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ABSTRACT. Introduction: Places with high species diversity have high linguistic diversity, whereas areas
with low species diversity tend to have low linguistic diversity. Objective: To characterize the intriguing rela-
tionship between biological and cultural diversity, a correlation that has been discussed at a global scale, but
here tested for the first time in Mexico. Methods: We compiled exhaustive databases on both endangered spe-
cies and endangered languages, and reviewed available literature on Mexico’s biocultural diversity with a focus
on endangered and critically endangered species and languages. Results: With 364 living languages, Mexico
is the world’s fifth most linguistically diverse country, but 64 of these languages are facing a very high risk of
disappearance and 13 have already disappeared. Mexico is also the fourth most biologically diverse country,
but 1 213 species of its flora and fauna are threatened with extinction and at least 127 species were recently
extinct. Conclusions: Indigenous peoples are custodians of much of the world’s biocultural diversity. As the
world grows less linguistically and culturally diverse, it is also becoming less biologically diverse. Mexico’s
biological and linguistic diversity show strong geographic overlap, with the states of Oaxaca, Chiapas, Veracruz,
Guerrero, and Michoacan harboring most species and most languages. Similarly, Mexico’s biodiversity hotspots
mirror language hotspots, and areas with the highest number of endangered species overlap with areas where the
endangerment of languages is also the highest.

Key words: languages, linguistics, traditional knowledge, indigenous people, biodiversity, Mexico, endangered
species, extinction.
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The United Nations Convention on Biolo-
gical Diversity defines “indigenous” as those
people who have historical continuity with pre-
invasion and pre-colonial societies, that have
developed on their own territories, and who
consider themselves distinct from other sectors
of society now prevailing in those territories. To
raise awareness of their importance for huma-
nity, the United Nations designated 2019 as the
“International Year of Indigenous Languages.”

Biocultural diversity encompasses the link
between biological diversity and humankind’s
cultural diversity, and identification of

ecological conservation hotspots and linguis-
tics are the two pillars of biocultural diversity
analyses. Trends in biological diversity and
cultural/linguistic diversity parallel one another
(Maffi, 2001, 2005) and there is a documen-
ted correlation between the two (Miihlhédusler,
1995; Harmon, 1996; Nettle & Romaine, 2000;
Oviedo, Maffi, & Larsen, 2000; Moore et al.,
2002; Sutherland, 2003; Stepp et al., 2004;
Fincher & Thornhill, 2008; Gorenflo, Romai-
ne, Mittermeier, & Walker-Painemilla, 2012).
Research across both continental and regional
scales have identified patterns of co-occurrence
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of linguistic and biological diversity around the
world, and nations/areas with high biodiversity
also tend to have high linguistic and cultural
diversity (Toledo, 1994; Harmon, 1995, 1996;
Nettle, 1996; Nettle & Romaine, 2000; Stepp
et al., 2004; Loh & Harmon, 2005; Toledo &
Barrera-Bassols, 2008; Gorenflo et al., 2012).
The countries with the highest linguistic diver-
sity (jointly having 54 % of all living langua-
ges) are Papua New Guinea, Nigeria, India,
Mexico, Cameroon, Australia, the Democratic
Republic of the Congo, and China (Harmon,
1995); and the most bioculturally diverse coun-
tries as measured by their centers of biological,
linguistic, and agricultural diversity, as well
by the presence of indigenous peoples, include
those plus Indonesia, Brazil and Peru (Toledo
& Barrera-Bassols, 2008).

The conceptual framework of biocultural
diversity draws upon a common interest in
understanding and preserving the relationships
between biological, linguistic, and cultural
variety and range. For indigenous people,
biological, cultural, and linguistic diversities
are intrinsically linked, as are environment
and development. Biocultural diversity is often
used as an index, or measure, to assess geo-
graphical regions in terms of the status or
linkages between biological, cultural and lin-
guistic diversity (Harmon, 1996; Sutherland,
2003; Harmon & Loh, 2010; Gorenflo et al.,
2012). Languages, like genes, are “documents
of history,” and a vast amount of information
about our past is inscribed in the content and
structure of the approximately 7 100 languages
that are spoken today (Gray, Quentin, & Gre-
enhill, 2018). Present-day indigenous cultures
and languages are an expression of the long
historical legacy of interrelationships between
humans and nature (Toledo & Barrera-Bassols,
2008). Conservation practitioners should also
embrace biocultural approaches for social jus-
tice, legal, and practical reasons (Gavin et al.,
2013, 2015). This view was convincingly arti-
culated in the Indigenous Peoples International
Declaration on Self-Determination and Sustai-
nable Development at the 2012 United Nation’s
Rio+20 Summit, which reaffirmed that cultural

belief systems and worldviews of indigenous
people are fundamental to biodiversity protec-
tion and sustainable development.

Species are the basic units of biodiversity,
while languages serve to measure the diver-
sity of cultures, and the striking parallels in
their evolution suggest that nature and culture
evolved in similar fashion (Harmon, 1996). In
practical terms, there is an emphasis on lan-
guage over other aspects of culture and identity
because it strongly circumscribes an indige-
nous group. Homo sapiens displays a remarka-
ble linguistic diversity that correlates strongly
to areas of plant and animal diversity—and
both may be moderated by similar environmen-
tal factors, such as temperature and rainfall.
Both domains also involve the transmission of
discreet heritable units: genes in biology, and
socially-transmitted units such as words and
morphosyntax in linguistics. Both can be alte-
red as they pass through generations and thus,
they display a hierarchical relationship over
time. Languages, like biological species, are
therefore related through nested patterns of des-
cent allowing their evolutionary history to be
depicted in branching patterns, or trees (Dunn,
2014). Of course, some words do enter langua-
ges by way of diffusion, or “borrowing” from
other cultural sources (Campbell, 1997), and
these instances are comparable to horizontal
gene transmission in the scheme of biodiversity
assessment and phylogenetics. Nonetheless,
just as the historical evolution of species can
be inferred by phylogenetic analysis, so the
history of linguistic diversity can be estimated
by phylogenetics (e.g., Bouckaert et al., 2012;
Birchall, Dunn, & Greenhill, 2016; Gray et
al., 2018). In both cases, the phylogenies can
be overlain by areas of endemicity to produce
dated phylogeographic reconstructions. In the
case of cultures and linguistics, this amounts to
what has been called “virtual archeology.”

Three types of language diversity have
been recognized (Gavin et al., 2013). Langua-
ge richness refers to the number of languages
within a given area. Phylogenetic language
diversity is the minimum total length of all
branches needed to span a set of “language
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taxa” on a phylogenetic tree. Linguistic dis-
parity refers to the range of expression in a
language trait within a clade. Languages differ
on a multitude of structural levels, including
phonology, morphology, and syntax. There is
a strong latitudinal gradient in both language
richness and biological richness (Gavin et al.,
2013, 2015).

It has been proposed that human languages
reached their maximum number (estimated at
12000) at the end of the Pleistocene, directly
predating the rise of agriculture (Harrison,
2007). In the non-sedentary hunter-gatherer
societies of the time, the dominant force in lan-
guage creation is likely to have been fissioning
mechanisms (Hamilton, Milne, Walker, Bur-
ger, & Brown, 2007), although such historical
“splits” might be blurred by inter-language
diffusion, or borrowing, as noted above (e.g.,
Campbell, 1997). The number of languages
has been in decline since the Neolithic as agri-
cultural groups have spread, replacing hunter-
gatherers, and population movements have
tended to reduce global language diversity
(Nettle, 1999a, 1999b). A substantial body of
theoretical work suggests that the spread of
politically complex agricultural societies was
a dominant factor in the reduction of language
diversity (Renfrew, 1994).

After examining nearly 7000 languages
spoken on Earth today against the planet’s
biological diversity and biodiversity hotspots,
Gorenflo et al. (2012) found that more than
4800 languages occur in regions containing
high biodiversity, and 3202 languages occur in
35 previously defined biodiversity hotspots. Of
the languages found in biodiversity hotspots,
1553 are spoken by 10000 or fewer people,
and 544 are spoken by 1000 or fewer people.

Greater geographic heterogeneity, as mea-
sured by more-diverse habitats or higher topo-
graphic complexity, is commonly correlated
with greater species diversity (e.g., Kerr &
Packer, 1997). A link between geographic hete-
rogeneity and diversity also appears to exist
for languages. Environmental variables have
been noted as important predictors of linguistic
diversity patterns, and historical processes of

co-evolution of small-scale human groups with
their local ecosystems have been proposed
(Harmon, 1996; Maffi, 1998).

Three narratives have been offered to
explain the correlation between biological
and cultural diversity (Maffi, 2001): geogra-
phic determinism (both species and languages
diversify in heterogencous landscapes with
geographic barriers); ecological determinism
(linguistic diversification occurs in response
to high biodiversity as cultural groups encode
their knowledge of rich biotas); and historic
determinism (areas of high linguistic diver-
sity today are “residual,” persisting because
of their geographic isolation from extensive
agricultural development, implying that now-
impoverished areas were once more diverse).

Today, linguistic diversity and biological
diversity face similar threats and are both in
crisis because of human population growth
and increasing consumption (Loh & Harmon,
2014). One of the biggest challenges for bio-
cultural conservation is ensuring that indi-
genous peoples obtain recognition of their
rights to the resources found on their lands
and territories on which they depend on for
their economic, spiritual, cultural, and physical
well-being (Inter-American Commission on
Human Rights, 2009), and that these translate
into tangible policies and action at the natio-
nal and international level. Which is, by no
means, an easy task since it has been estima-
ted that about 12-20 % of areas under human
management worldwide are indigenous lands
(Toledo, 2001a).

Different cultures perceive and value bio-
diversity in different ways because of their
distinct heritage and experience. Posey (1999)
argued that cultural diversity parallels ecologi-
cal diversity, and local traditional adaptations
are often the most environmentally sound.
Through time, as local communities interact
closely with their environment and modify it as
they adapt to specific ecological niches, they
acquire detailed knowledge of the environ-
ment and how to manage it for their long-term
benefit. Languages thus carry deep eco-cultu-
ral knowledge, and embedded in indigenous
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languages is knowledge about habitats, plant
life, animal behavior, conservation methods,
and many other aspects of the natural world
(Harrison, 2007).

The world’s inhabitants today speak around
7100 languages, patterned unevenly across the
Earth. But, roughly half of the world speaks
only 24 languages, and have from tens to hun-
dreds of millions of speakers, while the other
half of the population speaks the remaining
7073 languages, of which around half have
fewer than 10000 speakers (Lewis, Simons, &
Fennig, 2016; Simons & Fennig, 2018). Since
1950, 230 languages have disappeared and at
least 3000 have become endangered, of which
577 are critically endangered (78 have 10-50
speakers, and 146 have fewer than 10 speakers)
(United Nations Educational, Scientific and
Cultural Organization [UNESCO], 2010). And,
according to UNESCO, nearly 40 % of the
world’s population lack access to education in
a language that they speak or understand. In the
next 30 years, over half of the world’s langua-
ges will likely go extinct or be spoken by only
a few old people (Harrison, 2007).

While much effort has and is being spent
to stem the loss of plant and animal species, the
loss of languages is receiving far less attention
and is actually being ignored in many parts of
the world, particularly in developing countries,
for a variety of reasons. As the world grows
less linguistically and culturally diverse, it is
also becoming less biologically diverse. Biolo-
gists estimate an annual loss of species at 1 000
times or greater than historic rates, and linguists
predict that 50-90 % of the world’s languages
will disappear by the end of this century (Nettle
& Romaine, 2000; Gorenflo et al., 2012).

More than 70 % of the world’s biodiver-
sity is found in only 17 countries, of which
15 are in the developing world and 6 are in
Latin America (Mittermeier, Myers, Gil, &
Mittermeier, 1999). The most species-rich,
human-accessible environments are tropical
rain forests and deciduous forests, coral reefs,
and large tropical lakes (Millennium Ecosys-
tem Assessment [MEA], 2005). Even though
the world’s tropical forests occupy only 7 %

of the land area, they have been estimated to
contain over half the world’s species (Oviedo
et al., 2000; Corlett & Primack, 2010). Of the
93579 species of plants and animals assessed
by the Red List of the International Union for
the Conservation of Nature (IUCN) until 2018,
more than 26000 (28 %) are threatened with
extinction, including 41 % species of amphi-
bians, 35 % of reptiles, 25 % of mammals,
13 % of birds, 7.5 % of bony fishes and 63
% of cycads. Those estimates, however, are
very conservative given that the species eva-
luated only represent about 4 % of the nearly
two million living species described to date
(Brusca, Moore, & Shuster, 2016; Primack &
Vidal, 2019), and far less than the estimated
total number of species on Earth (estimates
range from around 10 to 100 million species
of prokaryotes, protists, plants, fungi, and
animals) (Mora, Tittensor, Adl, Simpson, &
Worm, 2011; Brusca et al., 2016). At least 479
species of vertebrates and 116 species of plants
have gone extinct in modern times, due mainly
to habitat destruction and fragmentation, ove-
rexploitation, and invasive species. Although
the global extent of protected land has roughly
doubled in size since the 1992 Earth Summit in
Rio de Janeiro, with more than 202 000 protec-
ted areas now covering 14.7 % of the world’s
terrestrial area, 6 x 10° km? (32.8 %) of that
protected land globally is under intense human
pressure (Jones et al., 2018).

In this paper, we test the hypothesis that
a pattern of co-occurrence of biological and
cultural diversity exists in Mexico. We do this
by examining the available data on species
diversity and language diversity across all
Mexican states, and by looking for areas of
overlap between regions of high diversity and
extinct/threatened/endangered diversity in spe-
cies and languages.

MATERIALS AND METHODS

Much has been written on Mexico’s bio-
diversity (for a review see Sarukhan et al.,
2017). However, little has been published in the
peer-reviewed literature on its rich linguistic
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diversity. We extensively reviewed the availa-
ble literature, including government reports, on
Mexico’s biocultural diversity with a particular
focus on endangered and critically endangered
species and languages to look for overlapping
geographical distributions and threats. Most of
the information we use regarding the languages
of Mexico comes from an exhaustive appraisal
of reports by Mexico’s National Institute of
Indigenous Languages (Instituto Nacional de
Lenguas Indigenas [INALI], 2012) and official
published government records (Diario Oficial
de la Federacion, 2008, 2010a). From these
sources, we compile a robust set of data, though
much of it is qualitative (not quantitative).

Our ranking criteria for biological spe-
cies follow the IUCN, and we consider a
species critically endangered when it faces
an extremely high risk of becoming extinct,
and endangered when it faces a very high
risk of becoming extinct (IUCN, 2018). We
follow two closely aligned criteria for defining
endangered languages. The first, more detailed
criterion, from INALI (2012), considers that a
language has very high risk of disappearance
when the total number of speakers is less than
100, the number of child speakers is less than
25 %, and the speakers are less than 30 % of the
population in all localities; and a language is at
high risk of disappearance when the total num-
ber of speakers is less than 1 000 but higher
than 100, the number of child speakers is less
than 25 %, and the number of speakers in just
one locality is less than 30 %. The second crite-
rion considers a language critically endangered
when the number of speakers is less than 50,
and endangered when the number of speakers
is less than 250 (Loh & Harmon, 2014; Simons
& Fennig, 2018). Both of these criteria are in
line with the degrees of endangerment establis-
hed by UNESCO (2010).

A linguistic variant has structural and
lexical differences when compared with other
variants in the same linguistic group. And those
that speak a variant have a sociolinguistic iden-
tity that contrasts with the sociolinguistic iden-
tity of those that speak other variants within
the same linguistic group (Diario Oficial de

la Federacion, 2008). Those differences could
be sounds, words, meanings, and uses that
result in speakers of one variation being una-
ble to understand speakers of other variations.
Variants are therefore often seen as equivalent
to languages (INALI, 2012) and are considered
as such in this paper.

RESULTS

Biological Species

Mexico harbors 10-12 % of the world’s
biological diversity and is ranked as the fourth
megadiverse country after Indonesia, Brazil
and Colombia (Mittermeier & Mittermeier,
1992; Mittermeier et al., 1999; Toledo, Boege,
& Carrera-Bassols, 2010; Sarukhan et al.,
2017). So far, 118030 (66.44 %) of the esti-
mated 177641 species of animals and vascular
plants of Mexico have been described (Comi-
sion Nacional para el Conocimiento y Uso de
la Biodiversidad [CONABIO], 2008; Sarukhan
et al., 2017): 23314 species of vascular plants,
564 mammals, 1150 birds, 908 reptiles, 399
amphibians, 2 763 fishes (2224 marine), 11472
non-arthropod invertebrates, 11 185 non-insect
arthropods, and 66275 insects. These estima-
tes include terrestrial, freshwater, and coastal
marine species.

As in other parts of the world, tropical
regions in Mexico contain more species than
temperate areas; although there are certain
groups that are particularly diverse in arid
zones, such as cacti, of which at least 677
species are found in the country, 518 of them
being endemic (Davila et al., 2002; Villasenor,
2016). The states of Oaxaca, Chiapas, Veracruz
and Guerrero (all in the South/Southeast and
close to Guatemala and Belize) and Michoacan
are home to the bulk of the country’s biodi-
versity (see also Toledo et al., 2001). Mam-
mal, reptile and amphibian species richness is
much higher in Oaxaca, Chiapas, Veracruz and
Tabasco (CONABIO, 2008) and although it
varies among different groups, tropical humid
regions appear to have fewer endemic species
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than arid and semiarid regions (CONABIO,
2016). Oaxaca alone is home to almost half of
Mexico’s known species of vertebrates, 19 %
of the known invertebrates, and 40 % of the
known plants (Gonzalez-Perez, Briones-Salas,
& Alfaro, 2004).

At least 127 species of Mexican flora and
fauna (58 % of them endemic) are known to
have gone extinct through 2008 (Table 1).
However, since most recorded extinctions have
occurred on islands and in continental lagoons
and rivers, and include only flowering plants
and vertebrates, the actual number of extinc-
tions (including other habitats and taxa) is
probably much higher. There are today 1 213
Mexican species (many endemic) threatened
with extinction (Diario Oficial de la Federacion,
2010b; IUCN, 2018; Supplemental Material):
94 (73 endemic) species of mammals, 66 (24)
birds, 97 reptiles, 219 (182) amphibians, 181
fishes, 8 mollusks, 98 other invertebrates, and
450 plants (including 12 conifers, 41 cycads,
133 cacti and 22 magnolias). Unsurprisingly
—given the extent of habitat destruction and
fragmentation in Oaxaca, Chiapas, Veracruz,
Guerrero, Michoacan, and states adjacent to the
Gulf of California, including its many islands
and islets— threatened hotspots are located
mostly in those regions.

Languages

Today, 25.7 million (21.5 %) of Mexico’s
inhabitants are indigenous peoples, and 7.4
million (6.5 % of all Mexicans older than three

years) speak an indigenous language (Instituto
Nacional de Estadistica y Geografia [INEGI],
2010, 2015); although in some states such as
Chiapas, Oaxaca and Yucatan that percentage
is nearly 30 % (CONABIO, 2016). Indige-
nous land represents approximately 14.3 %
(or 28 million hectares) of the country’s total
territory (Boege, 2008, 2009) and nearly half
of the most important watershed headwaters
are occupied by indigenous peoples. About a
third of Mexico’s protected natural areas (at
the federal level) have indigenous populations
living within them, and approximately 70 % of
Mexico’s indigenous land is under some sort
of priority for the conservation of its rich bio-
logical resources (Toledo et al., 2010). There
are 64 172 named localities with indigenous
people and a quarter of Mexico’s social proper-
ties are located within 4 786 ejidos (communal
land, which in Mexico is land expropriated
from owners of large tracts and redistributed
for shared use as farmland, especially to poor
populations, in accordance with the Agra-
rian Reform Act of 1917) and 1258 agrarian
communities in territories own by indigenous
people (INEGI, 2015). The states of Oaxaca,
Chiapas, Veracruz, Guerrero, Hidalgo, Estado
de México, and Yucatan are home to 77 % of
the Mexico’s indigenous people, while the sta-
tes of Coahuila, Colima and Zacatecas have the
lowest indigenous populations.

Today, with 364 living languages, Mexico
is the world’s fifth most linguistically diverse
country after Papua New Guinea, Indonesia,

TABLE 1
Mexico’s recorded extinct species of fauna and flora (CONABIO, 2008; Sarukhan et al., 2017)

States/Islands

Hidalgo, Veracruz, Jalisco, Isla Guadalupe

Nuevo Leon, Coahuila, Jalisco, Durango, México, Veracruz

Oaxaca, Veracruz, Guerrero, Querétaro, Hidalgo, Durango

México, Sonora, Coahuila, Michoacan, Colima (Isla Benedicto), Baja California

(Islas Todos los Santos), Isla Guadalupe, Isla Socorro

Baja California (Islas Todos los Santos, Coronado, Turner, and San José),

Nayarit (Archipiélago las Marias), Sonora (Isla San Pedro), Isla Angel de la

Taxa Extir'lct Ender'nic
Species Species
Plants 26 5
Fish 38 20
Amphibians 29 29
Birds 19 11
Mammals 15 9
Guarda, Isla San Juanito
Totals 127 74
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Nigeria and India (Diario Oficial de la Federa-
cion, 2008; Toledo et al., 2010; INALIL, 2012).
Mexico’s indigenous languages belong to 11
linguistic families and 68 linguistic groups
(Diario Oficial de la Federacion, 2008; INEGI,
2010; INALI, 2012). This cultural richness is,
however, threatened.

Four linguistic groups comprise the lar-
gest numbers of speakers in Mexico —Nahuas
(1376000 speakers), Maya (759 000), Mixteco
and Zapoteco (> 400000)— while 22 groups
each have less than 1000 speakers. Oaxaca,
Puebla, Chiapas, Veracruz and Guerrero are
the states with the highest linguistic diversity;
densities of languages in Oaxaca, Veracruz
and Guerrero are comparable to areas in Papua
New Guinea, the Himalayas, Nigeria, and
Cameroon (CONABIO, 2008). Ninety percent
of the people who speak the Cochimi-Yuman
family (Cucapd, Paipai, Kumiai, Ku’ahl and
Kiliwa) live in Baja California and Baja Cali-
fornia Sur, all of which are at high or very
high risk of disappearance. Cochimi is not a
“modern” Yuman language, but one that likely
split off from a Proto-Yuman tongue long ago
(Mixco, 1978).
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The status of speakers among ethnic groups
differs greatly throughout Mexico. There are
groups in which only the elders speak the lan-
guage (in Mexico), as is the case of the Ixca-
teco, Ayapaneco, Kiliwa, Paipai, Cucapd and
Ku’ahl; and those for which adults speak the
language, but children do not, such as Tlahuica,
Mocho’, Tuzanteco, Teko, Awakateko, Olute-
co, Ayapaneco, Texistepequefio, Chocholteco,
Kagqchikel, Ixil, and Ixil chajulefio (INALI,
2012). However, Kaqchikel and Ixil are langua-
ges probably represented today in Mexico by
relatively recent immigration from Guatemala,
where they remain strongly represented. At
least 13 languages have gone extinct in Mexi-
co: Perict, Solteco, Naolan, Opata, Pochuteco,
Cuitlatec, Pame (Southern), Tepecano, Tubar,
Chiapaneco, Eudeve, Pochuteco and Cochimi.
Of the 364 languages spoken today in Mexi-
co, 64 are in very high risk of disappearance
(less than 100 speakers survive) and 43 are in
high risk of disappearance (less than 1000 but
more than 100 speakers survive (INALI, 2012)
(Table 2, Fig. 1). Nine languages in Mexico
are also considered by Simons and Fennig
(2018) to be critically endangered (less than
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/
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Fig. 1. Mexico’s languages at very high risk of disappearance shown in red (from INALI, 2012; coloring denotes areas in
which the language is spoken), and its most biologically diverse states bordered in green.
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1. Localities included are those with historic settlements.

2. Also known as edties y coras.

3. Related to Chatino and Zapoteco languages.

4.  Last speaker died in the 1960s.

5. Extinct ca. 1950.

6. Boas (1917).

7. Last speakers reportedly died around 1930, but the 1990 census lists 12 speakers.

8. Formerly spoken by a small group of people. The last speaker was born in 1895 (Holt 2001) and no remaining speakers
are known after 1972.

9.  As many as 100 in 1970; see also Lionnet (1978).

10.  Ethnic population is 32.

11.  Also known as heve and dohema; extinct since about 1940; see also Lionnet (1986).

12. In her essay “El noroeste: Sonora” (http://www.fundacionunam.org.mx/humanidades/eudeves-una-etnia-extinta/),
historian Isabel Verdugo de Juarez locates the territory occupied by Eudeves as: “In the north they were found along
the mid-portion of the San Miguel River (Horcasitas River) in Saracachi, Cucurpe o Opodepe. In the south they we
found at the springs along the Matepe River, the banks of Moctezuma River and part of Nevoma or Yaqui Rivers. This
area encompassed the historical sites of Batuco, Tepupa, Bacanora, Soyopa and Toénachi.”

13.  Extinct in 1954 (Boas 1917; Knab 1980).

14. From the first contact with Europeans 300 years ago, the Cochimies have occupied the central part of the Baja
California peninsula and the state of Baja California Sur. Although there was some minor dialect variation over the
vast area where Cochimi was spoken, they were mutually intelligible (T. Bowen, pers. comm.). Originally, there were
no large settlements and they were basically nomads. The guamas or sorcerers had an important position in the original
culture; there were no writing or formal artistic expressions. They were gatherers and fishers, who did not practice
agriculture nor have livestock.

15. Ethnic population is 150; this may include Kumiai in La Huerta who call themselves Cochimi; old Cochimi is extinct
(Simons & Fennig 2018).

16. A total of 15 Kiliwa people survived in 2018 and the number of speakers is given as 29 (INALI 2012); however, in
February 2018 one of the last three speakers died in Ejido Tribu Kiliwas, Valle de la Trinidad, near Ensenada.

17.  Ethnic population of 16 in 2016.

18. It has been reported that in 2003 there were only two native speakers (the youngest then 72 years old) and three semi-
speakers; the community apparently agreed to stop speaking Zapotec in 1965 (Beam de Azcona, 2004).

19. A total of 166 elder speakers was also reported (INALI 2010).

20. Reported as Xuani-Ixcateca by Molina Cruz (2010), who described efforts to save this language using video (see also
https://www.youtube.com/watch?v=IN2M-Rb7LM0).

21. A total of population of nine and only a few elder speakers (in 2009) were reported (Simons & Fennig, 2018).

22. A total of 30 speakers, all over the age of 70, were reported in 1998 (Simons & Fennig, 2018).

23. The Kickapoo arrived in Mexico in the nineteenth century when, after the Anglo-Saxon invasion of their territory,
they asked the Mexican government for a place to live; in exchange the government asked them to defend Mexican
residents against the frequent attacks from the Comanche. Since then, the Kickapoo of Mexico have been known in
the United States as the “Texas gang.”

24. Caccavari Garza (2014) reported less than 30.

25. Caccavari Garza (2014) reported less than 50.

26. According to Caccavari Garza (2014) most people are in Comunidad Indigena de Santa Catarina, but they are also
present in San Isidoro, Valle de la Trinidad and Ejido Héroes de la Independencia.

27. Caccavari Garza (2014) reported less than 50.

28. According to Caccavari Garza (2014) mainly located in two municipalities and the communities of Juntas de Neji en

Tecate, San José de la Zorra, San Antonio Necua y La Huerta, Ensenada.

50 speakers survive), and 29 endangered (less
than 250 speakers survive). The ones with the
highest risk of going extinct in the immediate
future are: Kiliwa (2 speakers survive), Awaka-
teco (3 speakers), Tuzanteco (5 speakers),
Ayapaneco (8 speakers), Ixil nebajefio (12
speakers), Zapoteco de Mixtepec (14 speakers),

Ku’al (20 speakers), Ixcateco (21 speakers),
Kaqchikel (35 speakers), Zapoteco de San
Felipe Tejalapam (50 speakers), Ixil chajule-
flo (52 speakers), and Zapoteco de Asuncion
Tlacolulita (53 speakers). Mexico’s 56 extinct
and endangered languages occur in 16 states,
most (77 %) in Oaxaca (16), Baja California
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(7), Chiapas (6), Campeche (6), Sonora (4) and
Quintana Roo (4) (Table 2, Table 3).

As a stark reminder, one language and
one species, both located in Baja California,
will probably go extinct within the next very
few years. With only two speakers alive in late
2018, the Kiliwa is Mexico’s most endange-
red language and is condemned to extinction
(INALIL 2012; Caccavari Garza, 2014). And,
with a population of fewer than two dozen
individuals in 2018 (Comité International para
la Recuperacion de la Vaquita [CIRVA], 2019),
probably even fewer today, the vaquita porpoi-
se (Phocoena sinus), Mexico’s only endemic
and the world’s most endangered marine mam-
mal, is being driven to extinction by illegal
fishing for the endangered and endemic totoaba
(Totoaba macdonaldi) (Vidal, 1995; Brusca,
Alvarez-Borrego, Hastings, & Findley, 2017;
Thomas et al., 2017; Rojas-Bracho et al., 2018).

TABLE 3
States in Mexico with extinct or endangered languages

State Number of extinct and
endangered languages

Oaxaca 16
Baja California
Chiapas
Campeche
Sonora
Quintana Roo
Chihuahua
Jalisco
Tabasco
Veracruz
Guerrero
Tamaulipas
Baja California Sur
Mexico State
Coahuila
Nayarit

e ' VS B~ NG NN N |

DISCUSSION

Places with high species diversity, especia-
lly tropical forests, tend to have high linguistic
diversity, and areas with low species diversity,
such as tundra and deserts, have low linguistic

diversity (Sutherland, 2003; Loh & Harmon,
2005). For instance, Papua New Guinea covers
less than 1 % of the world’s land area but
is home to the world’s third largest tropical
rainforest (after the Amazon and the Congo)
(Bryan, Shearman, Ash, & Kirkpatrick, 2010),
and is also home to 6-8 % of the Earth’s animal
and plant species (two thirds of them ende-
mic) and 12 % of the world’s living languages
(Papua New Guinea’s Fifth National Report to
the Convention on Biological Diversity, 2014;
Simons & Fennig, 2018).

Indigenous people are custodians and lan-
downers of much of the biodiversity worldwi-
de. The world’s 370 million indigenous people
make up less than 5 % of the total human popu-
lation, yet they manage or hold tenure over 25
% of the world’s land surface that supports
about 80 % of the global biodiversity (Raygo-
rodetsky, 2018).

There are increasing numbers of examples
of non-industrial people living in harmony
with their natural environment, such as rural
communities in Hawaii (McGregor, 1999);
the Kayapo Indians of Middle Xingu Valley in
Brazil (Posey, 1999); the Dai, an indigenous
ethnic group in Southwest China (Shenghi,
1999); and the Sapara of Ecuador (Raygorodet-
sky, 2018). Numerous studies have proven how
traditional ecological knowledge and practices
have effectively served to protect and maintain
natural environments (e.g., Posey, 1999; Ber-
kes, 2001; Cunningham, 2001; Wiersum, 2004;
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services [[PBES],
2018). In addition, biocultural conservation
can help secure the rights of indigenous and
local people and help maintain a focus on
social justice.

The current rate of extinction of languages
worldwide, and loss of knowledge they con-
tain, has no parallel in human history (Harri-
son, 2007). Language loss in some areas, such
as the Americas, has reached 60 % over the last
35 years (Harmon & Loh, 2010). Indeed, the
most rapid losses in linguistic diversity have
occurred in this region, where 60 % of langua-
ges are threatened or have gone extinct since
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1970. And this is not limited to developing
countries. Policies in the United States, parti-
cularly between the 1870s and 1930s, greatly
suppressed Native American languages and
culture. It was only after years of activism by
indigenous leaders that the U.S. Native Ameri-
can Languages Act was passed in 1990, which
allowed for the preservation and protection of
indigenous languages.

Languages can go extinct either because
the entire population of speakers dies out, or
because the speakers shift to a different lan-
guage and forget their mother tongue due to the
loss of intergenerational transmission. Much of
the decline in linguistic diversity is a result of
language shift away from small indigenous lan-
guages toward national or regional languages
(Loh & Harmon, 2014). Along with the disap-
pearance of languages, most of the rich tradi-
tional knowledge of these indigenous cultures
is largely lost forever, including knowledge of
the natural history of the world in which the
language resided.

Languages are a critical measure of the
cultural diversity of nations, while species
richness is a measure of their biological diver-
sity. Mexico offers an important case on the
challenges to conserve both. With at least
118 species of economically important plants
totally or partially domesticated by indigenous
pre-Hispanic farmers, Mexico has been a glo-
bal center of plant domestication. More than
15 % of edible vegetable species consumed in
the world originated in Mexico (CONABIO,
2008; Perales & Aguirre, 2008; Bellon et al.,
2009; Sarukhan et al., 2017). In addition, bet-
ween 3 000-4 000 medicinal plant species are
regularly used by Mexicans, and indigenous
people in Mexico use 5 000-7 000 plant species
in various cultural activities (Boege, 2008). It
has been suggested that almost every species
of plant and animal, type of soil, landscape, and
mountain in Mexico has its match in a linguis-
tic expression, knowledge category, practical
use, mythical or religious meaning, or a known
individual or collective experience (Toledo et
al., 2001a, 2001b).

Mexico’s early cultures relied heavily on
natural resources, including the harvesting of
coastal and estuarine resources in the Holocene.
In the Baja California-Gulf of California region
this included fishing and intensive hunting
of dolphins and sea turtles beginning at least
10000 years ago (Bowen, 1976, 2000, 2006,
2009; Felger & Moser, 1987; Felger, Nichols,
& Seminoff, 2005; Fujita, 2006; Marlett, 2014).
By around the year AD 1000, four important
centers of indigenous socio-economic and cul-
tural concentration surged in this region, which
reflected changing patterns of harvesting of
marine resources. First, during the early 16"
and 17" centuries, the Perict, who lived along
the deserts of Los Cabos region in the South of
the peninsula, were hunters and shell gatherers
(concheros), and disappeared (together with
their language, its phylogenetic classification
remaining unknown) in the second half of 18
century (Fujita, 2006). The exploitation of
marine mammals, the associated stone tools,
and the construction of enormous shell mounds
by the Pericu display striking similarities to
the Chumash people of the Channel Islands in
Southern California in the United States (Beer,
Gonzalez, Huddart, Rosales-Lopez, & Lamb,
2008). Second, the Guaicuras and the Cochi-
mis, the latter inhabiting the center and North
of the Baja California peninsula, were also
shell gatherers and fishers. Third, the Seris on
the (“mainland”) coastal Sonoran Desert were
(and still are) fishers and gatherers. And fourth,
the Yumas, Pimas Altos and Papagos in North-
Central Sonora and the tip of the peninsula
were desert gatherers-farmers (Nolasco, 1982).
The central desert area of the Baja California
peninsula had the least linguistic diversity (and
probably the lowest biological diversity; T.
Bowen, personal communication).

Loss of biocultural diversity in Mexico
(and the Americas in general) began as soon as
Europeans arrived. Although estimates of the
Native American population size of Mexico
upon first arrival of Europeans in 1519 vary
greatly (from less than 3 million to over 52
million), most researchers put it at around 20
million (Koch, Brierley, Maslin, & Lewis,
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2019). At the time, large areas of land were
under cultivation with maize, cacao, and fruit
orchards (Whitmore & Turner, 1992). This
indigenous population quickly began to collap-
se from warfare, slavery, and the introduc-
tion of pathogens unknown in the Americas
(e.g., influenza, smallpox, bubonic plague).
The most devastating epidemic in Mexico
occurred in 1520, when a single smallpox
outbreak killed an estimated 30 to 50 % of the
indigenous population (Cook & Borah, 1960;
Dobyns, 1993; McCaa, 1995). Following the
first comprehensive census in 1568, the popu-
lation of central Mexico had already declined
to 2.7 million (Sanders, Pasons, & Santley,
1979), which corresponds to an approximate
decline of 87 % within the first 50 years of
European arrival (based on a contact popu-
lation of 20 million) (Whitmore & Turner,
1992). A rapid population collapse of up to 90
% is plausible for the most populous parts of
the country (Koch et al., 2019). One can only
speculate how many indigenous languages
were lost or put on a path toward extinction
during this period. In Northern Mexico many
groups of hunters and gatherers who spoke
unknown languages perished because of the
extermination campaigns launched by Spanish
conquerors (Borah & Cook, 1963).

Today, there is strong geographical over-
lap between the states that harbor the bulk of
Mexico’s biological and linguistic diversity,
with Oaxaca, Puebla, Chiapas, Veracruz, Gue-
rrero and Michoacan standing out. Further-
more, Mexico’s biodiversity hotspots closely
mirror its language hotspots: areas with the
highest number of endangered plant and animal
species overlap with those where the endanger-
ment of languages is greatest. Most of Mexico’s
dry forests, tropical rain forests, and temperate
rain forests, which are home to high levels of
biological and linguistic diversity, belong to
indigenous communities, and almost a third
of the country’s federally protected arecas are
within indigenous territories (Sarukhan et al.,
2017). It has been estimated that nearly 90
% of Mexico’s indigenous population live in
forested areas, while the rest live in arid and

semi-arid regions with shrub or grasslands
(Toledo et al., 2001a, 2001b).

Oaxaca is a good example of how the geo-
graphy of languages and biodiversity overlap
and have evolved together. Its complex geolo-
gical history produced an elaborate topography
and highly diverse range of ecosystems, from
tropical coastal areas to temperate pine-oak
forests, thorn scrub and cloud forests, which in
turn favored adaptive radiation, speciation, and
a high diversity of flora and fauna (Ordofiez,
2004). At least 8 431 species of plants (nearly
40 % of Mexico’s known flora) and 4 542
animal species (half of the country’s vertebra-
tes and 19 % of its known invertebrates) are
present in Oaxaca (Garcia-Mendoza, Ordoiiez,
& Briones-Salas, 2004; CONABIO, 2008). For
more than 10 000 years, its indigenous peoples
have dispersed and evolved within the state’s
diverse ecosystems, and today 157 languages
(43 % of Mexico’s 364 languages) are spoken
in more than 4 000 indigenous communities (de
Avila Blomberg, 2004).

The most insidious threats to Mexico’s
biodiversity are habitat destruction and frag-
mentation (mostly by deforestation for agricul-
ture and livestock), overexploitation, invasive
species, and climate change. The country has
already lost about 70 % of its forest cover,
mainly the tropical forests of the Southeast
(Sarukhan et al., 2017). Prieto-Amparan et
al. (2019) analyzed non-tropical land use in
Mexico and found the area of primary forest
reduced from 55.8 % in 1990 to 37.7 % in 2017
in their study region (which included temperate
primary and secondary forest, human settle-
ments, unvegetated areas, and water bodies).
In just one year (2016), 253 000 hectares of
Mexico’s forests disappeared (Global Forest
Watch, 2018). The effects of climate change
will exacerbate all those threats (Peterson,
Tian, Martinez-Meyer, Soberén, & Sanchez-
Cordero, 2005).

The largest areas of forest and wildlands in
Mexico are usually communal lands (Stoleson
et al., 2005), and at least 70 % of its forested
areas are held by ejidos (Segura, 2000; Mol-
nar & White, 2001). However, this is rapidly

684 Rev. Biol. Trop. (Int. J. Trop. Biol.) Vol. 68(2): 669-691, June 2020



changing as ejidos sell their land to private
landowners (Stoleson et al., 2005), typically
to non-campesinos, and the cultural erosion
and loss of traditional knowledge that ensues
encourages loss of biodiversity (Laird, 2002).

Languages disappear for a variety of rea-
sons: all speakers may die; speakers may suc-
cumb to pressures to speak a different language
and forget their mother tongue; speakers may
choose to stop speaking their native tongue
because of interests in participating in national
education, finding jobs that pay salaries and
could come with various benefits, or marry
into a family with speakers from another
language. The threat to Mexico’s languages
includes a combination of factors such as the
reduced number of speakers, their geographical
dispersion, predominance of adult speakers,
and trends for abandoning transmission of
languages to new generations (INALI, 2012).
All of this is compounded by a lack of interest
or even neglect by authorities, which has led to
exclusion of indigenous languages from public
and institutional spaces, mass media commu-
nications such as radio and television, and
their diminishing use among communities and
families. Some indigenous people seem to have
accepted that their languages will disappear,
and they will soon be able to communicate only
in Spanish (INALI, 2012), while others desire
to reverse the extinction trend. And many more
simply do not know what to do to save their
(Mexico’s) cultural heritage.

Traditional peoples have accumulated
vast amounts of ecological knowledge, and
that knowledge is embodied in their langua-
ges. Thus, as languages go extinct, associated
traditional ecological knowledge is also lost
(Oviedo et al., 2000). This happens because,
in most traditional cultures, knowledge is not
recorded in writing but is passed on orally to
other groups or new generations. In such cases,
the loss of local languages means the loss of the
traditional means of knowledge transmission.

The science of biocultural diversity is
in its infancy. Although we do not yet fully
understand it, there is evidence of ancient and
profound connections between biological and

linguistic diversity. When species go extinct
entire biological communities and ecosys-
tems can be disrupted or permanently altered.
Regardless of their economic, scientific and
aesthetic value to humans, plant and animal
species have a value of their own because of
their unique evolutionary history, genomic
diversity, and, ultimately, because of their very
existence. When we allow languages to disap-
pear, we squander the culture of humanity, the
millennial knowledge of the natural world, and
a part of our own past. The IPBES released
its definitive new global synthesis of “Asses-
sing nature’s contributions to people” (Diaz
et al., 2018). It is the first such report since
the landmark MEA (2005) was published, and
the first ever that is fully intergovernmental.
It is also the first assessment to systematically
include indigenous and local knowledge at a
global scale.

For decades, scientists and conservatio-
nists have advocated for the establishment of
protected areas to conserve ecosystems and
biological diversity (Vidal, Lopez-Garcia, &
Rendon-Salinas, 2014). But, as has been advo-
cated for more than two decades, the world’s
biodiversity will only be effectively preserved
by also protecting the diversity of human
cultures, and vice versa (Oviedo et al., 2000;
Maffi, 2001; Toledo, 2001b). Protecting arcas
that are implemented under participatory and
co-management schemes is the most effecti-
ve strategy for conserving biodiversity while
improving the economic and social conditions
of local communities. Conservation area net-
works comprising priority areas should serve
as the baseline for identifying the most suitable
strategies depending on the areas’ socio-econo-
mic contexts and specific characteristics.

We have shown that Mexico’s biocultural
diversity is at crossroads. Federal, state and
municipal governments, businesses, conserva-
tion organizations, philanthropists, and mul-
tilateral agencies that care about biodiversity
need to realize that their resources and efforts
will only be effective in the long-term if they
simultaneously support protection of indige-
nous cultures and traditional knowledge. Given
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that the regions harboring Mexico’s highest
biocultural diversity are considered strategic
for the country’s water, environmental and
food security, as well as to ensuring the rights
of indigenous peoples, it has recently been
proposed that they should be an important com-
ponent of the 2019-2024 national development
plan (Luque & Ortiz Espejel, 2019). We hope
this policy initiative results in concrete action
to protect Mexico’s unique cultural and natural
heritage. Biological and cultural diversity are
two sides of the same coin. Since endangered
languages and endangered species strongly
overlap geographically in Mexico, it makes
sense to combine efforts to protect both. But
time is of the essence. All constituents need
to urgently reinforce efforts and significantly
augment investments if we are to rescue and
preserve the country’s unique biocultural diver-
sity and traditional knowledge for the benefit of
present and future generations.
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RESUMEN

La diversidad biocultural de México en peligro.
Introduccién: Lugares con diversidad de especies alta
contienen diversidad lingiiistica alta, mientras que areas
con diversidad de especies baja tienden a contener diversi-
dad lingiiistica baja. Objetivo: Caracterizar las relaciones
entre la diversidad biologica y la diversidad cultural, una
correlaciéon que ha sido examinada a escala global pero

que en este trabajo es comprobada por primera vez para
Mexico. Métodos: Recopilamos bases de datos extensas
sobre las especies y las lenguas en peligro de extincion, y
revisamos la literatura disponible sobre la diversidad bio-
cultural de México, con énfasis en las especies y lenguas en
peligro y en peligro critico de extincion. Resultados: Con
364 lenguas vivas, México es el quinto pais mas diverso
lingiiisticamente hablando, pero 64 de estas lenguas estan
en muy alto riesgo de desaparecer y 13 ya desaparecieron.
Meéxico también es el cuarto pais mas biodiverso, pero 1
213 especies de su flora y fauna estan amenazadas de extin-
cion y al menos 127 desaparecieron recientemente. Con-
clusiones: Los pueblos indigenas son custodios de mucha
de la diversidad biocultural del mundo. A medida que el
mundo se vuelve menos diverso lingiiistica y cultural-
mente, también se vuelve menos diverso bioldgicamente.
La diversidad bioldgica y lingiiistica de México muestran
una marcada superposicion geografica, y los estados de
Oaxaca, Chiapas, Veracruz, Guerrero y Michoacan son los
que mas especies y lenguajes albergan. De manera similar,
los sitios en donde la biodiversidad esta en mayor peligro
también corresponden con los sitios en donde las lenguas
lo estan, y las areas con el mayor niimero de especies en
peligro traslapan con las areas en donde las lenguas estan
en mayor peligro.

Palabras clave: idiomas, lingiiistica, conocimiento tradi-
cional, pueblos indigenas, biodiversidad, México, especies
en peligro de extincidn, extincion.
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