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ABSTRACT 

In this research I examine the adaptive strategies and practices that an indigenous community 

uses to cope with stresses and threats of their local environment. I consider the premise that the 

continuous interactions with nature by a people who have lived in the same geographic region for 

great periods of time can lead to traditional ecological knowledge that benefits human well being, 

and can also result in practices that result in the protection and sustainable use of the natural 

resources of their environment. Case studies with the Seri Indians in Sonora, Mexico are 

provided to demonstrate how adaptive behaviors evolved in coastal-desert environment can 

affect health and also contribute to conservation. In each study, I examine practices that the Seri 

Indians use to cope with the constraints and opportunities inherent in their desert and sea 

environment. The case studies take place in 3 landscapes of different geographic scale and 

cultural contexts. The first study is of a seascape where ritual sea songs are sung to navigate 

through dangerous channel between two islands. The second study examines medicinal plant 

associations with the ironwood tree {OIneya tesota Gray) in a series of landscapes of the Central 

Gulf Coast of Sonora. The third study considers a group of five desert plants adapted by the Seri 

to treat diabetes in light of the biological and cultural factors that influenced the Seri selection of 

these plants. The studies demonstrate in different environments, spatial scales and cultural 

contexts, how dynamic human-environment interactions take place at the interface between 

biological and cultural adaptation; interactions that are mutually reinforced in the human 

experience. 
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1. Introduction 

In this research I examine the adaptive strategies and practices an indigenous community uses 

to cope with stresses and threats of their local environment, i consider the premise that the 

continuous interactions with nature by a people who have lived in the same geographic region for 

great periods of time can lead to traditional ecological knowledge that benefits human well being, 

and can also result in practices that result in the protection and sustainable use of the natural 

resources of their environment. To better understand how the respective influences of 

environment and culture have shaped human adaptation to their local environment, I consider 

three case studies with the Comc^ac who are also known as the Seri Indians in the Central Gulf 

Coast Region of Sonora, Mexico. In each study, I examine the practices that the Seri Indians 

have developed as strategies to cope with the constraints and opportunities inherent in their 

desert and sea environment. The three studies were carried out in different contexts in Seri 

culture, and in geographic areas of dissimilar spatial scale. The study sites were located among 

the Midriff islands in the Sea of Cortes (Gulf of California) and on the coastal plains of Central 

Sonora. 

1.1 Explanation of the dissertation format 

I was the sole investigator in two of the papers (1 and 3) presented in the Appendices. For the 

second paper, I led the plant ecology research in the Central Gulf Coast Region, which was one 

study site among eight in a multiregional study: Binational Report on the Status of the Ironwood 

Tree (Arizona-Sonora Desert Museum (ASDM) 2000). This report was co-authored with three 

other researchers, along with numerous volunteer field workers. I was responsible for the plant 

ecology and the ethnographic data collection in this region. . 

2. The problem and its context 

In many regions of the worid, marine and plant resources have a long history of being 

managed through traditional or folk management regimes. However, regional natural resource 

management plans are often designed without sufficient knowledge of the adaptive strategies and 
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practices of the local community. People native to a region often possess ecological knowledge 

and practices that have sustained them for hundreds years to cope with stresses and threats of 

this same environment. 

However, many small scale fishing villages in the Gulf Region, and around the world, still 

operate in relative geographic, political, and cultural isolation from each other and from more 

central urban areas. They often lack avenues of political voice and representation which affects 

the participation in regional natural resource management even though these policies may impact 

local peoples in a vastly different manner than other groups. The effects of species and habitat 

loss on native people are often disproportionately greater than on residents with shorter tenure in 

a region that have not relied as extensively on natural resources for their livelihood. The 

consequences of the loss of biodiversity are magnified when the implications of environmental 

degradation on native people are accounted. 

Whether human beings harm the environment or protect and conserve resource use may be 

dependant on the knowledge of adaptive, reciprocally beneficial ecological practices and an 

understanding of their relevance to today's environmental problems. Knowledge gained by 

learning at the limits of resources is a distillation of information that has survived a wide variety of 

temporal and biotic shifts in the region. Inhabitants with a long history of tenure in a particular 

place distill and apply ecological knowledge to sustainable natural resource management 

practices. Specific patterns of adaptive behavior can show how a culture has inhabited a 

particular environment over a long period of time. The implications of adaptive strategies in 

problem solving, decision-making and innovation can suggest adaptive strategies that maintain 

cultural, biological and ecological health in a particular place (Hunn 1993). 

Since early times, unique human cultures have developed side-by side with a rich sea and land 

environment in the Gulf of California Although many of the Midriff Islands are uninhabited and 

relatively pristine, they have a long history of human use and influence (Bahr and Bourillon 2000; 

Nabhan 2000; Bowen 2000). The Seri Indians are among the earliest known continuous 
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occupants of the coastal desert and islands of the Sea of Cortes (Bowen 1976). The Seri Indians 

are recognized for their ability to survive in the harsh conditions of the desert, and their extensive 

knowledge and use of the plants, animals, and marine life of the Central Gulf Coast Region of 

Sonora, Mexico (Felger and Moser 1985; Sheridan 1999; Bowen 2000; Nabhan 2002). Their 

understanding and response to the constraints and opportunities inherent to the desert and sea 

environment has been fundamental to their health and ability to thrive in this extreme arid context. 

The persistence of the Seri Indians is partly due their efficient use of the natural resources of their 

coastal desert environment. 

The Gulf of California (Sea of Cortes) and the surrounding coastal areas are home to a 

spectacular diversity of life. The diverse habitats in this coastal desert and sea environment 

include steep rocky islands and mainland slopes, wide intertidal zones, different substrates, 

bajadas and alluvial plains and a variety of desert plant communities (Reigner 2001a; Shreve and 

Wiggins 1964). What are typically tropical plant communities—mangrove forests—have their 

most northward latitudinal reach in the Central Gulf Coast Region (Reigner 2001b). The endemic 

ironwood tree {OIneya tesota Gray) is both a cultural and ecological keystone of the Sonoran 

Desert (ASDM 2000). 

Roughly 25 percent of the world's marine mammal species have been documented to occur in 

the Gulf of California. Seabirds also abound, with some breeding by the hundreds of thousands 

on certain islands. Five species of seabirds are quasi-endemic, which means that over 90 percent 

of their world population breeds in the Gulf of California. The desert islands are home to 55 

species of reptiles, including the endemic chuckwalla {Sauromalus varius) on San Esteban 

Island. A great variation in sea-floor topography combined with a regional pattern of oceanic 

current movements produce zones of significant upwelling in the sea. The resultant phytoplankton 

and zooplankton blooms form the nutrient base for legions of seabirds, baleen whales, sea lions, 

sea turtles and schools of sharks (Reigner 2001). 
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The fisheries resources of the Gulf have drastically declined in the past two decades (Knudson 

1995) A dramatic increase in catch over the past decade has been by supported by a 

combination of unsustainable fishing trends, including changes in catch composition and decline 

of catch per unit of effort and the use of fishing gear that degrades the marine environment. The 

high-value export species catch such as sea cucumber, scallops, lobster, crab, shrimp, grouper 

and snapper have increased, while the catch of other species such as large sharks have declined 

drastically. In the Kino Bay area adjacent to Seri territory, the fishing boat fleet has grown by over 

5 times its size in 1989; as did the size of the average boat, enabling fishermen to carry more 

gear and fish farther from port for potentially longer periods of time (INP 1999). Shrimp trawlers 

and drift nets contain 70—95 percent by-catch (i.e.; marine life that is discarded because it 

cannot be marketed, stored or utililized by the fishers) that impact millions of seabirds, and 

thousands of seals, sea lions, vaquitas and sea turtles each year. Seventy six percent of Mexico's 

shrimp industry is based in the state of Sonora (Magallon-Barajas 1987). 

These trends have resulted in increased conflicts with the Seri tribe over outside encroachment 

into Seri fishing territory. In 1973, the Mexican government granted the Seri Tribe exclusive 

territorial use rights over Tiburon Island, the Infiernillo Channel, and adjacent mainland coastline. 

Many Seri feel that their sovereignty extends farther than local fishenmen are willing to respect. 

Outside fishers have increased their use of the islands in their territory over the past few decades 

using these islands as campsites and or stopovers to clean fish to minimize gas costs (Bourillon 

and Basurto 1998). 

The shift toward export of high value marine food products has negatively impacted the Seri 

Indians and other small scale fishermen in the Gulf of California in that the price per kilo of 

fisheries product received by the fishers has not kept pace with the dramatic rise in the cost of 

living in the region(Meltzer 2001). Consumption of fish by the Seri Indians has decreased partly 

due to their increased effort and investment in the more profitable export fishery. Worldwide, a 

massive dietary protein transfer is occurring, whereby up to 85% of fish by value are exported to 
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industrial countries each year (McGuinn 1999). This nutritional outflow has coincided with a 

simultaneous rapid rise in the incidence of diabetes among the Seri during the past two decades. 

Similar environmental and socio-economic dynamics are at play on the mainland. The 

ironwood tree, an ecological keystone species that is also highly significant to Seri culture and 

economy. The decline in fishing during the 1970's and 80's caused Mexicans to seei< other ways 

of making a living. They began producing imitations of the Seri ironwood carvings. While the Seri 

had been crafting these carvings for tourist sales using hand coppicing methods to cut the wood, 

the Mexican carvers used chain saws and machine lathes to harvest larger branches, killing the 

entire tree. Ironwood carving became a major economic industry in Central Sonora with 

numerous cooperatives harvesting ironwood trees in an area radiating hundreds of miles that 

included some of Seri territory. In response to the depletion of the ironwood in their territory, most 

Seri carvers have switched to shaping their figures from nearby stone. Inland, the fuel wood 

demands consumed even more ironwood. Its dense wood burns extremely hot, which adds value 

to the mesquite charcoal exported to the U.S. Ironwood is the preferred fuel wood of populous 

regions surrounding towns and cities in Central Sonora, where fuel wood is already scarce. 

What began as a sustainable economic venture for the impoverished Seri Indians became an 

ecological crisis for ironwood trees and the Sonoran Desert. The ecological implication of the 

cutting of these slow-growing trees indicates that yet another crisis may be in store. Studies have 

shown that the ironwood provides protective habitat for over 500 other species in the Sonoran 

(ASDM 2000). In response to these pressures on the ironwood, Mexico granted ironwood "special 

protection status" in 1994 and protects it under a variety of law and regulations. However, in spite 

of permit requirements, the influence of tourist demand and fuel needs undermine conservation 

effort (Solis Garza and Espericueta 1997; Paredes and Lopez 1995). 

The set of ecological threats facing the people and landscapes involved in the Central Gulf 

Region stem from economic and cultural pressures that pose complex and difficult challenges to 

redefine and maintain sustainable relationships with the environment. These environmental and 
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health problems have developed in the context of Mexican, Seri, and American (U.S.) 

interactions, with ecological connections that span international boundaries. They are influenced, 

and in some cases driven, by international economic pressures. Conservation efforts are 

confounded by difficulties in obtaining meaningful information on local ecological trends, and by 

developing and implementing sound management practices that are inclusive of the views and 

needs of native people. 

The predictive value of many ecological studies is often limited in that they deal with a just a 

handful of species interactions and processes over a few years. The impacts of long term 

environmental trends are difficult to measure using ecology methods due to the high variability in 

recruitment, mortality rates and habitat requirements of different species. Fisheries assessments 

are difficult to interpret due to the lack of information from earlier time periods and to the 

migratory nature of many species (Morales-Bojorquez et al. 2001). Plant ecology studies tend to 

document species diversity and importance but cannot predict the cultural and health impacts that 

the loss of the use of these resources would have on local people. 

The shift in diet from native foods to modern processed foods is related to the increase in 

diabetes among native people worldwide (Burrows 2000). The cumulative human health effects 

that result from the loss of native foods and traditional plant medicines may not manifest for 

decades. While eighty percent of people in the developing world continue to rely on medicinal 

plants for their health), phytochemical research often does consider the ecological and cultural 

factors that may influence the potential effectiveness of the plant when used in the local context 

(Atherton 1994). Case studies of traditional knowledge of natural resources can contribute vital 

lessons and models for the growing movements in community-based and cooperative natural 

resource management: lessons that are also relevant to the health and wellbeing of the local 

community. 
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3. Literature review 

Humans have always had dramatic and subtle effects on the habitat and ecological interactions 

of other species in nature (Castille 1993). Likewise, human biology and culture seem to be 

influenced by the locale where people live for long periods of time (Stoffle and Evans 1990; 

Stoffle et al 1997; Nabhan 1999). Ritual songs and stories may convey ecological infomnation that 

guide decision making and practices that have contributed to a people's livelihood and longevity 

in a region (Basso 1996;Laderman 1987; Chatwin 1987). Ceremonial and spiritual activities can 

symbolize a society's respect for the environment and mediate social relations around natural 

resource, forming the basis for a conservation ethic (Lansing 1991; Griffith 1989; Nabhan 2002). 

These reciprocally beneficial ecological practices are often central in native culture and may 

eventually become embedded in a supernatural thinking and within an ethical system of values 

(Stoffle, Halmo and Austin 1997). 

4. Present Study 

The methods, results and conclusions of this study are presented in three papers appended to 

this dissertation. What follow is a brief overview of the study and a summary of the findings. 

Paper 1. Sounds of the Sea: A Navigational Song Map of the Sea of Cortes: iHuman Dimensions 

of Arid Coastal Biogeography. 

At the largest scale, a seascape between two islands in the Midriff Islands of the Sea of Cortes, 

examine a sequence of ancient ritual navigational songs sung by Seri navigators to assure their 

safe passage through the treacherous currents and unpredictable weather. This study 

demonstrates how ceremonial and spiritual songs and activities are centrally connected to nature 

and how these songs also convey navigational information that is important to the seafarers' 

survival. In addition to teaching survival skills, the songscape models ways the Seri interact with 

the natural and supernatural worlds between and on the islands of Tiburon Island and San 

Esteban. This song sequence, when interpreted in its their ecological context, shows how the 
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human dimensions of arid coastal geography can be understood from the viewpoint of people 

who have resided in the region for hundreds of years. 

Paper 2. The Ironwood Tree as Habitat for Medicinal Plant Communities: A Case for 

Ethnobiological Conservation. 

I then consider a series of landscapes located in different areas of the Central Gulf Coast of 

Sonora to look at the importance of the threatened ironwood tree (OIneya tesota Gray) to protect 

medicinal plants from the extremes of the Sonoran desert climate. The results of this study 

demonstrate the importance of human cultural landscapes and habitats to other biological 

species conservation. It also illustrates the ways which different Seri groups perceive ecological 

interactions related to medicinal plants. Not all places or species within a cultural landscape have 

the same culture value even for a single ethnic group. The differing emphasis between groups of 

Seri on specific groups of medicinal plants correlated with the natural occurrence of different 

guilds of plants associated with the ironwood in different areas of the region. The co-occurrence 

of these different groups of medicinal plants with the ironwood tree implies that the loss of the 

ironwood tree in one area would impact a unique group of medicinal plants that are part of a 

cultural network of plants throughout the region. The loss of one group of medicinal plants could 

have an unraveling effect on the coherence and integrity of the healing system and practices of 

a particular culture. 

Paper 3. Desert plants adapted by the Seri Indians to treat diabetes: Opuntia bigelovii, Senna 

covesii, Rhizophora mangle, Bursera laxiflora and Kramena grayi 

Finally, at the smallest scale I focus on a group of five desert-adapted plants selected by the 

Seri to treat the recent epidemic of diabetes that is occurring in their communities. 1 examine the 

biological and cultural factors that influenced the Seri use of these plants in the context of the 

desert environment. The medicinal plants selected by the Seri for diabetes are desert plants with 

unique adaptations to arid conditions (Heathecote 1983). Many of these adaptative 

characteristics were also the plant properties reported to have therapeutic effects against 
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diabetes. The Seri perceptions of the importance of hydration in an arid environment appeared to 

setve as a reference point, as the plants selected for diabetes were also used to prevent 

dehydration. This study provides an example of the role of nature in placing limits or even 

directing human adaptation. 

The three studies demonstrate how dynamic human-environment interactions take place at the 

interface between biological and cultural adaptation; interactions that are mutually reinforced in 

the human experience in different environments, spatial scales and culture contexts (Katz 1986, 

1990; Etkin 1986; Laderman 1987; Stoffle, Halmo and Austin 1997; Nabhan 1997; Johns 1999). 

The specific patterns of co-adaptation identified in this study show how a culture may use 

adaptative strategies to maintain cultural, biological and ecological health. 
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Abstract. This ethnographic study examines a ritual cycle of navigational songs that when sung 

in sequence, convey a linguistically encoded navigational map that guides Seri Indian seafarers 

safely through highly variable sea conditions on their voyage between two islands in the midriff 

region of the Sea of Cortes (Gulf of California). The sequence of songs--the Canticles of San 

Esteban-- are song-poems of the sea that illustrate how a native people learned and conveyed 

important and enduring ethno-geographic knowledge that is unique to their culture and region. 

The songs linked together form a seascape that reveals the unique characteristics of the sea and 

islands of the midriff region of the Sea of Cortes. The Canticles of San Esteban provide a glimpse 

into the past of a now extinct band of Seri people. The musical aspects of the songs offer insight 

into the ways in which an aurally centered culture manipulates song and sound to shape the 

conditions of its local environment, and how in turn, the nature of the sea and desert shapes the 

identity of a people. 

1. Introduction 

This ethno-geographical study considers a navigational song-cycle, the Songs of San Esteban, 

that conveys linguistically encoded traditional ecological knowledge about the perils encountered 

during a historical journey that Seri Indians made between two islands in the midriff region of the 

Sea of Cortes (Gulf of California). The songs contain both pragmatic information and symbolic • 

knowledge, distilled over time and orally transmitted from one generation to the next. Like 

stepping-stones between the islands, each song contains a part of an encoded map to mark the 

navigational course between Tiburon Island and San Esteban. The song-cycle has aided the Seri 

in navigating safely through the highly variable sea conditions that characterize the midriff section 

of the Gulf. In addition to teaching survival skills, the songs model the ways in which the Seri 



interact with the natural and the supernatural worlds. Layers of meaning and sentiment, 

condensed in simple, easily memorized, repetitive song phrases, create dense images 

synchronized with the familiar rhythms and sounds of the sea. 
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Fig 1.1. Midriff Islands of the Sea of Cortes (Bowen 2000) 
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This song-cycle is known by the Seri as Cdftecol COicos (San Esteban Songs). Collectively 

the cycle is considered as a canticle of power to be chanted in a specific sequence by the Seri 

Indians as they navigate through treacherous cross currents and whirlpools in the channel 

between Tiburdn Island and San Esteban Island or Coft6c6l, or 'Large Chuckwalla' (Felger and 

Moser 1985). The songs concentrate on specific features of the seascape, then link them 

together to form a unified whole. According to Seri elders, they must be sung in a particular 

sequence while navigating between islands so as to unfold the encoded navigational map and 

then to elicit the memorized instructions for weather and current contingencies, to placate 

dangerous mythic entities that lay in the deep trough between the islands. 

This ritual song-cycle is potentially important for a number of reasons. The human 

dimensions of arid coastal geography can be understood from the viewpoint of a people who 

have resided in the region for hundreds of years. The song-cycle offers insights into the ways in 

which native seafaring hunters and gatherers learned and conveyed important and enduring 

ethno-geographic knowledge unique to their culture and region. A traditional song-cycle 

interpreted in its ecological context adds new insight into ways that ritual songs may be shaped 

by the character of the local environment. The songs in turn are chanted to maintain a vital link 

with the spiritual powers considered to be inherent in the sea and islands that convey power to 

survive the dangers of the sea voyage. This infomnation can suggest new strategies to preserve 

and revitalize traditional ecological knowledge and transmit it to the next generation, for in many 

indigenous communities such a chain has already been broken, but may not be beyond repair. 

1.1 Cultural geography of the Midriff Region 

The enduring occupation of the Central Gulf Coast and islands of the Sea of Cortes by the 

Seri Indians began at least 2000 years ago, before the introduction of pottery, and has continued 
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uninterrupted to the present (Bowen 1976). The Seri were formerly clustered into six major 

geographic groups, which spoke three mutually intelligible dialects. There is very little evidence of 

significant contact with other neighboring cultures until the 1840s (Felger and Moser 1985). 

The highly inflective Seri tongue spoken today bears little similarity to other Hokan languages 

spoken in the region. It is a language isolate, perhaps the only remaining member of its subfamily 

(Marlett 2000). According to Seri oral tradition, their ancestors lived in Baja California, Tiburon , 

and the nearby mainland region. The Seri today are an amalgam of the survivors from the various 

dialect groups of the region, including the former San Esteban People. They are expert seafarers, 

hunters, and gatherers who have received, through oral transmission, the knowledge and skills to 

live in a harsh desert-coastal setting. For their livelihood the Seri have depended on both marine 

life and the plants and animals of the coastal desert (Felger and Moser 1985). 

The songs follow a historical journey as well, that of two distinct but related bands or dialect 

groups of Seri people; the Seri who lived on Tiburon Island and the People of San Esteban 

Island. The now extinct San Esteban people are considered by some modern Seri to have been a 

cultural and linguistic bridge between other Seri bands and other related Baja California people 

from the northwestern Baja California coast, who are also extinct. 

The Seri regulariy navigated up and down the coasts of Sonora and Baja California, and 

between the islands in the Sea of Cortes in long, narrow reed boats. These crafts, referred to as 

balsa boats, were large enough to transport entire families and their provisions. The crafts were • 

made of reedgrass (Phragmites australis) or giant cane {Arundo donax) and woven into three 30-

foot-long bundles and lashed together with mesquite (Prosopis) root cordage. The Seri seafarers 

crafted long, powerful oars from the dense wood of the ironwood tree, OIneya tesota (McGee 

1898; Felger and Moser 1985). With powerful strokes, the Seri oarsmen could propel the balsa 

boats over the huge boils or upwellings of water. These boils of water emerged out of vertical 
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counter-currents fonned by the deep, narrow submarine canyons cut between the midriff islands. 

The Midriff Region of the Sea of Cortes is named so because, like the waisteline of a woman, 

the shape of gulf narrows to a mere 100 miles between the mainland of Mexico and the Baja 

Peninsula, The counter-currents that characterize the Midriff Region of the Cortes relate to the 

high tide coming from the Pacific Ocean. Twice daily, the Pacific high tides flush the Sea of 

Cortes with a surge of water, fomning a swift surface current of up to 20 miles per hour or more 

when funneled between the Midriff islands. Six hours later, the Pacific tides recede, drawing the 

water from the north end of the Sea of Cortes back out to the ocean. The returning currents meet 

head-on with the inbound currents, resulting in upheavals of water throughout the midriff area. 

Through time, the currents have eroded deep, snake-like ravines into the sea floor along the 

coasts and between the many islands of the midriff region. When constricted in these narrow 

channels, the cold ocean current drop down into the troughs between the Midriff Islands, forming 

vertical counter-currents (Cannon 1966). 

Seasonal effects influence important features of the gulfs surface water circulation. During 

the winter, the colder water sinks to the bottom of the sea, displacing the warmer water. The 

wamri water rises and forms upwelling and whirlpools at the surface. The effects of these circular 

water movements intensify as they converge with currents that are deflected off of the underwater 

land masses of the Midriff Islands creating and eddy of counter current fomns a new direction of 

flow that can propel the navigator away from the island. Spanish names given to areas between 

the islands and the mainland are descriptive of the fates of many sailing vessels; Canal del 

Infiemillo (The Channel of Little Hell); Sal Si Puedes (Get Out if You Can) (Cannon 1966;Collins 

and Rago 1998; Bowen 2000). 

In the Northern Gulf, a cyclonic gyre occurs during summer (anticyclonic in winter). In the 

Southern Gulf region, an up-gulf coastal jet flows north on the mainland side during summer and 

during the winter the water flows south, on the Baja (Velasco Fuentes and Marinone 1999). The 
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winds follow a similar pattern. Summer southwest winds gradually reverse to become relentless 

northwest winds in winter. The Midriff Region is the transition zone when the currents and winds 

change directions with the seasons. 

The Seri seafarers therefore undertook considerable risk when they initiated the 10-kilometer 

voyage by balsa reed boat between Tiburon Island and San Esteban Island. The proximity of the 

islands creates a funnel effect that generates intense winds which they also had to contend with. 

To deal with such conditions, both ancient and modem Seri navigators have sung the San 

Esteban song-cycle in sequence to assure their safe passage to and from San Esteban Island. 

The images within the San Esteban song-cyle trace a navigational course that enables the 

navigator to read the weather and waters ahead. 

Hunger may have motivated various Seri bands to undertake the perilous voyage to San 

Esteban Island. Groups of frve or six men, or sometimes entire families of 10 people, traveled in 

balsa reed boats to collect a particular agave (Agave cerulata subsp. dentiens (Trel.) Gentry) that 

is endemic to San Esteban. This highly variable subspecies is the only agave that occurs on San 

Esteban Island. It does not occur anywhere else in the Gulf Region, although it's close relative 

Agave subsimplexJre\. occurs on other islands in the region: Tiburon, Turner, and Cholludo 

(Bowen 2000). On San Esteban Island, not all agaves are equal. At special times of the year, 

certain agaves are preferred for their sweeter taste. While agaves are found in abundance on the 

north- and east-facing rocky slopes on the island, many Seri preferred the agave that occurred 

only in Arroyo Limantour, a sweeter variety they called heme quims (fringed San Esteban agave). 

Thus, their first destination was almost always Pajii camp on the east coast of the island. 

Depending on the winds, they might end up at Xnitom camp on the northeastern corner of the 

island. The travelers typically remained on the island for three or four days, digging and roasting 

agaves and hunting animals (Bowen 2000; Felger and Moser 1985). The numerous roasting pits 

located at sites close to where the agave are distributed bear witness to the importance of this 
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plant in the Seri diet. On a recent gathering trip to San Esteban, Seri elders Jose Juan Morales 

and Antonio Robles each harvested three to four agave hearts in less than an hour. Using fiber 

from the agave leaves, they tied them to poles and carried them on their shoulders back to the 

camp . it is probably reasonable then to assume that one group of 5 or 6 young men could collect 

and roast 60 to 100 agaves during a 4-day trip. 

The piebald chuckwalla, Sauromalus varius, was also an important and enjoyable source of 

protein for the Seri. This large fleshy lizard, endemic to San Esteban, had twice the amount of 

edible meat as the other species of chuckwalla found on other islands and the mainland coast 

(Nabhan 2002). The Seri pulled the hibernating reptile by its thick tail from between the rocks on 

the slopes and then stacked them one atop the other, tying them together with twine made from 

mesquite or agave for future eating (Felger and Moser 1985). Jose Juan Moreno, who is around 

75 years old, traveled to San Esteban frequently during his younger years and remembers the 

special treatment afforded to a young chuckwalla by its captors. According to Jose Juan, because 

the young chuckwalla cry when they are removed from their homeland, the Seri placed a blindfold 

over their eyes so they could not look back as they were taken away from their homeland. 

1.2 Songs in Seri culture 

The Seri of today know hundreds of songs for every occasion: for fiestas, for healing, for 

working, for curing, for courting and love, for traveling. The importance of song in Seri tradition is 

inscribed in their own ancestral name, Xica Coosyatoj, the "Singing People." Their dialects were. 

referred to as singing talk. The San Esteban people in particular were known for their melodic 

speech, characterized by sharp pitch contours, heavy stress, and contrasting musical tonalities 

(Felger and Moser 1985). 

Seri songs are aptly described as song-poetry. The songs convey, in a highly condensed 

fashion, considerable emotion and cognitive content through compressed imagery. Many of the 

songs embody detailed and subtle concepts and often codify complex ecological and cultural 
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relationships. The subject offering the song may be a plant, an animal, fish, the sea, or any other 

object of importance to the Seri. To them, an animal, object, or phenomena of nature can 

possess spirit power and communicate a power song to a person in dreams or during a vision 

quest (Moser 1973; Felger and Moser 1985). The style of most songs is characterized by 

repeated melodic phrases that consist of phonemic clusters, set apart by lengthening of the final 

syllables or by adding a syllable to achieve rhythmic symmetry. The music is characterized by 

dynamic contrasts: a staccato delivery and contrasting syncopated rhythms. The melodic pattern 

of many Seri songs is an extended series of repeated loud, high notes that abruptly drop an 

octave, intermixed with briefer sections of undulating tones between them. Some phrases in Seri 

songs are derived from the sounds that spirits are thought to make (Felger and Moser 1985; 

Hines 2001; Vennum 2001). 

The Canticles of San Esteban are a subset of xepe an c6ic6os, sea songs, a genre of power 

songs that the Seri sing to connect with the spirit world. These seven songs are distinct from the 

other sea songs, and may be the only group of songs remaining from eariier times that are 

arranged in a specific sequence associated with a geographical context. Their structure typifies 

that of the other sea songs: sets of four musical phrases fomi two contrasting parts. Each part is 

distinguished by contrasts in rhythm, cadence, and imagery. Typically two to four poetic phrases 

are alternated in a set that is repeated three to four times. Like the other sea songs, the San 

Esteban song-cycle reflects a style of singing that, in its repetitive poetic language, is reflective, 

consisting of multiple meanings. 

Sea songs may convey information about the weather, dangerous winds, marine life, and the 

aesthetics of seascapes, and simultaneously connect the singer with the spirit world. Sea songs 

often echo sounds of the natural world; the sound of water falling from a breaching whale, the 

murmur of waves washing up to shore, or the sound of the sea itself. The sounds themselves are 

said to symbolize the spirit essence of the creature or phenomenon (Felger and Moser 1985; 
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2. Methods 

The journey to San Esteban was undertaken by the author a number of times over a period of 

four years (1999-2001), during different seasons. Alfredo Lopez was the navigator, accompanied 

by Cleotilde Morales who guided the journeys, performing ceremonies and singing the songs. On 

many occasions Seri elders Jose Juan Morales, Antonio R6bles and Guadalupe Lopez joined us, 

who relished telling stories of the old sea journeys to the Seri youth who traveled with the 

seafarers. The elders hiked into the mountains to gather agave and to hunt chuckwallas. The Seri 

today no longer travel to San Esteban Island by balsa boat, their interpretations of the San 

Esteban songs were learned from their parents, grandparents and others who had made the 

journey to San Esteban in balsa boats from the Southern part of Tiburon Island. 
The San Esteban songs were recorded, transcribed and translated into Spanish and 

English. Linguistic precision has been attempted in an accurate navigational, geographic, 

ecological, and ethnohistoric context. Interpretive words and phrases are placed in brackets [ ]. 

Literature on indigenous island navigation was consulted to confirm the accuracy of the 

navigational techniques embedded in the songs. The locations of the "song sites" were 

corroborated with other experienced local navigators in the region, as well as with charts and 

marine research on the currents and tides patterns in the Gulf of California. While the Seri 

participants reviewed all interpretations and agreed to co-authorship of this manuscript, the final 

interpretation and analysis is inevitably subjective, and the author assumes full responsibility for 

errors. 

3. The Canticles of San Esteban Coftecdl Coicoos 

The San Esteban songs tell a story of the voyage by the Seri seafarers from Tibur6n Island to 

San Esteban and back. In an unfolding musical drama, the travelers prepare for the dangerous 

journey, set the course, and then set out for San Esteban in their long, buoyant sea craft. The 

songs convey a symbolic voyage, during which ordinary people and objects transform into 
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songs convey a symbolic voyage, during which ordinary people and objects transform into 

powerful mythical personages and spiritual entities who sing each song to navigate safely through 

the dangerous currents and winds in the channel between the islands. 

Singing in alternating voices, the men and women seafarers assume the role of the ancient 

San Esteban spirit woman {Hanica Coop!), the powerful navigator Cmaacoj Oficj Coil (Old Blue 

Shirt Man), and the balsa boat (hascam). The fearsome Coimaj Caacoj, is a giant sea serpent 

beneath the sea who reputedly caused the dangerous whirlpools and cross-currents deep within 

the channel. 

The mythic woman, Hanica CoopI, was the original composer and singer of many of the 

songs. According to Seri lore, this woman was one of the San Esteban People, Xica Hast Ano 

Coil "They who live in the mountains" (Bowen 2000), Some of the songs are sung to connect 

with her spirit, which guides the navigators through the most perilous currents. Seri today 

describe Hanica CoopI from several perspectives. Only the older Seri women of the community 

spoke of her in hushed tones. She is said to have lived along with her husband at one time in a 

deep cave near a mountain called Coiij, on the western side of San Esteban Island (Juana 

Herrera, Lidia Montano, and A. Lopez, 8/01 pers. comm.). In another account, this woman is said 

to have lived on the southern part of Tiburon Island. She longed to go to San Esteban with the 

travelers, but remained behind due to a defonnity that afflicted her leg. Instead, she accompanied 

them in spirit, and her songs guided the journey and subdued the giant sea serpent (Cleotilde M. 

Lopez 1/01; Maria Felix Hoeffer 10/99: pers. comm.). Others say she lived on a nearby island. 

Turner Island (Jim Hills 4/02 pers.comm.). 

The perils of the journey are mythically embodied by a giant sea serpent, Coimaj Caacoj, who 

protects San Esteban from disrespectful voyagers. In all accounts, this woman shaman was said 

to have concentrated her mental powers in the songs to calm the stomns, and to subdue Coimaj 

Caacoj, beneath the sea. 
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Four days of preparation took place in anticipation of the seafarers' departure. Like athletes 

in training, the San Esteban-bound travelers fasted to prepare mind and body for the journey 

ahead. During the 10-hour strenuous voyage, the travelers would consume only sea turtle fat to 

minimize seasickness and to sustain their strength. Because food and water was limited on San 

Esteban Island, the women collected plants and prepared food to send along with the travelers. 

For example, they may have collected and dried tuberous roots of the bright orange perennial 

flower, Amoreuxia palmatifida), or gathered the dark wild tepary beans {Phaseolus acutifolius var. 

latifolius), a variety found only on the island. The women also may have prepared a flat bread 

from flour ground from eelgrass seeds {Zostera marina), a high-protein sea grass that matures in 

late spring. They probably sent along dried cholla fruits and palo verde seeds {Cercidium) that 

they had stored in clay pots. The Seri navigators also needed to carry enough water for the five to 

ten day stay on the island. In early times, Seri runners covered long distances to collect the water 

from springs deep in the mountains of Tiburon, and returned balancing paper-thin pottery ollas 

filled with water. The seafarers wore special travel shirts with zigzag designs on the front and 

back (C. M. Lopez 1/00; pers. comm.; M. F. Hoeffer 10/99; pers. comm.; Felgerand Moser 1985). 

The travelers and their families then carried the provisions from their mountain home to the 

shore, taking a well-trodden path. At the shore, a Seri woman painted designs on the travelers' 

face, using a clamshell as a paint palette for the brilliant blue, red and chalky white colors ground 

from the island rocks. She anointed seafarers and balsa boat alike with zigzags and vertical lines 

to convey power over the big waves, treacherous currents, and unpredictable winds ahead (C. M. 

Lopez 1/20 pers.comm). 

In Seri tradition, the traveler who seeks to overcome the serpent and cross the channel to the 

sacred island of San Esteban must become an haaco caama, a shaman or priestess; a person 

who has learned to influence the natural world through his or her mental powers. By means of a 

lifelong practice of meditation the haaco caama is able to connect with the spirit powers to 
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overcome dangerous phenomena in the natural world. "Old Blue Shirt Man," {Cmaacoj Oficj Coil) 

an haaco caama and singer of the wind songs, was a San Esteban navigator who, when riding 

along in his reed grass boat, could make his own current to carry him wherever he wanted to go, 

even against a strong wind (H. Morales 11/02; pers. comm.; Bowen 2000). Propelled by his or her 

power songs, an haaco caama was able to safely navigate through the dangerous channel 

waters between the islands in the Sea of Cort6s. 

In Seri culture, specific designs mark the place where a spirit passage might be expected to 

occur, and also act as a conduit to the spirit world (Mine 2000), By painting zigzag lines on the 

travelers and the balsa boat the Seri woman transmitted and modulated the power from the spirit 

world (C. M. Lopez; 1/01, pers. comm.) .The navigator and his boat then became a locus for 

concentrating energy to connect with the spirits in the sea and sacred mountains of San Esteban 

and to master the currents, wind, and waves (A. Lopez 1/01; pers. comm.). The balsa (hascam), 

now a powerful personage, joins the navigator to sing the second Canticle of San Esteban as 

they embark on their journey and shared fate. Through song, they set the navigational course, 

aligning the bow and stern tips of the balsa boat with the mountaintop they left behind and the 

distant ridge on the horizon of San Esteban Island. 

3.1 Song One. Co/ haxomalaxiya Departure: Setting the Course 

Coi haxomalaxiya We have not yet departed 
Haco* haxomalaxiya We will soon leave our home. 
Coi haxo malaxiya We have not yet departed 
Haco haxomalaxiya \J\le will soon leave our home. 

Yaij ipac xiya haho hasaitinya We will walk the path behind the sand dune 
Ciya coi haxomalaxiya Leaving our home behind. 
Yaij ipac xiya haho hasaitinya We will walk the path behind the sand dune 
Ciya coi haxomalaxiya Leaving our home behind. 

Coi haxo malaxiya We have not yet departed 
Haco haxomalaxiya We will soon leave our home. 

*Haco translated literally signifies house. (B. Moser pers.comm. 7/02) 
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This preparation song introduces the fundamental nature of a sea journey, that of leaving all 

that is familiar and pushing off to the edge of the unknown. Tiburon Island {Taheoc) and the 

surrounding littoral is the heart of Seri identity and security (Genaro Herrera 4/99; Fransisco 

Molina, 5101:pers.comm). Departing from the Tiburon heartland into the sea, then, would require 

a fomrial acknowledgment of a psychological and geographical transition, a recognition in song of 

moving from the center of the world to the periphery (Hills 2001). In other words, through 

repetitive songs, the sojourners prepare themselves for a fundamental change in relationship with 

the natural world. 

The song of preparation describes the traditional island navigator's custom of taking back 

bearings on the land when setting out on a voyage. This orientation technique upon departure, 

described in detail by Lewis (1974), is nearly universal among native navigators. To align the 

vessel correctly on course and to check the direction and strength of the current, boatmen use a 

reference point behind the craft and at least one in front. In essence they create an imaginary 

line. According to one Seri navigator, Alfredo Lopez , it is crucial to look back at a specific 

landmark as one launches a boat. From then on, the stern must be kept at an angle so that both 

reference points are always visible. As the familiar hill in the song becomes a small speck on the 

horizon behind the navigator, other reference points, features of the sea and sky, are added so 

that the navigator can triangulate a route within his particular geographic setting. 

3. 2 Song Two. Hascam inyeetcoj Preparing the Balsa Boat 
Sitax taxoe, sitax ta xoeiya, It departs, is it departing? 
Sitax taxoe, sitax taxoe It departs, is it departing? 

Hascam inyeeemljo iya The big [powerful] balsa boat is ready to depart, even 
without a prow. 

i-tascam inyeetcoj iya That big [powerful] balsa boat and I will launch, even 
without a stern. 

Sitax taxoe, sitax ta xoeiya It departs, is it departing? 
Sitax taxoe, sitax taxoe It departs, is it departing? 



Fig 1.2 Seri balsa. (Photo taken in 1922). Felger and Moser 1985. U. of Arizona Press. Tucson 

This ceremonial song, sung three times as the balsa boat moves away from the shore 

waters, is considered essential to initiate the beginning of the voyage and for safe passage to 

San Esteban. Within the song, three different voices echo questions and answers to assure 

themselves of their readiness to make the voyage. The travelers, now in the boat, check with the 

navigator to confirm his willingness to undertake the trip. The navigator in turn questions the 

balsa boat itself. The balsa boat, having grown large with power, responds in song, assuring the 

seafarers of its connection with the spirit in the sea that would guide the voyage. The seafarers 

acknowledge their dependence on this power in the event that the crucial end points of the stern 

and bow of the boat were lost at sea. The stern and bow of the boat were high and curved, each 

ending in a point rising high above the waves, serving both to balance the boat and to align the 

vessel between the navigational reference points. To Alfredo Lopez, a seasoned fisherman, this 

song has a pragmatic function as well in modern times. While singing this song, the boatman is 

reminded to check the boat, to see whether the boat and oars are indeed stable and if the needed 

provisions are accounted for. When the requisites are in place, the voyage can begin. 

3.3 Song Three. Sim xoe ya The Sound of the Sea Foam 

Sim xoe ya, sim xoe ya He is failing asleep, he is falling asleep 
Sim xoe ya, sim xoe ya He is falling asleep, he is falling asleep 
Sim xoe ya, sim xoe ya He is falling asleep, he is falling asleep 
Sim xoe ya, sim xoe ya He is falling asleep, he is falling asleep 
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Xepe canoj ano 
Sim xoe ya 
Hatasim conoj cano miiya 
Sim xoe ya, sim xoe ya 

The swishing sounds of the swelling waves 
He is falling asleep within them 
The swish of sea foam sounds 
He is falling asleep, falling into a deep sleep. 

(repeated 4 times) 

This song, is the most well-known of the San Esteban songs is sung by the woman traveler to 

both lull the traveler into a trancelike state and also signal the spirit presence represented by the 

sea foam. For the Seri navigator, this song marks the beginning of the crossing of the sacred 

waters, the most dangerous place between the two islands, where supernatural power is 

concentrated. Wave fields, massive swells of water, herald the arrival of the voyagers to this 

sacred place. The beginning of the song marks the entry into the area called Ixot^acoj (Big 

Whirlpool), where the sea begins to swirl and churn as a result of the opposite movements of the 

differing thermal masses of water. Massive whirlpools may appear suddenly that can be several 

hundred meters wide. The swirling water causes a vacuum that can capsize a balsa boat, or 

redirect it into another current. The repeated references to the bubbling sound of the sea foam of 

the cresting waves signals the presence of the sea spirit beneath that will subdue C6imaj Caacoj, 

the giant sea serpent below (A. Lopez, pers. comm. 11/1999). 

The song blends the voice of the Seri woman in the boat with that of Hanica CoopI, and lulls 

the navigator into a trance-like, but wakeful state. The sounds of the sea foam swirling, mixed 

with the lullaby of the women singing, are auditory focal points, calming the navigator as the balsa 

boat enters the whirlpool. By concentrating on these sound waves the navigator connects with the 

protective powers harbored within the waters below, to shape the water conditions ahead. Hanica 

Coop! by then is the sole singer. Her song envelops the balsa boat, now in danger of being 

sucked into the giant whirlpool, drawing it away, releasing it from the vacuum generated by the 

swish of the sea serpent's tail (A. Lopez 8/00: pers. comm). 

The meaning behind each phrase of this song is closely linked with the contour and rhythm of 

the melody. The melody of the first phrase begins high, to capture the attention of the spirits, 
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lingers midway, and on the last syllable, drops an entire octave. The initial high note is uttered 

softly and then gradually expands to a full lower pitch that is said to calm the high waves. The 

lengthening of word-final vowels i ya adds rhythm and emphasis to the meaning. When repeated 

over and over, the rhythmic quality achieved by the drawn-out, highly contoured phrase mimics 

the rise of the balsa boat as it crests at the top of the great swells of water in the wave fields, and 

then suddenly drops over to the other side. The melody in the second phrase abruptly switches to 

a single note sung in a faster, staccato rhythm that parallels the rapid repetitive delivery of 

powerful words: sea foam, waves; it imparts a heightened sense of the presence of spirits within 

the cresting waves. These choppy sounds startle the navigator into a state of heightened 

alertness, reminding him of the dangers to come. 

These synesthetic symbolic frequency shifts and durational patterns of the song melody 

capture the affective relationship of the seafarers with the spirits, and also the physical sensations 

they experience in the small reed craft, riding over giant wave swells. The repetitive notes and 

staccato rhythm of the second phrase of the song, which are a stark contrast to the first trance-

inducing melody, mark an important transition in the voyage to San Esteban Island. The 

navigator, by singing powerful symbolic words in a monotonous sound pattern, is alerted to the 

dangers ahead with a surge of adrenalin, leading to a concentrated state of physical and mental 

readiness in anticipation of the unpredictable currents ahead. 

To the Seri people, the sense of rhythm is highly significant. Even when casually walking in 

the desert, one slows and changes one's gait when approaching and passing a sacred plant, as 

an indicator of respect for the contact with supernatural powers that takes place (H. Morales 

12/00; pers. comm.). In traditional Seri dance, the singer and dancer perform in synchrony: the 

feet of the dancer express the contrasting, syncopated rhythms and intonations of the singer. 

Similarly, the sound and rhythm of this key song of San Esteban convey the essential nature of 

the sea waters at the place where this song is required, while the navigator and balsa boat 
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express the rhythms of the sacred waves and dangerous currents. 

According to some Seri women, the whirlpools terrified the children in the boat. To calm the 

young ones, the women in the balsa boat sang this song. Today, mothers on the mainland 

continue to sing this song to their infants while rocking them to sleep. 

3.4 Song Four. Coimaj Caacoj The Giant Sea Serpent 

Nocogui, nogoguii, imij catax ita! 

Nocogui, nogoguii, imij catax ita! 

Coftj quisil cyiail ana coom ya 
Coftj quisil quiail ano comya 

Nocogui, nogoguii, imij catax /fa! 

Nocogui, nogoguii, imij catax ita\ 

It moves, the serpent is moving, [balsa boat] get out 
of 
here! 
It moves, the serpent is moving, [balsa boat] get out 
of here! 

[Is it] just a small snake lying in the deep water? 
It is [probably just] a small snake in the in the deep 
water 

It is moving, [the serpent] is moving, [balsa boat ] get 
out 
of here! It is moving, the serpent is moving, get out 
of here! 

Coftj quisil quiail ano comya 
Coimaj Caacoj xepe ipot ano comya 
Imiij catax, imiij catax! 

It is just a little snake lying in the deep water. 

[No], it is the giant sea serpent, Cooimaj caacoj, in 
the depths of the sea, its tail is swishing ! 
[Balsa boat], get going, get out of here, get going, 
get out of here! 

The Seri navigator sang this song to overcome the unpredictable, dangerous currents that 

occur at a specific area in the channel. In Seri lore, these currents result from the movements of 

the tail of the giant sea serpent residing in this region of the channel between Tiburon Island and 

San Esteban Island. It is said that long ago, the mythical San Esteban woman was able to 

subdue the sea serpent by singing this sacred song. Four dangerous currents represent four 

different supernatural powers that must be overcome. The song is sung between four and eight 

times, depending upon the severity of the currents. The first and most fomnidable current causes 

Ixotaacoj, the Big Whirlpool, and is said to be formed by a flip of the tail by the largest serpent, 
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Coimaj Caacoj (H. Morales and A. Lopez, pers. comm. 10/01). 

This protective but dangerous serpent is well known in Seri and Mexican folklore (Griffith 

1989). Its massive body extends from San Esteban, where its head is lodged on a beach on the 

northeast corner of the island, to Tiburon Island where its black tail is coiled below Sipoj lime 

Quit) lyat (Osprey Roost Peninsula), a camp on the south side of the island. Originally, this giant 

serpent formed an arch over the channel and then dropped down upon the water, smashing the 

boats passing by and killing the people in them. Later, submerged along the sea floor, the snake 

formed the dangerous currents that prevented disrespectful and unskilled seafarers, unversed in 

the Canticles of San Esteban, from arriving at their destination (Bowen 2000; Nabhan 2002). 

By juxtaposing a small snake against the fomnidable sea serpent, the navigator mentally 

reduces the size of the serpent to a small, less intimidating snake, Coftj quisil, to gain the courage 

to cross through the swirling whirlpool (J. J.Morales 8/02 pers. comm.). The song also cues the 

navigator to observe the character of the waters carefully, discerning which snake it is that he 

must confront and to discern whether or not to risk the vacuum of the whirlpool. A flip of the 

serpent's tail—a huge upwelling of water convinces the navigator to urge the balsa boat through 

the whirlpool and away as fast as possible. 
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3.5 Song Five. Xepeeaz Reading the Waters 

Z/mo iipoho isacaataxi casihi 
Zimo iipoho isacaataxi casihi 

Xepe eaz ii tico xajo ya 
Xepe iasotiiayo coiila cootia 

Zimo iipoho isacatax casihi 
Xepe eaz iitico xoos 

How will it [the balsa boat] get through? 
How will it [the balsa boat] get through? 

[Do I see] A cluster of long eelgrass, a sign of the 
current below whirlpool? 
[Is there] a V shape in the water that pulls the boat? 

How will it [the balsa boat] be pulled through the 
current? 
[Do I see] A cluster of long eelgrass swirling over the 
current below? 

Xepe iasotiia coilla eootia Is there a V shape in the water that pulls [the 
boat]? 

Siitax ca timihi, smataxcatmihi [The balsa] may go, or maybe it will not go! 
Siitax ca timihi, smataxcatmihi The balsa may go, or maybe it will not go! 

This song is presented from the view of the navigator to assist him to navigate safely through 

a second whirlpool along the course. All senses alert, he deliberates with the balsa boat whether 

it is advisable to paddle into this dangerous area. By focusing and concentrating his mental 

powers on the eelgrass floating on the surface of the water, the balsa boat rower can then detect 

the small stream of calmer water that often flows just beyond the sea-grass. The questions raised 

in this song cue the navigator to the water before entering the whirlpool. The boatman searches 

for a way through the whirlpool and repeatedly questions himself and the balsa boat whether it is 

worth the risk of capsizing the boat or if it is better to find another way. This song raises the option 

of contingency planning to the island navigator, who must judge correctly whether or not there is 

a safe passage. 
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3.6 Song Six. Hai inyomiin The wind is gone 

Hai inyomiin Hai inyomiin 
Hai inyomiin Hai inyomiin 

The wind didn't return, the wind is gone 
the wind is gone, the wind is gone 

Hai inyomiin Hai inyomiin 
Hai inyomiin Hai inyomiin 

The wind is gone, the wind is gone 
the wind is gone, the wind is gone 

Hast Ctam cop xele colyaijamya 
Hast Cmaam cop xele colyaijamya 

[Do I see] Male Mountain covered witii fog? 
[Do I see] Female Mountain covered with mist? 

Male Mountain and Female Mountain are well-known navigational landmarks on the 

northwest side of San Esteban Island that can safely guide boatmen to shore. According Alfredo 

Lopez , a seasoned Seri fishemnan, the presence of clouds or mist around the peaks is a 

prognosticator of an incoming stomn. The Seri believe that in earlier times, a group of people 

known as Hast Cocyaat {'Mountain Be-bosses') lived on the island and their spirits are now within 

these two mountains. It is said that two of these people-spirits, a man and a woman, were 

partially responsible for the location of San Esteban Island in the Sea of Cortes. The female spirit, 

against the wishes of the male spirit, decided to place the island farther away from Tiburon, to 

make access to the island more difficult. The two prominent peaks that guide the navigators—the 

larger male mountain (Hast Ctam) and the smaller female mountain (Hast Cmaam)—are said to 

be these two mountain people who helped design the island geography of the region (Bowen 

2000). Hanica Coop! and her husband are also reputed to have lived in a sacred cave on Female 

Mountain (J. Herrera 8/01, pers.). It is unclear whether these personages are the same identity. In 

this song, the Seri navigator invoked these powerful mountain people spirits so that he may gain 

the strength of breath to blow the clouds and tempest winds far away and escape the stormy 

Ai inyomiin, ahi inyomiin!! 
Ai inyomiin, ahi inyomiin!! 

[Winds blow away, winds blow away!!] 
[Winds blow away, winds blow away!!] 

weather. 
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3.7 Song Seven. Haa quiti Go with the wind 

This song is song by the San Esteban spirit woman as the craft departs from the 

northeast point of San Esteban to return to Tibur6n Island. Soon, they encounter an area of rough 

water where shifting stronger winds, currents, and large swells begin, heralding the onset of the 

upcoming wave fields. 

Haa quiti. Haa quiti 
IHaa quiti. Haa quit^ 
Haa quiti. Haa quiti 
Haa quiti. Haa quiti 

Xepe hehaax taguea 
Hatdsim ctam acoiia 
Xepe iti coitogui, 

Haa quiti. Haa quiti 
quiti. Haa quiti 
quiti. Haa quiti 
Haa quiti. Haa quiti 

Xepe iti hehaaxtaguea 
Hatasim ctam acoiia 
Xepe iti haaxajiha 
Hatasim ctam acoiia 

Xepe iti coitogui, 

[Balsa boat ] Go with the wind. Go with the wind 
Balsa boat ] Go with the wind. Go with the wind 

[Balsa boat ] Go with the wind, Go with the wind 
[Balsa boat ] Go with the wind. Go with the wind 

A spray from the immense waves in the sea 
Foam of the huge male waves 
Smaller [female] waves in the sea 

[Balsa boat ] Go with the wind. Go with the wind Haa 
[Balsa boat ] Go with the wind. Go with the wind Haa 
[Balsa boat ] Go with the wind, Go with the wind 
[Balsa boat ] Go with the wind, Go with the wind 

Mist from the sea swells. 
Foam of the huge [powerful] male waves 
Mist of that the sea is swelling 
Foam of the [powerful] male waves 

Smaller [female] waves in the sea 

The Seri navigator is intimately acquainted with the variations of the wind. Drawing power 

and strength from of the prayer chants, he passes through a series of wave fields that occur off 

the northeast point of the island, a result of the currents and southbound streams of water that 

are diverted around the island. The rising wind, coupled with increasingly large whitecaps, alerts 

the seafarer of his impending passage into a sacred wave field. The hatasim, or sea foam and 

mist emitted from the swells, indicate the presence of a powerful sea spirit. According to Alfredo 

Lopez (8/01:pers. comm), the waves occur in sets of four, which is a sacred number to the Seri 

people. Alternating phrases of the song—Xepe iti coitogui, smaller waves in the sea and Hatasim 

ctamacoya, foam of the huge male waves—describe the sequence of waves that characterize 
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this rough area of water. Two smaller female waves are followed by three large male waves 

which are followed again by two smaller female waves. 

3. 8 Song Aftermath. The return home of the Travelers 

The safe return of the travelers to Tibur6n Island was an occasion for festivity. The first 

person to sight an agave-laden balsa boat returning from San Esteban Island announced to the 

village, "Here come the Mountain travelers," and then everyone gathered on the shore to 

welcome the seafarers home. As the travelers neared shore, the men set their paddles aside and 

began to toss roasted, sweet agave hearts into the crowd. The men threw the spiny tailed 

iguanas (Ctenosaura hemilopha) that they had collected from the island at the feet of the women, 

causing an uproar of laughter among the waiting crowd (Felger and Moser 1985). 

4. Discussion 

The song-poems, dense with layers of meaning encoded in symbol and ritual, illustrate how a 

native people learned and conveyed important and enduring ethno-geographic knowledge, 

unique to their culture and region. The navigational map encoded in the song-cycle reveals the 

locations and character of the winds, currents, whirlpools, wavefields and landforms that define 

the seascape and islands of the region. The San Esteban songs also provide a sketch in time of 

the history and culture of a people who have resided in the region for perhaps thousands of 

years. Finally, the musical aspects of the songs offer insight into ways that an aurally centered 

culture manipulates song and sound to shape the conditions of its local environment, and how 

they in turn have influenced the biogeography of the region. 

4. 1 Coastal ethno-bio-geography 

The Canticles of San Esteban convey the human dimensions of arid coastal biogeography. 

Native people are increasingly recognized for their intentional manipulation of the environment for 
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human use and purpose. In this case, however, the endemic agave {Agave cerulata subsp. 

dentiens) shaped the navigation patterns of the Seri bands to San Esteban. The abundance of 

this succulent on San Esteban may have contributed to their division into separate bands living 

on San Esteban and Tiburon Islands. 

The nutritional importance of Agave cerulata dentiens in the Seri diet raises the question of why 

it has not been transplanted to Tiburon Island or the mainland, as is the case with other endemic 

species of San Esteban. The Seri traveled widely among the islands of the Gulf of California, 

bringing food sources with them and intentionally transferring many plant and animal species to 

provide a food source. Biogeographers often underestimate the influence that native people have 

had on the genetic pool and distribution of species in an area. Scholars of the region hypothesize 

that some disjunct populations of cacti and bursera and hybrid species of chuckwalla found on 

other islands and the mainland may be an effect of cultural selection by the sea-faring Seri (Hine 

and Hills 2000; Bowen 2000; Nabhan 2000; Yetman and Burquez 1996; Felger and Moser 1985; 

Moran 1983). It may be that the geomorphic features of San Esteban provide a unique 

environment where these particular agave thrive, or perhaps the remoteness of the island and its 

lack of water deterred large populations from living on the island and depleting it (Bowen 2000). 

The reason behind the outstanding density of Agave cerulata on San Esteban Island in contrast 

to the other islands of the region remains a mystery. 

4.2 The Water Serpent in the New World 

While serpents are often avoided and perceived as dangerous and frightening creatures, in 

the New Worid they are also revered. To native people in the new world, the snake has a variety 

of capabilities both to protect and to wreak havoc. This protective serpent, or corua as it is known 

throughout the southwestern United States and northem Mexico, inhabits freshwater springs and 

protects them from intruders and the desiccation of drought, ensuring the water rights of the 

respectful. The Yaqui and Mayo rely on a horned serpent to protect their springs. They believe 
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that the serpent's movement toward the sea floods the fields and maintains their irrigation canals 

(Seals 1945; Griffith 1989). A land-based counterpart to Coimaj caacoj, a dangerous spirit is said 

to reside high on a mountainous ridge called Hast Coaaca, guarding what was one of the most 

reliable waterholes on TiburOn Island, to control settlement patterns around this precious 

resource (Nabhan 2002; Hills 1973). 

The importance of the water serpent in the lore of native people in arid regions of northern 

Mexico and the southwestern United States may be related to the extremely high value placed on 

water by people living in an arid zone, where snakes abound and water is scarce. The presence 

of the guardian sea serpent in Seri lore not only points to the importance of freshwater springs, 

but also may indicate the high value placed on the food sources endemic to San Esteban Island, 

the agave and chuckwalla. 

4.3 History and identity embedded in songscape 

As the Seri travelers sing the Canticles of San Esteban during the voyage to San Esteban, a 

mosaic of meaning emerges across the seascape. The song-cycle illustrates sound and song as 

a cultural system of symbols that is the embodiment of deeply held values, knowledge, and 

sentiments, distilled over time. Multilayered perceptions of the sea reflect an interplay of what the 

Seri know from their observational and practical experiences as seafarers with what they deeply 

feel about the sea (Feld 1982). 

Songs of specific places infuse the identity of a culture into the features of an area. These 

places hold images of identity and self, and of sanctioned ties that have fomned between 

members of a culture over the centuries. These bonds in turn have created sets of relationships 

between places within the region, forming a cultural landscape. To journey among these places is 

to reaffirm the social and spiritual bonds of reciprocity, obligation, and role behavior—bonds that 

are purposefully elevated in ritual song (Stoffle, Halmo and Ausin 1997; Stoffle and Evans 1990; 

Feld 1982; Tuan 1977). 
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Seri sea songs were born out of the spirit world, and are the intermediary between places in 

the sea environment and the individual navigator, the seafarers and the community (Mine 2001). 

A spiritual geography unfolds as the substance of supernatural spirit entities in Seri and regional 

culture are encountered in the sounds and patterns of the waves, and within the currents at 

specific sea locales (Griffith 1992). 

4.4 Intra-cultural identity and history 

A record of benchmark contacts with the outside world is embedded in the San Esteban 

voyage; these events are characterized not only by war, loss, and tragedy, but also by active Seri 

resistance and courage (Sheridan 1999; Bowen 2000; Felger and Moser 1985;). The songs 

preserve fragments of this history in their poetic phrases. For example, in Seri oral history, in 

Song 6, the navigator references what was said to be the powerful Ctamacoj Oficj Coil (Old Blue 

Shirt Man). This San Esteban shaman was known to blow gusts of winds and whirlwinds to drive 

approaching intruders back out into the treacherous currents of the sea (Bowen 2000). Alfredo 

Lopez (1/01) remembers a story passed on to him as a child by his parents when living on 

Tiburon Island: 

Once when a large sailing ship attempted to land on shore, Ctamacoj 
Oficj used his powerful breath to blow the large vessel away from 
Tiburon Island out into the channel currents and then he held the boat 
captive with a whirlwind for several weeks. 

Jesuit missionaries exploring the region in the 1700s kept detailed records their attempts 

to navigate through the Midriff island region. A parallel account was written of a navigational 

mishap in the treacherous currents off the southwest tip of Tiburon Island; 

Powerful currents carried us away [so] that in six hours we lost the 
progress we had gained in eight days. [These] currents create foaming 
breakers and the noise is like a river that runs through a boulder field. 
They are not single flows, but are like half circles that collide with each 
other. (Bowen 2000: 67, 68) 
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The summer squalls and currents then swept their boat around the islands for three days and 

nights, unable to break out of the currents. Their boat remained trapped among the islands for 

more than three weeks (Bowen 2000). 

The fate of the now extinct San Esteban People was set late in the nineteenth century, 

probably during one of the many Mexican military campaigns that had, as their explicit goal, the 

complete extemnination of the Seri. The long and tragic history of Seri relations with Europeans 

extends back to the seventeenth century, and culminated during the mid to late nineteenth 

century when Mexican ranchers hunted down and killed half the Seri population in only a dozen 

years (Bowen 2000; Sheridan 1999; Felger and Moser 1985). Just over the mountains from Xnit, 

a departure point to San Esteban on the south shore of Tiburon Island, is the stone corral where, 

according to Seri accounts, the San Esteban people were massacred by the Mexican army. Seri 

eiders traveling to San Esteban Island today bitterly recount how Mexican soldiers lured the 

unsuspecting islanders to go to Pazj Hax, a waterhole two miles inland, where they would be 

given gifts for their children. The San Esteban people, having never seen soldiers before, left their 

balsa boats at their camp at Cyaxoj on the southwest coast of Tibur6n and walked to Xnit and 

then on to the waterhole. Most of the adults were shot, and their children were taken away by 

boat. No Mexican records of this event have ever come to light. However according to Cleotilde 

Lopez, who is about 60 years old, this tragedy was imprinted in the minds and hearts of her 

grandparents. The Seri were said to have been camped at Xnit at the time of the slaughter 

around 1890 (Bowen 2000; 478). This point on the south shore of Tiburon Island is known today 

as Ensenada del Perm or Dogs Bay, so named for the howling pet dogs left behind by the San 

Esteban people (C. Morales 10/00). 

Seri elders today remember this sad story when they return to these campsites of their 

childhood to depart to San Esteban Island. Their voices echo the laments of their parents and 

grandparents in the Songs of San Esteban. When their grandparents blindfolded the young 
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chuckwallas to prevent them from looking back and crying as they took them away from their 

island home, perhaps this was a symbolic performance born out of grief for the lost children of 

San Esteban Island to prevent similar tragedies in future generations. To look back in a mournful 

or longing way is a dangerous practice that may bring misfortune in Seri culture (Hills 1987). To 

this day, Seri and Mexican fishermen avoid San Esteban Island. Howling winds, reverberating off 

the canyon walls of San Esteban, are thought to be the shrieks of the spirits of the San Esteban 

people residing in the mountains and warning foreigners away (Bowen 2000; C. Morales and G. 

Lopez, pers. comm. 10/00). 

A modern-day pilgrimage from Tiburon Island to San Esteban also prompts a sense of 

shared history and cultural pride in Seri elders and young adults. The meaning embedded in the 

sacred places in the region is redefined by adding new stories of their past and current 

interactions with Mexicans and other modern intruders, such as Japanese shrimp trawlers The 

past and present are blended in the songs, reinforcing the persistence of a cultural seascape). 

Seri women in seafaring culture. The voices of Seri women reverberate throughout the voyage to 

San Esteban Island. The magnitude of women's influence in seagoing culture is often 

imperceptible from the vantage of inhabitants of terra finna. Historical accounts abound of 

captains, navigators, fishermen, whale hunters, and their crews, all men, who have undertaken 

seafaring expeditions to explore new territory or to catch marine life. How then have the women 

come to hold such influence in the Seri seafaring lore? 

The sea has a distinct and pervasive influence on Seri social organization. The life of a 

fishing community revolves around the daily and seasonal rhythms of the sea. Women in 

seafaring cultures often generate the pulse of the community by providing the pragmatic and 

intangible affective activities needed to sustain the community. In small-scale fisheries they 

manage the logistical and financial aspects of the business and maintain sales linkages with 

outside buyers. Women often set the tone and course of the social relationships in the 
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community. Women may tiiereby influence the configuration of the fishing crews and also guide 

the fishing alliances between the fishermen at sea(Allison, Jacobs and Porter 1989). 

Complex kinship networks characterize Sen social organization. The inheritance lines are 

both matriarchal and patriarchal. Access and control over land and marine resources are shaped 

by ancient familial heritage within their specific homeland area or ihizitim (Nine and Hills 2001; 

Felger and Moser 1985). Current research and analysis of Seri social organization and resource 

management patterns understates the power and weight that Seri women hold to influence social 

organization and resource allocation in Seri seafaring culture. For example in Seri culture the 

fisherman is under lifetime obligation to provide for his in-laws, who in turn may own the boat and 

fishing rights to a traditional fishing area or ihizitim. Invariably his decisions will reflect the 

preferences of the woman's family who can regulate the degree of access to traditional family 

fishing areas by the son-in-law and his kinship network. Another way that women influence the 

fishery is through gossip networks among themselves. Like other women in small-scale local 

fisheries, Seri women can end a political career or influence the crew selection for the next day's 

fishing. (Davis 1986;Allison, Jacobs and Porter 1989). 

The Seri woman in the Canticles of San Esteban perfomis both pragmatic and magical acts. 

Through songs and symbols, she anoints the travelers, the navigator, and the balsa boat. By 

doing so, she ritually transfomis them into powerful seafarers. These acts effect a powerful 

psychic link between the seafarer and the woman who influences the success or failure of a 

voyage. By perfomiing these ritual acts, the Seri woman blends her identity with the powerful 

woman shaman in Seri seafaring culture. Through the magnetic psychic undertow and melodic 

undertones embedded in the songs, the woman shaman pulled the balsa boat out from the 

treacherous whirlpools and currents and broke the grip of the giant sea serpent. Older Seri 

women today say that this dark-skinned ancient woman from San Esteban was reputed to be wild 

and unruly, a Seri fisherman's wife'. 
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In Seri culture women may become shamans. Female and spirits are said to inhabit certain 

plants, creatures, and landforms in the natural world. References to the presence of the female 

spirit in nature are common in Seri oral history, and in the written accounts. For example, a 

powerful female spirit is said to inhabit hehe is quisil, the senita cactus {Lophocereus schottii), 

one of the first plants formed in Seri origin accounts. According to Seri lore, an older spirit woman 

coen, may inhabit the giant ceremonial basket {Saptim) that a Seri basket maker may weave for a 

puberty ceremony (Felger and Moser 1985). 

The Seri woman shaman sought her power and songs alone in the desert or by the sea, 

apart from her community during a 4-day vision quest in an arched dwelling she built from the 

branches of ocotillo {Fouqueria splendins). The Seri basket weaver also works alone for a year 

under her ocotillo shelter to produce the powerful ceremonial basket, the giant saptim (Moser 

1973). The Seri term for spirit song, haako kama, means literally, "house he-who dwells," a word 

closely related to heekot which means "uninhabited area." The female and male spirit people are 

called heecot cama (Felger and Moser 1985; 103). In other words, the empty spaces in the desert 

landscape and seascape shape the identity and known strength of Seri men and women 

Sounds of the sea and desert 

These so-called empty places are so still that the cacophony of desert and sea sounds are 

deafening. The howl of the coyote, the high-pitched buzz of cactus spines vibrating in the sea 

breeze, the shimmering sounds of the desert heat at noon, or the sudden whirr of a hummingbird 

in flight, all interrupt the solitude of the desert dweller. Alone in the seacape, the Seri shaman 

hears splashing ripples at the edge of the sea, roaring sounds of submerged currents, and 

shrieking winds reverberating off canyon walls and the spirits that speak to her soul (Nines 2000; 

Astorga 1984; Moser 1973). One who lives with the desert and sea then is deeply alone, but not 

lonely. 
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The simple musical phrases of Seri power songs emerge from the empty and silent spaces of 

the desert and sea. Imprinted in song are survival instructions distilled over thousands of years. 

The singer gains wisdom from the sounds of the sea foam, currents, coyote, and cacti, wherein 

spirits employ their power; specific sounds in nature herald their presence (Felger and Moser 

1985; Mines 2000). Sound is the language of the spirits and the connecting path between humans 

and the spirit world in many cultures. The singer summons the spirits by articulating the sound 

word-symbol or by creating the sound itself. For example, native people throughout North 

America use the whirring sound generated by the propeller-like bullroarer to summon the spirit 

(Venum 2000; Underbill 1976). In the rainforest, the flute sound, the breath of the spirit, transports 

the shaman to the spirit worid from the Amazon, and bird songs articulate sadness and longing 

for the Kaluli in Papua New Guinea (Feld 1982). A powerful Seri song-poem that involves the 

barrel cactus, simi {Ferocactus wisleznii) refers to the sound of the land, called Hant iinoj 'land its-

roar/hum, a low steady roar or hum caused by the barrel cactus. This sound was the basis of 

spirit power (Felger and Moser 1985; 172). 

People respond to music with a complex mix of psychological and physiologic reactions. In 

healing settings, music as been shown to relieve anxiety and pain; increase feelings of relaxation, 

heighten the immune system and decrease blood pressure and regulate the heart beat. Music 

triggers the emotions and memory through the pitch and rhythmic vibratory effects within the 

limbic system, where memories are evoked (Cambell 1997; Guzzetta 1989; Beck 1991; Good 

1991). The Canticles of San Esteban translate the sounds of the sea into meaning that alerts the 

navigator to respond to the dangers ahead. Human beings perceive sound through the ears as 

well as musical vibrations through bone and skin that reverberate throughout the body's inner 

landscape (Jacobson 1990). This interaction between sound, waves, and physical response may 

be related to deeply rooted aspects of the neurology and cognition adapted to the needs of a 

desert and seafaring people (Jacobson 1990. 1994; Feld 1982; Tuan 1977). The Seri interpret the 
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world through the selective attention to sound. In doing so they may have enhanced their 

chances for survival. 

The following excerpts from Seri songs illustrate this point: 

The waves, they tell me that a wind is coming from every direction 
Travel song from Baja California to Angel de la Guarda. (Espinoza, 1997) 

One hears in the sound of endless waves breaking on the shore, a sacred 
song." The Edge of the Sea (Astorga 1984) 

The spinning, whirring sound ... it is the life force's whirring sound". (Hines 2000) 

4.5 Song-nrtaps 

According to Seri tradition, the power inherent in a song remains with the composer after 

he or she dies (C. Morales, 10/00; H. Morales, 11/99 pers. comm.). How do the Canticles of 

San Esteban continue to convey power to those who sing them? The Seri, like other hunting 

cultures, speak in the present tense to refer to all aspects of time (Mariett 2001). This 

linguistic device holds the attention of the hunter, who must be wholly absorbed in the 

activities of the present moment to succeed. However, there seems to be a dynamic sense of 

time in hunting cultures where time actually has an elastic quality that enables a person to 

travel back and forth among the past, the present, and the future. This elusive sense of time 

constructed in song-maps in the present, yet future, past is also used by Australian 

aboriginals and Athabaskans in the upper Arctic. For these cultures, life is a series of 

journeys between places in the past and future. These places can be accessed by singing 

the maps received in dreams and meditative trances that connect the places between time 

(Brody 2000; Chatwin 1987; Nelson 1989). 

Similarly, the timeless nature of the voyage songs of San Esteban was shaped by the hundreds 

of years of interactions of the Seri navigators with the unpredictable and quixotic nature of the 

sea. In Seri culture, singers also receive songs conveyed in the timeless world of dreams. By 

entering a trancelike or dream state the Seri singers transcends the present time, and their voices 



53 

stretches into the past, to connect with the voices of Hanica C6opl, Old Blue Shirt Man and other 

ancient San Esteban People whose voices then leap into the present and future. (Bowen and 

Moser 1970; Hine 2000; Felger and Moser 1985; C. Morales Lopez 1/01; A. Lopez 10/02; Pers. 

comm.) 

5. Conclusions 

This cultural seascape analysis offers unique insights that are relevant to seafaring cultures in 

arid regions. The lyrical and musical aspects of the songs offer insight into ways that an aurally 

centered culture manipulates song and sound to shape the conditions of its local environment, 

and how in turn, the nature of the sea and desert shapes the identity of a people. The profound 

and enduring relationship that the Seri people have with the sea is as hidden as the seascape 

below the water's surface. Invisible and unspoken sentiment toward the sea permeates the 

depths of the psyche of a fishing community. The Sen sea songs are like the phosphorescent 

trails of the millions of tiny organisms that live suspended in the Sea of Cort6s waters during the 

heat of the summer, hinting of the abundant sea life below. In the same manner, the San 

Esteban songs convey a complex seascape: patterns of marine features and mythic characters 

unique to the Midriff region of the Sea of Cortes. The movements of mythic beings below the 

water's surface at sacred places along the navigational route between Tiburon and San Esteban 

Islands tie the singer to the places where these entities specifically established some relationship 

with the islands and seascape (Stoffle and Evans 1990; Griffith 1989). These ecologically and 

geographically precise translations of navigational songs illustrate how much songs and stories of 

a seafaring native people are infonned by the biogeography of desert islands and the character of 

the sea and coastlands in the Midriff region of the Sea of Cortes. 
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Abstract Because over 80% of people in the developing world continue to rely on medicinal 

plants to maintain their health, it is important to understand what the habitat requirements are for 

these medicinal plants to flourish in places accessible to herbalists and midwives. This study 

assesses the importance of the ironwood tree as a nurse plant for medicinal plants in Sen Indian 

culture in the Central Gulf Coast in Sonora, Mexico. The diversity and abundance of perennial 

plant species was compared with that of medicinal plant species at 4 paired ironwood-centered 

plots and in open plots in traditional Seri Indian territory, as part of a binational study to determine 

if there were differences in the effect of ironwood on under story plant species in four different 

vegetation regions throughout the Sonoran Desert. The ironwood tree plays an important and 

unique role in the vegetation ecology specific to the different vegetation regions of the Sonoran 

Desert. Different guilds of plant species that co-occur with the ironwood tree vary between the 

study regions and sub-regions. Seri ecological knowledge indicates that different guilds of healing 

plants that co-occur with ironwood fomn a network of 'hotspots of medicinal plant diversity', linked 

by exchange corridors between healers from of different sub-regions. This study demonstrates 

that the impact of species reduction in a relatively small area can have a detrimental impact on 

the culture and health of native people that differ by orders of magnitude from that experienced by 

others inhabiting the same region. The results suggest that the conservation of medicinal plants 

is essential to preserve native healing concepts and practices; healing traditions that also may be 

key to the habitat integrity of a region. 
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1. Introduction 

The ironwood tree {OIneya tesota Gray) ranks among the most important plants in the 

Sonoran Desert for its ecological role and cultural significance to native people in the Sonoran 

Desert (Nabhan and Carr 1994). Endemic legume tree is considered to be a habitat modifying 

species because of the unique role it plays to provide shelter and habitat for over 500 different 

biological species (Burquez and Quintana 1994; Suzan, Nabhan and Patten 1994; ASDM 2000). 

Native people throughout the Sonoran desert have valued the ironwood tree for the materials, 

medicine and food it provides, and because of its spiritual significance (Castetter and Bell 1942; 

Rea 1997). The Seri Indians of the Central Gulf Coast in Sonora, Mexico, have a particularly 

strong relationship with this desert tree (Felger and Moser 1985). 

Today, over-exploitation of this tree has drastically depleted its population and threatens its 

ancient and modern cultural uses in the Sonoran Desert. While protective and regulatory 

measures to conserve the ironwood tree exist, multiple forces prevent compliance and 

enforcement of ironwood conservation policy in the U.S. and in Mexico (Solis-Garza and 

Espericueta Bentacourt 1997). The complex economic forces operating on both sides of the 

Mexico-U.S. border that drive the destruction of ironwood populations obscures the fact that other 

cultural and economic plant resources may be lost, when ironwood nurse plant populations are 

diminished. 

The purpose of this study is twofold; First, to develop a means of assessing habitat 

associations of medicinal plants to direct their conservation and use, and Second, to shed light on 

the importance of the ironwood tree as a nurse plant for medicinal plants in Seri Indian culture. In 

particular, this paper elucidates the ecological importance of the ironwood tree to the distribution 

of medicinal plants in the Central Gulf Coast Region of Sonora, Mexico. The study addresses the 

following three questions; 1) Do medicinal plants occur more frequently under the ironwood 

canopy than they do in open desert areas? 2) Do the Seri perceive a positive correlation between 
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the occurrence of medicinal plants in ironwood habitat? 3) How do the patterns and process of 

Seri ethno-ecologicai knowledge of medicinal plants and the ironwood relate to Western 

conservation ecology science. By distinguishing the indirect effects that the ironwood tree may 

have on human health through harboring medicinal plant diversity, the relative importance of the 

ironwood tree in the Seri cultural landscape can be appreciated. 

While several studies describe the ecological significance of the ironwood tree, this study will 

focus on its effects on culturally significant plants, and in particular medicinal plants. The cultural 

perceptions of the ironwood tree in relation to other species have not been documented, so that 

this is the first study to assess whether the Seri associate particular plant species with ironwood 

as western scientists do with this nurse plant. Because over 80% of people in the developing 

world continue to rely on medicinal plants to maintain their health (Atherton 1994), it is important 

to understand what the habitat requirements are, for these medicinal plants to flourish in places 

accessible to herbalists and midwives. If accomplished, this understanding can inform 

conservation efforts that focus on a suite of culturally and ecologically significant species that are 

indicators of ecosystem health as well as human health. 

1.1 Ecological importance of the ironwood tree 

The desert ironwood is one of many woody legumes found in washes, hillsides and plains 

throughout the Sonoran Desert (Appendix 1). Ironwood occurs in all of the six subdivisions of the 

Sonoran Desert, but varies greatly in its density, relative dominance and influence among these 

regions (Shreve & Wiggins 1964; Soils 1993). 

Ironwood is the sole species of the genus OIneya, an endemic of the Sonoran Desert (Lavin 

1988). As its name implies, wood from the ironwood is one of the hardest and heaviest woods in 

the world. Each cubic meter weighs 1060 kilograms, second only to the tropical tree, lignum vitae 

(Guaiacum officinale) in weight per volume (Solis-Garza and Espericueta 1997). Ironwood grows 

extremely slowly and the slow rates of biomass accumulation contribute to the remarkable density 

of its heartwood. (Szarek and Woodhouse 1977). Its wood is saturated with lignins and resins that 
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protect the tree from insects and herbivores and that also contribute to its medicinal properties 

(Burquez 1999; Felger and Moser 1985). 

The ironwood is the oldest tree native to the Sonoran Desert. Some of the older trees have 

persisted for more than 800 years, according to radiocarbon dating and annual trunk diameter 

growth rates (Turner 1963; Suzan 1994). The dense hard wood and longevity of the ironwood are 

key factors that contribute to its outstanding cultural and ecological significance in the Sonoran 

Desert. 

Like other legumes, ironwood has many water-conserving characteristics. Its slow 

photosynthetic rate and dense wood contribute to its water use efficiency, which along with its 

small water conserving leaves and deep tap roots, enable it to survive and flourish in spite of 

prolonged droughts. Its water use efficiency ranks with some of the most drought- tolerant 

Sonoran Desert plants, such as creosote {Larrea sp.), bursage (Ambrosia sp.) and wolfberry 

{Lycium sp.) (Szarek 1979). 

Ironwood functions as a 'habitat-modifying keystone species' or 'nurse plant' (Shreve 1911), 

that is, a species that exhibits strong influences on the distribution and abundance of associated 

species (Mills et al. 1993). Its ecological importance is magnified by the "protective" roles it plays 

for other biological species in the Sonoran Desert. Ironwood generates a chain of influences on 

associated understory plants, affecting their dispersal, germination, establishment, and rates of 

growth as well as reproduction, due to its canopy density, breadth, height and longevity 

(Tewksbury & Petrovich 1994), as well as its influence on soil characteristics (Carrillo-Garzia, 

Bashan & Bethlenfalvay 1999; Felker & Clark 1981; Solis-Garza 1993). 

The protective nurse plant role of the ironwood tree is crucial to the establishment and survival 

of many species in the harsh desert environment. More plant species, including some rare plants, 

occur under the shade of the ironwood than in open areas. Desert plant ecologists have 

demonstrated how the micro-climate differs under ironwood canopy, improving the habitat 

conditions for thousands of species in a small area (Nabhan and Carr 1994; Suzan et al 1994; 
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Suzan et al. 1996). Protective ironwood canopies minimize heat, radiation and water stress 

among seedlings established in their shade. Temperatures under ironwood canopy during cold 

seasons may be warmer (Suzan 1994). This climate modifying effect is key to the survival of 

vulnerable seedlings such as saguaro (Carnegia giganta (Engelm.) Brit. & Rose) organ pipe 

(Stenocereus thurberi (Engelm.) Buxb.) senita [Lophocereus schotti (Engelm.) Brit. & Rose) and 

night blooming cereus {Peniocereus striatus). Without the buffering effect of ironwood from night 

freezes the distributional ranges of these cacti would retreat many miles to more southern, frost-

free areas (Suzan 1994). 

1.2 Cultural signiUcance of the ironwood tree 

Indigenous peoples of the Sonoran Desert have long valued ironwood for its cultural 

significance and its material resources. Communities of desert people known today as the Mayo. 

Yaqui, Seri), Cocopa, Hia Ced O'odham (Sand Papago), Tohono O'odham (Desert Papago), 

Maricopa, Yuma, Mohave, Yavapai, Gila River Pima and lowland Pima all relied on this ancient 

legume for food, medicine, wood for construction, tools, musical instruments, weapons and fuel 

(Lopez-Estudillo 1998). Southwest peoples throughout the region prepared a protein-rich flour 

from the toasted and ground seeds (Spier 1970; Ebeling 1986). Medicines were prepared from 

the bark and heartwood (Felger and Moser 1985). Branches of the ironwood tree fueled the 

intense heat needed for communal roasting pits used to cook carbohydrate- rich agave hearts 

(Fish & Fish 1992). Musical instruments and symbolic figures were carved for ceremonial and 

ritual uses. Digging and planting sticks, fence posts and weapons shaped from ironwood 

branches were fundamental to food production of many southwest tribes (Castetter and Bell 

1942; Pennington 1980; Rea 1997). For most of these uses, people utilized either renewable 

resources (pods, seeds, flowers) or salvaged wood from already dead trees, causing negligible 

impact to ancient ironwood forests. 
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1.3 Ironwood threats 

In many areas in the U.S. and in northern Mexico, ironwood continues to be clear-cut to 

accommodate urban development. Fuel wood demands consume large amounts of ironwood in 

the populous regions surrounding towns and cities in Central Sonora, where fuel wood is already 

scarce (Solis-Garza and Espericueta-Betancourt 1997). Its dense wood burns extremely hot, 

which adds value to the mesquite charcoal exported to the U.S. (Suzan 1994; Suzan, Patten 

and Nabhan 1997). 

Seri and Mexican can/ers of coastal Sonora in Mexico make carvings from ironwood but with 

vastly different effects on the ironwood stands of the region. Seri carvers continue to use the 

same low impact coppicing methods of their ancestors. Using dried dead ironwood branches, 

they carve elegant, abstract renderings of the animals, fish, reptiles and marine life that are 

powerful cultural symbols, native to their territory. Nearby Mexican can/ers imitated the Seri 

carvings, but began to use diamond bladed chain saws and machine lathes to wring the cambium 

of the trunks or to harvest larger branches, eventually eliminating the entire tree. Production to 

meet tourist demand has increased exponentially and eventually decimated the ironwood tree 

population in large areas in the coastal plains in central Sonora (Suzan 1994). 

The State of Sonora officially banned ironwood use in charcoal in 1992 and Mexico granted 

ironwood "special protection status" in 1994. However, these laws and regulations are unevenly 

enforced. Despite permit requirements for ironwood cutting and prohibition of charcoal 

production, export- oriented economic incentives for woodcutters override the enforcement of 

conservation regulations (Rosas 1998; Soils Garza and Espericueta 1997; Paredes and Lopez 

1995). 

2. Methods 

A binational study in four different vegetation regions throughout the Sonoran Desert was 

conducted to determine if there were differences in the effect of ironwood on understory plant 
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species. (Arizona-Sonora Desert Museum (ASDIVI) 2000). Random sample plots and ironwood-

centered plots were identified at 16 sites within ironwood habitat (Fig 2.1). At each site, 

vegetation samples were compared between eight plots: four with an ironwood in the center and 

four randomly selected plots perennial plant species. Diversity, richness, abundance and cover of 

the perennial plant species at the ironwood-centered plot and the open plot were compared. 

Differences in the effects of ironwood on plant species were contrasted between the four regions. 

The effects of ironwood on medicinal plants was studied in site located in the Central Gulf Coast 

Region of Sonora, Mexico in or near Seri territory (Figure 2.2). The proportion of medicinal plants 

among those plants known to occur under ironwood were compared to their occurrence in open 

areas. 

Fifty four Seri women responded to a true/false questionnaire listing 143 plant species that 

occur in the region to assess their perceptions of ironwood and plant associations. The levels of 

agreement among the respondants was compared between and among age groups; Youngest 

17-24 (n=9); Medium 25-39 (n=16); Older 40- 55 (n= 13) and Senior > 55 (n= 15), and by home 

village; PC or D; (young/old; old/old. Differences in levels of agreement were compared to 

assess the amount of consensus within and between age groups using Friedman ANOVA, 

Kendall Coeff of Concordance and Chi Square statistical tests. Paired responses by age 

(young/old) and between villages were analyzed using Wilcoxon Matched Pairs Test statistical 

test. 

Field observations of medicinal plant collecting patterns, individual interviews and focus group 

discussions were conducted with 20 Seri women to identify practices; explanations and theories 

related to ironwood and medicinal plant associations. Seri concepts were compared with the 

quantitative findings of the effects of ironwood on its understory plants in the same region. 
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Figure 2.1 Ironwood Distribution. Study site locations in Central Gulf Coast and Tiburon Island 
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Fig 2.2 Ironwood study site locations 

Site 1. Rancho Palo Fierro. Bahia San Carlos. Site 2. Calle 12. 1 miles east of Old Kino. Site 3. Sta Rosa 
{1km south of Punta Chueca) Site 4. Tecomate. 1 km N. of Pozo Agua Dulce Tiburon Island (ASDM 2000). 
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3. Results 

3.1 Effect of ironwood on medicinal plant species richness. 

The ironwood tree plays an important and unique role in the plant ecology specific to the 

different vegetation regions of the Sonoran Desert. Different guilds of plant species co-occurring 

with the ironwood tree vary between the study regions and sub-regions. The importance of the 

ironwood tree to species abundance and composition varies according to landform and elevation. 

(ASDM 2000). In the four paired vegetation plots, plant species richness (S) was higher under 

ironwood canopy than in open areas (Table 2.1). Similarly, medicinal plant species richness was 

higher under ironwood canopy than that in vegetation plots in open areas. However, the 

proportion of medicinal plants occurring under ironwood was not significantly different than that in 

open areas (Table 2.2). 

Table 2.1 Nurse plant plot S compared to Random plot S 
Species richness on nurse plant plots and on random plots. 

N T 
Nurse S & 
Random S 

16 17 Z P level Nurse S & 
Random S 

16 17 

2.637147 0.008365 

Medicinal plant species richness on nurse plant plots and on random plots 
N T 

Nurse Med S & 
Random Med S 

15 15.5 Z p-level Nurse Med S & 
Random Med S 

15 15.5 
2.52743 0.008365 

Medicinal plant species proportion on nurse plant plots and on random plots 
N T 

Nurse Prop & 
Random Prop 

15 37,5 Z p-level Nurse Prop & 
Random Prop 

15 37,5 
0.941647 0.34638 

Wilcoxon Matched pairs Test. 020331.sta 

Table 2.2 Medicinal plant S abundance and proportional abundance in plots under nurse 
plants and In open areas (C.I. 95%) 
Total Nurse Nurse Med S Total Nurse 

Med Prop. 
Total Random 
S 

Random Med 
S 

Total Random 
Med Prop. 

13.6875 11.2 0.807866242 10.875 8.125 0.764970553 
4.46794136 3.211586168 0.10704499 4.897278156 3.79253653 0.18773484 

16 15 15 16 16 16 
2.368008921 1.767084832 0.058898491 2.595557422 2.010044361 0.099499465 

16.05550892 12.96708483 0.866764733 13.47055742 10.13504436 0.864470019 
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3.2 Perceptions of medicinal plant associations with ironwood 

Comparisons by age and locale. The young group under 25 years consistently differed from 

senior infonnants over 55 years regarding the plant species they associated with ironwood. 

(n=54, df+3) =16.57426 p<.00087. Coeff. Of Concordance =. 10231); Aver. Rank =. 08537). 

Young infonnants differed most with the older and senior groups, while medium aged adults 

under 40 (Medium) differed from the older aged group but not the senior group. Older and senior 

groups were statistically similar, as were young and medium. 

Older respondents in village D had a higher proportional agreement on plant species 

associated with ironwood than all other age groups of both villages. Disagreement between 

groups living in different locales occurred most often between the youngest and senior groups on 

which plants were associated with ironwood. The degree of difference in responses between 

villages varied by age group. Higher consensus exists among senior respondents in both villages 

on which plants are positively associated with ironwood. Village D had higher overall levels of 

agreement than those in PC. Senior respondents in D had highest levels of agreement The 

youngest group differed most from older groups (Table 2.3). 

Table 2.3 Proportion of agreement between nnatched pairs by age group within 
locality. 

N T Z p-level BFadj 

Young vs. 
Medium 

54 523 0.6667 0.5050 0.0083 

Young vs 
Older 

54 261.5 3.0482 0.0023* 0.0100 

Young vs 
Senior 

54 193.5 3.9207 0.0001* 0.0125 

Medium vs 
Older 

54 390.5 2.8771 0.0040* 0.0167 

Medium vs 
Senior 

54 461 2.0764 0.0379 0.0250 

M 
edium vs 
Senior 

54 562.5 0.0159 0.9873 0.0500 

'Statistically significant, using a serial Bonferroni adjustment of p. 
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3.3 Perceptions of plant ecological interactions. 

Seri concepts of plant interactions generally fell into four categories: 1) Power/ potency 

associations, 2) Male/female associations 3) Place specific occurrences and 3) relationships 

related to the elements (wind, clouds, rain). Some plants were considered to derive their 

medicinal potency through their physical association with ironwood. For example, desert 

mistletoe, (Phorodendron californicum) is considered to have strong medicinal properties due to 

its parasitical association with the ironwood tree. The importance and power of plants was 

thought to differ between men and women. Ironwood figures prominently in Seri ecological 

concepts, it is also considered to be more closely associated with the Seri male, due to its 

tallness and abundant seed production. On the other hand, the senita cactus (Lophocereus 

schotti) with its long fine spines is considered to have a powerful female spirit that embues it with 

regenerative as well as destructive powers. In plant ecology studies, the senita cactus has been 

observed to be associated with the ironwood tree more often than any other plant in some area of 

Sonoran Desert (Suzan (1994). 

Some plants were thought to have potent medicinal effects when growing together in the same 

area. For example Encelia farinosa, Opuntia bigelovii and Fagonia californicum when growing 

together are considered to have synergistic medicinal properties. The cumulative medicinal 

effects of three plants Larrea tridentata, Atamisquea emarginata and Allium haematochiton are 

believed to stem from the individual potency of each plant. Each of these plants was found more 

abundantly under the ironwood canopy. 

Preferred sites for medicinal plant collection often coincided with ironwood habitat. Other 

factors such as season, landform also influenced gathering site selection. Often these factors 

coincided with ironwood habitat as well. Some of the richest gathering sites, were ancient 

encampments in Seri history. In other words, habitat is as important as the presence of ironwood 

for medicinal plant gathering. 



69 

Some plant relationships were based on complementary climate modifying functions. Ironwood 

and the cardon cactus {Pachycereus pringlii) were said to co-occur because of the capacity of the 

ironwood to concentrate shade, while the cardon was believed to have spiritual powers to bring 

rain clouds. Similarly, the ironwood and Cardiospermum corundum were considered companion 

plants due to the complementary water use functions of each plant. The water storing roots of 

Cardiospermum were thought to benefit the dry inner bark of the ironwood. 

4. Discussion 

The ironwood tree plays an important and unique role in the vegetation ecology specific to the 

different vegetation regions of the Sonoran Desert. Different guilds of plant species that co-occur 

with the ironwood tree vary between the study regions and sub-regions. Similarly, a greater 

diversity of medicinal plant species grow beneath the ironwood canopy than in the open desert. 

However, the proportion of medicinal plants occurring under ironwood was not significantly 

different than that in open areas. Little or no differences were evident in plant abundance 

between the ironwood-centered plots and the plots in the open that occurred in washes where 

water availability was the driving factor. Similarly, during the summer monsoon months. Sen 

gatherers preferred to collect medicinal plants from bajadas and arroyos. In the drier winter and 

spring months, collecting practices tended toward ironwood-centered habitat. ^ 

The results of this study indicate that traditional ecological knowledge can provide clues to the 

processes and patterns of species distribution within geographical regions. The phenomena of 

cultural biogeography related to the distribution of plants and reptiles has been described by other 

researchers in the region (Yetman and Burquez 1996; Nabhan 2000). In this study, the 

geographic locale of both plants and people correlated with the levels of consensus among 

informants on plant-ironwood co-occurrence in specific areas. This pattern appears to reflect the 

Sen recognition the subtle changes in plant species composition occur in this transitional zone 

from semi-tropical to tropical vegetation. They provided precise information on the co-occurrence 

of ironwood and plants at the species and subspecies level within subregions. This knowledge of 
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plant/ironwood distribution patterns in the region was based on their history and experience in 

specific areas within subregions; information that was not documented in the multi-regional 

ironwood ecology study (ASDM 2000). For example, Seri respondents from the northern village 

frequently disagreed on the co-occurrence of two plants, Ruellia calilfomica and Melochia 

tomentosa with ironwood (Appendix 2.1). While a distance of just 40 miles separates the two 

villages, these two species generally are not found near the northernmost village. 

The difference in Seri concensus on ironwood-plant co-occurrence by age group was perhaps 

more influenced by life history and the human development processes that drive knowledge 

acquisition and use of medicinal plants. For instance, the young adult group of respondents 

demonstrated more ecological knowledge than the senior group of a specific suite of medicinal 

plants. This group of plants is used for health problems typically experienced by younger women 

and children. The young adult group used Most of the plants recognized by the younger adult 

group are used for disorders related to pregnancy and menstruation, diahrrea and skin rashes. 

The senior group of respondents was the sole group that identified a subvariety of an agave, 

Agave cerulata subsp dentians that is endemic to San Esteban Island. Only these elderly 

respondents had lived on nearby Tiburon Island in their youth and would have traveled to the 

island to collect the sweet agave that could sometimes be found under the shade of the ironwood 

(Felger and Moser 1985; Bowen 2000). In other words, while the ecological knowledge of elders 

reflects their cumulative knowledge and experience, the younger group expressed detailed 

knowledge of medicinal plants with uses specific to their age group. 

Indigenous ecological perceptions, concepts and practices are rooted in the developmental and 

historical experiences of people long rooted in specific geographic regions (Stoffle and Evans 

1990; Stofle et al 1997). This native knowledge and experience of the patterns and process of 

species in the local environment can contribute to more effective natural resource management 

and conservation strategies that can also substantially benefit local communities. The variable 

patterns of site-specific traditional ecological knowledge found among different age groups in this 
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study demonstrate how this i<nowledge persists along an age continuum. The success of a broad 

and inclusive approach to co-management of natural resources is greatly enhanced by the 

knowledge and experience of diverse groups of a community. Knowledge of the local habitat 

requirements for specific medicinal plants may provide clues to the effects of subtle 

environmental changes on the patterns of species occurrence over time. 

5. Conclusions 

The ironwood tree plays an important and unique role in the vegetation ecology specific to the 

different vegetation regions of the Sonoran Desert. Different guilds of plant species that co-occur 

with the ironwood tree vary between the study regions and sub-regions. Similarly, a greater 

diversity of medicinal plant species grow beneath the ironwood canopy than in the open desert. 

The Seri ecological knowledge of medicinal plant occurrence and habitat is related to the specific 

cultural habitat (Nabhan 1997). Different guilds of healing plants that co-occur with ironwood form 

a network of diverse healing 'hotspots' of medicinal plant diversity that are linked by 'pollination 

corridors' between healers from different sub-regions. These exchange routes form the basis for 

the development of a long heritage of healing knowledge and ongoing use of the most effective 

medicinal plants of a region. Traditional healing concepts and practices often includes what may 

be considered in modern temns as 'eco-medicine'; healing strategies that are directed aimed at 

the nurture and care of the environment The conservation of medicinal plants then is essential to 

preserve native healing concepts and practices; healing traditions that also may be key to the 

habitat integrity of a region. If ironwood is eliminated from one area, the particular guild of plant 

species associated with ironwood in the region may not occur in another. The resulting loss of 

has ramifications for the Seri that impacts every aspect of their culture, as well as their health. In 

other words, the impact of species reduction or elimination in a relatively small area can have a 

detrimental impact on native people that differs by orders of magnitude from that experienced by 

others inhabiting the same region. 
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While the ironwood tree is almost depleted in certain areas of the coastal plains of Sonora, it is 

not protected as an endangered species because it remains abundant in other areas. By failing to 

recognize the patchy nature plant distribution small areas in arid regions, we risk the loss of entire 

guilds of plant species unique to particular sub-regions within an ecological zone. By valueing 

ethno-ecological knowledge we can be alerted to the early warning signals of an unhealthy 

environment, to better identify the healing fulcrum points within local ecological interactions. 
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Table 2.4 Plant species with greatest differences in perception on co-occurrence with 

ironwood. ironwood. 

Species DPA PCA Diff 

PhorCai 0.9412 1,0000 0.0588 
AmbDel 0.4118 0.8889 0.4771 
PhaulSpin 0.2353 0.8889 0.6536 
HymSals 0.2941 0.6667 0.3725 
T rixusCal 0.5294 0.5556 0.0261 
OpuntBig 0.7647 0.7778 0.0131 
JacPung 0.4118 0.6667 0.2549 
EncFar 0.3529 0.6667 0.3137 
AgavAng 0.6471 0.8889 0.2418 
AtamEmarg 0.5882 0.6667 0.0784 
Larrea 1.0000 1.0000 0.0000 
ProsGland 0.5294 0.8889 0.3595 
Lyciumsp 0.8824 1.0000 0.1176 
JatrCin 0.4706 0.6667 0.1961 
JatrCard 0.7647 0.4444 -0.3203 
MammMlcr 0.8824 0.7778 -0.1046 
LophShott 0.3529 0.7778 0.4248 
NicotT rig 0.4706 0.7778 0.3072 
AtriplCan 0.5882 0.7778 0.1895 
SuadMoc 0.3529 0.5556 0.2026 
OpunArb 0.5882 0.7778 0.1895 
KramGray 0.5882 1.0000 0.4118 
MascMia 0.8235 0.7778 -0.0458 
DaturDis 0.7059 0.7778 0.0719 
MelTom 0.6471 0.7778 0.1307 
AgaveCerc 0.1176 0.7778 0.6601 
CassiaCov 0.2941 0.6667 0.3725 
OpuntBig 0.8824 0.7778 -0.1046 
RuelliaCai 0.4706 0.6667 0.1961 
FrankPaim 0.5294 0.5556 0.0261 
FeroWiz 1.0000 0.8889 -0.1111 
AmbAmb 0.8235 0.6667 -0.1569 
AcacGr 0.7059 0.6667 -0.0392 
Euphpoly 0.5882 0.6667 0.0784 
AtripBar 0.0588 0.5556 0.4967 
HyptisEm 0.8824 0.5556 -0.3268 
Pachprin 0.8235 0.8889 0.0654 
CercPI 0.2941 0.6667 0.3725 
ZizyObt 0.5294 0.8889 0.3595 
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BursLax 
Porophgrac 
Machparv 
Carngig 
Guiaccoul 
Plafarid 
Crotcal 
Stenthurb 
Justcal 
Simmchin 
Colvir 
Bebjun 
Argmex 

0.6471 
0.7647 
1.0000 
0.3529 
0.3529 
0.2941 
0.0588 
0.3529 
0.9412 
0.9412 
0.8824 
0.7059 
0.2353 

0.6667 
0.6667 
0.4444 
0.6667 
0.6667 
0.5556 
0.5556 
0.6667 
0.6667 
0.8889 
0.4444 
0.5556 
0.4444 

0.0196 
-0.0980 
-0.5556 
0.3137 
0.3137 
0.2614 
0.4967 
0.3137 
-0.2745 
-0.0523 
-0.4379 
-0.1503 
0.2092 



79 

APPENDIX C 

Desert Plants Selected by the Seri Indians for diabetes: Adaptations and 

Applications of Opuntia bigelovii, Senna covesii, Rhizophora mangle, 

Bursera laxiflora and Krameria grayi 

Laurie Monti 

Arid Lands Resource Sciences 

University of Arizona 



80 

Abstract Diabetes IVlellitus (type 2 diabetes) severely affects Native American populations. The 

Seri Indians of the Sonoran Desert in Mexico have adapted 5 plants from their traditional 

pharmacopoeia to use for diabetes and its secondary complications. The five plants— Opuntia 

bigelovii, Senna coves/7; Rhizophora mangle, Bursera laxiflora, and Krameria grayi — are native 

to the Sonoran Desert region and have been used by the Seri for generations to treat other 

illnesses as well as diabetes. Seri medicinal plant selection for diabetes is based on specific 

adaptive strategies that have been useful over time to address the health threats and stressors in 

their desert environment. This study describes the cultural and environmental factors that guided 

the Seri selection of these plants to treat DM and its secondary complications. Published 

pharmacological reports are reviewed to assess the potential effects of these plants on diabetes. 

1. Introduction 

Diabetes mellitus (DM or type 2 diabetes) is a chronic metabolic disease that is characterized by 

hyperglycemia resulting from a combination of resistance to insulin action and an inadequate 

compensatory insulin secretory response. The rate of occurrence of diabetes has been increasing 

among all populations worldwide. In the U.S. more than 7.5 % of the population are affected by 

this disease (Center for Disease Control 2000). In the past decade, the prevalence of diabetes in 

the U.S. has increased 49%. which parallels a similar rise in obesity among Americans, Native 

Americans, displaced from their traditional diets, are among the most severely affected with rates 

of diabetes ranging from 15% to 50% (CDC 2002; Burrows 2000; Swinburn et al. 1991). 

Diabetes among the Seri Indians in Sonora, Mexico appears to be a relatively recent 

occurrence. If diabetes occurred among the Seri it was relatively uncommon. Beginning in the 

1980s, diabetes began to manifest at unprecedented levels among Seri families families. By 

1999, 35% of Seri adults over 30 years had begun to show symptoms of diabetes, although many 

of these individuals had not been diagnosed medically (Monti 1999). Premature deaths of Seri 

adults under 60 years of age resulting from the complications of this disease are also increasing. 
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The dramatic rise of diabetes among the Seri has occurred in tandem with profound changes 

from their previous way of life as a relatively isolated fishing community. 

The Seri Indians have adapted 5 of the 106 or so plants in their traditional phannacopoeia of 

desert plants to treat diabetes and its secondary complications. The five plants are; Opuntia 

bigelovii Engelm, Senna covesii (A.Gray) H.S. Irwin & Barneby, {Cassia covesii A. Gray); 

Rhizophora mangle Linnaeus, Bursera laxiflora S. Wats., and Krameria grayi Rose & Painter. All 

of these plants are native to the Sonoran Desert region and have been used by the Seri for 

generations to treat other illnesses (Felger and Moser 1985). A few of the older Seri remember 

that these plants were also used to treat what they refer to as the incurable sickness' {iicamo 

quepe imcotj), an illness that they recognize as diabetes. 

Because over 80% of people in the developing world rely on medicinal plants for their health, it 

is important to understand why particular plants are selected, and how the usage of these plants 

affects the illness it is intended to treat (Atherton 1994). Since many of the older Seri Indians 

prefer to use plant medicines to prevent and treat illness, it is crucial to recognize how the long 

term use of these plants may affect the disease processes of diabetes. 

So why did the Seri select these particular five plants to treat the symptoms of diabetes? With 

the exception of their common use for diabetes, each of the plants has its own distinct medicinal 

use. Each plant is taxonomically distinct, representing one of five different families. The plants 

have no obvious characteristics in common, other than their unique adaptations to a desert 

habitat. (Heathecote 1983). The clues that can begin to unravel these questions may lie in the 

knowledge and practices that the Seri have developed in response to the constraints and 

opportunities inherent in their desert and sea environment. 

An analysis is undertaken of the Seri usage patterns of plants selected to address 

diabetes,—medicinal and food plants that for hundreds of years have been key their health and 

ability to thrive in this extreme arid context. This study will focus how the chemical properties of 

the plants may affect the metabolic processes involved in diabetes. I explore the premise that 
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the Seri medicinal plant selection for diabetes is not random, but is ased on specific adaptive 

strategies that have been useful over time to address the health threats and stressors in their 

environment. 1 hypothesize that the specific adaptive responses of plants to stressors in their 

environment may also have parallel effects on human physiologic processes, when ingested by 

people living in the same environment. To better predict the potential effects of each 

plant when used by the Seri for diabetes I examine the factors that influence the Seri selection 

and use of the plants. I review the published literature for the biological activity reported on the 

plants related to diabetes and the complications of diabetes. I then consider the adaptational 

functions of these chemical compounds to climate conditions and for defense against specific 

predators, competitors or diseases (Moerman 1991; Harborne 1999; Williamson, Rhodes and 

Parr 1999). 

11 Diabetes in the Seri tribe 

The emergence of diabetes mellitus among native peoples has been associated with a rapid 

transition from a traditional lifestyle to a modern diet and living practices. Rapid changes in food 

composition and dietary patterns are often accompanied by obesity and a shift to chronic 

degenerative diseases (Popkin 1994). West (1981) provides strong evidence that metabolic and 

cardiovascular diseases among native people were uncommon prior to the 1940's, after which 

the consumption of fats and sugar-rich commodities greatly increased. 

In the past, the Seri harvested about 25 percent of the 374 plants they recognize for food at 

different times during the year. Fructose rich foods such as the fruits of cacti, pods of mesquite, -

and the caudices of agave were available only for brief times of the year (Felger and Moser 

1985). Beginning in the 1950's, the Seri diet shifted from a diet comprised of a rich variety of 

desert plants, fish and bush- meat. Until then, the Seri Indians were primarily engaged in fishing, 

hunting and foraging for their livelihood. During the 1970's, Mexican food vendors opened small 

grocery stores in the Seri communities, providing modern snack foods along with basic modern 

food commodities. The occurrence of diabetes in the Seri community began to escalate in the 
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late1980's. During this time, local fish consumption declined as the Seri began to sell fish on a 

commercial scale. Cash income increased for many with the commercialization of crab and other 

shellfish. 

1.2. Diabetes: a disease complex 

A brief review of diabetes and the complications of this chronic disease is provided as a basis 

from which to consider the different ways medicinal plants can effect the symptoms, physiological 

processes and organs involved in DM. Type 2 diabetes is a broad systemic syndrome 

characterized by hyperglycemia resulting from a disordered metabolism that is related to the 

body's inability to absorb and utilize glucose. The onset of usually occurs in adults over 35 years 

of age, however in the previous decade many more adolescents and young adults are showing 

symptoms of type 2 diabetes (American Diabetes Association/ADA 2000). During the course of 

the disease, the body gradually loses its ability to efficiently convert food into energy. The 

deficient action of the hormone insulin on the body tissues and organs leads to disorders in 

carbohydrate, fat, and protein metabolism. Deficient insulin action results from inadequate insulin 

secretion and/or diminished tissue responses to insulin at one or more points in the complex 

pathways of hormone action. Ilmpairmentof insulin secretion and defects in insulin action 

frequently coexist in the same patient, and it is often unclear which abnormality, if either alone, is 

the primary cause of the hyperglycemia of type 2 diabetes. 

The chronic hyperglycemia of diabetes is associated with damage, dysfunction, and failure of 

various organs, especially the eyes, kidneys, nerves, heart, and blood vessels. The long-term 

complications of diabetes include secondary illnesses of retinopathy with potential loss of vision; 

kidney damage leading to renal failure; liver dysfunction leading to 

ypercholestereremia,peripheral nerve damage with the risk of foot ulcers and amputation. 

Damage to the autonomic nervous system causes gastrointestinal, urinary, and cardiovascular 

symptoms and sexual dysfunction. Patients with diabetes have an increased incidence of 

atherosclerotic cardiovascular, peripheral vascular, and cerebrovascular disease. Hypertension, 
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abnormalities of lipoprotein metabolism, and periodontal disease are often found in people with 

diabetes. Acute, life-threatening consequences of diabetes are hyperglycemia with ketoacidosis 

or the nonketotic hyperosmolar syndrome. The emotional and social impact of diabetes and the 

demands of therapy may cause significant psychosocial dysfunction in patients and theirfamilies 

(Karam 1985; ADA 2000). 

1.3 Importance of traditional medicine in remote areas. 

Traditional healers and individuals with diabetes rely mainly upon sensory observations and 

symptoms to evaluate and treat the symptoms of diabetes. Long terni studies have shown that 

patient self-monitoring of symptoms and blood glucose levels contributes significantly to decrease 

the likelihood of the long-term cardiovascular and neural complications of diabetes (Boucher 

2001), however the symptoms of diabetes are subtle and may not be recognized for many years. 

In the case of undetected diabetes, a degree of hyperglycemia is present that is sufficient to 

cause pathologic and functional changes in various target tissues, but without clinical symptoms, 

and may be present for a long period of time before diabetes is detected (ADA; 2002). Symptoms 

of marked hyperglycemia include fatigue, polyuria (excessive urine output), polydipsia (thirst), 

weight loss, sometimes with polyphagia (hunger), and blurred vision. Susceptibility to certain 

infections may aiso accompany chronic hyperglycemia 

Traditional medicine then plays an important role in the eariy identification of diabetes 

symptoms and in the knowledgeable use of local plants for treatment. For example, healers from 

six different linguistic groups inhabiting three major ecosystems in Guinea, West Africa use more-

than fifty different species of plants to treat diabetes in adults (Carlson 2001). Ethnobotanical 

studies from Mexico report more than eighty plants that are used for diabetes; about half have of 

these species have demonstrated active properties against diabetes in experimental studies 

(Alarcon-Aguilara et al. 1998). In India, a group of plants 45 that have been pharmacologically 

tested have shown to be of some value in diabetes The discovery of the widely used 
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hypoglycemic drug metformin, came from the traditional approach of using Galega officinalis for 

diabetes(Grover 2002). 

1.4 Biocultural adaptation—a framework for analysis 

This analysis and interpretation draws from research and theoretical constructs that consider 

the interface between biological and cultural adaptation throughout human evolution (Katz 1990). 

The selection of medicinal plants for disease is largely dictated by cultural traditions, but the 

degree to which plant chemicals produce therapeutic effects depends on human biology. In other 

words, human biological responses and cultural adaptations to certain chemical agents in the 

environment are mutually reinforced in the human experience of the disease (Etkin 1986). 

Information on the therapeutic or toxic properties of foods and medicines are then transmitted to 

subsequent generations and eventually encoded in ritual and traditional healing practices or 

medicinal plant food taboos (Laderman 1987). 

Applications of this model are found in biological and cultural research on human adaptive 

practices (Etkin 1986; Katz 1986, Katz 1990;Jackson 1991). Johns (1999) illustrates how Maasi 

food preparation practices appear to benefit human metabolic functions involved in the 

cholesterol metabolism and synthesis to prevent atherosclerosis: The plants that are added most 

frequently to their notoriously fatty soups are those that contain the highest levels of antioxidant 

phenolics, compounds that prevent the deposit of cholesterol within blood vessels. 

Metabolic and behavioral changes may be induced in humans by chronic exposure to the 

plants with adaptive responses to the conditions of their environment (Jackson 1991). Desert 

plants have morphological and physiological characteristics that protect them from the effects of 

high solar radiation, insufficient and erratic rainfall, low soil moisture, and temperature extremes 

that characterize desert environments. Certain plants have metabolic adaptations that differ from 

other more mesic plants in many biochemical and physiological features. These plants, C4 and 

CAM (crassulacean acid metabolism) use different photosynthetic mechanisms that alter the 

location, timing and rate of C02 metabolism (Solbrig 1984). These plants contain polysaccharide 
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polymers found in pectins, gums, and extra-cellular mucilages that have hypoglycemic properties 

of plants. When these plants are ingested by humans there is an increase cellular sensitivity to 

insulin in addition to a slower rate of glucose uptake in the intestine {Alarcon -Aguilara et al. 1998; 

Roman-Ramos et al. 1992; Anderson 1990). Some desert animals have adapted their metabolic 

rates, altered their kidney filtration rates for fluid retention, and changed their nighttime behavioral 

patterns to adapt to the intense heat and water deficits of desert environments (Yagil and Berlyne 

1978, Yagil 1985). 

Dehydration, heat exhaustion and periods of malnutrition are important health problems that 

have confronted the semi-nomadic Seri for hundreds of years. These desert dwellers learned to 

move efficiently between water sources, infonnally calculating the costs and benefits of their 

actions in terms of energy expended versus the water and food availability. Ever alert to early 

signals of dehydration and heat exhaustion and other dangers inherent in desert living, they 

collected plants with properties to prevent or treat these symptoms. For example, in Seri food 

traditions, the fruits and stems of Opuntia and the fruits of the resinous Bursera tree were eaten 

to quench their thirst and sustain their energy during a walk or a journey. For emergency water, 

the flesh of the barrel cactus (Ferocactus wislizenii) was consumed (Felger and Moser 1985). 

Thus, the use of these desert-adapted plants to treat diabetes may stem from a long history of 

use deeply rooted in Seri health strategies and culture. Comparative studies of the medicinal 

plants from similar environments used in the treatment of diabetes may show similar patterns. 

2. Methods 

To identify the factors that influence the Seri selection and use of the plants for diabetes, a 

survey questionnaire and interview guide were used to elicit Seri perceptions on diabetes and the 

medicinal plants used for treatment. Table 3.1 lists the topics addressed by these interview tools. 

The Seri collaborators for the study were above 30 years of age, although diabetes has begun to 

manifest in a few individuals in their late twenties (The total over 30 population in the Seri 



87 

communities is about 500 people). One hundred individuals responded to a survey questionnaire 

administered during a community diabetes screening clinic (6/99). The respondents' perceptions 

of the etiology, risks, and general symptoms associated with diabetes were elicited. Fifty four 

individuals responded to a survey to identify which medicinal plants were used most commonly to 

treat diabetes and diabetes-related symptoms Individual interviews, focus groups and 

observations were carried out with 20 individuals diagnosed with type 2 diabetes (June-August 

2000). These participants responded to open-ended questions and allowed me to observe the 

plant preparation and administration process, and to monitor their symptoms. 1 participated in 

extensive plant collecting activities and had longer conversations with four well known herbalists 

of the community from 1999-2001. These individuals discussed their diagnostic and treatment 

approaches to diabetes, their perceptions of symptom characteristics, their criteria for plant 

selection and their collection practices. Results from the questionnaire items were analyzed for 

concepts, rationale and practices related to diabetes and its treatment. Symptom clusters were 

identified that the respondents attributed to diabetes. These symptom clusters were correlated 

with related disease processes of diabetes as interpreted by Western medicine. The plants that 

individuals selected to address the symptoms were identified. Plant voucher specimens are 

deposited at the herbarium of Northern Arizona University. 

Table 3.1 Sen perceptions of diabetes. Survey 

1. Perceptions of disease etiology, causality and risk 
a. What Is diabetes ? How does it manifest? (symptoms review). 
b. Why does diabetes occur? What causes diabetes? 
c. Why has diabetes increased In the Seri? (modern foods; lifestyle; social change; social 

breaches, spiritual problems). 
d. Are some people more likely to get diabetes than others? Why? (familial traits, weight, 

ancestry; locale; eating habits; other behaviors, spiritual causes). 
2. Disease process 

a. What parts of the body or body functions are affected by diabetes and why? (Kidney, 
liver, heart Involvement; sugar In the blood; cholesterol in the blood; blood impurities). 

3. Perceptions of effective treatment and management 
a. What works and why? (plants, drugs, diet change, exercise, spiritual remedies). 

b. How does the plant relieve specific symptom (s) of diabetes? How are organs affected? 

c. Is plant or drug treatment accessible? What promotes or impedes access? 
(cultural preference, distance, plant depletion). 

4. Patterns of plant usage. 
a. Collecting practices (location, season, spiritual practices, plant parts, storage patterns). 
b. Preparation (amount, process, admixtures, combinations of plants). 
c. Administration (with meals, amount per dose/ day/month/year). 
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To understand how the chemical properties of the plants may affect the metabolic processes 

involved in diabetes, I review the published literature to identify the chemical constituents and 

properties and pharmacological activity reported of the plants that was related to diabetes and the 

complications of diabetes. Phytochemical reports were considered at the genus and species level 

when possible. Ethno pharmacology reports were reviewed for uses related to diabetes and its 

complications. The links between the adaptational functions of the plants and their 

pharmacological activity were compared to Seri use patterns and ethno medical concepts to 

identify how environmental factors seemed to influence the Seri experience, concepts and 

practices related to diabetes in an arid environment. 

3. Results 

Seri people today make pragmatic choices between traditional plant remedies and modern 

medicine to treat diabetes and its secondary illnesses. Depending upon a person's age, status 

and wealth, Western medical care and commercial pharmaceutical drugs may be sought for 

illnesses perceived to be serious or life threatening. Health care is provided in^egulariy in the 

village clinics. The effective management of diabetes is difficult to achieve for many who lack 

cash to purchase medication or do not have transportation for regular medical follow up. Half of 

the diabetic group (n=20) reported using medicinal plants alone or in conjunction with 

hypoglycemic drugs to manage the symptoms of diabetes and its secondary complications. Only 

five of the group relied on pharmaceutical drugs consistently. Five of the diabetic group managed, 

their symptoms only on an acute, episodic basis. Overall, the symptom descriptions provided by 

the group with diabetes correlated with counterpart physiological processes of diabetes and the 

complications of the disease, as described in Western medicine. 
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3.1 Sen concepts of the nature and causes of diabetes 

Diabetes is i<nown by the Seri as the iicamo quepe imcotj, the "incurable sickness", 

because of the chronic nature of the disease. Others refer to it as a disease caused by sweet 

blood (hait ixai). While diabetes was relatively rare before the 1990's, older Seri individuals 

remembered an uncles and a cousin from among their parents generation who died as a result of 

diabetes. The herbalist collaborators in this study agreed that the plants used to treat diabetes 

today were the same plants used in previous generations for diabetes. 

The majority of the individuals with diabetes interviewed indicated that diabetes is caused by 

a change from their traditional diet to a diet dominated by soda, coffee, sugar and flour tortillas. 

To others, diabetes was considered a result of that bad luck that befalls a person. Four people 

attributed the disease to what they referred to as exposure, infection or contagion from non-Seri 

people and to the presence of Western medical doctors in the community. The oldest Seri 

referred to modern, commercial food as "comida de los yoris" (Mexican food); food they 

considered to be as 'invasive' and inherently dangerous as the invasions at the turn of the century 

by the Mexican army and ranchers. During that time, the Seri population was drastically reduced 

from thousands of people to only about 250 individuals (Sheridan (1999). 

3.2 Ethno-medical principles in plant selection for diabetes 

Five species from five different plant families were identified by the respondents as the most 

effective in treating hyperglycemia and symptoms associated with diabetes: Senna covesii 

(senna), Krameria grayi (desert rhatany), Bursera laxiflora (elephant tree), Opuntia bigeloveii 

(teddybear choya), and Rhizophora mangle (red mangrove). Three strategies appear to have 

guided the selection of these five plants by the Seri for treating diabetes. First, correlations were 

made between symptom clusters of other illnesses and those of diabetes. The medicinal plants 

used to treat these illnesses were generalized and used to treat DM as well. Second, symbolic 

reasoning led people to match unique plant characteristics with their perceptions of the causes 
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and symptoms of diabetes. Ttiirdly, local environmental factors influenced the medicinal 

properties of the plants and then selection by the Seri. 

1, Correlations between diabetes and other illnesses. Seri herbalists use the same plants to treat 

similar symptoms of diabetes and i<idney infections, dehydration and heat exhaustion. For 

example, Senna {hehe quinia) is used to treat symptoms of urinary tract infections, (frequent 

urination),and in other cases, to stimulate hunger is a person who feels weakness and loss of 

appetite. The symptoms of dehydration and heat exhaustion (thirst, weakness, dizziness, dry 

skin) closely resemble these same symptoms of diabetes. Senna is used to treat these same 

symptoms in diabetes. 

2. Symbolic reasoning leading to associations between plant characteristics and the causes and 

symptoms of diabetes. The Seri herbalists use a mnemonic system based on the idea that plants 

with red roots or red sap tend to cleanse and strengthen the blood and to flush the kidneys of 

impurities. The deep red color that characterizes the sap, stems or roots of Krameria, and 

Rhizophora was associated with the plants' cleansing effect on the blood. The Seri reason that 

the plants 'red essence' would rid the blood of excess sugar and other toxins, leading to renewed 

energy in the person with diabetes. Similariy, the boiled red inner bark of Bursura is used to 

cleanse and heal wounds (Felger and Moser 1985), and is also taken as a tea to cleanse the 

blood of excess sugar. This logic is consistent to the "the doctrine of signatures", a term coined by 

Jakob Bohme (1575-1624) in Genmany to describe the idea that the appearance and form of 

plants contain clues from God to its healing properties. Similar beliefs are held by other Native 

American cultures and by traditional cultures throughout the worid (Court 1999). 

The 'doctrine of signature' logic in ethno-medicine to guide plant selection may be interpreted 

as simply a memory cue device that elevates a key plant characteristic that resembles a 

characteristic of the illness. However, studies have shown that color, especially red color, may be 

a mari<er for specific kinds of bioactive constituents (Etkin 1986).The plant characteristic is 

recognized as a property associated with power or a specific effect on the body (Ladennan 1987) 
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In addition to the visual cues involved in plant selection, other characteristics; taste, smell and 

sound may also be used to refine the plant selection criteria for a specific disease. Hehe quiinia, 

the Seri name for Senna, meaning the 'plant that rings', is named so because of the sound of the 

seed pods rattling against the wind (Felger and Moser 1985). An 'acoustic doctrine of signatures' 

may be embedded in this sound reference that provides an auditory cue to signal the important 

healing properties of the plant. Senna was referred to most often by the respondents because of 

the beneficial effects for kidney problems and against diabetes they attributed to this plant. In Seri 

tradition, specific sounds signal the presence of a powerful spirit being at the locale where healing 

can be conveyed (Mines 2000). For example, the importance of the barrel cactus as an 

emergency water source is conveyed through what was thought to be a low vibrating humming 

tone that the powerful cactus emitted to attract rain clouds (Felger and Moser 1985). More than 

just fortuitous cues for identifying plant species, sensory properties of plants such as the rattle of 

a legume seed pod, or the resinous scent of the Bursera tree are seen by the Seri as efficacious 

properties of medicines. 

3. Environmental influences on plant properties that lead to olant selection. Four of the five plants 

selected for diabetes; Senna, Opuntia, Rhizophora and Bursera, are those that also used provide 

relief from symptoms of illness that typically occurs more frequently in a hot, dry and dusty 

climate. Respiratory illness, urinary tract infections, thirst, dehydration and heat exhaustion are 

among the most common 'desert diseases'. Water deficit related illnesses such as dehydration 

and heat stroke are potentially life threatening in the desert. Once a health problem begins a 

ripple can occur that can quickly spiral into a health crisis. For example, during a long walk, 

dehydration may exacerbate a urinary tract infection, which in turn can cause a fever, that leads 

to further dehydration. It is not surprising that in an environment with little water, the Seri would 

accrue specialized knowledge of plants with properties that address fluid imbalances. The fleshy 

roots, stems and leaves of succulent plants have high concentrations of salts in order to retain 
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fluid in the plant tissue by osmotic pressure. These same physical principles apply to rehydration 

therapy in humans. 

Water stress is apparent in a pervasive way throughout desert adapted plants, from 

lowered photosynthetic rates, to changes in enzymes and in different hormonal controls. The 

same polysaccharide polymers found in pectins, gums, and extra-cellular mucilage found in 

desert plants that absorb and store water, have also been strongly associated with the 

hypoglycemic (Cowen 1990; Alarcon-Aguilar et al. 1998; Roman-Ramos et al. 1995). The water 

saving mechanisms that minimize water loss and slow the metabolic rate in plants, have 

pharmacological effects to reduce hyperglycemia in humans with diabetes. The extremely slow 

growth rate of the Opuntia cactus for example, is an indication of the slower internal metabolic 

processes of these succulent plants that serve to reduce the rate and timing of gas exchange and 

water use (Solbrig 1982; Heathecote 1983;Burgess and Schmida 1988). 

The Sen seem to select plants for diabetes based on their perception of what plants restore 

hydration and purify the blood. In Seri culture the color red in a plant is recognized as a property 

closely associated with power and also with blood cleansing properties. The color may also be an 

accurate marker for specific kinds of bioactive constituents These basic health concerns and 

plant treatments seem to have emerged in response to the health risks related to associated with 

the water deficit inherent in an arid desert environment. The effects of water stress pervade the 

way that humans and plants adapt to an arid environment. The water saving mechanisms that 

minimize water loss and slow the metabolic rate in plants also have pharmacological effects to 

reduce hyperglycemia in humans with diabetes. 

3.3 Patterns of medicinal plant use to treating diabetes 

For the Seri, treatment of diabetes with plants was based on reducing the following symptoms; 

dizziness, energy level, thirst, quantity and quality of urine. The five plant remedies were 

prepared and administered in the same general manner, as water-based infusions. A small 

handful of about eight to ten leaves, stems or flowers were boiled in a liter of water. One cup of 
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the tea was taken one to four times a day. The preparation method and treatment patterns varied 

slightly depending on the individual as well as the type and severity of symptoms and the 

perceived etiology of the symptom. Occasionally, to cleanse the blood of sugar and toxins, an 

intensive treatment was used to increase the overall well being and energy level of the individual 

with diabetes. For this treatment, four plants were administered in sequence during the day, for 

five days. An infusion of Bursera tea, was followed by Senna and Rhizophora, and in the evening, 

Krameria. One 8 oz glass of each of the four plant infusions were alternated to gain a cumulative 

effect against diabetes that stemmed from the different properties of each plant. For acute 

symptoms of hyperglycemia either Opuntia or Senna was administered 3 or 4 times daily until the 

symptoms diminished, usually after 4-5 days. These episodic, symptom-driven patterns of 

treatment were discontinued after a week and then resumed at the next onset of illness 

symptoms. A daily tonic was generally taken to maintain vitality, to cleanse the urine or to purify 

the blood. For this, either Senna, or Kramerai or Rhisophora were taken as a tea each morning. 

Most individuals with diabetes alternated between the episodic and ongoing treatment patterns. 

Interestingly, the herbal teas often replaced the soft drinks or sweetened coffee usually taken with 

meals, when undergoing a cleansing treatment, 

4. Literature review of the pharmacological effects of Opuntia, Senna, Bursera, 
Rhizophora and Krameria species in DM 

Plants with active principles against diabetes have demonstrated a variety of effects on 

different disease process involved in DM. Phytosterin glycosides have been reported to exhibit 

pancreatic and extra-pancreatic action independent of insulin (Oliver, Bever and Zhand 1979). 

Saponins, glucosides and glycosides demonstrated hypoglycemic activity in several plants 

reviewed by Grover (2002). Plant derived triterpene glycosides inhibited glucose utilization in 

muscles. Anthocyanosides are thought to act on the pancreas by improving vascularization and 

counteracting atherosclerosis (Oliver Bever 1980) Hypoglycemic alkaloids appear to inhibit beta-

oxidase enzymes, increase anaerobic glycolysis or glucose destruction, and reduce glucose 

production. (Oliver Bever and Shand 1979). 
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Each of the five plants used by the Seri Indians contain a variety of constituents reported to 

produce effects against DM illness that involve different modes of action (Table 1). The effects of 

each plant are reviewed individually, followed by a brief discussion. 

4.1 Opuntia bigelovii Cholla cactus Cactaceae 

The cholla cactus, Opuntia bigelovii (subgenus Cylindropuntia) is one of 33 cholla species that 

occur in the drier deserts of North America (Anderson 2001), nine of which are known to the Seri 

Indians (Felger and Moser 1985). Cholla cacti have cylindrical stems and are closely related to 

the prickly pear cacti (Platyopuntia), the Opuntia species with stems of flattened pads. Recent 

studies indicate that Cylindropuntia is distinct monophyletic line from Platyopuntia (Felger et al. 

2000; Dickie and Wallace 2001). 

Uses of Opuntia related to DM. Popular uses of Opuntia species for kidney and urine problems 

have been reported throughout the Americas (Morton 1981; Kay 1996). Throughout 

Southwestern U.S. and Mexico, prickly pears have been used to control the hyperglycemia of 

diabetes (Kay 1996; Roman-Ramos et al.1992). Opuntia cacti are an important source of food 

and medicine in Seri culture. Cholla fruits are harvested throughout the year and eaten raw or 

roasted on hot coals. The thick sweet gum that exudes from Opuntia is boiled and used as food 

and as a beverage. To purify drinking water, the chopped stems of Opuntia were used to clarify 

contaminated water for drinking (Felger and Moser 1985; 270). Johnston (1970) reported a 

similar use of O. polyacantha to purify drinking water by the Blackfoot Indians. 

The historical use of cholla to purify drinking water parallels its use today in Seri ethno-

medicine to cleanse the kidneys and urine of toxiriSl-For kidney problems, the inner bark of the 

thick roots of 0. bigelovii or 0. fulgida {sea ixai) are boiled in water and taken as a tea to clarify 

urine (Felger and Moser 1985: 266-267). For diabetes, the boiled root of 0. bigelovii is taken as a 
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Pharmacological effects of Opuntia in DM 

Hypoglycemic effects.A number of studies have demonstrated that the polysaccharides in 

Opuntia stems have shown significant hypoglycemic effect documented in both human and 

animal studies (Bwititi et al.2000: Roman- Ramos 1992; Roman-Ramos et al.1995; Frati-Munari 

et al. 1989; Ibaftez-Camancho et al. 1983). Rhamnose, galactose, arabinose, zylose, and 

galacturonic acid have been identified in the fruits, stems, and pads (Majdoub et al. 2000; Saag et 

al. 1975). In animal studies, aqueous extracts of galactomannin gum of Opuntia pads slowed the 

rate of blood glucose absorption into cells and also slowed the rate of glucose intestinal 

absorption, a mechanism known as the 'fiber effect' (Frati-Munari et al. 1987, 1989). 0. 

streptocantha showed significant hypoglycemic activity in rabbits after after gastric administration 

of the juice when compared to a control and Tolbutimide (Ramos-Ramos1985). A purified extract 

of 0. fuliginosa pads (Img/kg) administered in a combined treatment with insulin. When the 

insulin was withdrawn, Opuntia extract alone maintained normal blood sugars was for 7 weeks 

produced normal blood glucose levels in diabetic rats. The small quantity of Opuntia indicates 

that it was the cumulative effect of active chemical constituents exerted the hypoglycemic effects, 

rather than the "fiber effect" (Trejo-Gonzalez et.al 1996). Anderson (1990) reported that soluble 

fiber increased insulin sensitivity and lowered blood sugar when administered orally in aqueous 

solution to rats. Insoluble fiber has been shown to facilitate efficient and effective glucose 

metabolism in both plant and animal studies. Insoluble fiber in the pads and fruits of Opuntia 

functions to inhibit transpiration to prevent moisture loss, which also reduces the metabolic rate in 

the cacti. The neutral muco-polysaccharide gel in the Opuntia pads is strongly hydrophilic and 

hypertonic (Majdoub et al. 2001). Sodium and potassium are present in considerable quantities in 

Opuntia pads. Bwitite et al (2000) hypothesized that the hypoglycemic effects of Opuntia 

observed were due to the active transport of glucose with the sodium molecule in Opuntia. 
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Renal/diuretic effects. In a case control study, the stems, flowers and fruits of O.ficus indica in a 

15% aqueous infusion increased diuresis in rats. Over a 7 day period the effects of the infusion 

was similar to hydrochlorothiazide but did not alter sodium or potassium, a common side effect 

diuretic agents. The high concentrations of sodium and potassium may activate a neurohumoral 

mechanism, stimulating the glomerules and pyelo-ureteral peristalsis, or promote vasodilatation 

before the blood filtration step in the kidney also (Galati et al. 2002; Wills et al. 1986). 

Vascular effects.O. robusta produced significant anti-oxidant effects and also lowered cholesterol 

levels, when the broiled pads were ingested regularly by human subjects in an experimental 

study (Budinsky et ai. 2001). Fernandez (1994) found that ingested Opuntia pectin affected 

hepatic cholesterol metabolism in guinea pigs by reversing low-density lipoprotein receptor 

suppression in the liver. 

Wound healing. Inflammation can prevent wound healing or cause diabetic ulcers by reducing the 

flow of blood circulation to the affected area. In diabetes, this can lead to tissue necrosis and limb 

amputation. Sitosterol, isolated from the stems of 0. ficus-indica was found to exert anti

inflammatory effects by suppressing the release of lysosomal enzymes in rat neutrophils and 

reducing leukocyte migration (Park, Kahng and Paek 1998; Loro, del Rio and Perez-Santana et 

al. 1999; Park et al. 1998, Park et al. 2001). 

Sen usage of Opuntia for diabetes 

The historical use of this plant by the Seri to purify water indicates that the concept of 

detoxification and water purity is deeply rooted in Seri culture. The hypoglycemic effects, the 

lower cholesterol levels and increased cholesterol synthesis reported of Opuntia seem to 

correlate with the Seri notion of its blood-cleansing effects. The documented hypoglycemic 

properties and cholesterol reducing effects for Opuntia in human studies suggest that its current 

popular use for DM may be beneficial, with regular healthcare for DM to monitor for long term 

renal effects. Its potential value to treat diabetic ulcers warrants further study. The historical use 

of cholla by the Seri as a food and beverage suggest that this plant does not have harmful effects 
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in the general population (Atherton 1994) The widespread popular use of Opuntia indicate that 

clinical trials are urgently needed to clarify its long term effects in DM. The effects of cholla root 

on DM have not been studied. 

4.2 Senna covesii I Senna Fabaceae 

Species once known as Cassia are now considered to be in the genus Senna. Most of the 260 

species occur in the New World (Felger, Johns and Wiison.2001). Senna species are frequently 

cultivated and sold commercially in the Middle East, Africa and India as a laxative and for its 

gums products (Aiemayehu et al. 1996; Franz 1993). 

Medicinal uses of Senna related to DM. 

Throughout the southwestern U.S. and northern Mexico, Senna is recognized for its property to 

increase vitality (Moore 1995; Kay 1996). Senna species are used in northern South America, the 

Caribbean and Middle America as a diuretic and as an anti-microbial. Its use for diabetes was 

reported in Trinidad (Morton 1981). The Seri Indians drink a tea of the stem and pods of Senna 

as an appetite stimulant, for kidney and for liver problems (Felger and Moser 1985). The pods, 

leaves and stems are boiled and the tea is taken once daily as a tonic against diabetes. 

Phanvacological effects of Senna on DM illness 

Sennosides and other anthroquinone glycosides have been identified in the flowers, 

pods,seeds, leaves and stems and roots of Cassia (Aiemayehu, Abegaz and Kraus 1998; 

Aiemayehu and Abegaz 1996).Sennosides A and B, the active principles found in Senna, are 

absorbed from the intestine into the circulatory system (Franz 1993). These dimeric glycosides 

stimulate the formation of endogenous prostaglandins (PGE2) that produce a vasodilating and 

diuretic effect in the colon and also in the kidney (deWitte 1993; Smith and Reynard 1995; Willard 

1992). In nonnal kidney function, prostaglandin acts as a vasodilator in the medulla, to increase 

blood flow through this region and flush osmolar solutes and toxins out of the kidney (Smith and 

Reynard 1995). Polysaccharides are present in significant amounts throughout the plant. The 
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seed endosperm of C. tora/obtusifolia contain polysaccharides, galactose (15%) and mannose 

(75%) (Haliagan et ai. 1997). Mannitol is reported in the whole plant of S. angustifolia (Duke 

2001). Mannitol, a hexose sugar is used in clinical medicine as an osmotic diuretic. It is poorly 

absorbed into kidney cells and thus obligates water to remain within the extracellular solute of the 

tubular fluid in the kidney. The resulting increase in renal plasma flow and urine flow prevents the 

precipitation of toxins in the kidney (Smith and Reynard 1995). The osmotic diuretic property of 

this polysaccharide may produce a hypoglycemic effect. The leaflets of S. angustifolia contain p-

sitosterol (Duke 2001; Anton and Haag-Berrurier 1980; Pay a et al. 1990; Wang and Ng 1999). 

Flavonoids and sterols are present in the roots, flowers and heart wood of S. sophera 

(Alemayehu et al. 1998). Naphthalene glycosides were isolated from leaves and pods of C. 

acutifolia and S. angustifolia (Franz 1993). 

Hypoglycemic effectsAn extract from the seedpods and stem bark of S. fistula produced 

hypoglycemic effects in rats (Tewari 1963). Hypoglycemia in humans was reported after Senna 

was administered pre-operatively as a purgative (Paterson et al. 1984). Swanston-Flatt et al 

(1989) report that the aqueous extract of S. occidentalis did not alter plasma glucose in diabetic 

mice after 9 days of oral administration. 

Antimicrobial effects. Aqueous extracts from Senna have shown anti-microbial properties in vitro. 

A piperidine alkaloid from S. racemosa showed antimicrobial activity against Staphylococcus 

aureus, Bacillus subtilis and Candida albicans (Sansores-Peraza et al. 2000; Encarnacibn et al. 

1991). An aqueous extract from seedpods and stembark of S. occidentalis root inhibited 

Salmonella typhi (Perez and Anesini 1994). Rhein in S. angustifolia exerted antibiotic effects 

against Stapholococcus aureus (Duke 2001, p. 102). Extract of leaves and stems C. fistula 

produced antiviral effects (Tewari 1965). 

Sen use of Senna for DM 

The presence of sennosides and mannitol may underlie the Sen ethnobotanical reports of the 

use of S. covessii as a diuretic and cleansing agent for the kidney. Regular use of other Senna 
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species as a laxative has been reported to produce laxative dependence, denmatitis, cytotoxicity, 

intestinal cramping and premature labor (Duke 2001). Dehydration and electrolyte imbalance 

could result from concentrated amounts of senna. Or, on the other hand, its use as tonic by the 

Seri could improve renal circulation. If the occun-ence of polysaccharides in senna is considered 

in light of its use for kidney conditions throughout the New World, one can infer that investigations 

into the effects of Senna on diabetes could be fruitful. Given its widespread use studies are 

needed to identify its activity. 

4.3 Bursera laxiflora Elephant tree Burseraceae 

Bursera is one of six genera in the Burseraceae family that are distributed throughout the 

tropics and subtropics (Felger2001), and is characterized by its aromatic oils and resins. S. 

laxiflora is a small tree with reddish brown bark. In Seri territory it occurs south of Sierra Seri and 

inland along major arroyos an in the interior of Tiburon Island. (Felger and Moser 1985). 

Medicinal uses related to DM. 

Bursera are used throughout the tropics and subtropics as an antimicrobial. 6. simaruba is 

used for kidney problems in Panama. In Jamaica, Bursera is used to reduce blood pressure 

(Morton 1981). Ten Bursera species are reported in traditional healing practices in the 

southwestern United States and northern Mexico (Kay 1996). Deoxypodophyllotoxin a highly 

active compound present in B. microphiylla, is present in Podophyllum peltatum (mayapple), a 

plant used by North American Indians to improve liver function (Duke 2001). S. laxiflora is one of 

three Bursera species used medicinally by the Seri. S. laxiflora is used for infections, scorpion 

stings or black widow bites. For diabetes, the bark of the tree is boiled and the tea is taken once 

daily, as one of a sequence of four plants. Seri individuals with diabetes perceive that it cleanses 

the blood and kidneys. 
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Pharmacological effects of Bursera related to DM. illness. 

The resin, stems, and leaves of Bursera are a source of essential oils, steroids, monoterpenes 

and triterpenes (Babilta et al. 1995; Khalid 1983; Majajan et al. 1995; Parsons et al. 1991; 

Johnson 1992; Siani et al. 1995). Triterpenes have been identified as active constituents in other 

plants with hypoglycemic action (Harborne et al. 1974). The bark resins of B. microphylla contains 

deoxypodophyllotoxin, a lignan that is reported to increase bile flow (Willard 1991). 

Anti-microbial and inflammatory effects. Exudates from S. microphylla bark inhibited the growth of 

in vitro Staphylococcus aureus and Bacillus subtilis in vitro (Johnson 1992; Encarnacion and Keer 

1991). Bursera extract inhibited neutrophil migration and proteolysis, delaying inflammatory 

reaction in mice (Duweijua et al., 1993; Siani et al. 1995). 

Seri use of B. laxiflora for DM 

B. laxiflora is taken as one of a sequence of four plants for diabetes. Its ethno-botanical use as 

a blood purifier to detoxify ihe blood in diabetes may be related to the terpene constituents which 

have been reported to have hypoglycemic effects (Oliver, Bever and Zhand 1979; Ivorra, Pa^ 

and Villar 1989; Wang .and -Ng 1999) or to the lignansAwh4Gh-flTay increase bile secretion and aid 

in food digestion (Willard 1991). The anti-microbial and anti-inflammatory properties reported 

could be beneficial in prolonged wound infections, inflammation and diabetic ulcers. 

Seri collaborators reported a preference for the medicinal bark from fl. laxiflora which occurs 

inland on Tiburon Island in the Sea of Cortes. The Seri selection of S. laxiflora as a treatment for 

diabetes may be influenced the geographic variation reported in terpene content among Bursera 

species (Mooney and Emboden 1968; Felger et al. 2001). The three different species of Bursera 

in the region occur in slightly different, but overlapping areas. Of the three species, B. laxiflora 

occurs in a broader habitat range, which includes tropical deciduous forest and thorn scrub, in 

addition to Sonoran desertscrub (Felger et al. 2001). The potential for variability of chemical 

constituents among medicinal plants may limit its effective use if widely used by people living in 
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different areas. Comparative ethno-botanical and chemical studies within and between the three 

Bursera species in the region may help identify the quantities of specific compounds effects. 

4.4 Rhizophora mangle Red mangrove Rhizophoraceae 

Rhizophora mangle is a tidal tree characterized by looping aerial roots rooted in the rich 

organic anaerobic substrate of swamps, estuaries, and river deltas. R. mangle is one of six 

closely related species of the genus Rhizophora that occur in pantropical and subtropical tidal 

habitats. The estuaries of the Central Gulf Coast of Sonera, Mexico, represent its northernmost 

reach The wood is high in tannin compounds and has been used commercially for leather tannin 

(Felger et al. 2001; Tomlinson 1986). 

Medicinal uses of Rhizophora related to DM 

The bark of Rhizophora is used medicinally by coastal communities throughout the Americas 

and in the Caribbean, primarily as an astringent for infections, for ulcers, and as a blood 

coagulant (Caceras et al. 1993; Morton 1981; Roig 1974). In fishing communities in Nayarit, 

Mexico, Rhizophora is known to alleviate diabetes and kidney stones, to improve kidney function, 

and to purify the blood (Kovaces 1999). The Seri Indians eat the roasted fruits that wash ashore. 

The root bark is boiled and taken as a tea for colds and flu (Felger and Moser 1985), as well as 

for diabetes. The reddish brown color of the root are thought to contribute to its property as a 

blood cleanser for D.M. 

Pharmacological effects of Rhizophora on DM 

Tannins are found in the leaf and root bark. The bark especially can contain from 10% to 40% 

of condensed and hydrolysable tannins ( Morton 1981; Perera; Sanchez et al. 1998). Tannins are 

known for their ability to precipitate alkaloids, gelatins, and other proteins (Tomlinson 1986). The 

ability of these water-soluble polyphenols to precipitate protein brings about cross-linking of the 

collagen chains in plants which form a protective barrier that protects protein fibers from microbial 

attack. These properties are the basis for the coagulant and wound healing properties of tannins. 
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The astringent property of tannin renders plant tissue unpalatable to animals by precipitating 

salivary proteins and impedes parasitic organisms by immobilizing their extracellular enzymes 

(Tomtinson 1986). Rhizophora leaf tissue contains the polysaccharides galactose and 

galactastosamine (Premanathan et al. 1999) and triterpenoids (Hemes et al.2001). 

Hypoglycemic effects. Rtiizophora bark boiled in water produced a hypoglycemic effect similar to 

the pharmaceutical Tolbutamide when administered orally to hyperglycemic rabbits. The 

Rhizophera bark decoction decreased the hyperglycemic peak by 16% in relation to the control 

(Alarcon-Aguilara et al. 1998). Condensed tannins appear to be responsible in part for the 

reduced glycemic response to tannins (Thompson, et al.1984). Ellagitannins from Lagerstremia 

speciosa , a Filipine local herbal medicine used for DM enhanced glucose transport in fat cells of 

rats and could be responsible for lowering blood glucose (Hayashi et al. 2002). 

Vascular effects. Tannins may be involved in inhibition of fat metabolizing enzymes and 

enhanced lipolysis. Tannin fraction of a water-soluble extract from the roots of Salacia reticulata 

inhibited glycerophosphate dehydrogenase (GPDH) activities in rats by 50% (Yoshikawa et al. 

2002). 

Antimicrobial effects. The bark and leaves of Rhizophora species have shown significant 

antimicrobial properties in vitro against bacteria, fungi, and yeasts (Rojas-Hernandez and Coto-

Perez 1978; Caceres et al. 1993). R. mangle was effective against seven bacteria that frequently 

occur in wounds; this inhibitory action was attributed to its polyphenolic constituents (Melchor et 

al. 2001). In vitro anti-HlV activity was produced by a polysaccharide leaf extract from R. 

apiculata. The antiviral effect was a factor of the neutral character and high molecular weight of 

galactose, galactosamine, and uronic acid, which fomied a physical barrier that interfered with the 

absorption of virus particles ( Premanathan et al. 1999a, 1999b). 
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Sen usage of Rhizophora mangle for DM 

Rhizophora is the second in a sequence of four plants taken for diabetes. Krameria is also 

high in tannins and therefore the documented hypoglycemic effects of this constituent may be 

synergistic or produce severe hypoglycemia in the presence of pharmaceutical hypoglycemic 

agents. Sustained use of plants high in tannins may be harmful as the protein precipitating 

properties of tannins can produce in anti-nutritional effects that interfere with protein digestibility 

(Simpson 1991). Because Rhizophora is taken for short periods of time or less, this would not 

appear to be a significant problem. The astringent properties of the tannins in Rhizophora indicate 

that this medicinal plant may be an option for external treatment of diabetic ulcers and infection. 

4.5 Krameria gray Rhatany Krameriaceae 

Krameria are semi-parasitic plants that occur in arid desert and grassland areas of tropical 

and subtropical America (Shreve and Wiggens 1964; Martinez 1959). K. grayi is a low-spreading 

shrub of the Sonoran Desert with clusters of small deep magenta flowers that emit its 

characteristic sweet scent (Seigler etal. 1978). The thick water-storing bark and root of Krameria 

grayi contain a deep reddish brown pigment that is used as a dye pigment in Seri basketry 

(Feiger and Moser 1985). 

Medicinal uses of Krameria in D.M. illness 

Throughout the Americas Krameria is used as an astringent to treat infections and 

inflammation and hemorrhage (Martinez 1959; Achenbach et al. 1987 a; Simpson 1991). In some 

parts of Mexico, rhatany is used as a tonic for weakness (Dominguez et al. 1990). The Seri 

Indians use a dried powder from the stems of Krameria to heal intractable skin wounds and to 

cure infections. The stems are boiled and the tea is used as a tonic to fortify the blood (Feiger 

and Moser 1985) and for diabetes, to cleanse and strengthen the blood and to reduce fatigue.The 

pods are toasted and consumed as food. 
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Pharmacological effects of Krameria related to DM 

Krameria roots contain tannins connprised of proantiiocyanidins, complex polyphenols; 

principally procyanidin and propelargonidin. These compounds are fonmed from the tannins 

catechin and epicatechin. Krameria extracts have the highest propelargonidin quantities reported 

in any flowering plant (Simpson 1991). The high molecular weight of this compound is consistent 

with those of extracts with high relative astringencies (Sholz and Rimpler 1989; Walton and 

Brown 1999). Krameria species are characterized by lignans, neolignins, and norneolignans 

(Chao et al. 2002), many which are novel compounds (Achenbach et al. 1995; Dominguez et al. 

1987; Silva et al. 2001). Ratanhiaphenol, a major norneolignan constituent widely distributed in 

the Krameriaceae, is not apparent in any other plant family (Achenbach et al. 1995, 1987b, 

1987b). K. grayi roots yielded benzofuran neolignans in a dichloromethane extract (Achenbach et 

al. 1987a; Dominguez et al. 1990; Achenbach et al. 1995), which are highly active compounds 

found most frequently in the Krameriaceae and Fabaceae plant families (Donnelly 1991). 

hypoglycemic effects. The presence of tannins with high relative astringencies has been 

associated with hypoglycemic activity. Experimental studies have reported that the 2-

arylbenzofuran neolignans produced hypoglycemic activity in hyperglycemic rats (Basnet et al. 

1993). 

Vascular effects. Tannins have been associated with fat reduction and thus may prevent 

atherosclerosis (Yoshikawa M. Shimoda H. Nishida N. et. al 2002). Anthocyanosides have been 

found to improve vascular function in the pancreas (Oliver and Bever 1980). Many lignans are • 

reported to improve pancreatic circulation Gordaliza et al. 2000; Adlercruetz 1999). 

Renal effects. Studies in both animals and humans with various forms of chronic renal disease 

have shown that regular consumption of lignans improved renal function and prevented structural 

damage in the kidney. The lignans exerted these effects by reducing protein excretion (Ranich et 

al.2001). 
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Antimicribial effects. K. triandra root has shown significant antimicrobial activity in rats during 

screening tests. Proanthocyanidins were reported to produce the antimicrobial and astringent 

properties (Sholz and Rim pier 1989). 

Seri use of Krameria for DM 

Seri use of Krameria grayi to fortify the blood in diabetes may stem from the observation of the 

deep red color of the roots and also of their observation of hemostatic and astringent effects in 

wound healing. The hypoglycemic effect reported of tannins (section 4.4.2.1) and lignans of 

Krameria may have synergistic effects on blood glucose levels. Krameria has been approved by 

the FDA as a food additive, and is an ingredient in commercial toothpaste (Simpson 1991). K. 

triandra has been associated with allergic contact dermatitis (Goday Bujan et al. 1998). A report 

associating tannins from an extract of K. ixina with esophageal cancer in sarcoma (O'Gara et al. 

1974) was later unsubstantiated (Simpson 1991). The hypoglycemic, vascular and renal effects 

reported of lignans suggest that the Seri use of this plant may have beneficial effects on diabetes. 

Studies are needed to evaluate the potential synergistic effects between tannins and lignans on 

diabetes. Studies on the pharmacological effects of the lignan compounds unique to Krameria 

may provide new infonnation. 

5. Discussion 

The effective use ofmedicirial plants in diabetes Each of the five plants used by the Seri Indians 

for the treatment of diabetes have chemical constituents with reported effects that are consistent 

with their ethno-medical use to detoxify blood and cleanse the kidney. Pharmacological reports 

indicate that these plants also have properties with known beneficial effects on diabetes and its 

secondary complications (hypoglycemic, renal, vascular, wound healing effects). Several of the 

five plants selected by the Seri Indians have a number of well known constituents such as 

polysaccharides and tannins that are recognized as hypoglycemic compounds. Polysaccharides, 

well known for their hypoglycemic effects are contained in Opuntia and Senna. Tannins, which 
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have reported hypoglycemic and vascular effects are found in two plants Rhizophora and 

Krameria. Of these, Opuntia and Krameria contain constituents with the broadest range of effects 

reported that can positively impact DM and the secondary illnesses of diabetes. Opuntia and 

Senna contain constituents that may improve renal vascular function, however, it is not clear if the 

long tenn use of these plants by the Seri in DM may result in additional stress on the kidney due 

to their osmotic and diuretic properties. It should be noted that no chemical studies on the root of 

O. bigelovii specific to DM were found, which limit the application of the reports of the effects of 

Opuntia on DM at the genus level. 

Multiple use p/anfs.Four of the five plants: Opuntia, Rhizophora, Krameria and Bursera were 

used as food and beverage in addition to medicine, in recent years, the importance of nonnutrient 

constituents such as soluble and insoluble fibers to reduce cholesterol and to preventing coronary 

disease has been Increasingly recognized(Johns 1999). Pharmacological reports indicate that 

these plants have a variety of constituents that effect different disease processes in DM. These 

effects are heightened, if the food or beverage replaces a harmful food. Their long history of use 

in Seri and other cultures in the region support their use as effective remedies for diabetes. It is 

important to recognize that different parts of the plant are used as food than those parts used as 

medicine. The fruits, pods and stems are used as food, while it is the root and bark that is used 

as medicine. 

Synergistic effects. The therapeutic effects of medicinal plants against diabetes involve several 

physiological processes and different mechanisms of action. These processes are rarely fully 

understood. Several of the mechanisms reported of medicinal plants act in the same way that as 

the sulfonylurea hypoglycemic pharmaceuticals. The activity of the drug is thought to occur in the 

pancreatic beta cells by stimulating insulin release and in peripheral tissues by increasing cellular 

sensitivity to insulin, however the specific mechanism has not been identified. In Western 

medical treatment of diabetes combinations of different hypoglycemic agents with different 

primary mechanisms of action have been shown to exert synergistic effects to improve glucose 
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tolerance (McCarren 2001). The effects on diabetes that the Seri pattern of using the plants in 

sequence throughout the day should be monitored to identify if these plant combinations may 

have a similar synergistic effect 

Weighing the options. Several basic principles can be used to guide the effective use of 

medicinal plants and to assess the relative risks and effects that the use of local plants may have 

on diabetes. First, a critical assessment of all of the uses of the plant, and the patterns of use is 

needed. Second, these patterns should be considered in light of the plant properties and 

pharmacological activity reported of the plant. Third, the plants used combination or in multiple 

contexts should be evaluated for potential synergistic, additive, and/or antagonistic effects when 

used in the treatment of diabetes (Atherton 1994; Etkin 1986). 

An accurate assessment of the net positive, negative or neutral effects will depend on a 

number of different factors. On one hand, the regular use of local plants that have multiple uses in 

a native culture may well have cumulative protective effects toward DM that may prevent 

complications. However, extreme fluctuations in blood glucose levels that can result from the 

episodic use of plants for symptoms of acute hyperglycemia may place additional stress on 

organs already compromised ty the effects of DM. The replacement of high sugar containing 

beverages with herbal teas has important therapeutic implications for long-term glycemic control 

in diabetes. If the effect of medicinal plant use on DM is considered in light of the resultant non-

use and replacement of other hanmful substances the definition of efficacy broadens to include 

prevention. 

An understanding of the culture, the environment and the chemical properties of the plant can 

leads to the effective use of native plants for diabetes. With information on the relative risks and 

benefits and risks in mind, the patient or clinician can better monitor for the effectiveness of the 

pharmaceutical and or botanical treatments used in the treatment of diabetes. Factors such as 

treatment access, compliance and the severity of the illness must be weighed against the in light 

of the consequences of the untreated disease. Ultimately one must decide whether there 
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sufficient reason to select a medicinal plant instead of, or along with a pharmaceutical drug to 

treat particular aspects of diabetes and its related illnesses. 

6. Conclusions 

This study demonstrates how the interplay of cultural and biological characteristics can 

influence medicinal plant selection in an arid region. An interdisciplinary analysis of medicinal 

plants can provide new directions to natural resource management policy that are guided by an 

understanding of the links between the medicinal properties of native plants and habitat integrity. 

By considering how the adaptive functions of plants contribute to their medicinal properties 

towards environmentally related illnesses, clinical decision making models can be developed that 

lead to the effective use of native plants in the context of the local culture, for long term studies to 

understand the effects of local plants on chronic diseases such as DM to infomn their optimal use 

and usage. 

The widespread use of plants for diabetes alone or in combination with pharmaceutical dru^s 

strongly suggests the need for kjng tenn studies to assess the overall effects that the patterns 

may have on diabetes related illnesses, particular when used in conjunction with Western 

phannaceutical drugs. JJie jDfohibttively WgbxQSt&.of-e0»mt«rdat drugs to many people living in 

remote settings accentuates the urgent need to develop alternative safe and effective medicines 

that are affordable and .culturally acceptable. 

A bio cultural approach to the assessment of the effects local plants used in the treatment of 

DM can lead to new uses of plants that result in their optimal usage in the specific cultural and 

environmental context. Future research on the potential beneficial effects of native plants on 

metabolic processes of people who have hundreds years of adaptation to the same environment 

may contribute new knowledge of this complex metabolic disease of diabetes. 
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