 in November. 

Trees in Sites 1 and 5 were the only ones observed in full flower in November followed 

by fruit formation at Site 5 and seed set at Site 1 in December. 
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Fruit Viability 

Of 300 fruits collected at Site 3, 250 or 83%, were infested with worms. The 

remaining 50 fruits, or 27%, held potentially viable seeds. 

Seed Dispersal and Seedling Emergence 

Seed dispersal occurred very quickly and completely once begun. Fruit capsules 

are explosively dehiscent, sending a rain of seeds to the ground in fairly close proximity 

to the parent tree. Viability of mature seeds was not tested, although observations in the 

field indicate that insects damaged the seed coats in some cases. 

The results of seed dispersal and seedling emergence data collection at Site 3 

are found in Table 2. During the summer, the number of seeds observed in plots 

increased by 367% in the space of seven days time. Seedling emergence in Augiist was 

4%, and by October it was 11.5% of the total seeds in the plots. Seedling height 62 days 

after the last recorded seed drop averaged 6.17 cm per seedling. 

The absence of summer observations of seeds on the other study sites is due to the 

rapid, undetected dispersal of seeds combined with heavy litter on the forest floor at those 

locations. 

Rainfall and Temperature Data 

Rainfall (mm) and maximum/minimum temperature ("C) data from October 
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1996 to December 1997 from six weather stations in the Municipah'ty of Alamos appear 

in Figures 6 and 7, respectively. The stations are numbered in a south to north 

progression. There is a consistent summer rainfall pattern across all weather stations in 

the Municipality. The rains begin in June and peak in July or August. There is variability 

between stations with regard to winter rainfall for 1996-97, with one station (Station 1) 

receiving rain only in the summer months. 

Discussion 

Range of Species 

The population of Croton fantzianus presently appears to be restricted mainly to 

the Municipality of Alamos in Sonora. In Sinaloa, it is probable the species of Croton 

locally referred to as "vam bianco" do not include Croton fantzianus. It may be found 

along the border between Sonora and Sinaloa but based on field observations, the tree 

does not appear to extend far south into Sinaloa. Contribution to the confusion over the 

identity of the species is attributed to local nomenclature applied to various other species 

of Croton. Several species of Croton are harvested and all are called "vara blancd\ 

Although Muro (1987) and Bye (1995) describe Croton fragilis (the name given by 

Gentry for vara blanca in the Municipality of Alamos) as being among the species 

harvested there, that species was not found in the vicinity of Culiac^, Sinaloa during the 

author's visit. Scientists at the Escuela Superior de Agricultura, Universidad Autonima 

de Sinaloa feel the species "Cro/on fragilis" or "Croton aff. niveus" from Alamos is 

actually Croton septinervius (Lopez 1996. Personal communication). In the field only 
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the species identified by local scientists as Croton watsonii, Croton septinervius, Croton 

flavescens, and Croton alamosanus were encountered. 

The obvious perplexity over species identification reinforces the need for further 

research on the species in Sinaloa. The genus is difficult and collection of additional 

material for taxonomic study is needed. In addition, further investigation is required to 

determine the distribution of the population of Croton fantzianus and its range in Sonora 

and Sinaloa. Based on interviews with informants, it is possible there were large 

numbers of the tree at one time, now extirpated by harvesting practices. 

Pressure 

The non-timber extraction of stakes of vara blanca is integral to the economy of 

the Municipality of Alamos. Because of its geographical location in the foothills of the 

Sierra Madre Occidental, topography is variable and large-scale irrigation impossible. In 

the Cit>' of Alamos there are some employment opportunities in government and service 

industries. Outside of the City residents practice rainfed agriculture and ranching, but 

there are few other opportunities for people to earn a living unless they are involved in 

drugs. The harvest of vara affords a good income to a variety of people as cutters or 

transporters of the stakes. As the economic situation in Mexico has progressively 

worsened, more fjeople have turned to harvesting vara blanca as a source of income. The 

long-term impact on the population of C. fantzianus under prolonged intensified 

harvesting is unknown. 
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Phenology 

The mechanisms of vegetative and reproductive phenology in tropical deciduous 

forests are not well understood. Research results indicate that water availability is the 

driving force (Daubenmire 1972; Bullock and Solis-Magallanes 1990; Borchert 1991; 

Bullock 1995; Holbrook 1995), although agreement on all causal relationships is not 

unanimous. This is due, in part, to inter-and intraspecific responses across variable soil 

moisture regimes (Bullock and Solis-Magallanes 1990; Wright & Comejo 1990). In this 

study, it appears that phenological variations among the five study sites are related to 

microclimatic and edaphic features, and the adaptation of C. fantzianus to them. 

As rainfall and temperature records indicate, climate of the Municipality of 

Alamos is geographically and seasonally variable. This variability is apparent upon 

examination of rainfall records from the six Municipal weather stations sparming a time 

period of between five and thirty-two years (Figure 8). In the absence of records for the 

study sites, general proxy information for climate and soils was obtained firom a 

government source, the National Institute of Statistics, Geography and Information 

(Instituto Nacional de Estadistica, Geografia e Informatica or INEGI). According to 

Alias Nacional Medio Fisico (INEGE 1988, Carta de Climas pp. 80-81, 85) Sites 1 and 2 

lie within a semi-dry, semi hot (below 22° C mean annual temperature) climate area, with 

winter rains between 5 and 10.2 mm. Sites 3, 4 and 5 lie within the climatic subtype of 

semi-dry, very hot and hot (above 22° C mean annual temperature), with winter 

precipitation between 5 and 10.2 mm. Soil around the location of Site 1 is derived from 

of Paleocene igneous extrusive acid rock and Cretaceous intrusive rock and limestone. 
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Around Sites 2,4 and 5, soils arise from igneous extrusive acidic parent material. Site 3 

soil arises from sandy origins (ibid. p. 139). 

Soil/water relationships are complex and were not monitored in this project. 

However, as the proxy information suggests, the five study sites were spread across three 

areas with soils from parent materials of varying origins. The topographic features and 

type of soil at each study site determine its capacity to transport and retain moisture. 

Based on proxy soil information it would be expected that Sites 1 and 3 would be drier 

than the others would. 

As other studies of tropical deciduous trees have indicated, reproductive and 

vegetative phenology are tied to plant structure, seasonality and amount of rainfall, 

temperature and evaporative demand, as well as the transport of water through the soil 

and the ability of the soil to retain moisture for prolonged periods. (Murphy and Lugo 

1986; Bullock and Solis-Magallenes 1990; Bullock 1995; Holbrook et. al. 1995). In the 

end, these factors affect the ability of species to access and store water. This, in turn, 

affects timing of phenological events. 

Plant structure and internal physiology are key when evaluating water relations in 

tropical deciduous vegetation and include type, size and depth of root system; the ability 

of the roots to take up and store water, tissue water storage capacity and leaf transpiration 

and longevity. Ail of these factors play a role in plant water availability (Holbrook et.al. 

1995). At the present time, these factors have not been evaluated for C fantzianus. 

However, based on the results of this study, it may be possible to hypothesize some of the 

mechanisms at work in the tree, some of which will be examined below. 



Leaf Development 

Seasonal leaf production in Croton fantzianus appears to be in direct response to 

water availability. The differential rates of bud break among the sites during the drier 

winter months may be along a gradient of water stress. Flushing was delayed until the 

arrival of substantial summer rains when it was synchronous across all sites. Leaf life 

span coincides with the length of the summer rainy season. Senescence and abscission 

began synchronously with the beginning of the drier fall season across all sites. 

Other researchers have indicated that water availability is the primary factor in the 

timing of leaf production and abscission (Bullock 1995; Holbrook 1995). Although there 

was moderate rainfall recorded at Municipal weather stations in November, leaf 

senescence had already begun after a dry October. This possibly allowed C. fantzianus to 

use whatever internal or external water reserves which would have gone to support 

mature leaves in combination with the rainfall to obtain sufficient moisture to support a 

second flowering pulse. The question remains whether leaf senescence, the length of 

dormancy and inception of bud break are related to low levels of winter rainfall, soil 

moisture content, or to some other mechanism. 

Reproductive Development 

Although there have been studies of tropical species vegetative phenology along a 

gradient of water stress, few have addressed reproductive mechanisms. The 

variable responses of C. fantzianus among the sites suggest differing patterns of water 

relations within each site. Flowering and fhiit production on three sites occurred 



immediately foiiowing a period of light rainfall interrupting the dry season, and prior to 

the expansion of leaves. This strategy may allow the plant to utilize the lower level of soil 

moisture from the spring rains for flowering, while relying on the heavier summer rains 

to provide sufficient soil moisture to avoid water stress in the tree during production of 

mature leaves. C. fantzianus may have little or no ability to store water either in stems or 

roots. Holbrook et. al. (1995) have indicated that species lacking water storage capacity 

must rely on soil moisture to sustain expansion of flowers. These species may use the 

strategy of flowering prior to leaf bud break at the beginning of the rainy season, or may 

flower utilizing dry season rainfall. The spring flowering cycle of C faniziamts appears 

to reflect the latter strategy on these three sites. However, flowering on Sites 1 and 3 

occurs while the leaves are expanding. This may be an intraspecific adaptation of 

reproductive strategy to water deflcit that reflects the drier nature of these sites. 

In studies of the tropical wet and dry forests, duration of flowering periods is 

shown to be an indicator of water stress. In the Mexican deciduous forest at Chamela in 

Jalisco the most frequently observed flowering period is less than six weeks for 41% of 

canopy tree species, with shorter periods on sites with prolonged water deficit (Bullock 

and Solis-Magallenes 1990). The extremely rapid and ephemeral nature of flowering of 

C. fantzianus across the sites places the species well within this category. 

Multiple pulses of flowering and fruiting in response to alternating dry and wet 

periods has been recorded for some tropical deciduous species in Mexico. In Chamela, 

another Croton, C. pseudoniveus, experienced three cycles of flowering and fruiting 

in one year in response to periods of dryness followed by periods of rainfall (Bullock and 
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Solis-Magallenes 1990). In this study, flower buds of C fantzianus appeared again after 

a dr>' October with flowering observed in the only two sites visited. The rapid production 

of flowers, fruit and seeds followed heavy summer rains interrupted by one month of low 

precipitation. This occurred prior to and during a period of moderate rainfall while 

leaves were undergoing abscission and dormancy. This is an anomalous event if this 

species is considered to flower at a dry-wet seasonal transition and merits further 

investigation. 

Seed Dispersal and Seedling Emergence 

The mechanism for seed dispersal in the summer was nicely timed so that most 

seeds were dispersed by early August at the latest when seedlings could benefit from the 

heavy rains in that month and September. Based on leaf bud break, expansion and 

reproductive data. Sites 1 and 3 are located in areas that in all likelihood are drier than the 

others. The lag time on these sites between fruit development and seed dispersal reflects 

a complex interrelationship between vegetative and reproductive phenology. 

Seedling emergence on Site 3 was low. This could reflect a variety of factors 

including low germination rates, predation, destruction by cattle, poor soil, transport 

of seeds by heavy rainfall, and poor soil water retention. 

Fruit Viability 

Preliminary data show high predation of summer fruit by a worm common on the 
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Fruit Viability 

Preliminary data show high predation of summer fruit by a worm common on the 

tree. Informants say that this is connected to the drought before the onset of summer 

rains. They state that the less rain that falls, the higher the degree of infestation. 

Informants also state that seeds from fruit formed in winter have better rates of 

establishment. Winter fruit was not sampled. Assessment of seed germination and 

growth rates, and rates of predation of seeds dispersed in the milder winter months is of 

interest. Further investigation is necessary to determine fruit viability for the entire year 

and causal relationships for poor establishment rates. 

There are a variety of responses of trees in the tropical deciduous forest to water 

availability. Precipitation, soil moisture and hydrological processes appear to be the 

major force in leaf and reproductive phenology of Croton fantzianm. Limitations to this 

study were its short duration and unrecorded hydrology, physical structure of the tree and 

on site climate. The complex interrelationships between water relations, physiology' and 

phenological responses by Croton fantzianm and merit further long term investigatioa 
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Figure 5: Reproductive Development 



70 

250-

200-

—150-
E 
E 

§ 100-
(T 

50-

O station t 

S station 2 

0 station 3 

0 station 4 

1 station 5 

I station 6 

position of 
stations on grid 

hBfit 
•123456' 

. n. 
Oct-96 Dec-96 Feb-97 Apr-97 Jun-97 

MONTH 
Aug-97 Ocl-97 Dec-97 

Figure 6: Monthly rainfall recorded fro six stations in the municipality of Alamos 

0)40 

1 max/mln 

4 max/min 

2 max/min 

5 max/min 

20 
3 max/min 

6 max/min 

10«6 11/96 12«6 1/97 2/97 Zm 4197 S«7 6197 7I9T 8«7 SWT lOBT 11/97 12/97 
MONTH 

Figure 7: Monthly maximum/minimum temperatures recorded for six stations 
in the Municipality of Alamos. 



71 

1000 r station 1 

I 800 

eo 
DC 600 

400" ' ' 
^ 3 S 03 cb 

- station 2 

^=-600 

£400 

Year 

^  C D  f l O  n  A  ( B C O O D O O C D O ^ O & O  A  A  A  A  A  A A A O > A A A A A A A A A 0 ) A a > A A A A w  

Year 

1000 rotation 3 

= 600 

oc 600 

 ̂ 00 A 
OD 00 A C> A A A A a s S a i n a i a c a S S X S a a a a S S S  

Year Year 

1200 r Station 5 

1000 

•S 800 -

(0 
a: 

600 

400 

•^600 

1000 r Station 6 

800 

Sr w A A O ^ C M n ^ M m ^ i / )  ( o S ^ r ^ h - ^ r x o ^ ^ A A A A  O )  A  A  A  A  A  A  A  A  A  A A A  A 9 A A A 0 > w a > 0 > 9  A Oi A A A Ol A 0i Ok A 
Year Year 

Figure 8. Rainfall variability at six weather stations in the Municipality of Alamos by year. 
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Table 1; Schedule of Site Visits 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

1996 1997 

Site 1 X 

Site 2 X 

Site 3 X 

Site 4 X 

Site 5 X 

X X XXX X 

X XXX X 

X XXX X 

X XXX X 

X XXX X 

X X 

X X 

X X 

X X 

X X 

Table 2: Results of Seed Dispersal and Seedling Emergence at Site 3 

Seeds Obsen/ed in Plots Seedling Emergence % Total Seedling Height Average 

7-24-97 7-30-97 8-6-97 10-1-97 Emergence 10-1-97 (n=109> Height 

257 943 39 109 11.5 673 cm 

6.17cm 
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APPENDIX B. VARA BLANC A, CROTON FANTZIANUS SEYMOUR 

(EUPHORBIACEAE); AN EXAMPLE OF NATURAL RESOURCE UTILIZATION 

IN THE TROPICAL DECIDUOUS FOREST. 



74 

VARA BLANC A, CROTON FANTZIANUS SEYMOUR (EUPHORBL^CEAE); THE 

HISTORY OF NATURAL RESOURCE UTILIZATION IN THE TROPICAL 

DECIDUOUS FOREST 

CYNTHIA A LINDQUIST 

Office of Arid Lands Studies, University of Arizona, Tucson, Arizona 85719 

ABSTRACT 

Populations of the tree Croton fantzianus Seymour in the family Euphorbiaceae 

are localized in the tropical deciduous forest of southern Sonora, Mexico. Historically 

utilized for building material and fence posts, it has been cut and sold for agricultural 

stakes {vara blanca) since the 1960's in the Municipality of Alamos. The social and 

economic evolution of the Municipality helped shape the use of this natural resource. 

The arrival of the Jesuits and new agriculture to northwestern New Spain in the early n"* 

century and the discovery of silver in the District of Alamos in 1683 began an epoch of 

transformation for the state of Sonora. The District was politically important and was 

one of the richest mining areas in the state. The intensity of woodcutting for fuel to run 

mining operations and support populations in the surrounding settlements over a period 

of two hundred years impacted the tropical deciduous forest composition in the District, 

converting it to secondary forest. The demise of the silver mining industry and the rise of 

irrigated agriculture in the river valleys and coastal areas of western Sonora contributed 

to political and geographic isolation that restricted the ability of the Municipality to 

participate in greater state and national economic goals. Today the Municipality is 



IS 

among the poorest in the country. The number of communal settlements is the highest in 

the state, and the residents mainly are living a subsistence lifestyle relying on rainfed 

agriculture for crops. There are few economic alternatives for the residents who have 

now turned to the exploitation of Croton fantzianus for income. The species is found 

mainly in the Municipality of Alamos. Lack of government programs and support for 

residents and economic pressures have led to intensified harvesting of the resource, 

endangering the sustainability of extraction. This serves as a case study of the utilization 

of tropical deciduous forest species and the effect of the need for survival of adjacent 

impoverished human populations. 

RESUMEN 

Poblaciones del arbol Croton fantzianus Seymour en la familia Euphorbiaceae 

estan localizada en la selva baja caducifolia de Sonora sur de Mexico. Utilizado 

historicamente como materiales en construccion y postes, se lo habia cortado y vendido 

per estacones en la agricultura hacia los 1960's. El evolucion social y economico del 

Municipio son al base del uso de este recurso natural. La llegada de las Jesuitas y la 

agricultura nueva en el noroeste de Nueva EspaAa en la empieza del siglo 17 y el 

descubrimiento de la plata en el Distrito de Alamos en 1683 empezaba una epoca de 

transformacion por el estado de Sonora. El Distrito era importante politicamente y era 

una de las areas de la mineria m^ ricas en el estado. La intensidad de la corta de la leila 

para combustible por los operaciones de las minas y para poblaciones en los pueblos en el 

alredador durante un periodo de mas de doscientos aflos hacia un impacto al composicion 



a la selva baja caducifolia en el Distrito, se convertiendola en un bosque secundario. El 

muerte de la industria de la mineria de plata y el levantamiento de la agricultura de riego 

en los valles de los rios y las costas del oeste de Sonora contribuyaba al aislamiento 

poiitica y geografica que se limitaba la capacidad del Municipio participar en las metas 

mas grandes del estado y nacion. Hoy el Municipio es uno de los mas pobres en el paiz. 

El niimero de ejidos es la alta en el estado, y los residentes estan viviendo por 

subsistencia confiando en la agricultura temporal. No hay muchas altemativas 

economicas por los residentes quien ahora estan explotando Croton fanizianus para 

ingresos. El especie se encuentra primariamente en el Municipio de Alamos. Sin 

programas y apoyo del gobiemo por los residentes y presion economico se causaron la 

corta intensificada del recurso, poniendo en peligro el sostenibilidad de la corta. Este 

puede ser un estudio en la utilizacion de los especies de la selva baja caducifolia y el 

effecto creada por la necesidad de la sobrevivencia de las poblaciones humanos 

adjacentes. 

KEYWORDS 

Croton fantzianus Seymour, Alamos Mining, Tropical Deciduous Forest of Mexico, 

Natural Resource Utilization, Vara Blanca 
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INTRODUCTION 

Croton fantzianus Seymour, locally known as vara blanca, or "white stake" 

(hereafter referred to as "vara"), is a small tree being har/ested in the Municipality of 

Alamos, Sonora, Mexico. Belonging to the family Euphorbiaceae it is apparently a 

disjunct population of a species originally described from Nicaragua. In order to 

understand how this natural resource has become so important to the local economy, it is 

necessary to understand the historical events of Sonora and the Alamos area leading up to 

its use. 

Since its founding, the Municipality of Alamos has endured economic highs and 

lows, typical of mining communities, but further exacerbated by its geographic isolation. 

Location and physiography have largely excluded Alamos from sharing directly in recent 

state and national efforts to participate in international agricultural commerce. Extraction 

of natural resources, such as vara, offers an alternative financial opportunity for the 

otherwise marginalized residents to participate in this economic growth. Cutting the trees 

to sell as stakes for use in agricultural fields has become an important source of income 

for landless workers, ejiciatarios and private property owners. The economic need of the 

residents of Alamos to harvest vara is profound and translates into potential changes to 

plant community composition and diversity. 

I will explore several topics related to vara and its use, including; (1) local, state, 

national and international historical events shaping the economy of the Municipality of 

Alamos, and (2) the impact of economic activities on the tropical deciduous forest; (3) a 



description of the species Croton fantzianus Seymour; (4) history and methods of 

harvesting vara\ and (5) a discussion of consequences of intensified extraction of the tree. 

HISTORY OF THE MUNICIPAI.ITY OF ALAMOS 

The Municipality of Alamos is located in southern Sonora and is bordered by the 

state of Chihuahua to the north and east, the state of Sinaloa to the south and by the 

Municipalities of Huatabampo, Navojoa, Quiriego and Rosario to the west (see Figure 1). 

Territorial extent of the Municipality is 6,947 square kilometers or about 4% of the total 

area of the state (Gobiemo de Mexico 1997b). The City of Alamos is approximately 480 

kilometers south of the United States International Border and approximately 60 

kilometers east of Navojoa. 

The western boundary of the Municipality lies in a transition zone between the 

semi-arid low elevation coastal thomscrub near Navojoa and the tropical deciduous 

forest. Progressing westward the landscape grades into the foothills and finally into the 

barrancas and high mountain pine forests of the Sierra Madre Occidental on the eastern 

border between Sonora and Chihuahua. The Rio Mayo, Rio Cuchujaqui and their 

drainages dissect the interior of the Municipality. Topographic variability is accompanied 

by climatic variability, with temperatures becoming cooler and rainfall more abundant as 

elevation increases. For these reasons the area is botanically diverse. Tropical deciduous 

forest species extend from southwestern Mexico through the lower mountain regions of 

the Municipality until they meet the coastal species to the west and intergrade with 

Sonoran Desert species to the north near Hermosillo. On Alamos Mountain, tropical 
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deciduous forest intergrades with oak woodland at higher elevations. Pines occur in the 

upper reaches above the oaks. Some important species characteristic of the tropical 

deciduous forest are members of the Leguminosae, Burseraceae, Bignoniaceae, 

Convolvulaceae, Euphorfoeaceae and Bombacaceae families (Martin et al. 1998). 

Since the time of Spanish contact, economic activities and development of what is 

today the Municipality of Alamos have been dependent on natural resource exploitation. 

Initially, timber from nearby forests was harvested for construction and fuel for mining 

and domestic use. The effects of woodcutting on the forest are difficult to reconstruct 

after over 300 years of occupation. However, based on studies of historic woodcutting 

(Bahre and Hutchinson 1985; West 1949) it can be suggested that the main structural 

modifications would have occurred around the areas of settlement and in the vicinity 

closest to the mines. The intensity of timber removal and the accompanying impact on 

the forest have fluctuated over time in response to variations in the economic history of 

the Municipality and the corresponding changes in population, and to the arrival of 

modem technology. The consequences of prolonged timber cutting were lasting 

alterations to the original forest and determined the structure and composition of the 

tropical deciduous forest found in the Municipality today. 

The history of the Municipality of Alamos is long and rich, playing a pivotal 

role in events leading to the modem development of northwestern Mexico. Jesuit 

missionaries made their first contact with Mayo and Yaqui Indians inhabiting southern 

Sonora almost one hundred years after the Conquest of Mexico in 1521 and almost one 

hundred and seventy years before the founding of Alamos. The Jesuits consolidated the 
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widely dispersed indigenous people into mission settlements, an action that would have a 

profound effect on the future of the tribes and, much later, repercussions for residents of 

Sonora (Navarro G. n.d.; West 1993; Meyer, Sherman and Deeds 1999). Mission schools 

were established and Spanish became the primary language of the residents. Navojoa, 

near present-day Alamos, was made a church center or cabacera in 1614 (West 1993). 

Introduction of agricultural improvements and Old World diseases were perhaps 

the most enduring contributions made by the Jesuits prior to their expulsion from New 

Spain in 1767. Marketable Old World crop species came to Sonora in the form of wheat 

and other grains, fruit trees, melons and sugarcane along with the tools and techniques to 

care for them. Garbanzo beans, lentils, peas, cabbage, garlic and onions also were among 

new crops grown. The missionaries brought domestic animals including horses, cattle, 

mules, goats, sheep, pigs and poultry and taught people how to care for them (West 

1993). This legacy of agriculture and livestock operations remaining after the departure 

of the Jesuits would later become the basis for the development of agribusiness and 

animal husbandry in Sonora. 

Secular Spanish miners and cattlemen entered Sonora searching in the mountains 

for silver and forage while the Jesuits were establishing their mission settlements in the 

river valleys. The first Spanish settlement in Sonora probably occurred in 1637 by 

soldiers sent by Captain Pedro de Perea firom Sinaloa. Perea had been ordered to Sonora 

by the Viceroy of New Spain to promote mining and agriculture (Almada, 1983; West 

1993). 
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As precious ore was discovered, mines were developed and settlements grew up 

around them. Timber from surrounding forests was used in the construction of buildings 

and in the mines to shore up shafts. The most intensive use of wood, however, was for 

fuel for the smelters and for the steadily increasing populations in mining settlements. 

Because of the vast demand for fuel, some mining areas eventually suffered from 

depletion or exhaustion of resources. The structure and composition of the forests were 

heavily impacted and the changes exerted by timber cutting are apparent in the 

surrounding areas centuries later (West 1949). 

Many mining towns—including Alamos—might never have been founded if 

geological events forming the sierras of northwestern Mexico had occurred differently. 

Gold, silver and copper ores are comparatively common in northwestern Mexico due to 

the occurrence of mineralization along fault planes and in contact zones of plutonic 

intrusions with sedimentary rocks (West, 1993). The deposition of precious ore near the 

surface in the mountains facilitated extraction by primitive mining methods. The 

concentration of silver ore found near Alamos was extraordinary . 

In 1683 rich silver deposits were discovered at La Aduana in the Alamos District. 

The ready availability of water from nearby streams for ore processing and timber from 

the forest for construction and fuel provided an ideal scenario for establishing mining 

operations and settlements. By 1687 there were forty-three mines operating in the vicinity 

(Ruiz 1988). 

As was occurring around mining communities throughout New Spain, trees were 

being felled in the District of AJamos to fill a variety of needs and in an expanding 
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volume. Specific tropical deciduous species growing around the mines and settlements 

were selectively cut for their value as sources of fuel and durability in construction. 

The first mines were probably crude operations with the ore extracted by 

primitive methods from shallow open pit excavations (West 1993). Later, deeper shaffe 

were built which required the use of beams for reinforcement. Workers reached the 

lower levels of the mines and transported heavy sacks of ore out by way of ladders made 

of notched logs. West (1949) in his discussion of the Parral Mining District in Chihuahua 

during the l?'^ century states that the ladders in the mines there were of pine, and the 

support timbers of pine and oak. It is probable these trees were also used in the mines in 

the Alamos District since both Pinus oocarpa and Pinus durangensis and six species of 

oaks presently occur in the Sierra de Alamos (Van Devender et al. 1993. Unpublished 

manuscript.), close to former mining areas. In addition. Dr. Edward Palmer reported that 

on a trip to Alamos in 1890 that Willardia mexicana (now called Lonchocarpus 

hermannii) was being used for props in the mines at that time (Rose 1891). Flooding in 

the mines was a problem, and timbers rotted rapidly, necessitating frequent replacement 

It has been suggested that two other trees, Tabebuia impetiginosa and Taxodium 

distichum \zx.mexicanum known for their hard wood and resistance to water, were also 

used in this capacity (Estrada 2000. Personal communication ). These species are now 

under protection by the government, a sign that they have been overharvested in the past.. 

The earliest method of processing the ore was a relatively primitive one. The ore 

was sorted by hand, crushed by hand and smelted in small adobe furnaces. Later, the ore 

was crushed in stamp mills and smelted with lead in a blast furnace. The alloy formed 
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was then heated in a cuppelation furnace, which separated the lead from the alloy and left 

a mass of silver metal (West 1949). 

In the 18th century, access to mercury made amalgamation an important process 

in the Municipality. For the Patio Process the ore was ground to a fine sand in large open 

patios and mixed with water, mercury, salt and magistral (copper sulfate), often with the 

help of mules. The mixture would stand for weeks drying while the silver ions combined 

with mercury. The ore was then placed in small furnaces, and the mercury was driven 

off, leaving pure silver behind {ibid.). Wood, charcoal and water were required for both 

smelting and amalgamation. The silver bullion produced was transported overland by 

mule trains to Mexico City and exported to Spain (West 1993). 

Discovery of three of the largest producing mines, the Promontorios, Quintera 

and Zambona, in the late and early 18*^ centuries began an era of prosperity in the 

Real de Alamos that lasted almost two hundred years. Mines were running at full 

capacity by 1780 with processing occurring at their locations near La Aduana, 

approximately 12 kilometers west of the City of Alamos. 

Exploitation of these deposits and others encountered earlier made the settlement 

of the Real de Alamos one of the most productive and populous silver mining centers in 

Sonora (Corbala 1989; West 1993). The richest mines, owned by a few families who 

rose to economic and political prominence in Sonora, were built by indigenous laborers 

who were pressed into service through a Spanish imposed allotment, or repartimienio, 

system from other settlements around the Real de Alamos. Close association of 

indigenous people with the Spanish resulted in a community of individuals of mixed 
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blood in colonial Alamos, some of whom were ancestors to present-day residents. At the 

same time, assimilation into the Spanish culture resulted in a loss of cultural cohesiveness 

and language of some groups. 

The exact date of the founding of the City of Alamos is unclear. Some historians 

accept the oldest church register record of 1685 as the first date of settlement (Almada 

1983). The beautiful colomal town grew in response to the influx of miners and related 

businesses. It became the main commercial and residential area for mine owners, 

businessmen and laborers, and the head of the District of Alamos. 

Development of the mines and the rapid influx of people into surrounding 

settlements at the end of the 17''* century precipitated extensive woodcutting for fuel for 

both the residents and the ore processing operations, and for construction. The amount of 

wood cut for charcoal and fuel is unknown but the effect on the tropical deciduous forest 

composition was apparent. Although he cites a lack of documentary evidence. West 

(1949) indicates that mining related woodland destruction in the pine-oak woodlands of 

the Parral District was proportional to the intensity of smelting. The making of charcoal 

used for reduction of ore was responsible for the most serious depletion of wood, mainly 

oak and mesquite, around the mines. Amalgamation required less fuel, and had less of an 

impact on the surrounding forest. Published information from the Alamos District 

regarding the type of wood that was used for charcoal fuel for mining is scarce. Estrada 

(2000, Personal communication.) confirmed the importance of mesquite {Prosopis sp.) as 

fuel and indicated that oak {Quercus sp.) was also used. Stewart (1955) states that 
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mesquite charcoal was the fuel preferred for ore processing in the Alamos District, and 

that it was scarce by 1900. 

Perhaps the greatest modifier of the tropical deciduous forest was the burgeoning 

population (Figure 2). Bahre and Hutchinson (1985) in their study of fuelwood cutting in 

a mining area in southeastern Arizona concluded that the bulk of wood cut during their 

study period was cut for household cooking and heating. Applying their conservative use 

of one cord of wood per person aimually (or .01 cubic meters per day) to meet these 

needs, the annual consumption of wood would have peaked at over 62,900 cords 

(229,585 cubic meters) in 1905, at the height of the population in the District of Alamos. 

In addition, during settlement, trees were being cut for construction, posts, and at least 

one, Haematoxylum brasileito, valued for dye and medicinal qualities, was being cut for 

export in large quantities to Spain and West India (Standley 1926). In 1890 the impact 

on some of the trees cut for domestic use was chronicled. Willardia mexicana used in the 

mines must have also been valued domestically since populations of that tree near the 

settlements were "mostly destroyed" (Rose 1891). A species used for domestic fuelwood 

and identified at that time as Acacia malacophylla was "almost exterminated" and two 

other species were noted as disappearing, Lysiloma acapulcensis \zx.brevispicata and 

Pithecolobium mexicanum, both valuable for their wood {ibid.). 

Food grown elsewhere was supplied to the growing population in settlements 

nearby and commerce developed in response to the people's needs, attracting merchants 

from southern Mexico and immigrants from Spain (Voss 1982). The wealth generated by 

the mines and the resulting cultural and political importance of their owners kept Alamos 



in the forefront of Sonoran history. A royal treasury was established in 1769 to deal with 

the growing mining industry. In 1776, Alamos provided two-thirds of the total silver 

produced by Sonora and northern Sinaloa combined (West 1993). In the early 1800's 

Sonora was in a state of internal turmoil, but Alamos remained the most prosperous city 

north of Guadalajara (French 1962) with the economy controlled by a few families who 

owned not only the mines, but also participated in intensive, broad-based local commerce 

(Voss 1982). Alamos mines were still producing extremely high values of ore per month 

at this time (Ruiz 1988). The prominent Almada family was successfully mining its 

claims with the Balbanera mine yielding up to $60,000 per month (Stagg 1978). In 1825, 

the value of ore from the District ranged from $80,000 to $100,000 per month (Pradeau 

1934). 

A shadow fell over the Alamos District when Spanish rule ended in 1821. The 

War of Independence, which began in 1810, stopped the rapid expansion of Sonora's 

economy and affected mining in particular. The Mexican Government's decision to raise 

the cost of mining by tripling the price of mercury (used to extract silver from ore) to pay 

war bills forced the closure of many mines with low-grade ore. Production dropped and 

workers were laid off due to the lack of tools and supplies (Voss 1982). Sonora was 

beset with the Yaqui-Mayo revolt of 1832-33, and Jose Maria Alamada, prominent 

Alamos citizen and owner of the La Quintera mine led the drive to defeat the Mayos 

{ibid.). Problems with the tribes continued with periodic uprisings over the next three 

decades. In addition, there were periods of political upheaval in Sonora, and Mexico, 

eventually leading to the War of the Reform, which lasted from 1858 to 1861. 
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The Sonoran economy eventually renewed its expansion after the end of the War, 

but the mines were unable to fully recover. During the war, many had filled with water 

or collapsed. However, in Alamos several mines were still being worked, including the 

Almada's Balbanera. The La Quintera mine had been declared exhausted and was only 

sporadically worked (Stagg 1978). In 1864 a mint was opened in Alamos with the hope 

that the currency produced would help stimulate the economy (Voss 1982; Almada 

1983). 

Agriculture became important in the river valleys of northwestern Sonora as a 

result of national and U.S. demand for wheat and livestock. Small irrigation projects 

were implemented, one pioneered by a group of Alamos residents who opened the Tres 

Hermanos canal in 1865 to provide water to the hacienda of the same name (Gobiemo del 

Estado de Sonora IV 1997). The southern part of the state was not included in larger 

expansion plans because of resistance of the Yaqui and Mayo tribes blocking access to 

their river valleys (the Rios Yaqui and Mayo). Periods of tribal upheaval combined with 

governmental instability left Sonora impoverished after Mexico regained its 

independence fi'om French rule in 1867. There was a labor shortage in agriculture and 

mining due to the exodus of colonists in response to the fear of Indian depredations (Voss 

1982). 

After 1837, development of commerce along the coast, agriculture in major 

valleys, and mim'ng lured North American investors to Sonora. The Decree of March 14, 

1842 gave foreigners the ability to acquire mining properties—something prohibited 

earlier. By 1860, the majority of the richest mines in the Alamos District were owned and 
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worked by North American interests (Velasco 1861). By the mid-1860's more than 

twenty North American mining companies had invested greater than a million dollars in 

the industry around the state (Voss 1982). 

The upper class enjoyed a new period of prosperity under President Porfirio Diaz 

(1876-1911) who actively encouraged foreign speculation in Mexico. Modernization was 

occurring around other parts of the country, but was late in arriving in the northwest and 

Alamos in particular. Lacking water and capital, Sonora was not as attractive to investors 

as were other states. In the Alamos District, lack of transportation hampered commercial 

development (Almada 1983). Some historians suggest that political rifts between 

prominent residents of Alamos and government leaders, Diaz in particular, were 

responsible for neglect of the Municipality while others attribute it to the Yaqui and 

Mayo uprisings (Ruiz 1988). Regardless of the cause. Alamos languished because of 

economic isolation. 

Modernization of Northwest Mexico and Implications for the Municipality ofAlamos 

Completion of the Sonoran railroad between Guaymas and the United States in 

1882, and plans for large-scale irrigation in the delta plains and on the coast were 

significant elements contributing to the modernization of northwest Mexico. These were 

the first strategic steps taken by the Mexican government in its design to make Sonora 

and Sinaloa key exporters of agricultural products both to the United States and central 

Mexico. The population and economy of Sonora grew in response to development of 

commercial transportation routes (West 1993). 
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The infusion of foreign capital into Alamos as a result of economic goals adopted 

by the Mexican government resulted in the importation of sophisticated mining 

equipment that resulted in excellent ore yields. By 1884 there were thirteen mining firms 

in Alamos operating fifteen mines. Seven of the mines annual yields averaged $345,000 

and employed seven hundred thirty men. In 1885 a French company took over the 

famous La Quintera mine, whose yield from the earliest record to 1909 was 525,000,000 

(Pradeau 1934). 

Mining, railroad construction and foreign market demand in the I880's and '90's 

stimulated agricultural expansion in Sonora. The inclusion of new land for production 

required new ways to obtain and use water. In 1880 Mexico passed a law for regulation 

of water. Attacks by Apaches and unrest by the Yaqui and Mayo tribes disturbed by land 

appropriation in the Yaqui and Mayo valleys spurred the government to implement 

programs for pacification of the Indians. Irrigation projects began in the Mayo valley and 

new land was acquired for crop production. Interestingly, businessmen of the Alamos 

District had begun to invest in land prior to the decline of mining and, along with officers 

of the Yaqui-Mayo wars, were the first participants in irrigated agriculture in this area 

(Gobiemo del Estado de Sonora IV 1997). 

The descent of Alamos from economic prominence in Sonora began in 1892 when 

the silver market fell precipitously. The mint in Alamos was closed in 1898. In 1903 

poor international economic conditions caused foreign interests to restrict their 

investments and close some of the minor mines. The low price of silver and change of 

the worldwide monetary standard from silver to gold in 1905 threw the mimng industry 



into chaos. At the time, there were 365 mines in operation in Alamos but as a result of 

these developments the number dwindled to 5 (Navarro n.d.). A North American firm, 

the Richardson Company, obtained concessions to develop mining in Alamos in 1905 

and abandoned them in 1911 (Almada 1983). The completion of a branch of the 

Guaymas railroad to Alamos in 1908 arrived too late to accomplish much. By 1910, 

emphasis on mining production shifted away from precious metals to metals with 

industrial value such as copper. All of the principal mines had closed. Alamos as a 

major provider of silver and gold was forgotten at the national level (Navarro n.d.). An 

exodus that began in 1905 intensified as miners left in search of jobs outside the District. 

The Revolution brought chaos to the state, and between 1911 and 1917 Alamos 

was directly drawn into the conflict briefly, being besieged and captured twice by 

opposing factions (Almada 1952). In Sonora, the post-revolutionary period between 1919 

and 1929 saw economic crises. There was a statewide depression of the mining industry 

with repercussions felt throughout the sierran zones. When mining resumed, it was 

primarily for industrial minerals in the northeastern part of the state. Because proximity 

of the mines to the border between the United States and Mexico, copper mining was a 

particularly attractive investment for North American entrepreneurs (Gobiemo del Estado 

de Sonora IV 1997). 

The international crisis accompanying the stockmarket crash of 1929 in the United 

States had a lasting effect on the history of Sonora and Mexico. Both were reliant on the 

external North American markets and investors. Sonora began to look to irrigated 

agriculture as a means of recuperation (Gobiemo del Estado de Sonora V 1997). Alamos 
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could not participate in these plans because of lack of irrigation potential. The promise of 

employment lured people away from Alamos to the agricultural areas. 

In the 1930's an International Highway stretching from the border of United States 

to the Rio Mayo Delta was in the plarming stages. However, the railway running between 

Alamos and Navojoa was closed, sealing the infrastructural isolation of the city. A 

primitive dirt road was the only means of access until a paved road was completed in 1960 

that recormected the two cities (French 1962). 

By the 1940's, Alamos was a ghost town of ruined buildings. The glory days were 

gone. The decline that followed the end of the mining period weakened the political, 

social, and economic importance of Alamos and clouded the economic future of its 

inhabitants. Paradoxically, the fall from prominence was rooted in the origins of a new 

agricultural regime in Sonora initiated by capital, generated from natural resource 

exploitation, that flowed from Alamos. Ironically, perhaps, the future of Alamos would 

again be based on the exploitation of a natural resource, again supporting agriculture, but 

this time in only a 

minor role. 

Population Trends in Response io the Economy 

Population trends spanning years of economic change in Alamos from 1767 to 

1995 are shown in Figure 2. The data for 1767 to 1920 are for the Alamos District, 

which at various times included the Municipalities of Alamos, Aduana, Baroyeca, 

Batacosa, Camoa, Conicarit, Huatabampo, Macoyahui, Minas Nuevas, Movas, Navojoa, 



Nuri, Promontorio, Quiriego, Rosaho, Rio Chico and Tepahui. Eventually the 

municipalities were either separated from the District as entities unto themselves (i.e. 

Navojoa, Huatabampo, Quiriego, Rosario), were consolidated into other municipalities or 

became part of the Mumcipality of Alamos (INEGI 1997a). The historical record for 

population data of the Municipality and City of Alamos begins in 1900. The first official 

census of population occurred in 1895. 

It is important to note that of the 50,508 people in the District in 1895 only 17,442 

were economically active. The remainder consisted of children, unemployed adults or 

housewives. In 1900, although the total population was 57,839 the number of 

economically active members decreased to 15,630. The data for 1905 when the 

population reached 62,923 is incomplete, but it is known that there was a movement of 

people out of the sierran areas like Alamos to new centers of employment. It may be 

assumed then that the economically active population dropped even further. (Navarro 

G., n.d.). 

The Expansion of Irrigated Agriculture and Crops 

The Mexican government took over controlling interest in privatized irrigation 

companies in 1926 and selected areas best suited for irrigation and colonization (West 

1993). In the mid-1920's, both irrigated and rainfed agriculture was being practiced in 

Sonera. By 1926, 90,842 ha of land were being irrigated. This number rose to 224,524 

ha in 1930, or 51% of the agricultural land in the state. The overwhelming majority of the 

land was privately owned. 
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The 1940's found Sonora no longer isolated from the national economy. The 

principal economic activity had become export agriculture concentrated in the Yaqui and 

Mayo Valleys and on the Coast of Hermosillo. Public works money devoted to the 

expansion of these areas went into the building of five dams constructed between 1942 

and 1955. Between 1940 and 1957, irrigated land in the Yaqui District increased more 

than 350% and in the Mayo District more than 400%. Irrigated agricultwal land in the 

state in the late 1950's was mainly private and totaled 517,000 ha. Today, irrigated 

farming is continuous along the west coast of Sonora from the Yaqui River to well south 

of the Mayo (Gobiemo del Estado de Sonora V 1997). 

The need to produce food for the Mexican population and provide cash crops for 

national and foreign exchange determined which crops were cultivated. Farmers shifted 

from subsistence crops (i.e., com, beans) to growing wheat and other grains, perennial 

crops, fruit and nut trees and grapes. Between 1972 and 1982 irrigation in the grape 

growing regions expanded making these regions the leading producers in Mexico 

(Gobiemo del Estado de Sonora V 1997).\ 

The Municipality of Alamos Today 

The same accidents of geology and geography responsible for making the City of 

Alamos the most powerful in Sonora in the 18*^ and 19"^ centuries are responsible for 

making the Municipality of Alamos an orphan of the State of Sonora today. The standard 

of living is ranked second lowest in the State (INEGI 1993) and its residents receive little 

governmental support. 
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Topography does not help Alamos' situation. The landscape is irregular, as is 

precipitation with some localities receiving little winter rainfall and others with well-

established biseasonal regimes (CNA 1998). These variations of physiography and 

climate allow Sonoran desert species, tropical thomscrub, tropical deciduous forest and 

high mountain pine-oak forests to be found within the Municipality. 

The tropical deciduous forest that is found in Alamos today is classified as a 

secondary forest, due to modifications to the primary forest species populations and 

structure by over three centuries of human impact. The demand for wood as fuel has 

diminished from former levels with the closure of the mines, lower population and arrival 

of electricity to the Municipality. Even so, today need for fiielwood is high, with 64% of 

the population (16,680 people) in the Municipality still using wood for heat and cooking 

(INEGE 1993). Using the prior estimate of one cord of wood per person annually, this 

translates to 60,882 cubic meters of wood per year (Bahre and Hutchinson 1985). In 

addition, clearing to create pasture for cattle is impacting the forest. 

Lack of government support, poor infrastructure, climate and land surface 

variability are responsible for the inability of the Municipality to compete for a place in 

large-scale agricultural projects. There are no rich alluvial soils such as those found 

along the Yaqui, Mayo or Fuerte river deltas. Temporal (marginal rainfed) agriculture is 

practiced in low-lying areas between the mountains or in small areas on mountainsides 

and depends on summer rainfall to provide water for crops. A small amount of surface 

water is used for irrigation. Large-scale irrigation is not possible and in periods of low 
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summer rainfall, water is at a premium for many residents of the city and surrounding 

villages. During these times crops fail and wells run dry. 

The Agrarian Law of 1915 paved the way for the establishment of collective 

ejidos in Mexico. Land was expropriated from large landowners and allocated to 

working class landless people, many dispossessed, who sought a means for making a 

living. The ideal behind the law was to liberate the poor, restore their dignity and allow 

them to contribute to the economy (Krauze 1988). Distribution of land was slow in 

coming to many parts of Mexico and Alamos in particular. No ejidal land was created in 

Alamos during the period of the earliest distributions in the country between 1916 and 

1924. Only four ejidos were officially designated in the period from 1924 to 1934. It 

was not until the administration of President Lazaro Cardenas (1934-1940) that land 

distribution in the Municipality began in earnest with the addition of sixteen new ejidos 

(Navarro n.d.). Over time new land was set aside and today there are eighty-one ejidos 

recognized in Alamos. 

The idea that ejidatarios would be able to participate in the national agrarian 

economy overlooked certain factors. Land distributed in many cases was marginal, the 

amount allocated per person was small and production did not meet government 

expectations (Meyer, Sherman and Deeds 1999). Additionally the majority of ejidatarios 

in the Municipality of Alamos have little or no access to water for irrigation, farm 

equipment, vehicles, and credit—elements common in large-scale agricultural projects. In 

the 1950's foreigners, mostly U.S. residents, discovered the city and bought and 

refurbished the ruins of mansions formerly owned by the wealthy citizens of Alamos 



during the reign of silver. The restoration of the homes and many of the larger mansions 

into residences or, in some cases, hotels in the center of the city has transformed the 

colonial town into a charming tourist attraction. Some new construction by "gringos" has 

also appeared. 

Despite its rebirth. Alamos is a place trapped in time. There is little potential for 

residents to return to the once lucrative mining industry, and no possibility under present 

conditions to participate significantly in the national and international commerce 

promoted by government. The local economy is depressed a condition further 

exacerbated by the recent devaluation of the peso and the suspension of government 

support systems for the poor. People are under- or unemployed and many on outlying 

ejidos, communities and ranches exist at a subsistence or semi-subsistence level. Of the 

total available workforce of 17,209, only 6,785 are active in the Municipal economy. In 

spite of this, people stay. The population has been climbing steadily since the 1940's 

(Figure 2), with a present growth rate of 1.8% per year. In 1995, the population of the 

Municipality was 26,075 and of the City of Alamos was 7,619. The population density is 

3.75 persons per square kilimeter (INEGI 1996). Permanent outmigration is low, 

approximately 5.9% (INEGI 1993). Some of the poorest leave their families to work as 

agricultural laborers or in the maquiladoras in Nogales and will return periodically or 

send money home. 

There are 361 villages or settlements in the Municipality, 76% of them no larger 

than 49 inhabitants (Gobiemo de Mexico 1997b). Settlements are widely scattered. 



connected to Alamos by poorly maintained dirt roads (if there are roads at all) which may 

take hours to traverse. 

The illiteracy rate of the population over fifteen years of age is 19%. The 

percentage of residents over fifteen who have not completed primary school is 57%. 

Homes in the barrios and settlements around the City of Alamos are adobe or wattle and 

daub and generally vary in size between one and five rooms. Municipal indicators of 

marginalization show that there is no plumbing, electricity or nmning water in over one-

third of the homes, half of the houses have dirt floors and almost two-thirds of the 

households are overcrowded. Income for 24% of the employed population is less than the 

minimum daily wage of 25 pesos, and income for 72% of the employed population is less 

than two times the minimum daily wage (Gobiemo de Mexico 1996a). At the time of 

this writing there are 10 pesos to the dollar. On a scale of 1 to 7, with 1 being the lowest 

level of development in the country of Mexico, the Municipality of Alamos is classified 

as level 2. The ranking of Alamos within this level is third most marginalized within the 

level (INEGE 1993). 

The 81 ejidos in the Municipality of Alamos constitute the highest number of any 

municipality in the State. The total number of ejidatarios is 4,266 (INEGI 1995). This 

figure does not include family members living within the ejidos, and so does not give a 

clear representation of the total number of people residing in them or relying on them for 

their subsistence. 

Of the 694,742 ha encompassed by the Municipality, 472,081 were utilized in 

1991 for rural production. Almost sixty percent of the land used for agricultural 



or cattle raising was privately owned. More than half of the total land in the 

Municipality, or 366,942 ha, belongs to ejidos with approximately one-third in rural 

production (Figure 3) (INEGI 1994, FNEGI 1995, INEGI 1997). The total amount of 

cultivated land is small, 56,687 hectares, virtually all of which are used for rainfed 

agriculture (INEGI 1994). The remainder of land under rural production is dedicated to 

cattle raising. This land for the most part consists of natural, seasonal or mountainous 

pasture. There are 32,000 ha of pasture that have been cleared and re-seeded to an exotic 

grass species, buffel grass. 

Principal commercial crops in the Municipality include sesame, com, peanuts, 

and sorghum. Other vegetables are grown for the family table. In 1991, the 

Municipality ranked third in the state for timber extraction from forested areas and led the 

state for units of rural production in wood collection (INEGI 1995). 

In the ejidos crops are primarily planted using unmechanized labor on small 

parcels of land allocated to each member or on larger communal lands. Clearing, 

planting and harvesting is done by hand or with the use of mules. Tractors are scarce and 

the expense to rent them is prohibitive for the majority of ejidatarios. 

The minimum daily wage of 25 pesos is inadequate to cover the cost of food, 

which for a family of four can range from 250 to 350 pesos per week. Additional 

expenses can include bus fare to and from work, electricity (if there is any), clothing, 

medical costs and school for children. 

Out of necessity residents of the Mumcipality have devised different strategies to 

survive economically. Some find employment in the City of Alamos in service industries 
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for tourism and as workers in the homes of wealthy foreigners. Some ejidatarios live in 

and hold down jobs in town while practicing temporal agriculture part time on their 

ejidos. Barrio dwellers and residents of more remote communities may find sporadic 

employment as day laborers. Women and children contribute by selling homemade 

bread, tamales, or the hot chiltepin chiles {Capsicum antrum) and jumping beans 

{Sebastiana pavoniana) growing wild in the country. Among these diverse income-

generating activities, cutting vara blanca has become an increasingly important source of 

income as the economy has worsened. 

Bank loans are not available to ejidatarios because land is communally owned 

and cannot be used as security. Government programs for ejidatarios are few and often 

poorly run. For example, PROCAMPO is a program to assist in the purchase of seed for 

government-approved commercial crops such as sesame. However, in the past the 

money for this program was not distributed until after the crops were planted, forcing the 

ejidatarios to buy seed from coyotes if they wanted to plant that season. The coyotes sell 

the seed to farmers for a discounted rate lower the commercial one. However, they then 

buy the crops harvested by the farmers at a price well under that of the market, a good 

deal for the coyote and not so good one for the ejidatario. In addition, at harvest time, 

government-recommended crops have often proven to be unprofitable in the marketplace 

or may go unsold. 

Ejidatarios and the poor also rely on other sources to supplement their subsistence 

incomes and ensure food procurement. The government program of roads pays fifteen 

pesos per day over a six-month period to any man, woman or child who will work four 
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hours each day to repair the Municipality's ill-maintained dirt roads. Participation by 

entire families supplies much needed additional income. 

Many small landowners and ejidaiarios raise cattle. The livestock are an 

important source of emergency income unless there is a drought and the cattle become ill 

or die. Often the ejidaiarios or ranchers do not declare some or all of the cattle on their 

land because; 1.) The cattle are there illegally, or 2.) The owners are trying to avoid 

paying taxes to the government. Ranches are privately owned and it is not uncommon to 

find the largest ranches held by absentee owners. There is government support to plant 

pastures of buffel grass {Pennisetum ciliare) for feed, resulting in large-scale clearing of 

the dry tropical forest on some of these lands. Several local ranchers bemoan the fact that 

their ranches are not profitable and yield only enough money to run them. There are 

government programs to help private ranchers and ejidaiarios with fence construction 

and cleaning of pastures and water holes. Some ranchers exploit wood on their property, 

including vara blanca andpalo Colorado (Caesaipiniaplatyloba), for additional income. 

Due to poor harvests and poverty in the outlying settlements, food security is 

often an issue. In the past, small government subsidized CONASUPO stores were 

located on the ejidos and offered basic food items to people at a discount of between 6% 

and 17%. The stores were closed for a period of time, making it difficult for ejidaiarios 

who live far from the City of Alamos to obtain staples. They have now been reopened as 

DICONSA stores. The countrywide subsidized tortilla program was suspended in 1999, 

a casualty of Mexico's economic problems that is strongly felt by the poor. 
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Drug trade has become a source of income for some and has become an 

increasing problem for people dwelling in remote areas. The threat that drug lords will 

arrive and demand use of the land is very real. Violence is on the rise, and residents of 

once-peaceful ranches and communities live in fear. As one informant stated to me, it is 

Armageddon, we have no control". In the Sierra, field parties of botanists have been 

robbed and molested at gunpoint and eloie (com) salesmen murdered for a paltry sum of 

money. 

Economic opportunities for landless people and squatters include employment as 

ranch hands, day laborers or as woodcutters. A number of vara cutters come from this 

group. 

SPECIES DESCRIPTION 

Croton fantzianus is a common understory species limited to parts of the tropical 

deciduous forest primarily in the Municipality of Alamos, with restricted populations in 

the Municipalities of Navojoa, Quieriego and possibly northern Sinaloa. It is a slender, 

straight-boled tree growing primarily on dry rocky soil. It reaches a height of ten meters 

or more in older individuals. In some areas it is the dominant species in the plant 

community. A list of tropical deciduous forest species frequently found in association 

with Croton fantzianus and listed in Appendix 1 include; Lysiloma divaricatum, 

Tabebuia impetiginosa, species of Bursera, Ipomoea arborescens, Lonchocarpus 

hermanii, and Guazuma ulmifolia. 
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Leaves of vara are alternate, subcordate at the base and acuminate at the tips. The 

tree is monoecious and grows rapidly from seed. By the age of five years it is tall 

enough to be harvested for stakes. Bark is white and mottled with light gray patches, 

hence the name vara blanca meaning "white stake". Trees lose their leaves in response 

to drought, as do many species in the tropical deciduous forest. 

THE HISTORY OF VARA BLANCA CUTTING 

The broad distribution of vara blanca in the Municipality of Alamos below 800 

meters elevation guarantees accessibility and ease of harvest to even inhabitants of 

remote villages. The tree's wide distribution, rapid growth rate, regenerative ability, 

durable wood and straight bole are responsible for its popularity as a resource. 

Historically vara has been used for construction of roofs, daub and wattle houses 

and fences. In construction, young trees with small diameters are cut and woven into 

walls left open in a basketweave pattern or packed with mud. Stakes are commonly used 

in ceilings set into a herringbone pattern between large support beams (vigas) of a sturdy 

wood. The upper surface above the ceiling is covered with a heavy plastic and packed 

with dirt and cement, forming a barrier against the elements. Larger diameter vara is 

used for making posts for fences. 

It is unclear exactly when people began to harvest vara for agricultural stakes. 

Informants indicate it has been cut for more than 30 years. The rise to commercial 

importance is coincident with the expansion of irrigated floodplains cultivated for grapes 

in the vicinity of Hermosillo and Caborca, Sonora. Today, primary demand for the stakes 
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is in tomato fields, as large expanses of the coasts of Sonora and Baja California have 

been cleared for cultivation of this export. Vara blanca is preferred by agriculturists 

because the wood is very hard and resistant to insects and rot. The stakes are inexpensive 

and can be reused for four to five years in the fields. 

The trees are harvested by hand using machetes. The government has issued 

specific requirements for cutting methods and stake size of vara. Each tree is to be cut 

approximately 10 cm above the ground with two opposing strikes at 45° angles, forming 

a pointed base on the stake. The branches and tops are then lopped off and the debris 

fi-om the harvest left on the forest floor, declared unusable by virtually all informants. 

Dense stands of the tree on readily accessible areas in close proximity to the 

City of Alamos are harvested first. The stakes are deposited at nearby roadsides and 

collected by truckers who transport them to holding yards. As harvesting has intensified, 

cutters must foray into the mountains, fiirther and further fi^om established transportation 

routes, relying on burros to carry their loads of stakes to the pickup points. Oftentimes it 

is necessary for the cutters to remain in remote, primitive camps for a week at a time. On 

Saturday the truckers bring the workers to Alamos to stock up on food and supplies and 

then return to the field for another week of work cutting. 

The vara business is well structured. On the first level are the cutters who are 

paid by the piece. Currently the stake most in demand by buyers is the tomato stake, 

which is 3.81 cm diameter. Posts, 6.35 cm diameter, are rarely requested or cut. 

Workers cut all day in the winter, but shorten their days in summer because of oppressive 
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heat and humidity. Heavy summer rains may also prevent people from reaching more 

remote cutting sites. 

The stakes are picked up from designated drop points along narrow dirt roads by 

a trucker who serves as a middleman. The small trucker can haul 1,000 to 1,800 pieces 

of vara in the bed of his vehicle. He is responsible for obtaining the government 

mandated permits for vara (although many do not have them), for paying the cutters and 

ejidatarios if ejido land is being rented for harvest, and for costs of gas and vehicle 

maintenance. Within the last two years a new phenomenon has occurred in this 

secondary level of the business structure. Some truckers are now hiring their own 

workers for a daily wage of 50 pesos, regardless of the number of stakes cut. 

The middlemen take the vara to supply yards in the Municipality where they 

either pay rent to store the stakes or sell them directly to the owner of the yard. Often the 

yard's proprietor owns a vehicle capable of holding 12,000 to 12,500 stakes. From the 

yards the vara is transported to fields in Sinaloa, Hermosillo, Caborca or Baja California 

where stakes are sold to owners of other supply yards directly or to agricultural 

landowners. Prices paid for the stake most in demand, the tomato stake, vary for each 

level (Table 1). Lower prices are paid for poor quality stakes. Large truckers receive 

varying amounts according to quality and distance of transport. Stakes destined for Baja 

California command the highest price. 

Cutters harvesting tomato stakes can make between 100 and 200 pesos per day 

depending on availability and ease of access to the trees. Middlemen have the potential to 

gross between 1,200 and 2,400 pesos per load of 1,000 stakes. It is possible for a 
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middleman trucker to make more than one trip in a day to pick up stakes. The large 

trucker can gross 21,600 to 42,000 pesos per load of 12,000 stakes. The large trucks 

generally are able to make one trip per week to deliver stakes to the agricultural fields. 

INTENSIFIED HARVESTING OF VARA BLANCA 

Lack of adequate employment in the Municipality and the worsening 

economic situation in Mexico, combined with the devaluation of the peso and rising 

costs, have forced more people to turn to vara blanca harvesting as a source of income. 

Options are limited and for many the choice is to cut vara or possibly outmigrate. Early 

in its e.xploitation, the tree was cut by a few people nine months out of the year allowing 

them to work in their fields during the summer rains. Today the business is year-round 

and involves a small number of people and crews devoted only to cutting vara, and many 

individuals who cut it sporadically. It is difficult at any one time to determine how many 

workers are engaged in this activity in Alamos. Informants estimated that the number in 

1996 ranged between 50 and 70 people. 

Methods and philosophies about vara ecology vary between people who own the 

land and are harvesting and people who are hired from the outside for the job. According 

to one vara cutter and landowner, the people who do not own the land do not take care of 

the plant. In these cases it is not uncommon for other tropical deciduous forest species to 

be destroyed either by cutters attempting to get to the trees or by creating a burro trail 

from remote mountainsides to deposition points. In the haste to cut rapidly, many young 
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trees and seedlings may also be destroyed (Figure 4). 

Clandestine cutting and transport by people without permits in areas not approved 

by the government has accelerated in the past three years (since 1996). The surge in 

violations occurred after the forester responsible for vigilance of vara and other protected 

species of trees left his job and was not replaced by SEMARNAP (Secretaria de 

Medioambiente, Recursos Naturales y Pesca), the government agency in charge. 

Presently there is little control on who is cutting and where, and people avoid paying for 

permits whenever possible. 

Informants feel the resource is declining for several reasons. They state that vara 

has disappeared from areas where it formerly grew and that it is difficult to find 

appropriate sizes to cut. There is increased pressure on the supply since over-exploitation 

in Sinaloa has depleted the population of vara and people are crossing the border with 

Sonera to cut the tree. Buyers are willing to settle for crooked, lower grade stakes in 

place of the straight ones required in the past, suggesting that cutters are harvesting 

poorer quality trees. 

There are no reforestation plans for vara blanca. Residents of the Municipality 

who base their opinions on years of observations of the natural history of the tree prior to 

intensified harvesting feel it regenerates well on its own. Cutters state it reproduces 

rapidly and well from seed and there is no need to establish nurseries to replant it. They 

also rely on the vara to coppice after being cut and in three to five years produce new 

trunks to harvest, however the secondary growth is often crooked and not usable. Some 

ejidatarios and private landowners have created their own management plans, including 
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cutting all but 30% of the saleable trees or rotating the harvest, allowing an area that has 

been cut to rest for five years. 

At the other extreme are people harvesting as many stakes as they can with no 

thought of future production. Untrained workers with no interest in the land and 

those who are paid by the piece are often responsible for poor cutting practices that 

endanger the regeneration of the plant and destroy other tropical species. Some 

landowners are willing to circumvent the law to maximize their gain. One absentee 

rancher who is trying to sell his land declared hardship to avoid the mandated quota 

system and is cutting not only huge quantities of vara, but also any other valuable wood 

that can be sold. 

Concern was expressed in 1986 over the increase in vara extraction over the prior 

ten years in the Mumcipality of Alamos. At that time almost 95% of the stakes sold came 

from the Alamos area (Maldonado N. 1986). In 1994 there were 950 m3 rollos (one m3 

rollo of tomato stakes contains 450 pieces) (Rosas O., 2000) of vara blanca recorded by 

INEGI as being cut in the Anuario Estadistico de Sonora (1995). In 1996 there were 

3,439 m3 rollos recorded (INEGI 1997). In just two years, if the government statistics 

can be believed, the number of tomato stakes sold potentially went from 427,500 to 

1,547,550. The true number of stakes sold in 1997 is difficult to determine due to 

undeclared loads, but three informants owning large trucks each sold close to 600,000 

stakes in 1997 for a total of 1,800,000 pieces. At the time there were four large truckers 

in the city who owned seven trucks, the amount transported by four of these is 

unreported. This total also does not include data from other large truckers from the 
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Municipality of Alamos, Quieriego and Sinaloa who were transporting stakes in 1997. It 

would not be unreasonable to believe the amount of vara sold in 1997 equaled or 

exceeded the amount sold in 1996. 

CONCLUSION 

Historical events that shaped the Municipality of Alamos and set the stage for the 

development of large-scale agriculture in northwestern Sonora are also responsible for 

the relative isolation of Alamos today. Once the richest city in the state, through a lack of 

other resources. Alamos is today unable to participate in the greater national plan. Many 

of the people of the Municipality are living at a semi-subsistence level and have had to t 

turn to alternative sources of income to survive. 

Not only did mining play a critical role in the development of the Municipality, 

but it also helped to shape the tropical deciduous forest around Alamos. The cutting of 

trees began with the arrival of the first miners, and the species cut and intensity of harvest 

changed as the Municipality grew. The resultant forest is a secondary one, and today 

people are turning again to it, not for timber for infrastructure for a major economic 

project like mines, but as a major economic resource itself 

The intensified and often illegal harvesting of vara blanca by increasing numbers 

of people year-round is a case study of the conflict between economic necessity and 

conservation ethics in rural populations near the dry tropical forest throughout Latin 

America. Through necessity impoverished populations are choosing to exploit the 

nearest marketable commodity; trees. 



The majority of the population of vara blanca is mainly found within the borders 

of the Municipality, although the tree is found to a lesser extent in Sinaloa and other 

Sonoran municipalities. Heavy, uneven exploitation in the Municipality of Alamos poses 

a threat to the populations of trees and to the biological diversity of the community. 

Although some people are complacent about the ability of the tree to survive this 

pressure, others are concerned that overharvesting will eventually result in its 

disappearance. The potential for ecological degradation and the possibility of loss of a 

crucial source of income for poor people as exploitation outstrips regeneration of the 

resource could be debilitating to part of the Alamos community. 
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Figure 4. Harvest practices often destroy tropical deciduous forest species and seedlings. 
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Table 1; Price Paid per Tomato Stake for Three Levels of Business 

Type of Stake Cutter Middleman Large Trucker 

Tomato .5 to 1 peso 1.3 to 2.0 pesos 1.8 to 3 .5 pesos 

Source: Anonymous Informants 



APPENDIX C. NON-TIMBER FOREST PRODUCTS AND ECONOMIC 

DIVERSIFICATION IN A MEXICAN MUNICIPALITY. 
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Non-timber Forest Products and Economic Diversification in a Mexican Municipality 

Cynthia Lindquist 

Office of Arid Lands Studies, University of Arizona, Tucson, Arizona 85719 

Abstract 

Concern about the sociological, economic and ecological consequences of tropical 

deforestation worldwide has prompted a progression of studies geared toward 

conservation and development. Ethnoecological investigations of forest-dwellers and 

their history of sustainable use of forests are the basis for community-based management 

plans that include the extraction of non-timber products. The collection of these 

resources is less destructive to the forest biome than other activities such as clearing for 

agriculture and has the potential to provide long-term income to poor populations that 

rely on subsistence agriculture, thus promoting ecological and economic sustainability. 

Impediments to the economic benefits of non-timber forest products vary by political, 

sociological and ecological conditions in each country, necessitating individual 

assessments. There have been few studies of resource use in the dry tropical forest of 

Mexico. This study investigates the role that non-timber forest products play in the 

economy of residents in the tropical deciduous forest subdivision of the dry tropical 

forest of the Municipality of Alamos, Sonora, Mexico. Use of wood from tropical 

deciduous tree species ranges from production and local sale of artisanal or craft items by 

cottage industries to that of stakes destined for the national agribusiness complex. 
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Paramount in local strategies used for economic diversification is the extraction of 

Croton fantzianus (Euphorbiaceae) stakes destined for the agricultural fields of 

northwestern Mexico. Utilization of the resource is integral to the income of many poor 

households. The depletion of the population of the tree threatens to interrupt the tenuous 

economic well being of inhabitants and may contribute to their eventual outmigration. 

Resumen 

Preoccupacion por las consequencias sociologicos, economicos y ecologicos de 

desmonte tropical mundial habia incitado estudios de conservacion y desarollo. 

Investigaciones ethnoecologicos de residentes del bosque y su historia del uso sostenable 

son el basis por pianos de manejo que son basados en las comunidades y que se incluyen 

extraccion de recursos no maderables. Collecion de estos recursos es menos destructive 

al bosque que otros actividades como desmonte para la agricultura, y tiene el potencial 

proveer ingreso a largo plazo a pobres poblaciones quien confian en la agricultura 

subsistencia, asi en esta manera promoviendo sostenabilidad ecologico y ecnomico. 

Impedimentos a los beneficios economicos de productos non maderables varia por 

condiciones politicos, sociologicos y ecologicos en cada pais, haciendo necesario 

amillaramientos individuos. Habian pocos estudios del uso de los recursos in la selva 

baja caducifolia de Mexico. Esto estudio investiga el parte que productos no maderables 

tienen en la economia de residentes en la selva baja caducifolia subsector del bosque 

tropical seco en el Municipio de Alamos, Sonera, Mexico. El uso de madera de los 
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arboles caducos alinea de produccion y venta local de cosas de artisani'a a produccion de 

estacones destinados por agricultura nacional. Superior en estragias locales por 

diversificacion economico es el extraccion de Croton fantzianus (Euphorbiaceae) 

estacones destinado por los campos agriculturales en el noroeste de Mexico. Utilizacion 

del recurso es integral al ingreso de muchas pobres familias. El vaciamiento del 

poblacion del arbol amenaza de interumpir el bienestar economico de habitantes y 

posiblemente causara su migracion. 

Key Words: Non-timber Forest Products, Dry Tropical Forest, Sonora, Croton 

fantzianus Seymour 

Introduction 

Scientific recogmtion of the diversity and species richness of tropical rainforests 

and the need for their protection was first postulated in the mid-nineteenth century 

(Bruenig 1996). In the early twentieth century increased harvesting pressure driven by 

political and economic goals, and accompanying population growth threatened the 

tropical forest biome (ibid.). Eventually it became apparent that timber extraction was 

transforming forests and the question of sustainability became a focal point for scientists 

worldwide (Bawa and Seidler 1998; Boot and Gullison 1995; Hartshorn 1995). 

After World War II, the harvest of tropical forests for commercial timber 

production accelerated. In the early years, development of this resource base neglected to 
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account for several crucial factors. Among the most important were; (1) the rights to the 

land and resource tenure, (2) the wealth of traditional knowledge about resource 

management, (3) economic needs of the people living in the forests and (4) the ecology 

and environmental importance of the forest biome. 

Commercial timber production was not the only cause of large-scale 

deforestation. On the heels of the post WW II timber boom (mentioned above), clearing 

for shifting and permanent agriculture and for pasture was responsible for the largest 

percentage of land deforestation worldwide (Bruenig 1996). 

Latin American rainforests were being cleared initially in the I960's and '70's for 

agriculture, cattle and later for mining and hydroelectric projects created in response to 

international debt pressure (Clay 1988). The Brazilian government's attempts at 

colonizing Amazonia for agricultural purposes exemplifies the earlier practices of forest 

clearing without consideration of the impact on the environment and the indigenous 

populations residing there (Southgate 1998, Oxford and Bish 1995, Clay 1988). 

In the 1970's, forestry programs began to include participation of forest dwellers 

in some areas in response to growing concern about the negative effects of this oversight 

of the rights of native peoples (Ruiz Perez and Byron 1999). At the same time, scientists 

began to question the potentially catastrophic environmental consequences of forest 

clearing and timber extraction including extinction of species, habitat loss, and erosion. 

Southgate (1998) reports that concern about habitat loss in developing countries and 

Latin America reached its peak in the late 1080's. Various explanations for degradation 

of forest land place the blame on one or more of several factors (Southgate 1998; Bruenig 



128 

1996; Reitbergen 1993; Panayotou and Ashton 1992): 

• foreign debt and international demands; 

• local, national and international corruption and greed; 

• migration and population growth; 

• poverty; 

• shifting cultivation; 

• fuel wood gathering; 

• transportation infrastructure development; 

• technology; 

• timber felling and clearing for agriculture and cattle. 

In the 1980's, a three-pronged attempt was made to ameliorate the environmental 

impacts of commercial timber extraction and clearing, to provide local income to forest 

dwellers and, in some cases, to conserve a place for the producer countries in 

international markets. The economic potential of non-timber forest products and the 

ability to collect them without destroying forests became the focus of conservation and 

development programs (Ruiz Perez and Byron 1999; Southgate 1998; Nepstad and 

Schwartzman 1992). 

Non-timber forest products are those resources collected and harvested for a 

variety of purposes without the wide-scale degradation that accompanies cutting for saw 

timber and clearing. Previously referred to as ''minor forest products", the list of non-

timber forest products is long, ranging from items for local trade, such as medicinal plant 

remedies or posts and poles for construction, to those that have a significant role in 
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national and international markets, such as rubber and Brazil nuts. A number of scholars 

have studied various non-timber resources ((Hiraoka 1992; Anderson & loris 1992; 

Nations 1992; Hinojosa 1992; Salick 1992). Here I define, in general, sources of non-

timber forest products as plants, plant parts, small trees and their flowers, fhiits, nuts, 

roots, resins, exudates, stems, wood, bark, leaves, wildlife, insects and insect byproducts. 

Unlike timber extraction, which removes and destroys entire large trees, many 

non-timber resources are capable of rapid recovery. Non-timber forest products have 

been used in commerce for millennia. Tree resins, spices and other products were 

sources of regional exchange along trade routes. This extended history of non-timber 

resource utilization and trade by indigenous forest dwellers has long focused attention on 

broad ethnoecological studies in the hope of garnering an understanding of indigenous 

and folk relationships for sustainable ecosystem use of tropical forests by modem 

populations (See Plotkin and Famolare 1992; Redford and Padoch 1992; Posey and Balee 

1989). Recently, local knowledge has become the foundation for a cultural view of 

conservation. Studies have focused on the use of specific non-timber products from 

tropical forests worldwide and their economic valuation to determine their potential 

contribution to sustainable management (Ruiz Perez and Byron 1999; Southgate 1998; 

Wickramasinghe et al 1996; Daniels et al 1995;Salick et al 1995; Tilling 1994; Godoy 

and Bawa 1993; Dove 1993; Richards 1993; Hecht 1992; Peluso 1992). 

Interest in non-timber forest products has spawned a variety of conservation and 

development strategies for tropical forests. Some recommend participatory community 

based involvement in timber and non-timber operations and stress the importance of non-
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timber forest products to the rural poor and to subsistence populations. Indeed, the 

prevailing feeling is that the participation of these segments of society is integral to the 

success of conservation efforts and sustainability of forest resources (Klooster 1999; 

Southgate 1998; Salicket. al. 1995; Tewari 1994; Tilling 1994; Richards 1993; Nabhan 

1992; Posey and Balee 1989). Although significance varies from place-to-place, major 

impediments to the success of community based conservation projects that use non-

timber forest products identified in the studies are: 

• land tenure and political insecurity, 

• lack of govemment support, 

• poor infrastructure, 

• low economic value and benefits to local people, 

• insufficient sociological information about local management institutions, 

• mismanagement of the resources, 

• lack of scientific information about resource management. 

Most cases cited here refer to resources and indigenous peoples from tropical 

rainforests. Few studies have been made of non-timber forest products in Mexico and the 

tropical deciduous forest subdivision of the dry tropical forest (Lopez Urquidez 1997; 

Richards 1993; Plotkin and Famolare 1992; Maldonado Navarro 1986). Here I document 

in general the contribution of several non-timber resources to a local economy, and focus 

specifically on the local and regional economic role of one non-timber resource in the 

Municipality of Alamos, Sonora, Mexico. The following case study addresses several 

resources with the focus on one important species, vara hlanca {Croton fantzianus 
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Seymour), its recent use, economic importance and the management issues faced by local 

residents in a largely subsistence society. 

Background 

People in rural areas of Mexico often face the plight of economic survival with 

little governmental support and lack of access to technological resources. Populations 

isolated from mainstream economic activities advanced by the national government have 

found it necessary to turn to a variety of local activities to sustain their households. The 

strategies employed are imaginative, but often temporary, taking advantage of seasonal or 

ephemeral government programs to supplement subsistence agricultural income. 

Ultimately, people turn to readily available renewable natural resources around their 

settlements as sources of fairly reliable income. 

Strategies employed by the poor in Mexico mirror those employed by 

impoverished households elsewhere. Famine coping tactics described in Africa include 

three categories of response to threats to household and food security. The first, 

demonstrated in this paper, is the use of known "insurance mechanisms", in this case 

non-timber forest products. The second, after failure of the first, is the disposal of assets 

followed by the third and final response, migration (Corbett 1988). 

Workers in the Municipality of Alamos, Sonora, Mexico illustrate strategies 

employed by members of a marginalized population living in the tropical deciduous 

forest. To determine the importance of natural resource utilization to the residents of the 

Municipality, economic survival techniques were described through field observations 
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and numerous informal interviews, which took place as part of a larger study lasting from 

1996 to 1998. Members of the local government, residents of the City of Alamos and 

outlying settlements of the Municipalities of Alamos and Navojoa were included in the 

interview process. Seventeen formal interviews were made from a cross section of non

governmental residents who earn all, part, or none of their incomes from non-timber 

forest products. Ten residents provided household economic data for periods ranging 

from six months to one year. One owner of a large vara blanca trucking business in 

Navojoa supplied annual data. 

The Municipality of Alamos 

The Municipality of Alamos is located in the southeastern part of Sonora, Mexico 

and encompasses about 695,000 hectares, or about 4% of the area of the state. It is 

bordered on the west by the flat coastal plains of Navojoa and is dissected by valleys as 

one progresses eastward through the foothills to the mountains and barrancas of the 

Sierra Madre Occidental. Tropical thomscrub occurs on the lowest elevations at the 

western edge of the Municipality and rapidly grades into the tropical deciduous forest. 

Pine forests are found on the higher elevations of the mountains. Precipitation is 

biseasonal and variable across the Municipality with the peak rainfall occurring in the 

summer months. In 1997, total precipitation was 766 mm and average temperatures for 

the lower lying areas at the weather station of Minas Nuevas outside of Alamos were 

34°C maximum and I l°C minimum (SARH 1997). 
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The population of the Municipality is 26,075. Most residents live scattered 

among the 360 sparsely populated settlements outside of the City of Alamos. The city is 

the seat of the Municipality and its 7,619 residents constitute the largest settlement 

(INEGI 1996). Fifty-two percent of the land is privately owned, thirty-one percent is 

communal {ejidos, comunidades, colonias) and the remainder is public land (Gobiemo de 

Mexico 1997). 

Almost three-quarters of the population make less than 50 pesos per day, or two 

times the mimmum daily wage of 25 pesos. The exchange rate has fluctuated between 

7.5 and 10 pesos to the dollar during the time interval of this study, making the minimum 

daily wage equivalent to between $3.33 and $2.50 in American currency. Twenty-six 

percent of the population is economically active, or employed in one of three sectors, 

with a ten-percent unemployment rate (Gobiemo de Mexico 1997a). Illiteracy and 

absenteeism from secondary schools is high in the mral areas where the students leave 

school to help work at home. Seventy three percent of the population has no sewer 

service and thirty percent do not have electricity (ibid.). 

Economic Activities 

Agriculture 

The main economic activities in the Municipality are agriculture and ranching. 

Tertiporal, or rainfed agriculture accounts for 56,383 hectares or 99% of land in 

production (Gobiemo de Mexico 1997b, INEGI 1996, Duarte R. n.d.). The Municipality 
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has by far the least irrigated area of any in the state. Lying above the deltas of major 

rivers such as the Fuerte and Mayo, there is no potential for large-scale irrigation projects 

in the Municipality. Principal cultivars are sorghum, sesame, com, soybeans and 

peanuts. 

Lack of technical assistance, equipment and adequate infrastructure are problems 

for residents of the Municipality (Gobiemo de Mexico 1997b). In the past, bank loans 

have been unavailable to communal land residents because they did not own their land 

outright. A govenunent program, PROCAMPO, provides a variety of agricultural 

support programs. It offers limited fimds to ejidatarios for seed purchases, clearing 

pastures and repairing corrals and waterholes. Ejidatarios and the head of the Union 

Campesino de Alamos (an organization for rural settlements in part of the Alamos 

Municipality) claim the program has been notorious for the late arrival of funds. 

Assistance comes after planting time, causing economic duress for poor communal 

residents who must look elsewhere for money to buy seed in time to plant. Private 

property owners fare better under the program. The Alianza para el Campo (Alliance for 

the Countryside) is a subsidy system under PROCAMPO that finances private property-

owners to develop ranching. Grants help fledgling ranchers to become independent and 

do not have to be repaid. 

The majority of small farmers in the Municipality do not have the economic 

potential to warrant the rent or purchase of tractors to prepare their fields. Instead they 

use plows drawn by mules to cultivate and hand tools to weed and plant. Because of the 

limited distribution of suitable soils, there is limited clearing of the forest for farming. 
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Individual ejidatarios clear only small areas of a few hectares for planting. Ranchers and 

farmers in settlements and ejidos far from the City of Alamos often do not have access to 

vehicles to transport animals and crops to market, and must rely on buyers to come to 

their communities. 

Ranching 

Cattle are raised across most of the Municipality. Some ejidos may have a few 

cattle and practice mainly agriculture, and others are devoted to ranching with small 

fields of maize and other crops. Larger ranches are privately owned, often by absentee 

owners. In 1997, there were 75,298 head of cattle inventoried by the Asociacion 

Ganadera (cattlemen's association) in the Municipality and 2,049 producers (Gobiemo 

de Mexico 1997b). This data is suspect because people are not always willing to report 

the true number of cattle owned. The actual number is likely to be higher. One 

ejidatario interviewed allows cattle from an adjacent rancher to graze on the forested 

ejido land with one calf for every three head being his payment, an arrangement that is 

not unusual but definitely illegal. Ejidatarios and ranchers both admit that uncounted 

cattle are their "savings accounts", and that the sale of these animals is not reported. 

Interviews with state and local government officials and some residents of the 

Municipality indicate they view ranching as the major direction for economic 

development. The Sonoran government is promoting use of an African species of range 

grass known as buffelgrass (Penniseium ciliare) for pasture by offering financial support 

and free seed. This has led to the transformation of large expanses of tropical deciduous 
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forest vegetation to pasture. Recent data indicates that 32,000 hectares of land in the 

Municipality has been planted in buffelgrass (Gobiemo de Mexico 1997b). It may be 

fortunate that management of the grass requires tools and financial resources that 

ejidatarios do not have, since buffelgrass is considered by some to be a noxious exotic 

species (Camou Healy 1996. Personal Communication). After clearing and burning the 

land, the grass is planted, and its establishment precludes regeneration of native forest 

species. Thin tropical deciduous forest soils become impoverished and, if not managed 

correctly, the buffelgrass forms spiky clumps scattered across the hardened soil, 

threatening to transform the landscape into a barren, sterile wasteland with no hope of 

recovery {ibid.). Degradation and erosion is already visually apparent on some of the 

older unmanaged pasturelands. 

The most isolated communities are faced with the problem of poorly maintained 

roads for transporting cattle or produce. In the absence of wells and permanent water 

sources, water can be a serious problem for private ranchers and ejidatarios. In dry years 

many cattle die of thirst, disease or hunger. Overgrazing is prevalent on all ejidal lands 

(Gobiemo de Mexico 1997b). There is some support available for ejidatarios through 

government programs, but not to the extent that it is available to private ranchers. 

The Contribution of Non-timber Forest Products to the Economy 

The people of the Municipality rely on non-timber forest products for several 

income-producing activities. The most important uses of wood and other products from 

the tropical deciduous forest appear below. (See to Appendix 1 for plant species names 



137 

and uses). Unlike areas in other tropical forests that have been studied for sustainable 

commercial timber extraction, the Municipality of Alamos has no large-scale timber 

operation located in the tropical deciduous forest, although there are some in the pine 

forest. The most valuable tropical deciduous forest species have come under protection 

by the government because of over harvesting in the past, leaving only the non-timber 

species as the primary economic resources being exploited. 

Alternative Income Generating Sources 

There are six categories of non-timber product use by the residents of the 

Municipality of Alamos. Although these are economic coping strategies, detailed 

economic studies were not undertaken for the activities because their contributions to the 

population as a whole are limited. Information was obtained from interviews with people 

participating in the exploitation of each category and from personal observation. These 

activities require semi-skilled or skilled labor and an investment of some type on the part 

of the producers. 

Bowls. Utensils. Carvings. Masks and Ceremonial Items 

Artisans in the Municipality use wood from the forest to carve bowls, 

utensils, statues, masks and drums for sale to tourists. Musical instruments such as 

harps and violins are also made in outlying settlements. Articles are offered for 

sale in tourist shops in the City of Alamos, on the streets and at the homes of the 

artisans. Based on my observations, the number of people involved in these 
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activities is small and, although the items created provide them with much needed 

supplemental income, the economic impact on the larger community is minimal. 

In only one case in the Municipality is the sale of items made from 

tropical deciduous forest species important to an entire community. The ejido of 

Minas Nuevas, a former mining town, is located in a mountainous area west of the 

City of Alamos. Residents bemoan their inability to make a living raising crops 

because of the unreliable rainfall regime in their area. They have a pasture of 

buffelgrass for their cattle, but had to sell all of their animals to pay off loans. 

The women in the community have established a cooperative and sell carvings, 

utensils and sculptures made by ejidatarios from wood and plant parts. In this 

case the income generated is often the only income for members of the ejido 

outside of that from day labor activities (Anonymous 1997. Personal 

Comm unication). 

Furniture and Carpentry^ 

Several residents of Alamos make fiimiture for sale. There is one family-

owned business in the City of Alamos that builds cabinets and furniture sold to 

locals, foreign settlers and tourists. Other independent craftsmen make funuture 

for sale on demand as cottage industries. Guazuma ulmifolia, a tree known as 

guasima, is exploited on a moderate scale for bentwood furniture. Informants 

state that people from outside of the Municipality are beginning to come in to cut 

the tree and express concern that it may eventually become scarce. The sabino. 
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Taxodiiim mucronatum, grows along streamsides and is highly prized for 

construction and furniture although the species is protected and it is illegal to cut 

down living trees, occasional poaching occurs. The wood used ostensibly is 

obtained from naturally downed trees. 

Charcoal 

Charcoal producers in three communities in the Municipality have been 

legally registered. An informant who makes charcoal indicated that the 

carbonera, or charcoal processing "oven", takes two people twenty days to 

construct. One carbonera observed was approximately six meters in diameter and 

one and one-half to two meters tall. Dead wood from mesquite, Prosopis 

glandulosa, and living wood cut under permit (since the species is protected) is 

used in the process. Wood is stacked in the center of the circular area, lit and 

covered with sheet metal and dirt. Approximately thirty plumeros or smoke 

outlets form on the outside of the carbonera as the wood bums down. When the 

smoke stops coming out of the outlets, the charcoal is ready. It takes two days for 

workers to clear the dirt from the carbonera and pack up the product. Wood from 

the equivalent of approximately ten trees of 5-7 meters height produces about one 

hundred and fifty sacks of charcoal weighing 3 kilos. The charcoal sells for 50 

f)esos ($5.00 US) per sack. Although some community residents harvest mesquite 

legally with permits, the actual number of charcoal makers is unknown. There are 
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a number of localities in the Municipality where the tree is being cut and charcoal 

is being made clandestinely. 

Firewood 

Most of the residents of the outlying communities and many in the City of 

Alamos use firewood for cooking. Generally, people collect their own firewood 

from downed or dead trees. There is a large foreign population who resides in the 

City of Alamos during the winter months. Income is generated for some workers 

who collect mesquite, Prosopis glandulosa, from October through January and 

sell it for 60 pesos ($6.00 US) per burro load (40 pieces) to the winter visitors. 

Wood is also sold by the truckload, approximately 400 pieces. Mesquite sells for 

550 to 600 pesos ($55 to $60 US) and guinolo {Acacia cochliacantha) or mauto 

{Lysiloma divarication) sells for 400 pesos ($40 US) F>er truckload. 

Constructiog Corrals and Fenceix>sts 

Palo Colorado or Caesalpinia platyloba has been prized for years for use 

in corral construction because it is an especially durable hardwood and is resistant 

to weather. Howard Scott Gentry (1942) first noted that beams and posts of 

amapa {Tabebuia impeliginosa) were used in home construction in the past. 

Informants state that they have been known to last a century or more and have 

been reused in restorations of historic buildings. The popularity of the species and 
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the pressure on the populations of the trees has caused the government to declare 

the two protected. Although it is presently illegal to cut these trees to sell, cutting 

does occur. Young pine trees are being commercialized for sale to construct 

palapas, palm covered ramadas. Brasil or Haematoxylum brasiletto is used in 

construction of fences and corrals. The wood is also used to make a dye (Personal 

Observation). 

Adobe Making 

There are several yards for the making of adobes (oven fired bricks) in 

Alamos. Soil is mined near the City of Alamos. It is mixed with water and put 

into forms and air dried in the sun for three days. After drying, between 3,000 

and 5,000 adobes are placed in a wood oven to be fired. The ovens are kept 

burning for 18 to 26 hours, taking one to one and one-half small truckloads 

(twenty burro loads, or 800 pieces) of wood to fire them. Wood fi'om Bursera sp. 

is used in the ovens along with wood of various columnar cactus species. 

Workers are paid .30 pesos ($.03 US) per adobe, and the adobes are sold for 1.2 

pesos ($.12 US). The work is seasonal. With the onset of the rains drying is 

precluded and production ceases during the rains. It is possible for a worker to 

make up to 200 pesos ($20 US) per day. 
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Agricultural Slakes 

The most lucrative business involving non-timber forest products is the harvest of 

the tree Croton fantzianus, otherwise known as vara blanca (hereafter referred to as 

•vam'l, cut for agricultural stakes for tomatoes and grapes (See Table 1). The work does 

not require any special skills, nor does it require investments. Anyone can cut -vara. In 

addition, it offers income diversification for other residents who are economically better 

off. The tree has been used traditionally for construction, roofs and posts. 

Restricted to the lower elevation of tropical deciduous forest primarily in the 

Municipality of Alamos, the tree is an abundant understory species. It regenerates after 

cutting by coppicing. Informants involved in the business indicate its use in agriculture 

began over thirty-five years ago, and the harvest of stakes has continued to grow over the 

intervening years. As the general economy of the Municipality has deteriorated during 

the course of this study, which began in 1996, the number of people harvesting the tree 

has increased, making the cutting of vara an important economic activity. There are 

three levels of employment in the vara blanca business: cutters, middlemen or brokers 

and large capacity truckers. Ejidatarios, private landowners and landless people all 

benefit financially from the harvest of the tree. 

The growth of the business began slowly, starting with approximately 15 people 

involved in cutting and transporting the tree in the I960's and has accelerated, especially 

recently. By 1993 there were between 50 and 70 people from the Municipality involved 

in harvesting the tree on a part- or full-time basis, and by 1997 there were 90 who relied 
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heavily on the resource for income. There are many others who only cut vara when 

faced with severe economic stress (J. Palacios personal communication). Estimates in 

1999 by three informants directly involved in cutting and trucking vara indicate that 

throughout the Municipality, 400 families, or between 1000 and 1500 people were 

participating in some aspect of the activity (cutting, trucking, loading stakes, driving 

trucks) at that time. Some of the cutters are ejidatarios who cut vara as well as practice 

agriculture and raise cattle. These workers will harvest the tree until June and stop to 

plant crops and tend their fields until September when then begin to cut vara again. 

Income from this activity is economically critical at times because there is no assistance 

for ejidatarios when crops fail. The response by residents is to cut vara or look outside 

the Municipality for work. 

Cutters are taken daily to harvest sites, or if the area is remote, camp will be set 

up and they will stay for a week at a time. Some small truckers, or middlemen, who 

transport the stakes to holding yards in the City of Alamos, have their own cutters who 

are generally paid a daily rate of 50 pesos, or two times the minimum daily wage. 

Indep)endent cutters contract out to landowners or truckers and are p>aid by the piece. The 

stake of choice presently is the tomato stake, and the economy of that resource is 

examined here. The pay for cutters ranges from .5 to 1.0 peso for each tomato stake 

depending on the arrangement with the landowner or small trucker. It is possible for 

cutters to harvest up to 200 trees per day, and earn between 100 and 200 pesos (SIO to 

$20 US) which is four to eight times the minimum daily wage. There are no costs to the 

cutters, beyond subsistence. 
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Small truckers have vehicles that will carry up to 1000 stakes of vara, or a weight 

of approximately 2200 kilos, or 2.2 metric tons. Based on information from interviews 

with three owners of small trucks, most of the small truckers in Alamos have agreements 

with storage yard owners or large truckers who buy from them. The small truckers cut on 

their own land or can contract with the owner of a property to be harvested and pay 

between 200 to 400 pesos commission for each 1000 stakes cut by their own workers. 

One small trucker pays .6 peso per stake if the vara is bought from a private rancher and 

1 peso if buying from an ejidatario, a demonstration of "economic sympathy'' for the 

ejidatarios because of the income disparity between the wealthy private landowners and 

the poor communal dwellers. 

The responsibilities of truckers include contracting with landowners, hiring 

cutters, delivering the wood and selling it to storage yard owners or large truckers in 

Alamos. In one instance, buyers in Sinaloa received two small truckloads per day. 

Government regulations require truckers to have a permit that costs 1000 pesos (Si00 

US) for one year. The buyers for tomato stakes pay the truckers betweenl.3 and 1.7 pesos 

per stake (between S. 13 and $.17 US). Some small truckers also cut vara themselves. 

One cutter/transporter receives .9 peso (S.09 US) per stake if other truckers pick them up 

or 1.3 pesos ($.13 US) if he takes it to Alamos himself. 

In some cases the small trucker hires family members to cut and, if he owns more 

than one truck, to transport the stakes. One small trucker with one truck picks up four 

loads (approximately 4,000 pieces and 8,800 kilos) in one week. He works eight months 

of the year in the business. His expenses include the permit, tires, gas and maintenance 
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of the vehicle, and costs for a driver and assistant. He uses his permit to cover the 

production of people who do not have one. Two small truckers indicate that expenses 

total 30% of their gross income. 

The vara is transported by large trucks capable of carrying 12,000 stakes to the 

agricultural centers of Sonora (Guaymas, Ciudad Obregon, Hermosillo, Caborca, 

Huatabampo, Los Mochis and Navojoa), Sinaloa (Cuiiacan and Guasave) and Baja 

California Norte and Sur (San Quintin, Camalu, and Ensenada). Upon reaching their 

destination, large truckers sell vara to the owners of the agricultural fields or to storage 

lot owners. Price paid by growers per stake varies by State. In Sonora the stakes bring 

2.4 or 2.5 pesos ($.24 to $.25 US) apiece, in Sinaloa 1.8 to 2.0 pesos ($.18 to $.20 US), 

and in Baja California 3.3 to 3.5 pesos ($.33 to$.35 US). The large truckers are required 

to have a permit for transport that costs 5,000 pesos for a year. 

Although the expenses for large truckers are the highest of all three levels of 

organization of the business, the income inequities among the three are glaring. The 

large capacities of the trucks and the high prices paid per stake make this level lucrative 

indeed. 

In Alamos there are four large truckers. Others come from outside the 

Municipality from Huatabampo, Navojoa, San Quintin (Baja California) and Sinaloa. 

The truckers interviewed agree Baja California is the best market for selling stakes, but is 

a long trip at 1000 kilometers. One large trucker who transports to San Quintin pays 

7,000 pesos ($700 US) for gas and expenses alone, and makes one trip per week. 
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Comparison of Some Economic Strategies 

The importance of non-timber forest products in the economy of the Municipality 

of Alamos can be cursorily seen from the previous discussion. In an effort to more 

definitively determine the role of vara, eleven informants provided economic summaries 

of income and expenses over a period of several months to a year (Table 1). Six 

informants provided information for a year, one for six months (number 112), one for 

nine months (number 424), one for ten months (number 434) and one for eleven months 

(number 122). A large trucker (number 500) is from the Municipality of Navojoa and is 

a proxy for the large truckers from Alamos. 

It should be mentioned that, although informants were willing to assist this 

project, there was a reluctance to give a complete economic picture on the part of some. 

A private rancher (number 321) is also a businessman in the City. His business supplies 

him with income for his daily expenses, however he provided only economic data for his 

ranch. He claims that the ranch was not a profitable enterprise, and that the value of it lay 

in the value of the land. 

At this time there is also a great deal of clandestine cutting and transport of vara 

occurring in the Municipality. Large truckers in Alamos were at first very hesitant to 

discuss their activities, although by the end of the study agreed to informal interviews. It 

is possible that vital economic information was withheld. 

Non-timber forest products play a large role in the lives of the residents of the 
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Municipality. Nine of the eleven informants rely on income from cutting or trucking of 

wood and vara blanca. The ejidatario with the negative income (number 132) has 

struggled with temporal agriculture and lost. His daily expenses were for food and 

transportation only and they exceeded his income. 

Perhaps most interesting is the economic picture of ejidatario number 434. He 

has diversified his work, splitting his and his family's time between all possible income 

producing activities with the exception of trucking vara (which necessitates a vehicle). 

Hidden in the expenses of some of these figures are payments to family members 

working wath the person keeping the economic records. One vara trucker included 

paying 150 pesos per day to four sons for a total of 600 pesos per day. 

Discussion and Conclusion 

In the Municipality of Alamos, Sonora, Mexico, non-timber forest products are an 

important component of economic strategies adopted by the economically marginal 

population including communal land dwellers, private property owners and the landless. 

Woodcutting plays an important part in the income production of poor communal 

workers. 

Of all of the uses of non-timber forest resources, the largest and most lucrative is 

the harvest, transport and sale of stakes of vara blanca. The enterprise employs a large 

number of people either full- or part-time. Entire families are involved in the business. It 

is used sporadically by some as a stopgap measure in times of economic stress among 
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ranching or and agricultural households and it is the main source of income for otherwise 

unemployed laborers who must look to day labor or other less lucrative wood cutting 

activities. 

Integral to this discussion is the issue of property regimes within the Municipality. 

Vara occurs on both private and communal land. The communal land (the ejidos) is 

common property, with members benefiting from the use of the land and resources on it. 

Although no one ejidatario owns the land, a management group of members functioning 

as "co-owners" decides the methods for and use rates of resources held in common. In 

contrast, private property owners have full discretion over the use of the resources on 

their land. Both property regimes are also responsible for following government 

mandates for forest management, but enforcement is lax. Advocates of community based 

sustainable development state that both common property and private (limited access) 

property have the potential for sustainable management (Grima and Berkes 1989, 

Bromley 1989), as long as the members/owners adhere to rules of socially acceptable use 

and maintenance of the resources (Bromley 1991). 

In common property regimes, two problems can occur. The first is the lack of 

adherence to the rules due to outside economic changes and the second is the lack of 

responsiveness of the government to the plight of the common property residents {ibid.). 

Both problems are mirrored in this case study, evidenced by the clandestine harvesting 

and rental of ejido land to outside harvesters as a response to the poor economy and lack 

of government support. Because of this breakdown in the management system, the 

common property regime has become in a sense, open access. 
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Open access regimes have no property rights and generally result from the 

breakdown in enforcement of the rules with respect to the natural resource {ibid.). These 

regimes cannot support urmianaged resource utilization for long (Grima and Berkes 

1989). Private property regimes can also suffer from the breakdown of enforcement, 

evidenced by unauthorized use of the resources and trespassing, also becoming open 

access. 

The line has become blurred between the commons {ejidos), private property, and 

land and resources used commonly outside of any management structure. Truckers from 

other states in Mexico even have a relationship to the commons even though they do not 

have actual access. The loss of regulation of common property resources can be 

remedied by reducing the pressure on the resources while meeting the economic needs of 

the population (Bromley 1991). This implies capital investment, and government 

support, something that has not been forthcoming in the Municipality of Alamos, and it is 

unlikely in the future. 

Vara harvest has the potential to become a successful example of the capacity of 

a non-timber resource to contribute substantially to the economy of a tropical forest 

community. However, it is questionable whether or not the resource can maintain the 

current levels of extraction both economically and ecologically. The tree is becoming 

harder to find and the economy of the Municipality is still deteriorating. The ability of 

the local population to make a living appears to be balanced precariously on the 

continued availability of vara. If the tree becomes even more scarce in the future -as 

seems likely—larger fractions of the population must seek local day labor or, more 
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probably, will be driven to relocate to Ciudad Obregon, Hermosillo or along the US-

Mexico border to find work in the maquilas. 
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Table 1. Economic Summaries; Pesos Earned for Activities by Tenure in the Municipality of Alamos 

Reference Tenure Day Agriculture Livestock Wood Vara Vara Family or Gross Expenses Net 

Number Labor Cutting Cutter Trucker Other Income Income 

132 Ejidatario 4,535 210 900 — — — — 5,645 6,183 (538) 

321 Private — — 118,500 — — — 118,500 See Text -0-

121 Ejidatario 7,920 —— —- 500 6,290 — 14,710 6,900 7,813 

131 Ejidatario 4,415 —- —- — 22,113 — 26,528 9,519 17,009 

122 Ejidatario 250 1,200 10,000 — 4,700 27,650 10,100 17,550 

112 Ejidatario —— .... 55,200 —• 55,200 27.600 27,600 

215 Private —— — — — 69,500 69,500 36,465 33,035 

434 Ejidatario 6,560 930 11,120 2,620 20,078 — 9,628 50,936 14,100 36,836 

424 Private — — — — — 241,000 — 241,000 151,440 89,560 

111 Private 68,995 •— — 600 99,850 — 169,045 16,950 152,095 

500 Private** —— —— .... — 2,100,000 — 2,100,000 1,524,000 576,000 

**Large trucker with a fleet of three trucks. This is the annual total for one truck. 
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Some Economically Important Non-timber Forest Produas in the Municipality of Alamos, Sonora, Mexico 

Species Name & Carvings Utensils Furniture Fuel Firewood Charcoal Construction Stakes 

Common Name & Masks & Bowls & Posts 

Acacia cochliacantha 

Guinolo 

Acacia occidentalis 

Teso 

Albizia sinaloensis 

Joso 

Bursera grandifoHa 

Palo Mulato 

Bursera IcoicifoUa 

Torote Copal 

Bursera laxiflora 

Torote Prieto 

Bursera penicillata 

Torote Copal 

Bursera stenophylla 

Torote Copal 

Caesalpinia platyloba 

Palo Colorado 

Coursetia glattdulosa 

Kowusamo 

Crolon fantzicams 

Vara Blanca 



Guaiacum coulleri 

Guayacan 

Guazuma ulmifoUa 

Guasima 

Haematoxylum brasiletto 

Brasil 

Havardia mexicana 

Palo Chino 

Hintonia laxiflora 

Copalquin 

Lysiloma divaricatum 

Mauto 

Pinus sp. 

Pino 

Popiihis mexicana 

AJamo 
Prosopis glatidulosa 

Mesquite 

Tahebuia imperiginosa 

Amapa 

Taxodium distichum 

Sabino 
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APPENDIX D. SOME EFFECTS OF NON-TIMBER RESOURCE EXTRACTION 

ON THE TROPICAL DECIDUOUS FOREST OF SONORA MEXICO. 
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Some Effects of Non-Timber Resource Extraction on the Tropical IDeciduous Forest of 

Sonora, Mexico 

Cynthia Lindquist 

Lindquist, Cynthia (Ojfice of Arid Lands Studies, University ofArizona, 1955 East Sixth 

Street, Tucson, Arizona 85719}. SOME EFFECTS OF NON-TIMBER RESOURCE 

EXTRACTION ON THE TROPICAL DECIDUOUS FOREST OF SONORA, 

MEXICO. A medium height straight tree, Croton fantzianus (Euphorbiaceae) is a non-

timber resource in the tropical deciduous forest community of southern Sonora, Mexico. 

The tree is a little known but structurally important component of the tropical deciduous 

forest sudivision of the dry tropical forest, with the greatest population concentrated in 

the Municipality ofAlamos, Sonora. Smaller numbers found in adjacent municipalities 

and Sinaloa. Locally known as "vara blanca " it has been utilized in construction for 

many years and has been harvestedfor over forty years for stakes used in the 

agricultural fields of Sinaloa, Sonora and Baja California. It is extremely important in 

the local economy. The population has been heavily impacted in Sinaloa, earning the 

rate of cross-border harvest to intensify in Sonora. Species composition studies at five 

sites in the tropical deciduous forest reveal that Croton fantzianus is the most important 

component. Population structure and composition at the sites is variable, and may be 

related to prior harvesting practices of both timber species and Croton. Two sites 
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compared before and after extraction indicate a decline in species density and basal 

area. Size class, age data reveal diminished reproductive capacity in the harvested site. 

Sites examinedfor effects of disturbance show low mean densities on private ranches. 

High rates of harvest in response to consistently high agricultural demand and local 

economic need have endangered the population. 

UNOS EFECTOS DE EXTRACCION DE RECURSOS NO MADERABLES SOBRE 

LA SELVA BAJA CADUCIFOLIA DE SONORA, MEXICO. Un medio, recto drbol, 

Croton fantzianus (Euphorbiaceae) es un recurso no maderable en la selva baja 

caducifolia del sur de Sonora, Mexico. El especie no es bien estudiado pero es una parte 

importante de la estructura de la selva baja caducifolia subdivision del bosque seco 

tropical con la mayoria de la poblacion concentrado en el Municipio de Alamos, Sonora. 

Las mas distantse poblaciones estan occuriendo en proximo municipios y Sinaloa. 

Localmente llamada "Vara Blanca " el drbol se utilizaron en construccionpor muchos 

anos y se cortaron por mas de 35 ahos para estacones utilizadas en agricultura en 

Sinaloa, Sonora y Baja California. Se afecto la poblacion mucho en Sinaloa, causando 

un acceleracion en la corta al otro lado de la frontera en Sonora. Estudios del 

composicion de especies en cinco sitios en la selva baja caducifolia muestran qu Croton 

fantzianus es el componente mas importante. La estructura de la poblacion y 

composicion en los sitios es variable y quizds es relacionado a la corta previa de ambos 

especies maderables y Croton. Comparacion de dos sitios antes y despues de la 

extraccion indicaba un declive en densidad de especies y area basal. Datos de clases de 
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t a mono edad datos indican una perdida de capacidad reproductivo en el sitio cortado. 

Sitios examinados por los efectos de perturbacion indican bajo mediano densidades 

sobre ranchos privados. Alta cantidades de corta como respuesta a la alta demanda 

agrucuUuraly necesidades economicos locales habian puesto la poblacion en peligro. 

Key Words: Non-Timber Forest Products, Croton, Euphorbiaceae, Tropical Deciduous 

Forest, Sonora Mexico 

Introduction 

Natiiral resource utilization and human survival are intertwined. Forest products 

are particularly important in subsistence economies for wood used for housing, fuel and 

food. At the next level, wood is an important resource both directly and indirectly, 

whether the wood is used in firing kilns for brick making, for fumitiu-e or sold outright 

for stakes and posts. Residents of isolated rural tropical forest communities limited to the 

practice of temporal (rainfed) agriculture and stock raising and others in small cities who 

are unemployed or underemployed may find that non-timber forest products provide the 

only steady and reliable source of income during bad years. 

In the past ten years, the exploitation of non-timber resources has become a focal 

point of conservationists and development specialists as a mechanism to halt 

deforestation in tropical forests while providing sustainable income to forest dwellers 

(see Southgate 1998; Panayotou and Ashton 1992; Nepstad and Schwartzman 1992; 

Plotkin and Famolare 1992). This alternative strategy to wide-scale timber clearing is not 

without its problems. Political and economic policies that might be at odds with 
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conservation goals may be responsible for governments not giving full recognition to the 

value of the resources (Godoy et. al. 1993; Panayotou and Ashton 1992). Additionally, 

faltering national economies and inadequate programs for the poor may be forcing greater 

numbers of people to rely increasingly on natural resources, such as non-timber forest 

products, for income. Unless the trend is broken, the issue of ecological sustainability 

arises; it is possible that the rate of extraction will exceed the ability of the target plant 

population or even the whole biological community to reproduce or regenerate (Boot and 

Gullison 1995; Hartshorn 1995). 

Resource mining in tropical forests can not only impact the non-timber plant 

population but also the surrounding plant community. Intensive and destructive harvest 

methods may destroy other species, affecting the general tropical forest composition and 

structure. Long-term pressure by reharvesting or overharvesting areas may change the 

role of the non-timber resource in the plant community. There have been few studies on 

these aspects of non-timber forest products. More data is needed to determine sustainable 

levels of harvest and to identify conservation and management objectives (Shankar et.al. 

1998; Boot and Gullison 1995; Hartshorn 1995). 

The foundation of studies necessary to determine sustainable extraction includes 

an understanding of the structure of the forest community and the dynamics of the target 

non-timber population within that community. Information on reproductive mechanisms, 

distribution and demography are essential (ibid.). In combination with this, studies are 

necessary for an understanding of the relationship of the people to the forest resources 

they are utilizing, answering questions such as what are the local knowledge systems in 
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force that might aid in management, and what are the pressures leading to over utilization 

(Southgate 1998; Shankaret.al 1998b; Panayotouand Ashton 1992; Clay 1988)? 

This is a preliminary study of an important non-timber forest product from the 

tropical deciduous forest in the Municipality of Alamos, Sonora, Mexico. In order to 

address the issue of sustainable extraction, a number of methods were used in the 

investigation. To understand the multidimensional issues of resource use, O treat the 

following; (1) the history of harvest of the non-timber forest product and levels of 

extraction; (2) the forest community structure, distribution and population of the focal 

species within it and the effect of extraction on them both; (3) the consequences of 

disturbance on the resource and, (4) the implications for sustainable harvest of the 

species. 

Background 

In the tropical deciduous forest of southern Sonora, Mexico, the tree Croton 

fantzianus Seymour (Euphorbiaceae) known locally as vara blanca, or "white stake" 

(henceforth vara or C fantzianus), is being harvested primarily for tomato and grape 

stakes for the massive agricultural fields in Sinaloa, Sonora, Baja Califomia and Baja 

California Sur. In 1998 the Mexican government projected that 71,738 hectares of grapes 

and tomatoes would be under cultivation in these states combined, up from 60,980 

hectares under cultivation in 1997 (INEGI1999). Vara stakes are valued for their 

durability and resistance to insects, qualities not found in other species that might serve 

as alternatives. In Sonora, vara is primarily limited to the Municipality of Alamos and is 
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found in small areas of the Municipalities of Quieriego, Navojoa and Rosario. 

Herbarium records suggest that this population may be isolated with the next nearest 

collection in Mexico further south in the state of Oaxaca (Grady Webster 1998. Personal 

communication.). The question remains whether the geographical distribution of the 

species is disjunct, or simply has not been collected or properly identified fi'om 

collections between Sonora and Oaxaca. 

To determine the history of the use of the tree, long-time residents of the 

Municipality were interviewed along with people involved with the cutting and transport 

of the resource. Several informants indicated that extraction of the tree for agricultural 

use has occurred since at least 1960. One informant remembered vara being sold for 

agriculture in 1954 with the demand for stakes then limited to Sonora and steadily 

increasing during the following fifteen years in response to market expansion across the 

border into Sinaloa. Large-scale clearing of land for irrigated agriculture in coastal 

Sonora, Sinaloa and Baja California fi'om that time onward was responsible for the 

increasingly higher demand for vara. Beginning in 1974, government records of vara 

blanca production document a dramatic increase in the number of stakes sold (Figure 1). 

Records from 1989 indicate sales of stakes were more than eight times the number sold in 

1974. According to Maldonado N. (1986), the Municipality of Alamos produced 95% of 

the stakes harvested between 1974 and 1984. 

Forestry guidelines which establish general regulations for the utilization of forest 

products have been implemented by the government, most recently under the 1993 

Forestry Law, the Ley Forestal 1993 (Secretaria de Medio Ambiente, Recursos Naturales 
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y Pesca or SEMARNAP 1993) and the Rules of the Forestry Law or the NORMA Oficial 

Mexicana (Diario Oficial de la Federacion 1995). Rules for vara mandate; the purchase 

of permits to cut and transport it and the criteria for harvest of the plant, including cutting 

methods, size and amount cut (SEMARNAP 1994). 

In the late 1980's and early 1990's there was a high degree of enforcement of the 

vara regulations. However, when the government changed in 1994, enforcement was 

relaxed (Rosas O. personal communication 1997). In 1995, there were only two foresters 

to monitor compliance for all forest resources in Sonora. The one responsible for the 

Municipality of Alamos left in 1996 and had not been replaced by 1998, the time of this 

study. 

Lack of vigilance in the mid 1990's, make government records for the number of 

stakes sold suspect. The discrepancy between the reports of yield from hectares of 

tomatoes and grapes between 1993 and 1998 and the number of stakes harvested between 

these periods is indicative of the problem (Table 1). Residents of the area report a high 

degree of clandestine harvest and transport abetted by the lack of enforcement. 

Information substantiating this was provided by three of several truckers taking stakes out 

of Alamos to the agricultural fields in 1997. The three acknowledged they alone had 

transported at least 1,600,000 stakes, or 3,556 m^R (cubic meters per roUo) of tomato 

stakes. Data from SEMARNAP for this year shows that the total volume of stakes 

reported sold for Sonora was 2044 m^R (Table 1), a discrepancy of 1,512 m^R or 

approximately 680,400 stakes. This information indicates that reporting infractions are 

probably responsible for the decrease in the recorded volume of vara blanca. The 
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undependable data mask their ability to be used as tools determining depletion and 

scarcity of the resource, which might otherwise be reflected in more reliable statistics. 

More people than ever before are harvesting vara blanca in the Municipality of 

Alamos due to deteriorating local economic conditions that reflect the greater national 

financial woes of Mexico combined with the continuing high demands of agriculture. 

The lack of regulation of the resource and questionable government records complicate 

the ability to judge the effect of this newest intensification of extraction. High levels of 

extraction between 1978 and 1993 may already have reduced the population of the tree to 

a point that places the remainder at risk. Vara is marketable when it is 4 to 5 years old. 

The trees cut between 1978 and 1993 could represent three or four cycles of replacement. 

When asked about the future of vara extraction, informants around the Municipality state 

the resource "se esta acabando" ("it is disappearing"). 

Study Area 

The Municipality of Alamos, Sonora, Mexico lies in the far southeastern part of 

the state. The City of Alamos (N 27° 01W 108° 56 ', elevation 450 meters) is located 

42 kilometers east of Navajo and approximately 600 kilometers south of Tucson, 

Arizona. The City of Alamos is at the base of Alamos Mountain, an outlier of the Sierra 

Madre Occidental. Coastal thomscrub and thom forest species intermingle with dry 

tropical forest species dominant in the surrounding mountains below 1100 meters. 

The population of the Municipality is 26,075, of which 7,619 reside in the city of 

Alamos itself (INEGI 1996). Residents are un- or underemployed and many in outlying 
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settlements live at little better than subsistence level. The minimum wage at the time of 

this study was 25 pesos per day ($2.50 US). The peso has since been devalued causing 

even more hardship for the poor in the area. 

Because of its location in the irregular terrain of the foothills of the Sierras, the 

Municipality of Alamos offers few opportunities for major agricultural development. 

There is little suitable terrain and even less surface water and thus irrigation is not a 

development option. Residents raise livestock and practice rainfed agriculture in the 

valleys and any flat area large enough for a good-sized field. Land ownership is either 

private or communal with land held as ejidos, sociedades or communidades. There is 

some opportunity for work restoring the historic buildings in Alamos for the large 

contingent of gringos who have been attracted to the charm of the town and live there 

part- or full-time. 

Rainfall and temperature within the Municipality is variable over its total 

extension of 694,742 hectares (Gobiemo de Mexico 1997), due in large part to 

physiography of the area. Average precipitation for the weather station closest to the 

City of Alamos at Minas Nuevas was 669.0 mm in 1996 and 766.5 mm in 1997. 

Maximum/minimum temperatures for 1996 were 39.5°C/5.0°C and for 1997 were 34.5°C 

/11.4°C (SARH 1997). There is a bimodal rainfall regime, with the more gentle winter 

rains, las equipatas, falling from October to December. Heavy monsoonal rains, las 

aguas, fall in the summer from late June to September,although winter floods have been 

known to wash away the bridge across the Rio Cuchujaqui, isolating the rural residents 

from the City. Peak rainfall recorded at area weather stations occurs in July or August. 
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Summer rainfall is crucial for growing food crops and feed for cattle. The timing of the 

rains is also important. The prevailing feeling of inhabitants is that if the summer rains 

come earlier than June 24, the Dia de San Juan, grasses may germinate too early and the 

young grass will be either eaten too soon by cattle or die if drought follows. If rains 

come too late in the summer, residents will forgo planting crops in anticipation of failure. 

During these times many people turn to cutting vara blanca as an alternative source of 

income. 

Methods 

The natural history of Croton fantzianm (yard) and its role in the plant 

community is poorly known. The tree is not uniformly distributed across the 

municipality but grows in manchas or "spots" around the area. There are four large zones 

in the southern and western portions of the Municipality where the tree is known to exist 

in populations large enough to harvest (Valdez G. 1997. Personal communication.). 

Study sites were specifically chosen within two of the highly populated zones in an effort 

to characterize the composition of the plant communities and the demography of C. 

fantzianus at these localities. Vegetation analysis was performed and the results 

analyzed. A post harvest population study was made at one site and areas of disturbance 

sampled. Anecdotal accounts by informants familiar with the natural history of C. 

fantzianus were considered in the analysis of data. 

Study Site Description 

Site selection was difficult for several reasons. The Municipality of Alamos is 
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over 300 years old with a history of raining, livestock raising and woodcutting. Finding 

areas of forest that have not been disturbed by one activity or another is difHcult if not 

impossible. If there is a resource with value that might be reached with a man and a 

burro, it will be harvested. 

The forest in this area is considered secondary because of the long history of 

disturbance (Reitbergen 1993). In the selection of sites, tenure was a criterion in order to 

assess differences between private and communal land ownership in reference to the 

population of vara. Study site selection was nonrandom, limited by the willingness of 

landowners to allow access to their property. 

Five study sites were chosen in the Municipality within four to thirty kilometers 

distance from the City of Alamos (Figure 2). Two of the sites are on private ranches 

devoted entirely to cattle raising. The remaining three are on communal land used for 

rainfed agriculture for household consumption, small-scale commercial agriculture and 

livestock raising. 

Vegetation studies began in late 1996 as part of a larger study of C.fantzianus 

and continued until 1998. Characteristics of the study sites are found in Table 2. 

Site 1 

The site is on a ranch located approximately 30 km west and south of the city of Alamos 

(N 27° 02' 47", W 109° 07' 03"). Soil is rocky and dry. The study area is reached by 

climbing a steep trail inaccessible to cattle. A family from Ciudad Obregon has owned 

the ranch since 1985. Vara was harvested only once in the memory of the ranch manager 
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around 1993, three years prior to this study, but harvesting began again concurrent with 

the research. Two monitoring plots were established at this site—a primary plot (Site la) 

measuring pre-harvest plant community composition, and a secondary one (Site lb) 

which was overlain on Site la, measuring post-harvest composition. 

Site 2 

The site is located on an ejido (communal land) approximately 4 kilometers from the city 

of Alamos (N 27° 01' 49", W 108° 54' 05"). Extensive harvesting of vara blanca on the 

ejido prior to the study led to a government-imposed moratorium on cutting for five years 

beginning in 1996. There is sign of disturbance by humans and livestock at this site. 

Tropical deciduous forest species in the plant community occurring on the rocky dry soil 

and not sampled in transects include Croton alamosanm, Lysiloma divaricatum and 

Randia obcordata. 

Site 3 

This site is restricted to a small area in the middle of a large expanse of buffel grass 

(Pennesitum ciliare) pasture on a ranch approximately 6 km southeast of the City of 

Alamos (N 26° 59' 24", W 108° 52' 30"). It is one of the larger stands of vara on the 

ranch. Indicators of disturbance are obvious, evidenced by the presence of cattle as well 

as some stakes by the roadside remaining from vara blanca harvesting. Trees not in study 

transects include Fouquieria macdougalii, Haematoxylum brasiletto and Lysiloma 

divaricatum. 
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Site 4 

This site is located on ejidal land approximately 24 km southeast of the City of Alamos 

(N 26° 51' 07", W 108° 51' 53"). There has been ongoing disturbance in the area by 

livestock and humans. Some harvesting of vara occurred on the site during the study and 

plans were being made to cut again in 1998. Additional species found outside transects 

on the dry, rocky soil include Brongniartia alamosana, Bursera fageroides ssp. elongata, 

Haematoxylum brasiletto, Jatropha cordata, Lysiloma divaricatum and Randia 

obcordata. 

Site 5 

This site is approximately twenty km southeast of the City of Alamos (N 26° 55' 

30", W 108° 50' 04") on a hillside above the fields of a sociedad, a type of communal 

farming community. The government does not recognize it as an ejido because poor 

people wanting land formed it in 1986 by an invasion, or land takeover, of a part of a 

large private ranch. Two plots were established at this site. The primary plot (Site 5a) is 

in an area with signs of disturbance by livestock and humans outside a fenced pasture. 

Vara was cut on the primary site in 1995. The harvested trees from this area are for the 

use of the community residents. The secondary plot (Site 5b) is adjacent to the primary 

site within an enclosure for livestock where wood is harvested commercially. Vara has 

not been cut recently because it has not attained marketable size. Additional tropical 

deciduous forest species found outside transects here include Lysiloma divaricatum, 

Stenocereus thurberi and Tabebuia impetiginosa 



176 

Vegetation Sampling 

Woody species were sampled at the five sites in 2500 m^ plots using five parallel 

50 m long line transects at a distance of 10 meters within each plot. The point-centered 

quarter method described by Mueller-Dombois and Ellenberg (1974) was used in the 

analysis. Measurements were made every five meters fi-om the transect line to the nearest 

woody species with a basal diameter of greater than .9 cm in each of the four quarters. 

The basal diameter size was chosen to take seedlings into account. Species were 

identified and the basal diameter recorded. 

Basal diameter measurement was chosen for this analysis for two reasons. First, 

to account for species in the community that have expanded basal diameters due to their 

tropical nature (i.e. buttressed trunks). Second, human activity has been intense on some 

of the sites leaving some trees cut or broken below the level of breast-height 

measurement. For example. Site la was being cut as the study began. To characterize 

pre-harvest vegetation, freshly cut stumps were measured at their bases and the data used 

to reconstruct the original structixre of the site. 

Two sets of data were also collected on two separate plots established at Site 5. 

The first was on one side of a fence protecting the area fi-om livestock and vara blanca 

cutting. Cutting only occurred here when members of the ejido needed trees for 

construction materials. The second was adjacent to the first on the other side of the fence 

in an area used for livestock and woodcutting. 

Analysis of data was performed separately for each site. The following were 

measured: 
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• Density, or the total number of individuals in each sample area 

• Frequency, or the number of times each species occurred in transects 

in each sample plot 

• Basal area, or the diameter of the species at the base of the trunks 

• Relative frequency, density and basal area of each species were 

calculated by dividing the former by the sums of each for all species 

respectively. These values were then converted to percentages by 

multiplying by 100. 

• Importance Value Index for each species was calculated as (relative 

density + relative coverage + relative basal area) (Mueller-Dombois 

and Ellenberg 1974). Species for each site were ranked in order of 

their Importance Values. 

Size Class 

At each site, the 50 x 50 m plots were divided into twenty-five 10 x 10 m 

subplots. Ten 100 m^ subplots were then randomly chosen from among the twenty-five. 

Basal diameter of all C. fantzianns in each plot was measured and height estimated. The 

trees were divided into seven classes according to the diameter measurements to establish 

demography and evaluate the effect of harvest and disturbance on the species. The 

groupings are as follows; .9 cm., 1-1.9 cm, 2-2.9 cm, 3-3.9 cm, 4-5.9 cm, 6-8.9 cm, and 

9-18 cm. The size classes were in determined in part by the govenmient guidelines for 

tomato and grape stakes and posts (Table 3) and informants' estimations of age (growth 
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rates). It is important to note that tomato stakes are most in demand. Although forestry 

regulations set the diameter of the stakes at 3.81 cm, a range of sizes is cut. Informants 

who are cutters and transporters state that stakes cut for tomatoes can range between 2.5 

cm and 4 cm in diameter (Palacios 2000. Personal communication.). 

In the absence of long-term studies monitoring growth rates, vara cutters and 

transporters were interviewed to establish estimates of age classes related to tree size. 

Informants state that plants .9 cm in diameter are between one and two years old and for 

the purposes of this study are considered to be seedlings. Saplings in the 1-1.9 cm class 

can be extrapolated to be approximately two to three years old and trees in the 2-2.9 cm 

class approximately three to four years. Saplings in the 3-3.9 cm class, or the range of 

harvest for tomato stakes, are approximately four to five years old. Adult trees suitable 

for grape stakes (ranging from 4 to 5.08 cm) are approximately six to seven years of age. 

Those more than 6.35 cm are the size harvested for posts, rarely done at this time, and are 

at least seven years old. 

Overstory Canopy Cover 

Forest overstory canopy cover was determined using a Spherical Densitometer 

(Model A) in each plot. Overstory canopy cover can be an indicator of changes in the 

forest structure due to species removal (Bawa and Seidler 1996). Readings were taken in 

each cardinal direction from the center of the twenty-five subplots. Measurements were 

taken at the beginning of October while the leaves of most dry tropical forest species are 

still fully expanded. 
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Results 

Samples from some plant communities at sites where Croton fantzianus is found 

in the Municipality of Alamos are variable in their composition and diversity. Species 

common to the tropical deciduous forest are represented by the families Mimosoideae, 

Burseraceae, Convolvulaceae, Sterculiaceae and Papilionoideae, intergrading with 

species generally affiliated with thomscrub belonging to the Cactaceae, Fouquieriaceae 

and Zygophyllaceae. A list of species from the sites appears in Appendix 1 and floristic 

compostion (Relative Frequency, Density, Basal Area and Importance Values) in 

Appendix 2. 

Croton fantzianusSxiQcxQS Composition and Demography 

C. fantzianus dominates the forest composition with the highest single 

Importance Value of all species on the seven sites. A comparison between the 

Importance Values for Croton fantzianus and the sum of all other species at each site 

appear in Figure 3 and Mean Density per Hectare of Croton fantzianus in Figure 4. 

Size class data for the five sites is presented in Figure 5a. The graphs represent 

the percent of the total individuals of C. fantzianus found in each size and age class. A 

comparison is made between the data collected and hypothetical figures (Figure 5b) 

illustrating variability of developmental stages as related to harvest intensity and 

disturbance (after Hall and Bawa 1993). Species composition and demography on sites 

are as follows; 
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Site l~The direct effect of intensive harvest is demonstrated by the comparison 

between transect and age/size class data from the unharvested and the harvested plots at 

Site 1. The mean density of C fantzianus in the harvested plot decreased to 56% of the 

number found prior to harvest (from 5,871 to 3,273) and diversity in the harvested plot 

increased from 10 to 12 species after the harvest. The composition of this community 

after harvest might have appeared even more diverse if cutters had not destroyed other 

tropical species within the sample plot. The importance value of C. fantzianus decreased 

from 61.5% to 49.3% while that of all other species rose from 38.4% in the unharvested 

plot to 48.5% in the harvested plot. Relative basal area decreased from 42.5% to 23%, 

indicating a loss of intermediate diameter individuals. Size class data from this site 

(Figure 5a) when compared with the hypothetical graphs of variation (Figure 5b) indicate 

a severe loss of seedlings This is consistent with intense harvest of adults (Hall and 

Bawa 1993). 

Site 2—The importance value for C. fantzianus in the plot is 41%. The site has 

the second highest diversity of ail sites with 17 species. Relative basal area is low 

(29.9%) as is the relative density (55%). The mean density is low at this site (4,009) 

second only to the newly harvested plot at Site la. The companson of size class data and 

the hypothetical graphs of variation (Figures 5a and b) show a high percentage of 

seedlings and saplings. This indicates reproductive and regenerative success at this site 

after a period of rest from harvesting beginning in 1996. 

Site 3—The Importance Value of C fantzianus at Site 3 is 73 %, the second 

highest of all the sites. There were 10 species sampled in this plot. Relative density is 
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high (84%) as is the relative basal area (81.5%). Mean density is 5,801. The comparison 

of size class data and variation (Figures 5a and b) indicate that the population of Croton 

fantzianus is approaching a normal age distribution (Figure 5b-l). This suggests little or 

no recent harvesting of the species. 

Site 4—There are only 3 species at this site with the mean density dominated by 

over 11,000 individuals of C. fantzianus. Its extremely high importance value of 84% 

can be attributed to low species diversity. Graphs of size class and variation indicate a 

curve consistent with a normal age distribution (Figure 5b-1). The high percentage of 

seedh ngs and saplings at this site demonstrates the health of the population when not 

under prolonged harvesting or subjected other heavy disturbance. 

Site 5--The Importance Value of C fantzianus was 42% in the "less disturbed" 

plot (5a), and 68% in the "more disturbed" plot (5b). Diversity within the two plots 

sampled varied from twenty species in 5a to eleven in 5b. The mean density of C. 

fantzianus recorded in the more disturbed plot is the highest of all the samples (15,753), 

compared with 8,256 in 5b. Comparison of size class data and variability for Site 5a 

indicates a normal curve of distribution. This is consistent with a population that has not 

been impacted by recent harvesting. 

Blstimated Overstory Cover 

Estimated overstory cover for each of the five plots (Table 4) is unremarkable in 

Sites 1, 2 and 3. Site 4 has the highest percentage of all sites, approaching 90%, and Site 

5 the lowest, approximately 69%. The low overstory density of Site 5 may be 



182 

attributable to the extreme heterogeneity of tree distribution within the study plot. Trees 

on part of the area are few. Since Croton fantzianns is an understory species, its removal 

would have a negligible effect on the cover. 

Discussion 

Croton fantzianus is an economically and ecologically important understory 

species in some tropical deciduous forest communities in Sonora, Mexico. Not all 

tropical deciduous forest associations include C.fartizianus as a structural element, and 

for this reason study sites were selected specifically to include the species. Because of 

the lack of baseline data for the sites and the length of time elapsed since extraction of the 

resource began, I am not sure that density of C. fantzianus is solely a function of 

ecological differences among sites. Harvest of the species over the past forty years has 

obviously had an influence on the plant population and distribution at the study sites. 

The overall impact this may have had on the current population is difficult to unravel. 

When extraction history can be documented, effects are measurable for the forest 

as a whole and specifically for C. fantzianus. Site species richness increases as Croton 

numbers decrease. For example, an intensive period of extraction on Site 2 that ended in 

1996 resulted in the low Importance Value of Croton at this site. This apparently 

promoted an increase in species richness and diversity of the whole site through 

competitive release. The immediate results of extraction are exemplified by Plots la and 

b at Site 1 (Appendix 2). Stand density and basal area of Croton fantzianus declined 

between the harvested and unharvested plots, and the population suffered a loss of 
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reproductive capacity (Figure 5a) indicating poor seedling recruitment. Based on 

knowledge of size class/age information, it is possible to hypothesize that adequate time 

has not passed for the population of C.fantzianus on these two sites to recover, and that 

cumulative effects of past extraction have affected the density figures in this study. 

Disturbance may also be a significant factor controlling distribution and density 

as exemplified in Site 3. Although not harvested heavily in the past, the mean density of 

Croton fantzianus is comparable to that of the previously harvested localities. This is 

attributable to intensive ranching and disturbance from cattle. The site may be hotter and 

drier than in the past due to the wide-scale clearing of the tropical deciduous forest 

around it creating an "island" in a "sea" of buffel pasture. Shade and leaf litter have been 

lost and, along with competition by grasses and compaction of the soil by cattle, are 

factors affecting soil surface temperature. The presence of Acacia cochliacantha, in the 

community is a further indicator of perturbation in this site. This successional species 

has been observed moving into areas of disturbance and agricultural fields after 

abandonment, forming a virtual monoculture of the species in some areas (Leonardo 

Varela. Unpublished data.). 

Accessability to transportation routes has an effect on the population structure in 

more isolated areas. The mean densities for C. fantzianus are much higher in distant areas 

reached by poorly maintained roads that take hours to traverse than those found nearer to 

the business center. Extraction in the past has not been as prolonged and intensive in 

these localities as it has been in other areas closer to good transportation routes. 

The prior extraction of other useful species from the area around Site 4 left the 
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area open for the population of C fantzianus to expand. Three species observed in the 

area around the site are economically and culturally valuable, including; Guiaicim 

coulteri, which is used for fenceposts; Lysiloma divaricata. used for firewood, posts and 

in construction; and Haematoxylum brasiletto^ occasionally used for corral construction 

and dye. In addition, there is a reforestation project in the immediate vicinity for two 

protected species previously harvested firom the area. Tabebuia impetiginosa is a spedes 

historically used for beams and uprights in houses and Caesalpiniaplatyloba is prized for 

fenceposts and construction. These larger tropical deciduous forest trees are slow 

growing and the last two species will take fifteen or twenty years to grow to maturity. 

The previous harvest of these species and the long period required for maturation may 

account for thetr absence at this site. The opening of the canopy by removal of large 

overstory species has allowed more sunlight to reach the forest floor, promoting the 

growth of the heliophytic tree, which is most likely an early successional species. The 

comparison of the high Importance Value of Croton fantzianus^ species richness and 

Shannon-Weiner Diversity at this site reinforces the secondary successional position of 

the species (Figure 6). In the early stages of succession, the importance and basal area of 

C. fantzianus dominate the community which is the least diverse of all. 

When comparing areas for disturbance at Site 5, the presence of species 

commonly harvested for construction, such as Tabebuia impetiginosa and Lysiloma 

divaricatum in the plant community around Plot 5a ("less disturbed") suggest that these 

species have not been extensively harvested. However, the presence of unvegetated areas 

around the plot and occurrence of Acacia cochleacantha within the plot suggests 
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disturbance on some scale. The diversity and richness of this area are the highest of all 

sites, and the Importance Value of C fantzianus is low (Figure 6). The lower mean 

density of the species in the less disturbed plot may also be a result of the harvesting of 

vara blanca for community use three years prior to the study. 

In the area used for woodcutting (Plot 5b), diversity within the site is lower, 

consistent with thinning of the population of larger slower growing trees by harvesting. 

The high mean density of C fantzianus recorded in the more disturbed plot 

suggests that it is successfully recruiting from a seemingly large propagule pool in an 

area undergoing perturbation, and that the tree has not been harvested in great numbers. 

Informants state that the higher population of the plant is due to the fact that the vara has 

always flourished on the soil in the area of the site, despite disturbance, reinforcing the 

view of its successional nature. 

The ability of seedlings to become established in spite of non-harvest disturbance 

by people and cattle indicates that reproduction of C. fantzianus is not halted by 

perturbation. However, it appears that the degree of disturbance, in this case by clearing 

for ranching and high cattle stocking numbers on private land versus the low cattle 

population grazing in the communal forest, has an impact on the density of the 

population. The mean density of C. fantzianus on communal land is almost four times as 

great as that on the private ranch. This aspect of the life history of the tree 

including reproduction and establishment merits further investigation. 

Philosophies about local management of the resource differ among residents of 

the municipality. When interviewed about regenerative capacity of Croton fantzianus. 
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several informants state that it must be cared for. Some producers let the resource rest 

and rotate cutting among sites in order to manage the plant. However, others cut it in 

haste, damaging surrounding vegetation and the small seedlings of the vara blanca. Most 

users seem to feel that the population of the tree will successfully recover by reproduction 

and coppicing within three to five years without any interventions (i.e. management plans 

or plantations). 

Most informants state that the resource "is finishing" in spite of optimistic 

statements about its regenerative abilities. In the absence adequate scientific data, the 

effects of intensified harvesting are made apparent in people's observations of the present 

state of the population of the tree. Informants indicate \ara blanca was previously found 

in certain locations in the Municipality where it no longer occurs. The productivity of 

areas reharvested too soon is perceived to have declined, yielding smaller volumes of 

marketable stakes. While buyers have demanded straight stakes in the past, they are now 

wilhng to settle for crooked ones from coppiced plants. Overexploitation of the tree in 

Sinaloa caused workers to cross the border into the Municipality of Alamos to harvest it, 

causing additional pressure on the population of the tree. A recent visit to vara blanca 

storage yards along the Sinaloa border confirmed its scarcity. The first yard visited had 

no vara blanca while the second contained some, along with stakes from other tropical 

deciduous forest species to be used as substitutes, an alternative not seen in the past. 

Further confirmation of its scarcity comes from truckers in the Municipality of Alamos 

who have begun to buy stakes of Acacia cochleacantha in the absence of a sufficient 

supply of C (Gustavo Aragon 2000. Personal communication.). These 
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stakes sell for less (1.6 pesos or $. 16 US, versus 2.0 pesos or $.20, for vara bianco) and 

will last only one to two years instead of the four or five that vara blanca lasts. In 

addition, the tree is spiny and more difficult to handle requiring more labor intensive 

harvesting. There seem to be no other real alternatives for vara blanca stakes at the 

present time. Metal poles are felt to be too heavy and are expensive, and treated pine 

does not seem to be attractive to buyers. 

Outside of the federal rules for the harvest of vara, which are largely ignored, 

there is presently no other formal conservation/management plan for the harvest of C 

fantzianus. In the past there was an effort to organize ejidal umons mainly in response to 

pricing inconsistencies and not because of ecological effects of harvest. This effort failed 

due to the absence of capital and credit (SEMARNAP 1994). Residents manage 

according to their own belief systems. Some adhere to the government regulations, and 

others do not. Although informants are aware the population appears to be decreasing, 

when the choice is between earning enough money to eat or refraining from harvesting 

for conservation of the resource, the first choice always wins (Corbett 1988). 

Conclusion 

The community composition, population structure and effects of harvest of non-

timber forest products in the tropical deciduous forest are not well understood. This 

preliminary study of the little known community composition and population structure of 

Croion fantzianus in the Municipality of Alamos, Sonora, Mexico indicates variability 
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which may be due to harvest, disturbance, or distance from areas rich with the resource to 

the market. Diversity in the plots sampled is related to harvest activities in the sites 

surrounding them, whether they are for tropical timber species for local use or for the 

non-timber species itself. Disturbance from ranching activities plays a role in community 

structure and there appears to be a relationship between disturbance and the population 

levels of Croton fantziantis. Land tenure type plays a role in this regard. The higher 

intensity of ranching activity and disturbance on private land may be responsible for a 

lower density of the tree than on communal land. The ability of the species to reproduce 

in spite of local disturbance may indicate a level of tolerance or resiliency on the part of 

the tree as a successional species. 

The tree is a valuable resource for the residents of the municipality particularly 

during times of economic need. Extraction records show that intensified harvesting of 

the population has occurred for over twent\' years. In the absence of baseline data the 

absolute long-term effect this level of harvest has had on the present population cannot be 

known with certainty. 

Despite the lack of baseline date, the rate of harvest continues to be high today in 

response to worsening economic conditions in the municipality and consistent demand 

for stakes by agriculture. Site data indicate that present overharvesting causes reduction 

of reproductive capacity and thus threatens recovery of the population. Previous harvest 

levels of the tree and present intensified cutting of the surviving population may have 

long-term ecological consequences and C. fantzianus may no longer be capable of 

sustaining high rates of extraction. However, from the data it appears the resource is in no 
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immediate danger of extirpation. More long-term observations on reproduction, 

recruitment, regeneration and recovery under harvest conditions are needed to understand 

this non-timber resource. 

In addition to data from the study plots, warning signs that extraction has gone 

beyond sustainable levels can be seen from the actions of people dependent on the 

resource. Buyers have lowered standards for stakes they purchase, first settling for ones 

they would previously have rejected, and finally turning to alternative sources. The 

sp)ecies chosen for substitution are less durable than vara, and are more difficult to 

harvest. 

Given recent history, it is unlikely that the government can mount an effective 

management program for C fantzianus. The burden of management will be borne by the 

local people. Local knowledge of natural history and attempts by some landowners and 

workers to implement self-styled management programs suggest the importance of the 

resource both ecologically and economically. However, it is questionable whether the 

people will be able to gather enough collective strength to manage the resource. Workers 

are scattered across the municipality in isolated settlements with limited means of 

communication and transportation. There are presently no types of financial assistance, 

organizations or structures in place to support local governance and there are few 

alternative sources of income, making conservation unlikely under the present 

circumstances. In light of persistent economic problems, rather than increased 

management of the resource, it is more likely to expect increased dependence on it. 

Unless the people dependent on Croton fantzianus can receive support in the form of 
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economic incentives, loans or some type of alternative employment to harvesting the 

resource, it is probable that continued market demand and producer need will conspire to 

further deplete the population (Figure 7). 
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Figure 1. Exploitation of Vara Blanca in Sonora (numt)er of stakes) 

'Number of Stakes based on cubic meters por rolk>. Based on volume of 1 x1 x2 m 
cylindrical roll, also expressed in terms of weight. One mPR weighs .9 metric tons, and 
one vara stake weighs approximately 2 kg., so there are approximately 450 stakes per 
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Table 1. Study Site Characteristics for 50 Plots by Site 

Site No. Elevation fm^ Slope Aspect 

1 536 30® N 

2 399 15® E 

3 300 15" W 

4 304 5® NW 

5 366 10° N 
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Table 2. Regulation Sizes of Stakes of Vara Blanca and the Approximate Ages 

Stake Type Diameter (cm) Length (m) Approximate Age (yrs) 

Tomato 3.81 2.1 3 to 5 

Grape 5.08 2.1 6 to 7 

Post 6.35 2.1 7+ 

Source; SEMARNAP 1994. 
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Table 3. Percent Estimated Overstory Density of Sites 

Site 1 Site 2 Site 3 Site 4 Site 5 

81.01 82.07 82.68 89.21 68.97 
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APPENDIX 1: Plant species found in quarters of transects. 

Species Name Family Common Name 

Euphorbiaceae 

Fabaceae, Mimosoideae 

Fabaceae, Papilionoideae 

Fabaceae, Papilionoideae 

Burseraceae 

Croton fantzianus Seymour 

Acacia coulteri Benth. 

Brongniartia alamosana Rydb. 

Course tia glandulosa Gray 

Bursera taxiflora S. Watson 

Bursera fagaroides (RB.K.) Engl. 

var. elongata McVaugh & Rzedowski Burseraceae 

Pachycereus pecten-aboriginum 

(Englm.) Britten & Rose 

Guaiacum coulteri A. Gray 

Stenocereus thurberi (Engelm.) Buxb. 

Fouquieria macdougalii Nash 

Randia obcordata S. Watson 

Haematoxylum brasiletto Karst. 

Crolon Jlavescens Greenm. 

Karwinskia humboldtiana (Roem. & Schuit.) Zucc. Rhamnaceae 

Acacia cochliacantha Humb. & Bonpl. ex. Willd. Fabaceae, Mimosoideae 

Cordia sonorae Rose Boraginaceae 

Jatropha cordata (Ortega) Mull. Arg. Euphorbiaceae 

Jatropha malact)phylla Standi. Euphorbiaceae 

Opuntia wilcoxii Britton &Rose? Cactaceae 

Opuntia thurberi Engelm. Cactaceae 

Cactaceae 

Zygophyllaceae 

Caaaceae 

Fouquieriaceae 

Rubiaceae 

Vara Blanca 

Guayavillo 

Palo Piojo 

Samo 

Torote Prieto 

Torote Papelilo 

Etcho 

Guayac^ 

Pitahaya 

Ocotillo Macho* 

Papache Borracho 

Fabaceae, Caesalpinioideae Brasil 

Euphorbiaceae Vara Prieta 

Cacachiia 

Gtiinolo 

Palo de Asta 

Torote* 

Sangrengado 

Nopal 

Civiri 



206 

Lysiloma divaricatum (Jacq.) J.R. Macbr. 

Bursera grandifolia (Schlect.) Engl. 

Ipomoea arborescens (Humb. & Bonpi. 

ex Willd.) G. Don 

ErythrinaJlabelliformis Kearney 

Lonchocarpus hermamii Marco 

Gauzuma ulmifoHa Lam. 

Jacquinia macrocarpa Cav. subsp. 

pungens (A. Gray) B. StShl 

Montanoa rosei B.L. Rob. & Greenm. 

Senna atomaria (L.) Irwin & Bamaby 

Rancta echinocarpa Sesse & M09. ex DC. 

Mimosa distachya Cav. Var.distachya 

Chlorophora tinctoria (L.) Gaudichl 

Fabaceae, Mimosoideae 

Burseraceae 

Convolvulaceae 

Fabaceae, Papilionoideae 

Fabaceae, Papilionoideae 

Sterculiaceae 

Theophrastaceae 

Asteraceae 

Mauto 

Palo Mulato 

Palo Santo 

Peonia 

Nesco 

Guasima 

San Juanico 

Batayaqui 

Fabaceae, Caesalpinioideae Palo Zorillo 

Rubiaceae 

Fabaceae, Mimosoideae 

Moraceae 

Papache Grande* 

Una del gato 

Mora 
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Appendix 2. 
Relative Importance of Species by Site 

Site la 

Species (n=10) % Rel Fre % Rel Den %Rel BA Imp Val Rank 

Croton fantzianus 60.2 82 42.5 184.7 1 

Acacia coulteri 15.7 8 28 51.7 2 

Pachvcereus pecten-aboriginum 4.8 2 3.6 16.6 3 

Bursera laxi flora 6 2 6.4 13 4 

Coursetia elandulosa 3.6 2 5 12 5 

Stenocereus thurberi 2.4 1 0.4 7.5 6 

Broneniartia alamosana 2.4 1 9.8 7 7 

Bursera faearoides var. elongata 2.4 1 0.1 3.8 8 

Guiacum coulteri 1.2 0.5 4.1 1.8 9 

Fouquiena macdouBalii 1.2 0.5 O.I 1.8 9 

la Total 99.9 100 100 299.9 54 

Site lb 

Species (n=12) % Rel Fre % Rel Den %Rel BA Imp Val Rank 

Croton fantzianus 51.6 73 23 147.8 1 

Acacia coulteri 16.5 10.5 35 62.4 2 

Pachvcereus oecten-aborifpnum 4.1 2 14 19.6 3 

Bursera laxi flora 7.2 3.5 6 16.7 5 

Bronsniartia alamosana 5.2 3 9 17.2 4 

Coursetia elandulosa 4.1 2.1 6 12 6 

Stenocereus thurberi 4.1 2.2 4 10.6 7 

Bursera ^earoides var elongata 2.1 1 2 4.9 8 

Fouquieria m^cdniif^iii 2.1 0.9 0.2 3.2 9 
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Randia obcordata 1 0.5 0.5 2 10 

Haematoxvlum brasileno 1 0.6 0.2 1.8 11 

Guiacum coulteri 1 0.9 0.1 1.77 12 

lb Total 100 100.2 100 299.97 78 

Site 2 

Species (n=17) % Rel Fre % Rel Den %Rei BA Imp Val Rank 

Croton fantzianus 36 55.8 29.9 121.7 1 

Broneniartia alamosana 7.9 5.1 25.3 38.3 2 

Croton flavescens 18.44 13.1 4.4 35.9 3 

Montanoa rosei 8.8 8.3 5 22.1 4 

Lvsiloma divaricata+B88 3.5 1.3 15.9 20.7 5 

Gauzuma ulmifolia 6.1 3.7 1.1 10.9 6 

Jacauinia macrocarpa 2.6 2.7 4.8 10.1 7 

Randia echinocaqia 5.2 3.2 1.4 9.8 9 

Lonchocarpus hennannii 0.9 0.7 5.4 7 9 

Senna atomaria 2.6 1.3 2.6 6.5 10 

Pachvcereus pecten-aboriginum 2.6 1.5 1.8 5.9 11 

Haematoxvlum brasiletto 0.9 0.5 1.2 2.6 12 

Cordia sonotae 0.9 0.7 0.1 1.7 13 

Jatropha cor'^'<*fl 0.9 0.5 0.2 1.6 14 

Karwinsida humboldtiana 0.9 0.6 0.1 1.6 14 

Mimosa distachva 0.9 0.5 0.1 1.5 15 

Chlorophora tinctoria 0.9 0.5 0.5 1.5 15 

2 Total 100.04 100 99.8 299.4 150 
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Site 3 

Species % Rel Fre % Ret Den %Rel BA Imp Val Rank 

Croton fantzianus 65.8 84.4 68.4 218.6 1 

Broneniartia alamo sana 6.6 2.5 13.8 22.9 2 

Pachvcereus pecten-aboriginum 2.6 1 12.6 16.2 3 

Croton flavescens 5.3 5 2.3 12.6 4 

Karwinskia humboldtiana 9.2 0.4 0.1 9.7 5 

Acacia cochliacantha 1.3 2 1.7 5 6 

Randia obcordata 2.6 2 0.3 4.9 7 

Coursetia elanduiosa 2.6 1 0.3 3.9 8 

Bursera laxiflora 1.3 0.6 0.2 2.2 9 

Cordia sonorae 1.3 0.6 0.2 2.1 9 

Jatropha cordata 1.3 0.5 0.1 1.9 10 

3 Total 99.9 100 100 300 64 

Site 4 

Species (n=3) % Rel Fre % Rel Den %Rel BA Imp Val Rank 

Croton fantzianus 81.6 89 81.5 252 1 

Croton flavescens 16.6 9.7 17.6 43.9 2 

Pachvcereus pecten-aboriginum 1.6 0.5 0.9 3 3 

4 Total 99.8 99.2 100 298.9 6 

Site Sa 

Species (n-20) % Rel Fre % Rel Den %Rcl BA Imp Val Rank 

Croton fantzianus 25.7 72.9 28.5 127.1 1 

Jatrcpha cordata 15.9 5.7 11.4 33 2 
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Pachvcereus pecten-abori^num 4.4 2.6 19.6 26.6 3 

Ervthrina flabelliformis 1.8 0.4 15.2 17.4 4 

Fouquieria macdougalii 9.7 3.5 3.6 16.8 5 

Lonchocarpus hermannii 0.9 0.8 13.3 15 6 

Opuntia wilcoxit 8.9 2.6 2.2 13.7 7 

Broneniartia alamosana 5.3 3 0.8 9.1 8 

Bursera fagaroides 4.4 1.3 1.2 6.9 9 

Jatropha maJacophvlla 1.8 1 3.3 6.1 10 

Ipomoea arborescens 3.5 0.8 0.4 4.7 11 

Bursera laxi flora 3.5 0.9 0.06 4.5 12 

Croton flavescens 2.6 0.8 0.1 3.5 13 

Acacia cochliacantha 2.6 0.6 0.06 3.3 14 

Opuntia thurberi 1.8 1 0.04 2.8 15 

Stenocereus thurberi 1.8 0.5 0.2 2.5 16 

Cordia sonorae 1.8 0.7 0.02 2.5 16 

Bursera grand ifolia 1.8 0.4 0.02 2.2 17 

Haematoxvlum brasiletto 0.9 0.3 0.01 1.2 18 

Lvsiloma divaricata+B25 0.9 0.2 0.01 1.1 19 

5a Total 100 100 100.02 300 206 

Site Sb 

Species (n=l 1) % Rel Fre % Rel Den %Rei BA Imp Val Rank 

Croton fantzianus 68.6 90 44.6 203.1 1 

Pachvcereus pecten-abori^inum 5.7 2 36.9 44.6 2 

Jatrooha malacophvlla 5.7 2 12.6 20.3 3 

Cordia sonorae 5.7 2 0.26 7.9 4 
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Bursera fasaroides var. elonf^ta 1.4 0.3 3.4 5.1 5 

Fouquieria macdouf^alii 2.9 0.8 0.86 4.6 6 

Opuntia wilcoxii 2.9 0.7 0.9 4.5 7 

Brongniartia alamo sana 2.9 0.8 0.2 3.9 8 

Opuntia thurfaeri 1.4 0.9 0.03 2.3 9 

Randia obcordata 1.4 0.5 0.26 2.2 10 

Croton flavescens 1 0.4 0.1 1.9 11 

5b Total 99.6 100.4 100.11 300.4 66 


