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Mezcal Boom and Extinction Debts
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14.1  Introduction

During the nineteenth century, ecology emerged as a scientific discipline, being 
Alexander von Humboldt one of the central figures who recognized the dominant 
role of climate in governing plant geography and vegetation zonation (Jackson 
2009). Thus, histories of ecology and biogeography are indissolubly tied as they 
emerged at the same time with overlapping explanations for species richness pat-
terns from local to global scales.

Humboldt’s expeditions, which occurred mainly within the American tropics, 
were decisive to relate the intrinsic relationships between nature and climate distur-
bances, as well as societal issues. In a century characterized by wars and worldwide 
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colonialism, Humboldt noticed the profound environmental transformations in the 
colonized territories. Large-scale deforestation preceded monoculture plantations 
for exportation purposes, which replaced the typical food crops grown by local 
inhabitants (Norder 2019). Humboldt pointed out the disastrous effects of deforesta-
tion, not only on nature and on climate, but also on societal issues such as poverty 
and marginalization of the original inhabitants (Norder 2019).

In fact, he provided important evidence about the reciprocal effects of vegetation 
and the physical and chemical properties of the atmosphere with potential effects on 
climate. Consequently, he was one of the first worldwide to propose human-induced 
climate change, which, up to now, is one of the most important risks for humanity 
(Jackson et al. 2001; Norder 2019).

Surprisingly, and despite the prevalent mechanistic reductionistic paradigm by 
which phenomena is understood (through the analysis of the intrinsic properties of 
its components) (Levins and Lewontin 1985), Humboldt envisioned the world as an 
interconnected web of life (Norder 2019). Accordingly, animal and plant species 
depend on each other through their interactions for their survival (Norder 2019). 
Humboldt’s holistic view of nature that sets the beginning of ecology and biogeog-
raphy contrasts with the reductionistic philosophical view coined during the six-
teenth and seventeenth centuries during the named “Scientific Revolution,” which 
marked at the same time the beginning of the Industrial Revolution (Fritjof 1996). 
Under industrialism, “development” was based on accelerated exploitation of 
resources in the colonies, characterized by the generation of surpluses and the accu-
mulation of capital. This form of “development” was accompanied and validated by 
the preponderant reductionistic science through technological proposals focused on 
specific species. Thus, Humboldt’s holistic view of nature did not echo in subse-
quent ecological research (Shiva 1988). On the contrary, further scientific research 
grew under an unlimited short-term desire for natural resources exploitation focus-
ing on individual species and as an almost the unique way to understand the struc-
ture and dynamics of populations, communities, and ecosystems (Brown et  al. 
2001). In fact, more than 60% of studies published in the journal Ecology in the 
eighties, dealing with diversity and biotic interactions dealt at most with two species 
(Kareiva 1994).

However, since the eighties, ecology has slowly and differentially transited from 
the reductionistic approach to the study of systems ecology, in which the properties 
of the whole emerge from the interactions between the parts and therefore the whole 
is more than the sum of their parts (Levins and Lewontin 1985). This means that in 
an ecosystem, animals, plants, as well as microorganisms depend on each other for 
their maintenance through their interactions. This interdependence among species 
and their maintenance occurs within and across trophic levels not only locally, but 
also regionally, affecting species distribution, speciation, and extinction or persis-
tence of species during past climate changes (Valiente-Banuet et al. 2006; Brooker 
et al. 2009; Wisz et al. 2013), as well as future ones (Davis et al. 1998). Consequently, 
any disturbance directed to one or a group of species may have concomitant effects 
on others, as well as on higher levels such as ecosystem processes.
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At present, fast-paced rates of habitat loss and fragmentation, as well as species 
overexploitation, are some of the most important anthropogenic drivers of species 
extinctions and the present environmental crisis (Valiente-Banuet et al. 2015).

Therefore, and under the environmental crisis, forecasting plays a preponderant 
role to assess the effect of human activities on Earth and its ability to sustain biodi-
versity at local and global scales as a paramount for human subsistence (Barnosky 
et al. 2012). On this vein and under a systems ecology approach, different authors 
have demonstrated that critical transitions caused by threshold effects lead to state 
shifts producing unanticipated biotic effects (Scheffer et al. 2009; Wisz et al. 2013, 
and references therein). Thresholds leading to critical transitions are often crossed 
when local human impacts are amplified by the synergistic interactions of different 
ecological processes or through feedback loops (Barnosky et al. 2012). Thus, local 
extinction of species may produce drastic co-extinctions of their mutualistic part-
ners through feedback processes that cascade across other ecological networks 
(Valiente-Banuet and Verdú 2013).

14.2  Problem Statement

This chapter is focused on the overexploitation of natural resources related to mez-
cal boom. Mezcal is an alcoholic beverage obtained from the distillation of plants 
known as agaves or magueyes, belonging to the genus Agave. Their center of origin 
is Mexico, where 159 of the 210 known species occur, of which 119 are endemic 
(García-Mendoza 2002, 2007, 2012; Colunga García Marín 2006). Mezcal produc-
tion takes place in 27 states of the country (Colunga García Marín 2006) and is 
carried out by traditional producers who use more than 40 agave species and great 
amounts of firewood from different species obtained from nature. Mezcal’s produc-
tion exponential growth rate has increased the overexploitation of agaves and fire-
wood for cooking agaves and distillation which may affect a plethora of ecological 
interactions at local, regional, and probably geographic scales impacting biodiver-
sity and eventually leading to collapse of ecosystems.

14.3  Sociological Setting

Mezcal is one of the most emblematic alcoholic beverages of Mexico whose pro-
duction has been carried out by indigenous and peasant groups for centuries and 
constitutes the livelihood of thousands of families. Its traditional production, 
whether artisanal or ancestral, is characterized by a great organoleptic diversity. It is 
based on the extraction of agaves and firewood from natural vegetation, the former 
used for cooking piñas (i.e., agave stems whose leaves have been removed) and the 
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latter as energy for distillation. Traditional production is the most widely practiced 
and constitutes the livelihood of at least 9000 peasant and indigenous families 
(Hernández-López 2018). Electric or fossil fuel-driven technologies are not involved 
in the traditional manufacturing process of mezcal. After cooking piñas with fire-
wood, producers macerate them manually using wooden clubs (marros) or by means 
of rock wheels (tahona) which are moved by animals such as donkeys or horses. 
Fermentation is carried out in a variety of containers such as wood or animal skins, 
using yeasts associated with agaves. The resulting product is consumed locally and 
during festivities.

Mezcal’s recognized organoleptic diversity and richness is a result of variation 
in local environmental characteristics such as climate, soil, and microorganisms, as 
well as diverse techniques that vary among regions and among producers in the 
same region (Colunga-García Marín and Zizumbo-Villarreal 2007; Gutiérrez 2015). 
Mezcal holds centuries or even millennia of knowledge (Zizumbo-Villarreal et al. 
2009; Serra and Lazcano 2015), which is backed and enriched by Mexico’s diverse 
traditional, cultural, and religious context.

In contrast, industrial production, focused on obtaining profits and the expansion 
of capital in the shortest possible time, is based on the modernization of production 
processes and the use of minimal labor (Pérez Hernández et al. 2016). To do this, 
they resort to planting large areas with agave monocultures, following the rules of 
the technified agriculture to achieve production. There is no cooking of piñas but 
rather a processing with diffusers. Industrial mills are used to obtain juices and few 
producers ferment naturally, accelerating the process using commercial yeasts and 
chemicals, contravening one of the basic laws of oenology: “the organoleptic rich-
ness of the final product is directly proportional to the fermentation time”. They use 
stainless-steel stills or even distillation towers, instead of copper stills 
(Gutiérrez 2015).

From the second half of the last century, the production of mezcal has undergone 
unusual industrialization, favoring international trade supported by the Mexican 
government as part of a neoliberal policy promoted since the eighties (Plascencia de 
la Torre and Peralta Gordon 2018). The creation of the Mezcal Regulatory Council 
(MRC) has played a central role through the regularization of production and the 
intellectual protection schemes with denominations of origin (DO). These regula-
tions affect their organoleptic diversity, forcing traditional producers to homogenize 
their production under “quality standards,” which are difficult to reach. In addition, 
only 10 out of 27 mezcal producing states have DO. Therefore, 17 states are unable 
to officially name their product mezcal, hampering its commercialization. This is a 
paradoxical scenario given that international demand should increase the opportuni-
ties and contribute to improving the quality of life of all mezcal producers while 
culturally maintaining their traditions. This situation pushes the traditional produc-
tion system to a disadvantaged position, with respect to the industrial one, since 
traditionally they move away from the capitalist mercantile criteria, with limited 
economic and technological capacity to comply with the regulations imposed by the 
State (Hernández-López 2018; Plascencia de la Torre and Peralta Gordon 2018). 
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When produced outside the DO states, mezcal producers manufacture clandestinely 
in order to comply with regulations, including tax regulations. On the contrary, the 
demand for their high-quality mezcal by intermediaries encourages extractivism 
and the accelerated destruction of natural resources as a subsistence strategy. 
Paradoxically, the objective of the DOs was originally to protect socioeconomic, 
cultural, and environmental sustainability (Bowen 2015).

The Mezcal Regulatory Council (MRC) indicates that production follows an 
exponential increase rate that was 2.7 million liters in 2015 to 8 million in 2020. 
More than half of the mezcal volume was exported to 60 countries (CRM 2020). 
Nevertheless, these rates are underestimated since the MRC registers only industrial 
associate members.

Overall, the growing mezcal demand has increased the overexploitation of wild 
agaves, and their seeds through their overcollection, which negatively affects the 
natural regeneration of populations. Added to this is the extraction of firewood from 
nature and large-scale deforestation in different areas of Mexico. This phenomenon 
faithfully reproduces the industrialized tequila expansion that began in the nine-
teenth century, which promoted the destruction of thousands of hectares of natural 
vegetation to convert them into monocultures (Huerta and Luna 2015). The overex-
ploitation of agaves ended up extinguishing wild populations, so the production of 
agaves was carried out through clones obtained from the suckers and through tissue 
culture techniques under laboratory conditions. The selected clonal agave lines with 
the best performance were used to plant monocultures, which greatly reduced 
genetic diversity, affecting their ability to tolerate environmental changes and attack 
by pathogens. Over time, the depletion of soil fertility in monocultures and the 
attack by pests encouraged the use of agrochemicals (fertilizers, insecticides, and 
herbicides) polluting the soil and water, with a negative impact on pollinators.

14.4  The Agave Ecosystem

Most agave species are distributed in arid and semiarid environments with a mar-
ginal distribution in temperate areas of Mexico and a null presence in wet environ-
ments of Tabasco, Campeche, and Quintana Roo (García-Mendoza 2007). The 
highest diversity occurs in South-Central Mexico in the Tehuacán-Cuicatlán Valley 
(VTC) (García-Mendoza 2007). Two continuous distribution belts derive from 
South-Central Mexico: one along the Pacific coast and the other along the coast of 
the Gulf of Mexico. Both belts generally have fewer agave species. This distribution 
pattern matches with the distribution of other taxonomic groups with high endemic-
ity such as columnar cacti (CC; tribe Pachycereeae) (Valiente-Banuet et al. 2002), 
Burseraceae (Becerra 2005), and animal groups such as nectar-feeding bats, among 
others (Valiente-Banuet et al. 1996, 2002; Fig. 14.1).
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Fig. 14.1 Distribution maps of agave species, columnar cacti, and nectar-feeding bats in México

Fig. 14.2 A typical agave ecosystem in the Tehuacán-Cuicatlán Valley dominated by the columnar 
cactus Neobuxbaumia mezcalaensis. Agave inflorescence belongs to Agave marmorata one of the 
most important species for mezcal production in the region

For example, in the Tehuacán-Cuicatlán Valley (VTC) agave and CC species are 
dominant elements of vegetation in 13 plant communities, 11 are columnar cactus 
forests, and the other ones are a rosetophyllous vegetation community (Valiente- 
Banuet et  al. 2000) and the evergreen sclerophyllous vegetation or Mexical 
(Valiente-Banuet et al. 1998). CC form forests with densities between 1200–1900 
ind ha−1, whereas Agave marmorata and A. potatorum, used for the production of 
mezcal, reach densities of 2620 and 1830 ind ha−1, the highest among agave species 
(Valiente-Banuet et al. 2000; Fig. 14.2).
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14.5  Interdependence Among Species Through 
Biotic Interactions

Different studies show that CC exhibit obligate pollination by nectarivorous bats. 
Leptonycteris yerbabuenae, L. nivalis, and Choeronycteris mexicana are the most 
important pollinators. This is also the case for agave species that depend on bat pol-
lination, such as A. marmorata, A. peacockii, A. salmiana, A. potatorum (Valiente- 
Banuet and Verdú 2013). Additionally, nectar-feeding bats are also the most 
important seed dispersers of various CC (Godínez-Alvarez et al. 2002; Castillo and 
Valiente-Banuet in prep), being able to remove most of the seeds and most of them 
are deposited under bushes and trees. Of all these bats species, L. yerbabuenae is the 
most effective pollinator and seed disperser and is resident throughout the year in 
the TCV.  This annual residence depends on agave flower resources provided by 
Agave species and Ceiba spp. during almost seven months, and on flower and fruit 
resources provided by CC for 5 months, respectively (Rojas-Martínez et al. 1999; 
Valiente-Banuet and Verdú 2013).

Studies analyzing seedling establishment of all plant species at the community 
level (N = 5) indicate that on average 96% of the species recruit through the process 
of facilitation (Valiente-Banuet and Verdú 2013). Facilitation is a process by which 
one species generates the conditions for the establishment of another one under its 
canopy (Valiente-Banuet and Verdu 2007). This process is species-specific, since 
only phylogenetically distantly related species are able to enhance establishment 
(Verdú et al. 2010). Notably, legumes stand out for their ability to favor the regen-
eration of a great number of species, up to 95% in a community (Valiente-Banuet 
and Verdu 2007). The benefit of this cooperative interaction is maintained until dis-
tantly related species reach the adult stage (Verdú et al. 2010). Through the ontog-
eny of the interaction, the gradual arrival of seeds of other species results in the 
formation of patches of vegetation made up of several species (range 1–12) under 
the same one canopy. These patches are the structural components of all the plant 
communities constituting the arena in which plant regeneration occurs, indicating 
that regeneration niches of species depend on a complex context of multispecific 
interactions between plants (Castillo et al. 2010). In fact, microbial communities, 
mainly bacteria and arbuscular mycorrhizae inhabiting the rhizosphere of the differ-
ent species, which also may be species-specific (Montesinos-Navarro et al. 2012), 
supply nutrients such as nitrogen and phosphorous, and the connection of roots 
through hyphae of different species, enabling a selective nutrient transference 
between them (Montesinos-Navarro et al. 2016, 2017). This indicates that in the 
facilitation process, besides the modification of the physical microenvironmental 
beneath plant canopies, microbiome–plant interaction networks play an outstanding 
role. This occurs through the acquisition of nutrients by plants, up to 80% of the 
phosphorus and 90% of the nitrogen used by plants, as well as their transference 
among plants through hyphae (Van Der Heijden et al. 2008; Montesinos-Navarro 
et al. 2017).
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14.6  Mezcal Production and Extinction Debts

Exponential growth rate of mezcal production due to a growing national and inter-
national demand may be already generating extinction debts. Here, I expand the 
concept of extinction species debt (Tilman et al. 1994; Wearn Oliver et al. 2012) and 
biotic interactions debt (Valiente-Banuet et al. 2015) to cultural debt. Accordingly, 
an extinction debt is any loss of species, ecological interactions, and cultural aspects, 
including the potential disappearance of thousands of traditional producers, which 
occurs due to the different social and environmental dimensions of mezcal 
production.

A previous study (Valiente-Banuet and Verdú 2013) was designed to document 
how an ecosystem may collapse by the disruption of interaction networks. The 
study was conducted in the TCV in Los Reyes Metzontla, a town whose economic 
subsistence largely depends to ceramic pottery production. This context was consid-
ered by the authors as an ideal scenario because both firewood and agave overex-
ploitation occur in this locality.

To alleviate poverty, since the 1960s pottery production was encouraged leading 
to an increase of firewood extraction (de la Vega Doria 2006). Annual wood extrac-
tion using for firing ceramics sums up 1.66 × 106 kg which has been increasing 
during the last two decades. Besides the overexploitation of species that are crucial 
in the networks of ecological interactions, the extraction scheme also has created 
large, degraded areas containing very few species with no evidence of recovery for 
more than 30 years after abandonment. Intermixed with these degraded areas, it is 
possible to find well-conserved areas protected by the inhabitants that represent the 
natural vegetation found in all the area, a columnar cacti forest dominated by 
Mitrocereus fulviceps and Neobuxbaumia macrocephala. Besides authors docu-
mented the requirements underlying overexploitation among the inhabitants, they 
obtained information about the extraction of agave species for mezcal production.

Under a realistic scenario, these authors documented quantitatively how human 
effects on a facilitation network may, through feedback loops, impact concomitant 
pollination and seed dispersal networks. By including feedback loops in mutualistic 
networks, it is assumed that extinction in one guild may produce co-extinctions in 
other guilds, which in turn may cause additional co-extinctions in the first guild and 
so on. Thus, many of the species exploited for firewood are nurse species that facili-
tate many species in the network (acting as hubs in the facilitation networks). 
Similarly, most of the species harvested for mezcal are facilitated species providing 
nectar and fruits for animals (acting as hubs in pollination and seed dispersal net-
works (Flores 2005; Estrella Ruiz 2008; Verdú et al. 2010).

By linking facilitation, pollination, and seed dispersal networks into a series, 
Valiente-Banuet and Verdú (2013), provided evidence for their hypothesis that 
human-induced extinction of a nurse plant will lead to co-extinction of its facilitated 
species, especially agaves and columnar cacti, which are primarily pollinated 
by bats.

The facilitation network was constructed as a matrix, linking the number of indi-
viduals of each facilitated species (<30 cm) growing associated with each nurse 
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species and open space. Different experimental studies in the study area confirm 
that these spatial patterns of association between juvenile and larger plants are due 
to facilitation and not to mere spatial coincidence (Valiente-Banuet and Ezcurra 
1991; Castillo and Valiente-Banuet 2010; Castillo et al. 2010). For the pollination 
and seed dispersal networks, they focused on the relationships established between 
bats and columnar cacti and agaves, the most abundant plant species in the area, 
whose flowers are strongly associated with pollination by animals and whose fleshy 
fruits (cacti only, since agave seeds are dispersed by wind) are dispersed by animals. 
Consequently, they worked with only a subset of species within the entire pollina-
tion and dispersal networks. The pollination network was based on experimental 
data and focal observations (Valiente-Banuet et al. 1996, 1997; Flores 2005; Estrella 
Ruiz 2008) and, for phenological reasons, was split into two stages: (1) early 
(February to April), the most nectar-limited time of the year, when most Agave spe-
cies are in bloom and when columnar cacti start blooming, and (2) late (May to 
January), when most columnar cacti and A. potatorum are also blooming. Likewise, 
the seed dispersal network was constructed based on previous studies for dominant 
species in the TCV, Neobuxbaumia tetetzo and N. mezcalaensis (Godínez-Alvarez 
et  al. 2002; Castillo and Valiente-Banuet in prep). For Cephalocereus columna- 
trajani, N. macrocephala, and Mitrocereus fulviceps, focal observations on fruits 
during day and night were performed, as well as the seed identification analyzing 
the frugivore feces captured using five mist nets (20 × 3 m), including that obtained 
from bat refugia as evidence of transport (Rojas-Martínez et al. 2012). Additionally, 
for N. macrocephala, the contribution of diurnal and nocturnal seed dispersers was 
sampled by placing 16 seed collectors of 0.25-m2 plastic net squares nailed to the 
ground under the canopy of eight different plant species and in open space in an area 
occupied by the species. All these observations indicate that nectar-feeding bats 
disperse most of the seeds of these columnar cacti.

Based in the fact that the study system depicts a cyclical dynamics governing 
facilitation processes in which species x acts as a nurse for the recruitment of spe-
cies y, species y acts as a nurse for species z, and species z acts as a nurse for species 
x (see Fig. 1  in Verdu et  al. 2009), they simulated co-extinction cascades across 
these ecological networks quantitatively in order to incorporate metrics reflecting 
the dependence of facilitated plant species on nurse species and to relate this depen-
dence not only to species abundance but also to the specificity of each particular 
interaction (Verdú et al. 2010). In addition, it was considered that the concomitant 
pollination and seed dispersal networks collapse when all the plant species supply-
ing nectar and pollen resources to the bats went co-extinct with their nurse species. 
Thus, the consequence of removing a particular species from the network is most 
important in analyzing mutualists, which are more strongly dependent on it.

To simulate a quantitative scenario in which nurse species extinction produces 
coextinction of their facilitated species, they calculated the dependence dij of facili-
tated plant species i on nurse species j (i.e., the proportion of the total number of 
individuals of species i recruiting under nurse species j) (Bascompte et al. 2006). 
Because dij measures the importance of nurse species for each facilitated plant spe-
cies, they considered a facilitated plant species to become co-extinct when the sum 
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of its dependencies across nurse species (di) was lower than a particular threshold. 
They also considered open ground (as possible sites of plant recruitment) as an ele-
ment in the network. Several extinction thresholds ranging from 0 to 1 were simu-
lated. A threshold equaling 0 indicates that a facilitated species is removed from the 
network only when the sum of its dependencies is zero (that is, when all of its nurse 
species have disappeared). When the threshold is 0.5, a facilitated species is removed 
from the network when the sum of its dependencies is less than 0.5. This threshold 
can be achieved by removing a very important nurse species for the facilitated spe-
cies or by removing several less important nurse species.

Valiente-Banuet and Verdú (2013) found that their co-extinction simulations of a 
facilitation network populated by 50 nurse species and 90 facilitated species trig-
gered by the removal of only 16% of species show that extinctions are dramatically 
accelerated. In other words, a reduction in the abundance of nurse plants, but not 
their total extinction, contributes significantly to the co-extinction of species. This 
means that the extinction of interactions precedes the extinction of species (Valiente- 
Banuet et al. 2015).

A distinct threshold appears at dij = 0.24, indicating that the ecosystem collapses 
when the nurse species habitat availability is reduced to below 76% of its original 
extent (Fig. 14.3). The presence of complex interdependent networks of species and 
their interactions emphasizes the inherent fragility of ecosystems governed by 

Fig. 14.3 Co-extinction simulation in facilitation networks. Thresholds indicate the dependence 
dij of facilitated plant species i on nurse species j (proportion of individuals of a species recruiting 
under a given nurse species). A facilitated plant species becomes co-extinct when the sum of its 
dependencies across nurse species (di) was lower than a particular threshold. The horizontal line 
shows the number of species surviving in the degraded community. The maximum similarity 
between predicted and observed extinctions occurred when the threshold was equal to 0.24 
(Sorensen index S = 0.91). The asterisk denotes that all thresholds ≥0.24 in the cyclical scenario 
revealed a significant association between observed and predicted extinctions (χ2 test). The arrow 
indicates collapses in pollination and dispersal networks. (Modified from Valiente-Banuet and 
Verdú 2013. Copyright license number 5134920539265)
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facilitation and their reduced capacity for resilience. In other words, the disruption 
of the multi-network structure contributes greatly to ecosystem collapse, conse-
quently affecting ecosystem services.

In addition, simulations correctly predicted 75 out 77 extinctions and 8 out of 22 
survivals observed in the degraded area (scientific names in blue text in Fig. 14.4). 
The model also predicted 14 extinctions that were not observed in the degraded area 
(scientific names in red text in Fig.  14.4) which correspond to species able to 
resprout (Acacia constricta) or peasant managed species (Lippia graveolens, 
Stenocereus stellatus). Others are able to recolonize through bird-mediated disper-
sal (Cordia curassavica, Opuntia spp, Lantana spp) or abiotic dispersal (Ipomoea 
arborescens, Viguiera grammatoglossa, Aeschynomene compacta, Ayenia fruticosa, 
Cardiospermum halicacabum, Croton ciliato-glanduliferus).

Authors noticed also that none of the incorrectly predicted extinctions due to 
strong recolonization ability corresponded with bat-dispersed plants (e.g., columnar 

Fig. 14.4 Co-extinction cascades produced by the overexploitation of a few nurse species in the 
facilitation network propagate toward pollination and seed dispersal networks. The quantitative 
facilitation network in the conserved vegetation connects nurse species (left) with facilitated spe-
cies (right). Open ground was also considered as a site for recruitment. The size of each rectangle 
is proportional to the number of interactions. Black rectangles indicate the overexploited nurse 
species. Scientific names in green text indicate species in which extinction was predicted and 
observed; in black text, that extinction was neither predicted nor observed; in blue text, that extinc-
tion was observed but not predicted; and in red text, that extinction was predicted but not observed. 
Stenocereus stellatus extinction would have occurred in the degraded community but the species is 
artificially maintained. (Taken from Valiente-Banuet and Verdú (2013). Copyright license number 
5134920539265)
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cacti), and the simulations correctly predicted their extinction. Recruitment of bat- 
dispersed plants in the degraded area is completely absent despite the presence of 
protected sites provided by nurse species in the community and the opportunity for 
seeds to potentially establish below them. To test this hypothesis, the authors per-
formed seed sowing experiments with three species of columnar cacti (Neobuxbaumia 
macrocephala, N. tetetzo, and Mitrocereus fulviceps) (see methods in Valiente- 
Banuet and Verdú 2013), showing that seedling establishment is not limited by the 
availability of safe sites, but by dispersal limitation. This result is consistent with the 
impact that co-extinctions in the facilitation network have in the concomitant pol-
lination and dispersal networks at local scale (Fig. 14.5). Without the nectar and 
pollen of agaves and columnar cacti, nectar-feeding bats must migrate out of this 
part of the valley and consequently are no longer available as pollinators and seed 
dispersers. Pollination and dispersal services performed by bats may abruptly 

Fig. 14.5 (a) Pristine scenario of a community of the TCV depicting the multiple positive ecologi-
cal relationships that conform the network of interactions that allows the presence and mainte-
nance of a high biological diversity. (b,c) Nurse species and agaves have gone locally extinct due 
to intensive extraction. By this point, most interaction networks have undergone co-extinction 
processes. Without nurse plants, seedlings are not able to establish, impeding regeneration. Bats 
can be considered functionally extinct, stopping fruit production for columnar cacti and agaves. (d) 
Collapsed ecosystem after man intervention. The remaining vegetation is composed by adult 
columnar cacti that had established long before the elimination of regeneration sites. Due to the 
low density of floral and fruit resources, bat populations no longer visit this community. 
Regeneration becomes virtually impossible due to the lack of safe sites provided by nurse plants
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disappear when a critical abundance threshold is crossed (McConkey and Drake 
2006). The feeding behavior of the nectar-feeding bat Leptonycteris yerbabuenae, 
the most important pollinator of Agave and CC, is highly affected by floral avail-
ability (Estrella Ruiz 2008). This author found that visitation rates and pollination 
of the nectar-feeding bat to A. potatorum, one of the most important species for 
mezcal production, is the highest in localities with the highest overall floral density, 
at medium floral densities bat pollination is inefficient, whereas at the lowest floral 
density pollination is totally absent (Estrella Ruiz 2008).

Clearly, mismatches expected through the network simulations and observed 
ones may be a consequence of working with a limited number of interaction net-
works. In addition, this limitation precludes to have a complete real evaluation of 
the effects of species overextraction. For example, columnar cacti can produce 
between 815 kg ha−1 to 1100 kg ha−1 fruits (Rojas-Martínez et al. 2012). According 
to our preliminary observations, fruits, pulp, or seeds are consumed by at least 119 
species, among invertebrates (ants which mostly are granivores) and vertebrates, 
(mainly birds, rodents, and some carnivores such as Canis latrans and Urocyon 
cinereoargenteus), which means that a reduction in the number of fruits, as a conse-
quence of bat-abundance reduction may affect the maintenance of these species. 
Moreover, and considering that the TCV vegetation is a mosaic of plant communi-
ties dominated by columnar cacti and agave species below 2000 m of altitude, it is 
possible that mezcal boom may collapse different ecosystems at a regional level. In 
fact, the mezcal boom has the potential to scale up considering that the distribution 
of columnar cacti and agaves follows a similar pattern in Mexico. As long as the 
national and international demand for mezcal increase at an exponential rate, differ-
ent regions of the country’s 27 producing states will be strongly affected by overex-
ploitation, as well as by deforestation to establish agave monocultures.

This will have great impacts, especially the co-extinction of species and eventu-
ally the collapse of ecosystems mainly in arid environments and possibly with vari-
ants, depending on the degree of interdependence between species to those already 
described.

The arid ecosystems of Mexico, which are those that maintain the highest per-
centage of the country’s endemic flora (Rzedowski 1962) and which are ecosystems 
governed by facilitation processes (Valiente-Banuet and Verdu 2007), and inhabited 
by at least 30 ethnic groups (Casas et al. 2010) and unquantified number of peasant 
communities, are in danger because they depend on their ecosystems’ services for 
survival.
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