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Abstract The persistence of traditional cultures and modes
of land use within rapidly changing, globalized societies is
a central issue in understanding ecological and cultural
change in the Anthropocene. Located in the heart of the
Green Revolution, the Yoreme (Mayo) people of the Mayo
Valley in Mexico still obtain a significant proportion of
their sustenance from wild ecosystems in the midst of this
intensive technological and agricultural development. They
live in and around the thornscrub dominated by pitaya
(Stenocereus thurberi (Engelm.) Buxb.). In this study, we
hypothesize that pitaya supports Yoreme heritage and
sustenance amidst anthropogenic changes to the landscape,
and we asked three specific questions: What is the land-use
status of the S. thurberi habitat? What are its potential
uses? Does S. thurberi provide economic value? To address
these questions, we conducted interviews, vegetation
surveys, and land-use analysis based on geographic
information systems. We found that (a) land conversion
of the pitaya-rich thornscrub is occurring at a precipitous
rate, (b) local producers preserve and adapt their traditions,
and (c) S. thurberi supports Yoreme heritage while
providing economic benefit. The resulting land-use
projections along with the cultural value of pitaya
products shows the importance of conserving land and
promoting sustainable projects instead of clearing land for
other uses. If habitat shrinking continues at the current rate,
it is likely that both Yoreme livelihoods and continued
cultural practices will suffer.
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INTRODUCTION

The persistence of traditional cultures and modes of land
use within rapidly changing, globalized societies is a cen-
tral issue in understanding ecological and cultural change
in the Anthropocene. Human-induced land-use changes,
often referred to as the human footprint, affect biodiversity
and ecosystem services (Sanderson et al. 2002;
Butchart et al. 2010; Romanelli et al. 2015). These changes
are noteworthy in Mexico, especially in southern Sonora
and northern Sinaloa, where land development is wide-
spread and often occurs side by side with ancestral tradi-
tions, practices, and surviving natural ecosystems
(Gonzalez-Abraham et al. 2015). One region where the
interaction between traditional and modern systems is
particularly strong is in the ancestral territory of the Yor-
eme people (Yetman and Van Devender 2002; Semotiuk
et al. 2015). The Yoreme (often referred to as the Mayo)
live in and around the transition zone from the Sonoran
Desert into the Sinaloan thornscrub (Moctezuma Zamarrén
and Lopez Aceves 2007; Arizona-Sonora Desert Museum
2016). Here, the mechanized and large-scale farming
operations of the Green Revolution are widespread (Nab-
han 2012), while, at the same time, there persists a strong
culture of plant and ecosystem use based on traditional
knowledge and management practices in the region (Yet-
man and Van Devender 2002).

One peculiarity in the region is the contrast between the
irrigated grain farms and the neighboring pitaya-dominated
thornscrub. The pitaya (Stenocereus thurberi (Engelm.)
Buxb., Cactaceae, also known as pitaya dulce to distinguish
it from other columnar cacti as the one with especially sweet
(dulce) fruits), or organ pipe cactus in English, is a dominant
element in large remnant patches of native vegetation that
sharply delineate the edges of cultivated grain fields.
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This candelabriform cactus branches profusely from the
base, sending its arms up above the thornscrub canopy
(Molina-Freaner et al. 1998; Burquez et al. 1999). Along
the ribs of these arms, white-funnelform flowers and,
subsequently, spiny fruits form. The spines easily fall away
from mature, red fruits that are of variable sizes usually
between that of a golf and tennis ball (4—7 cm). The term
cereus in its Latin name Stenocereus refers to the wax-
taper form of the plant (Anderson 2001). The fruits of
many species of the genus Stenocereus have been har-
vested in areas from the south to the north of Mexico
(Pimienta-Barrios and Nobel 1994). The peculiar contrast
of pitaya thornscrub alongside large-scale agriculture leads
us to hypothesize the former presence of widespread
ancestral stands of S. thurberi thornscrub on what are now
large agricultural plots. The current patches of S. thurberi
seem to be remnants of this larger matrix. It seems inter-
esting to analyze the benefit and complementarity of both
food production systems.

In this study, we calculate the rate of land-use change
in the ancestral territory of the Yoreme people and
examine possible social reasons as to why the change may
have occurred, what uses these lands are turning into, and
what potential botanical resources and uses are being lost.
We hypothesize that S. thurberi supports Yoreme heritage
and sustenance amidst anthropogenic changes to the
landscape. The landscape changes affecting indigenous
peoples around the world provide a strong rationale for
investigating hypotheses along these lines (UN 2009).
With these changes come changes in species available to
cultures and many times these are vital for the stability of
continued cultural practices (Garibaldi and Turner 2004).
This study seeks to address this all too common hap-
pening around the globe to gain a glimpse of cultural
resilience, supported by local flora, amidst outside
pressures.

STUDY LOCATION

The Yoreme people settled along the banks of three main
rivers, the Mayo, the Fuerte, and the Sinaloa ca. 1800 yBP,
during the Mesoamerican Formative period (Berry 2001;
Fig. 1). Their settlements took the form of scattered ham-
lets known as rancherias that depended on mixed hunter—
gatherer and farming practices (Phillips 1989). Currently,
the Yoreme still inhabit the area, which is now known for
agricultural production from networks of irrigation canals
(Banister 2011). Work is largely seasonal depending on
harvest times in the fields and fishing seasons along the
coast. Correspondingly, there are large gaps in conven-
tional types of jobs. As a result, many people fill one of
these gaps in May with the harvest of wild pitaya fruits. To
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the people of the pitayal, the birdsong of the pipiski or red
cardinal (Cardinalis cardinalis; Russell and Monson 1998)
signifies the start of the pitaya harvest (Consultant inter-
view, pers. comm., January 26, 2015). These spiny fruits,
botanically berries, are plucked off the tall columns with a
long rod, often fashioned from an agave (Agave ssp.) scape,
and collected into twenty-liter buckets. The yield depends
on the weather conditions and pollination from bats
(Leptonycteris  curasoae), hummingbirds (Cynanthus
latirostris and Calypte costae), and insects (Sahley 2001).
The fruits’ sweetness is highly dependent on rain. If there
are a few heavy rains just before harvest, the fruits are less
sweet than if there is no or little rain (Consultant interview,
pers. comm., January 26, 2015).

The pitaya-dominated thornscrub lies in the heart of the
ancestral land of the Yoreme (see the distribution map of
Fig. 2). This site offers an ideal study area because of the
visual prominence in the advancement of land develop-
ment and the dependence local people have on seasonal
work from S. thurberi. Seasonal rainfall in the area ranges
from 200 to 400 mm with the heaviest rains in late sum-
mer around the month of August. Elevation from the coast
slowly increases to about 100 m at the base of the Sierra
Madre Occidental mountain range near the state line and
then shoots to over 2000 m once inside the states of
Chihuahua and Durango. Average annual temperatures
range between 22 and 26 °C with summer highs often in
the mid-40s and winter lows sometimes reaching a frost
(INEGI 2003). With this low rainfall and high tempera-
tures, farm crops must be heavily irrigated. The diversion
of water around Sonora has been a major cause of con-
tention historically and in recent years (Meyer 1996;
Banister 2011; Radonic 2015). Interestingly, yields of S.
thurberi are independent of irrigation and rely on seasonal
rains.

MATERIALS AND METHODS
Interviews

Community members were interviewed about harvest,
sale, and processing of S. thurberi fruits. Consultants for
interviews were identified via the snowball method. For
this, consultants could recommend others who were
knowledgeable about pitaya and could potentially par-
ticipate in interviews. These data were collected on field
trips to southern Sonora and northern Sinaloa during
January 7-31, 2015; May 10—August 28, 2015; and Jan-
uary 28-March 10, 2016 in Juchica and Sirebampo,
Sonora. Seven adult consultants with three from Juchica
and four from Sirebampo (four women and three men)
were interviewed about land use and sale of pitaya.

© Royal Swedish Academy of Sciences 2017
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Fig. 1 Yoreme ancestral territory estimated from current municipalities with Yoreme villages (Amarillas Valenzuela 2010; CDI 2010)
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Fig. 2 Distribution of S. thurberi. The distribution follows low elevations around the coast of the Gulf of California and across the Sonoran
Desert up into southern Arizona. Each point is a collection record taken from the GBIF Database (GBIF 2016)
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Interviews took the form of one-on-one conversations
while the investigator wrote notes in a field book. All
interviews were conducted in Spanish with prior-informed
consent and with pre-approval from the University of
California, Riverside, Institutional Review Board (HS-14-
103, HS-13-036) and followed the International Society
of Ethnobiology Code of Ethics (International Society of
Ethnobiology 2006).

Vegetation surveys

Vegetation surveys of the pitaya-dominated thornscrub
were conducted using the vegetation cover survey method
of Martin et al. (1997). This method is designed to measure
vegetation in and around sites selected for nesting or other
uses. We sought to measure the vegetation cover of S.
thurberi at frequently used points of harvest identified by
local consultants. This method measures vegetation cover
at selected sites by sampling a central plot and three
peripheral plots 50 meters away from the central plot and
separated by 120° from each other. The angle of the first
peripheral plot was randomly chosen by dropping either a
spinning arrow or a pencil on the ground to randomly
assign the direction of the plot. Each survey plot was
11.3 m in radius around its central point, corresponding to
401.1 m* (approximately one tenth of an acre). All indi-
vidual plants of S. thurberi were counted within each plot
and categorized as mature (over head height and with
multiple branches), intermediate (greater than one meter)
or immature (less than one meter).

In each of three actively harvested sites, we marked four
circular survey plots as described above. In addition to
counting plants in harvested areas, we also repeated the
procedure at three randomly selected sites to compare
species density in sites selected by traditional harvesters
with randomly selected sites. Randomly selected sites were
assigned by generating a random assortment of longitude
and latitude coordinate pairs. All pairs that landed inside
the pitaya thicket near Sirebampo, Sonora (N26°38'24.37",
W109°14'13.14") were included, while those that landed
outside, on a zone such as a road or waterway, were not
surveyed. All herbarium specimens collected during veg-
etation surveys were collected under the appropriate col-
lection permit (SEMARNAT, permit number FAUT-0265)
and deposited in the University of Sonora Herbarium
(USON24030 and USON24031).

Because plant density is a frequency count, we tested the
difference between harvest sites and randomly selected
sites by means of a X 2 test using a log-linear model with
the number of plants at each plot as a dependent variable
and harvest type (harvested vs. randomly selected) as a
predictor. The analysis was done using the R programing
language for statistical computing (R Core Team 2013).
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Land-use analysis

Land classification data were downloaded as digital
vector files from the website of Mexico’s National
Institute of Statistics and Geography (Instituto Nacional
de Estadistica, Geografia, e Informatica—INEGI) at
www.inegi.org.mx. Data came in the form of shape files
(*.shp) at a scale of 1:1 000 000 and 1:250 000 for the
years 1996 and 2011, respectively. The land classifica-
tions were categorized into natural or induced land cover
where the “natural” category included all areas with
native vegetation and without farming, mining, or
urbanization, while the “induced” category included all
areas where the native vegetation cover has been lost
such as farms, mines, or urban sites. The shape files
were projected into ESRI World Cylindrical Equal Area
projection, intersected with Mexican municipal bound-
aries, and the area of each polygon was calculated to
determine the area of land-use change. The resulting
areas were used to calculate the percent of land-use
change using the rate equation Rate = (1/A) x dA/ds,
which can be approximated as a finite difference equa-
tion Rate = In(A/A¢)/(t; — ty). Further, predictive maps
of land cover scenarios were created based on the 2011
land cover and the land conversion rates over the past
15 years. The analysis was done using ArcGIS software
(ESRI, Redlands, California, U.S.A.) and Microsoft
Excel (Seattle, Washington, U.S.A.) for map algebra
operations. The full protocol is available as supplemental
material (Protocol S1).

RESULTS
Stenocereus thurberi uses

To determine the potential role of S. thurberi in being a
part of Yoreme life, culture, and sustenance, we examined
the current harvest practices and uses of the fruit. The most
apparent use is direct sale at local markets. People harvest
fruit into twenty-liter buckets, carry them to the nearest
highway, and transport them by bus to larger town centers
such as Navojoa and Etchojoa. We further examined local
value-added marketing strategies and the current value-
added products made from this fruit. We present a list of
products in Table 1 and representative photographs in
Fig. 3. Historically, winemaking with pitaya was common
with local Yoreme and other tribes such as the Comcaac
(Seri), but the practice has been diminishing since the latter
part of the twentieth century (Felger and Moser 1985;
Yetman and Van Devender 2002), and it was not men-
tioned during our fieldwork.

© Royal Swedish Academy of Sciences 2017
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Table 1 Pitaya uses for food and value-added products. Prices are
given in value of 2016 Mexican pesos with the US dollar equivalent
given in parenthesis and rounded to the nearest ten-cent unit. Some
local vernacular of the region includes the popular coyota, which is a
thin, round, fruit-filled pastry with a flaky crust. Empanadas are also a
fruit-filled pastry, but with a thicker filling. Pitaya water is made by
mashing fruit in a pitcher of water, and as the pulp settles the sugars
and flavors dissolve to create a refreshing drink. Pitaya paste is the
precursor ingredient for many items on the table including fillings and
also dried fruit rolls and dehydrated pitaya. The fruit rolls are indi-
vidual servings, while the dehydrated pitaya is sold by the gram in
larger quantities

Product Maximum price  Minimum price  Unit size
(MXN) (MXN)
Coyotas 15 (90¢) 10 (60¢) 2 pastries
Marmalade 200 ($12.00) 100 ($6.00) ~400 ml
Candied fruit 10 (60¢) 5 (30¢) 1 piece
with chile
Pitaya water 5 (30¢) 5 (30¢) ~200 ml
Dried fruit rolls 30 ($1.80) 20 ($1.20) 15 x 25 cm
Dehydrated 400 ($24.00) 400 ($24.00) 100 g
pitaya
Pitaya sorbet 5 1 scoop
Empanadas 5 1 pastry
Nursery stock 20 1 starter
plant
Milk shake Not sold
Pitaya with Not sold
cream
Yogurt Not sold
Paste Not sold
Firewood Not sold
Roof and wall Not sold
paneling

Stenocereus thurberi density

Because the pitaya harvest sites must be selected by the
harvester, vegetation surveys were conducted to measure
the density of S. thurberi. The mean density in human-
selected harvest sites was 450.8 (SE £41.7) plants per
hectare and the density in randomly selected sites (as
described in the materials and methods) was 652.3 + 75.7
plants per hectare (Fig. 4). The number of mature plants in
harvest sites (280.4 4= 33.0) was lower than the number of
mature plants in randomly selected sites (423.8 £ 64.8),
and the difference was highly significant (X? = 14.1, df. 1,
P <0.0001). The same trend was maintained in interme-
diate and immature plants (81.0 £ 20.0 and 89.3 % 39.6 in
harvest sites vs. 118.4 +21.9 and 110.1 £11.0 in ran-
domly selected sites), but the differences were non-
significant.
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Land-use change

In the 15-year period studied (1996-2011), the conversion
of land from wild areas to developed agriculture or urban
areas considered in our study had the highest rate in the
area of the pitaya-dominated thornscrub (Figs. 5, 6). The
rate of wildland loss reached over two and a half percent
per year (Table 2).

Land-use change purposes

We asked local consultants for what purposes land clearing
was occurring. The responses varied over a range of uses
including seeding of invasive buffel grass (Cenchrus cil-
iaris L. [=Pennisetum ciliare (L.) Link]), dryland agricul-
ture, development subdivisions, aquaculture, and clearing
for irrigated agriculture (Table 3). With the exception of
irrigated agriculture and land subdivision, all other induced
land uses were abandoned. These developments are driven
largely by non-Yoreme investors such as regional realtors
or industrial farm developers. The investments may or may
not have paid during the term of their use, but it is sure that
the recovery of S. thurberi stands, if it ever occurs, will
take many decades.

Future projections

In order to gain perspective of human conversion of land,
we projected current land-use change rates into the years
2030 and 2050 to show future scenarios of natural lands
given the rate of land conversion over the last 15 years.
These projections along with the 2011 percent cover of
natural lands are displayed in Fig. 7.

DISCUSSION

Stenocereus thurberi supports the function of the thorn-
scrub of the Yoreme ancestral territory as productive land.
In the present study, we examined the interaction of people,
S. thurberi, and land-use choices. This study offers three
findings: (1) Land conversion of the pitaya-dominated
thornscrub into other, induced and often non-renewable,
land uses is occurring at a much higher rate than in other
ecosystems of the region. (2) Local producers preserve and
adapt traditions making value-added products from the
native pitaya. (3) S. thurberi supports Yoreme heritage and
provides economic benefits to traditional community
members.

Interestingly, S. thurberi density in human-selected sites
was lower than in randomly selected sites, suggesting that
site selection is influenced by factors other than density of
the resource, such as accessibility, quality of the fruit, or

@ Springer
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Fig. 3 The usefulness of S. thurberi can be seen in its versatility. Photos show the species’ use in value-added, marketed products. a Nursery
stock of young S. thurberi for sale. b, ¢ Coyotas made with S. thurberi fruit pulp. d Brick oven fired with S. thurberi firewood to bake pitaya
coyotas. e Kitchen constructed with roofing and walling of S. thurberi
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Fig. 4 This map shows vegetation survey plots of S. thurberi in human-selected sites (gray) and randomly selected sites (black). The boundary
shows the main expanse of S. thurberi north of Sirebampo, Sonora
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Fig. 5 Contrasting land uses become apparent when one observes fields side by side. Just outside Agiabampo, Sonora (near the border with
Sinaloa), grain fields and stands of S. thurberi meet. a Stands of S. thurberi. b, ¢ Contrasting lines between fields of S. thurberi and grain fields
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Fig. 6 Many of the highest land conversion rates in northwestern Mexico are occurring in the ancestral land of the Yoreme and the habitat for
the pitaya-dominated thornscrub. The radiant blue outline shows the ancestral Yoreme territory and the pink outline shows the distribution of S.

thurberi as per GBIF database records
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Table 2 Land conversion rates of municipalities in the distribution
range of S. thurberi. These municipalities lie in and around the
Yoreme ancestral territory

State Municipality Undeveloped land loss
rate (% loss per year)
Sonora Quiriego 1.93
Sonora Cajeme 1.74
Sonora Etchojoa 1.32
Sonora Navojoa 1.31
Sinaloa Guasave 2.61
Sinaloa Angostura 1.73
Sinaloa Culiacan 1.61
Sinaloa Ahome 1.45
Sinaloa Salvador Alvarado 1.38

Table 3 Land conversion purposes

Use Status Note
Community pasture Abandoned Overgrazed non-
native grass
Chiltepin (Capsicum annuum Never No secondary pitaya
var. glabriusculum) completed growth
plantation
Dryland garbanzo Abandoned Construction of road
blocked drain
water
Vacation lots Under No cacti left on lots
construction
Shrimp aquaculture Abandoned Chose least

ecological impact
area

Production with
irrigation

Active wheat
crops

Irrigated agriculture

cultural traditions. Although harvested sites have similar
recruitment as randomly selected sites (indicated by the
non-significant differences in immature and intermediate
plants), traditional harvesters seem to actively search for
more open sites within the thornscrub, with less dense
formations of mature pitayas, possibly because these sites
allow for easier movement during harvest operations. In
any case and at a larger scale, pitaya patches are dwindling
rapidly in all areas.

If habitat shrinking continues at the current rate, it is
likely that both livelihoods and continued cultural practices
will suffer. The loss of habitat signifies a loss in ecosystem
services (Romanelli et al. 2015). Unfortunately, the growth
of columnar cacti such as S. thurberi progresses at a slow
rate with a long regeneration time (Drezner and Lazarus
2008). This slow regeneration time is hindered even more
by rangelands being seeded with invasive grasses such as
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C. ciliaris (Van Devender et al. 1997; Burquez and Mar-
tinez-Yrizar 2000). Even if cacti are spared during creation
of rangelands, they have been shown to be driven to local
extirpation as was the case with the columnar efcho cactus
(Pachycereus pecten-aboriginum (Engelm. ex S.Watson)
Britton & Rose) in sites north of our study area (Morales-
Romero et al. 2012). This creates a troubling scenario
where local cattle producers feel the need to create “pro-
ductive” rangeland in a way that hinders the productivity
of local vegetation. It is a complex interaction with no clear
solution (Vasquez-Ledn and Liverman 2004).

The main causes of land-use change can be understood in
the context of Mexico’s shifting land ownership policies.
The most notable of these was the establishment of the ejido
or communal land system established by President Lazaro
Cardenas (1934-1940). This system allowed farmers to use
and manage land that could never legally be bought, sold, or
leased. President Carlos Salinas de Gortari (1988—-1994)
modified the system to allow individual ejido members to
sell their land, bringing a long wave of parcels changing
ownership that opens the door for new investors with ideas
on some new land use. Along with these changes, such as
increased fencing, come impediments of access to resources
that are still under communal ownership. This seems to be
increasing the economic troubles of farmers and ranchers as
opposed to helping them (Yetman 2000). With private
investment and decreased overall economic ability, it is
attractive for remaining ejido members to take advantage of
anything that may provide a source of income. This, along
with an increasing cattle market in Mexico (Peel et al. 2012;
FIRA 2015), can be a large motivator driving land clearing
for pasture, chiltepin plantations, or sale of land to devel-
opers and vacationers. As a result, larger investors currently
accumulate parcels in the hopes of developing large tracts of
land and, in this competitive environment, local producers of
pitaya products take advantage of low-input and sustainable
fruit production to the benefit of their family income and
environment.

Unfortunately, the ideals of short-term profit often clash
with the vision of long-term conservation. This, combined
with the scarcity and cost of irrigation water in the area,
gives a meager outlook for land clearing endeavors. Fur-
ther, induced ecosystems such as non-native grasslands can
prove very profitable one year and fail completely the next,
or catch fire during drought, potentially leading to more
native habitat loss. All the while, native thornscrub can
survive and even maintain some productivity during dry
years.

The productivity of S. thurberi takes many forms. The
most predominant products in our study were value-
added products from the fruit. Some studies have found
that profits from harvest of wild plant products can be a
highly volatile proposition (Arnold and Pérez 1998), but
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Fig. 7 Maps display the percent cover of natural lands per municipal area. The 2011 map displays the most up-to-date data on land cover, while
the 2030 and 2050 maps show the projection of land cover trajectories based on land conversion rates for the last 15 years

others demonstrate that this challenging industry has the
potential to give good profit margins (Belcher and
Schreckenberg 2007; Tugume et al. 2016). Perhaps, the
most assuring observation on local harvesters is not the
promise of income, but that wild plant products provide
a valuable safety net of food and basic necessities for
economically disadvantaged families (Shackleton and
Shackleton 2004). In and around the pitayal, families can
taste and sell the sweet fruits of their labor without the
need for high-cost inputs such as irrigation, pesticides
and herbicides, tillage (expensive for annual crops such
as wheat), and bank financing (usually not available to
the Yoreme). It is, without a doubt, an extremely low-
input crop (Mizrahi et al. 1997) that local villagers can
and do benefit from.

Local villagers have been picking pitaya from time
immemorial, but this is not to say that their traditions
continue unchanged. Almost a century ago in 1932, Beals
(1932) described shifts and changes in Yoreme culture.
Later research showed preservation and evolution of

© Royal Swedish Academy of Sciences 2017
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Yoreme traditions (Valenzuela 1992). Our results suggest
that culinary practices with pitaya fruits are adapted to
current market demands. Further, these may lead to eco-
nomically significant products available only if current
cactus stands are preserved.

Taken together, we propose that stands of pitaya-rich
thornscrub play a valuable role in Yoreme culture, heritage,
and economics. Further, destruction of this valuable mon-
etary and cultural resource shows little gain compared to
the benefit it currently, and potentially, produces for local
citizens and the region as a whole.

Acknowledgements We thank the University of California Institute
for Mexico and the United States (UC MEXUS) for funding as a
Dissertation Research Grant (DI 14-7). We express our utmost thanks
to our local partners who assisted with networking and data collec-
tion, namely Simona Aldama, Panchita Espinoza, Eudelia Verdugo,
Jestis Buaysegua, Tirzo Ontamucha, Benjamin Leyva, Martin Espi-
noza, Miguel Molina, and Ishmael Ibarra. We also thank Latif
Ahmad, Lorena Villanueva-Almanza, Darrel Jenerette, and Nancy
Semotiuk for revision of early versions of this article, and Jessica
Semotiuk for help with illustrations.

@ Springer



Ambio

REFERENCES

Amarillas Valenzuela, S. 2010. Learn to speak Mayo. Hermosillo:
Universidad de Sonora (In Spanish).

Anderson, E.F. 2001. The cactus family. Portland: Timber Press.

Arizona-Sonora Desert Museum. 2016. The Sonoran Desert region
and its subdivisons. Retrieved September 5, 2016, from http://
www.desertmuseum.org/desert/sonora.php.

Arnold, J., and M.R. Pérez. 1998. The role of non-timber forest
products in conservation and development. Bogor: Center for
International Forestry Research.

Banister, J.M. 2011. Deluges of grandeur: Water, territory, and power
on Northwest Mexico’s Rio Mayo, 1880-1910. Water Alterna-
tives 4: 35.

Beals, R.L. 1932. Aboriginal survivals in Mayo culture. American
Anthropologist 34: 28-39.

Belcher, B., and K. Schreckenberg. 2007. Commercialisation of non-
timber forest products: A reality check. Development Policy
Review 25: 355-377.

Berry, S., and L. Doyon. 2001. Huatabampo. In Encyclopedia of
prehistory, vol. 5: Middle America, ed. P.N. Peregrine, and M.
Ember, 218-220. New York: Springer.

Birquez, A., and A. Martinez-Yrizar. 2000. The economic develop-
ment and conservation of natural resources. In Sonora 2000 to
debate. Problems and solutions, risks and opportunities, ed.
1. Almada, 267-334. Mexico, D.F.: Ediciones Cal y Arena (In
Spanish).

Burquez, A., A. Martinez-Yrizar, R.S. Felger, and D. Yetman. 1999.
Vegetation and habitat diversity at the southern edge of the
Sonoran Desert. In Ecology of Sonoran Desert plants and plant
communities, ed. R. Robichaux, 36—-67. Tucson: University of
Arizona Press.

Butchart, S.H., M. Walpole, B. Collen, A. Van Strien, J.P. Scharle-
mann, R.E. Almond, J.E. Baillie, B. Bomhard, et al. 2010.
Global biodiversity: Indicators of recent declines. Science 328:
1164-1168.

CDI. 2010. Atlas of indigenous peoples. Comisién Nacional para el
desarrollo de los Pueblos Indigenas. Retrieved August 12, 2016,
from http://www.cdi.gob.mx/atlas/ (In Spanish).

Drezner, T.D., and B.L. Lazarus. 2008. The population dynamics of
columnar and other cacti: A review. Geography Compass 2:
1-29.

Felger, R.S., and M.B. Moser. 1985. People of the desert and sea:
Ethnobotany of the Seri Indians. Tucson: University of Arizona
Press.

FIRA. 2015. Panorama of agricultural feed: Beef industry. Fide-
icomisos Instituidos en Relacion con la Agricultura: Mexico D.F.

Garibaldi, A., and N. Turner. 2004. Cultural keystone species:
Implications for ecological conservation and restoration. Ecol-
ogy and Society 9: 1-18.

GBIF. 2016. GBIF occurrence download. Global Biodiversity Infor-
mation Facility. Retrieved August 13, 2016, from http://doi.org/
10.15468/dl.qiunnm.

Gonzalez-Abraham, C., E. Ezcurra, P.P. Garcillan, A. Ortega-Rubio,
M. Kolb, and J.E.B. Creel. 2015. The human footprint in
Mexico: Physical geography and historical legacies. PLoS ONE
10: e0121203.

INEGI. 2003. Natural resources: Climatology. Retrieved January 12,
2015, from http://www.inegi.org.mx/geo/contenidos/recnat/
clima/default.aspx (In Spanish).

International Society of Ethnobiology. 2006. International Society of
Ethnobiology Code of Ethics (with 2008 additions). Retrieved
February 1, 2012, from http://ethnobiology.net/code-of-ethics/.

@ Springer

Martin, T., C. Paine, C. Conway, W. Hochachka, P. Allen, and W.
Jenkins. 1997. BBIRD field protocol. Missoula: University of
Montana, Montana Cooperative Wildlife Research Unit.

Meyer, M.C. 1996. Water in the Hispanic Southwest: A social and
legal history, 1550—1850. Tucson: University of Arizona Press.

Mizrahi, Y., A. Nerd, and P.S. Nobel. 1997. Cacti as crops. In
Horticultural reviews, vol. 18, ed. J. Janick, 291-319. Toronto:
Wiley.

Moctezuma Zamarrén, J.L., and H. Lépez Aceves. 2007. Mayos:
Indigenous peoples of contemporary Mexico. Mexico, D.F.:
Comision Nacional para el Desarrollo de los Pueblos Indigenas
(In Spanish).

Molina-Freaner, F., C. Tinoco-Ojanguren, and K. Niklas. 1998. Stem
biomechanics of three columnar cacti from the Sonoran Desert.
American Journal of Botany 85: 1082.

Morales-Romero, D., H. Godfnez—Alvarez, J. Campo-Alves, and F.
Molina-Freaner. 2012. Effects of land conversion on the
regeneration of Pachycereus pecten-aboriginum and its conse-
quences on the population dynamics in northwestern Mexico.
Journal of Arid Environments 77: 123-129.

Nabhan, G. 2012. A brief history of cross-border food trade.
Retrieved September 5, 2016, from http://www.garynabhan.
com/news/2012/03/a-brief-history-of-cross-border-food-trade/.

Peel, D.S., K.H. Mathews Jr., and R.J. Johnson. 2012. Trade, the
expanding Mexican beef industry, and feedlot and stocker cattle
production in Mexico. Journal of Current Issues in Globalization
5: 1-24.

Phillips Jr., D.A. 1989. Prehistory of Chihuahua and Sonora, Mexico.
Journal of World Prehistory 3: 373-401.

Pimienta-Barrios, E., and P.S. Nobel. 1994. Pitaya (Stenocereus spp.,
Cactaceae): An ancient and modern fruit crop of Mexico.
Economic Botany 48: 76-83.

R Core Team. 2013. R: A language and environment for statistical
computing. Vienna: R Foundation for Statistical Computing.
http://www.R-project.org/.

Radonic, L. 2015. Environmental violence, water rights, and (un) due
process in Northwestern Mexico. Latin American Perspectives
42: 27-47.

Romanelli, C., D. Cooper, D. Campbell-Lendrum, M. Maiero, W.
Karesh, D. Hunter, and C. Golden. 2015. Connecting global
priorities: Biodiversity and human health: A state of knowledge
review. Geneva: World Health Organisation/Secretariat of the
UN Convention on Biological Diversity.

Russell, S.M., and G. Monson. 1998. The birds of Sonora. Tucson:
University of Arizona Press.

Sahley, C.T. 2001. Vertebrate pollination, fruit production, and pollen
dispersal of Stenocereus thurberi (Cactaceae). The Southwestern
Naturalist 46: 261-271.

Sanderson, E.W., M. Jaiteh, M.A. Levy, K.H. Redford, A.V.
Wannebo, and G. Woolmer. 2002. The human footprint and
the last of the wild: The human footprint is a global map of
human influence on the land surface, which suggests that human
beings are stewards of nature, whether we like it or not.
BioScience 52: 891-904.

Semotiuk, A.J., N.L. Semotiuk, and E. Ezcurra. 2015. The eruption of
technology in traditional medicine: How social media guides the
sale of natural plant products in the Sonoran Desert region.
Economic Botany 69: 360-369.

Shackleton, C., and S. Shackleton. 2004. The importance of non-
timber forest products in rural livelihood security and as safety
nets: A review of evidence from South Africa. South African
Journal of Science 100: 658—664.

Tugume, P., M. Buyinza, E. Kakudidi, P. Mucunguzi, J. Kalema, M.
Kamatenesi, and J. Namaalwa. 2016. Non-timber forest products

© Royal Swedish Academy of Sciences 2017
www.kva.se/en


http://www.desertmuseum.org/desert/sonora.php
http://www.desertmuseum.org/desert/sonora.php
http://www.cdi.gob.mx/atlas/
http://doi.org/10.15468/dl.qiunnm
http://doi.org/10.15468/dl.qiunnm
http://www.inegi.org.mx/geo/contenidos/recnat/clima/default.aspx
http://www.inegi.org.mx/geo/contenidos/recnat/clima/default.aspx
http://ethnobiology.net/code-of-ethics/
http://www.garynabhan.com/news/2012/03/a-brief-history-of-cross-border-food-trade/
http://www.garynabhan.com/news/2012/03/a-brief-history-of-cross-border-food-trade/
http://www.R-project.org/

Ambio

trade and community livelihoods around Mabira Central Forest
Reserve, Uganda. Journal of Agricultural Studies 4: 1-13.

UN Department of Economic and Social Affairs. 2009. State of the
world’s indigenous peoples, vol. 9. New York: United Nations
Publications.

Valenzuela, A.F. 1992. Organization of the ethnic identity and
persistence of the Yaqui and Mayo culture. Estudios Sociologi-
cos 10: 127-148 (In Spanish).

Van Devender, T.R., R.S. Felger, and A. Birquez. 1997. Exotic plants
in the Sonoran Desert region, Arizona and Sonora. In Proceed-
ings of the California exotic pest plant council symposium, vol.
3, 1-6, eds. P. Warner, J.M. Randall, and M. Kelly. Sacramento:
California Exotic Pest Plant Council.

Vasquez-Leon, M., and D. Liverman. 2004. The political ecology of
land-use change: Affluent ranchers and destitute farmers in the
Mexican municipio of Alamos. Human Organization 63: 21-33.

Yetman, D. 2000. Ejidos, land sales, and free trade in northwest
Mexico: Will globalization affect the commons? American
Studies 41: 211-234.

Yetman, D., and T.R. Van Devender. 2002. Mayo ethnobotany: Land,
history, and traditional knowledge in northwest Mexico. Los
Angeles: University of California Press.

AUTHOR BIOGRAPHIES

Andrew J. Semotiuk (D)) is a Doctoral Candidate at the University
of California, Riverside. His research interests include ethnobotany
and biogeography.

Address: Department of Botany and Plant Sciences, University of
California Riverside, 900 University Ave, Riverside, CA 92521, USA
e-mail: asemo001 @ucr.edu

© Royal Swedish Academy of Sciences 2017
www.kva.se/en

Patricia Colunga-GarciaMarin is a Professor at the Departamento
de Agricultura, Sociedad y Ambiente of El Colegio de la Frontera
Sur. Her research interests include the archeology and ethnobotany of
mezcal production in Mesoamerica.

Address: Departamento de Agricultura, Sociedad y Ambiente, El
Colegio de la Frontera Sur, 29290 San Cristobal de las Casas, Chia-
pas, Mexico.

e-mail: patricia.colunga@gmail.com

David Valenzuela Maldonado is an Independent Researcher and the
Founder of the Centro de Investigacion Etnobotdnica para el
Desarrollo Sostentable in Sonora, Mexico. His research interests
include the ethnobotany of the Yoreme people and the value-added
marketing strategies used in the region.

Address: Centro de Investigacién Etnobotanica para el Desarrollo
Sostentable, Avenida Cocorit 210, 85890 Navojoa, Sonora, Mexico.
e-mail: etnobotanica.yoreme @ gmail.com

Exequiel Ezcurra is a Professor at the University of California
Riverside. His research interests include quantitative ecology and
biogeography.

Address: Department of Botany and Plant Sciences, University of
California Riverside, 900 University Ave, Riverside, CA 92521, USA
e-mail: exequiel @ucr.edu

@ Springer



	Pillar of strength: Columnar cactus as a key factor in Yoreme heritage and wildland preservation
	Abstract
	Introduction
	Study location
	Materials and methods
	Interviews
	Vegetation surveys
	Land-use analysis

	Results
	Stenocereus thurberi uses
	Stenocereus thurberi density
	Land-use change
	Land-use change purposes
	Future projections

	Discussion
	Acknowledgements
	References




