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Ante todo, la diversidad cultural es un hecho permanente. Pero, además de ser inevitable, es también 
deseable por muchas razones. Primero, como manifestación de la creatividad del espíritu humano, la 

diversidad cultural es preciosa en sí misma. Segundo, se debe preservar por principio, en nombre de la 
equidad, de los derechos humanos y de la autodeterminación. Tercero, al igual que la diversidad biológica, 

puede ayudar a la humanidad a adaptarse a los recursos limitados de su medio ambiente. Cuarto, es un 
antídoto necesario frente a la dependencia y a la opresión política y económica. Quinto, la rica diversidad de 
culturas es fuente de satisfacciones estéticas. Sexto, la diversidad es también estimulante para el espíritu. Por 

último, constituye una reserva de conocimientos y experiencias sobre modos de actuar prácticos y útiles.
Informe mundial sobre la cultura (Unesco, 1999).

Resumen

El propósito de este artículo es presentar 
el análisis realizado mediante el índice de 
reemplazo de Thompson para determinar qué 
poblaciones hablantes de lengua indígena están 
en proceso de extinción, a fin de establecer 
programas orientados a la supervivencia de esos 
grupos indígenas. Con base en la información 
sobre la estructura por edad derivada de un censo 
de población, es posible obtener una estimación 
de la tasa de reproducción. Según los resultados, 
las lenguas en proceso de extinción acelerada en 
México son: chontal, mayo, chontal de Oaxaca  
y matlatzinca; mientras que las que están en 
proceso de extinción lenta son: mazahua, mame, 
maya, chontal de Tabasco y otomí.
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lingüística, lenguas extinguidas, tasa de 
reproducción, chontal, mame, maya, mayo, 
matlatzinca, mazahua, otomí, México.

Abstract

Thompson index in the study of the extinction of 
populations that speak indigenous languages

This article’s aim is to present the analysis carried 
out by means of Thompson replacement index in 
order to determine which populations, according 
to their indigenous language are undergoing 
extinction so as to establish programs oriented to 
foster these indigenous peoples’ survival. Based 
on the information on the structure by age derived 
from a population census, it is possible to obtain 
an estimation of the reproduction rate. According 
to the results, the languages in accelerated 
extinction process are: Chontal, Mayo, Chontal 
from Oaxaca and Matlatzinca; whereas those 
undergoing slow extinction are: Mazahua, Mame, 
Maya, Chontal from Tabasco and Otomi.

Key words: cultural diversity, linguistic diversity, 
extinct languages, reproduction rate, Chontal, 
Mame, Maya, Mayo, Matlatzinca, Mazahua, 
Otomi, Mexico.

Thompson index in the study of the 
extinction of indigenous-language 

speaking populations 

Reference framework 
owadays Mexico is said to be not just one Mexico, but several “Mexicos”. 
Despite how paradoxical this last statement may be, there is an evident 
amount of truth in the affirmation. It is possible to acknowledge Mexico N

as one of the most multifaceted countries, in terms of geography and culture,  
which is shown by the fact that there are over fifty indigenous groups, each 
distinguished by the language they speak.
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The language of a people is part of its culture, and what occurs to one will 
be the fate of the other, without a language and without a territory there is no 
identity. The culture is shaped over time to express the values, objects and beliefs 
of a people. “When a people loses its language as a code of social interaction it 
loses its essence as a group as it forgets its own worldview symbolisms”

In the world there is a large number of languages, many of them have 
disappeared because of the few people that spoke them or because they have 
been assimilated into other languages. This phenomenon brings a feeling of loss, 
as if a species became extinct.

One of the greatest concerns of mankind is its own extinction as a species 
on earth, because it means their demise as a species on the planet. On occasions 
we pay little attention to problems because we place them in the long term; we 
take care of them when they are already on top of us.  An instance of this took 
place with the high fertility rates in Mexico in the mid 1960’s. A demographic 
policy was proposed when the rate of population growth was one the highest in 
the world, 3.5% a year. This figure meant population rates would double every 
twenty years. A political decision was made when the problem was already taking 
place.

We human beings are interested in the continuance of our descendants, in the 
prevalence of our surname and our language; when we hear that a large number 
of species have gone extinct, we are alarmed this might continue in the future. 

For several years, especially in the late XIX and early XX centuries, researches 
in the field of demography and statistics were very interested in calculating the 
probability of a lineage’s extinction. The list includes the names of Watson 
(1889)1, Galton (1889), Lotka (1931), Fisher (1929), among others. This issue 
was, and still is, interesting to kings, who consider it especially relevant, since it 
represents the difference between having or not an heir to the throne. Also, it is 
very closely related to a probability topic called “the branching process” , which 
has its roots in Francis Galton’s discussion on the decline of the families of men 
who occupied important positions in the past.

The treatment of such issues has been developed extensively in the fields of 
stochastic processes and demography, where the probability of a particular linage 
disappearance is directly related to its reproductive rate. The same idea can be 
used to calculate a language’s replacement rate, following an analogy with the 
rate of reproduction. The tools and sources of demographic analysis make it 
possible to quantify the reproduction rate of a population by the language they 
speak, using the age structure of the indigenous population.

A considerable amount of indigenous languages have disappeared, especially 
those spoken in the north, northwest and west Mexico. The fact that these 
languages correspond to small groups and nomadic warriors, contributed to 

1 H.W. Watson cited by F. Galton, 1889.
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their extinction, which arose because of high mortality and low fertility rates. 
The latter may be explained by the difficulty it poses to carry children in a 
situation of constant movement and migration. It is also possible to consider their 
assimilation into other groups, as it appears to have occurred  with the Eudeve, 
who joined the Opata  (INI, 1982). Based on the population census of 2000, it is 
possible to identify the indigenous languages with fewer than 500 speakers and 
consequently endangered (due to the small population), as follows:2  Aguacateco 
(23), Cakchiquel (210), Cochimi (82), Cucapá (178), Ixcateco (351), Ixil (90), 
Kiliwa (52), Kumai (161), Lacandón (40), Kikapú (138), Motocintleco (174), 
Ocuilteco (466), Opata (4), Paipai (201), Papabuco (5), Pápago (141), Quiché 
(246), Seri (458), Solteco (6), among other (Uranga, 2005). Other groups, while 
having a large number of speakers, have fertility levels below replacement, which 
creates a high probability of extinction in their population.

Not few are the languages that have become extinct along Mexican history. 
Table 1 shows some of the various languages that have disappeared.

The great empires had a significant population growth because of their large 
population and development achievements. In this regard, as we mentioned 
earlier, the small size of the population is a key element in the disappearance 
process of a people. Other small groups succumbed because they lived in steep 
mountains, which defended them from the attacks of the conquistadores.

Although it is not possible to generalize, it seems that, on the one hand, the 
concentration of population allowed the survival of indigenous communities, and 
on the other, the dispersion resulting from the migration was a key element on the 
disappearing process of the languages.

Objective 
The purpose of this study is to analyze by means of demographic techniques 
which indigenous populations currently undergo an extinction process, which are 
stable and which are growing fast, in order to establish programs aimed at their 
survival.

Methodology
In order to analyze this process we will build an indicator similar to the reproduction 
rate, which is interpreted as the number of daughters who will replace a mother. 
This indicator is commonly calculated from vital statistics or based on a census or 
survey on fertility. It can be directly calculated or through indirect demographic 
estimation methods. The outcome is the number of girls who might replace a 
mother.

2 In brackets there is the number of people who speak the language
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TABLE 1
EXTINCT LANGUAGES 

Language State Language State
1 Acaxee Sinaloa and Durango 57 Mazateco Jalisco
2 Achire Sinaloa 58 Mazateco Tabasco
3 Aguacateco II Oaxaca 59 Nebome (pima bajo) Sonora
4 Ahome Sinaloa 60 Nío Sinaloa
5 Apaneco Jalisco and Michoacan 61 Ocoroni Sinaloa
6 Baciroa Sonora 62 Pampuchín Jalisco
7 Cacoma Jalisco 63 Panteco Guerrero
8 Carrizo Tamaulipas 64 Pericú Baja California Sur
9 Cazcano Zacatecas and Jalisco 65 Piato (pima alto) Sonora
10 Coano Nayarit 66 Pisón Tamaulipas
11 Coca Nayarit, Jalisco and Colima 67 Sabaibo Sinaloa
12 Cocomacaque Guerrero 68 Salinero Sonora
13 Cochín Jalisco 69 Sayulteca Jalisco and Colima
14 Colotlán Nayarit 70 Sinaloa Sinaloa
15 Concho Chihuahua 71 Subtiabe Guerrero
16 Comanito Sinaloa 72 Suma Chihuahua
17 Comecrudo Tamaulipas 73 Tahue Sinaloa
18 Comoporí Sinaloa 74 Tamaulipeco Tamaulipas
19 Conicare Sonora 75 Tapachulteco I Chiapas
20 Cotoname Nuevo León 76 Tebaca Sinaloa
21 Cuauhcomeca Michoacan 77 Teco-tecoxquín Nayarit
22 Cucharete Michoacan 78 Tecual Nayarit
23 Cuyamateco Guerrero 79 Tecuexe Zacatecas and Jalisco
24 Cuyuteca Jalisco 80 Tehueco Sinaloa
25 Chamalteca Jalisco 81 Témori Chihuahua
26 Chiapaneco Chiapas 82 Tene Jalisco
27 Chicomucelteco Chiapas 83 Tepahue Sonora
28 Chinarra Chihuahua 84 Tepetixteco Guerrero
29 Chínipa Chihuahua 85 Tepoca Sonora
30 Chizo Chihuahua 86 Tepocanteco Jalisco
31 Chontal Guerrero 87 Teul Zacatecas
32 Chuj Chiapas 88 Texome Guerrero
33 Chumbia Guerrero 89 Texcateco Guerrero
34 Diegueño Baja California Norte 90 Tiam Jalisco
35 Eudeve Sonora 91 Tlacotepehua-tepoxteco Guerrero
36 Guachichil Zacatecas 92 Tlaltempaneca Jalisco and Michoacan
37 Guasave Sinaloa 93 Tlalzihuizteco Guerrero
38 Guaycura Baja California Sur 94 Tolimeca Michoacan & Guerrero
39 Guaymas Sonora 95 Tomateca Jalisco
40 Guazapar Chihuahua 96 Totorame Nayarit
41 Hine Sinaloa 97 Tubar Chihuahua
42 Himeri (pima alto) Sonora 98 Tuxteco Guerrero
43 Huaynamota Nayarit 99 Ures (pima bajo) Sonora
44 Huite Sinaloa 100 Vacoreque Sinaloa
45 Hume Sinaloa 101 Vigitega Nayarit
46 Itzá Yucatan 102 Xilotlatzinca-tamazulteco Jalisco
47 Itzuco Guerrero and Michoacan 103 Xixime Sinaloa
48 Janambre Nuevo León 104 Xocoteca Jalisco and Michoacan
49 Jova Sonora 105 Yécora (pima bajo) Sonora
50 Jumano Chihuahua 106 Zacatecas Zacatecas
51 Kikima Baja California Norte 107 Zapoteco Jalisco
52 Lagunero Coahuila 108 Zapotlaneco Jalisco
53 Laymón Baja California Norte 109 Zayahueco Jalisco and Nayarit
54 Macoyahui Chihuahua 110 Zoe Sonora and Sinaloa
55 Matlame Oaxaca 111 Zoyateco Jalisco
56 Mazateco Guerrero 112 Zuaque Sinaloa
Source: Robert Longacre, 1967, Handbook of Middle American Indians, Vol. 5.
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An indirect way of approaching the reproduction rate is via the W.S. Thompson 
replacement rate (Lotka, 1979). Based on the information on the age structure 
from a population census it is possible to obtain an estimation of the reproduction 
rate. The steps to follow are:
1. Calculate the quotient from the number of girls from 0 to 4 years of age  and 

all the women between 15 and 49 years of age (which represents the age 
group for the fertile period of women). This information is derived from the 
2000 population census. In applying the index in this study the information 
used was taken from girls between 5 and 9 years of age instead of the age 
group from 0 to 5 years suggested by Thompson, due to the high level of 
underreporting of the population observed at early ages, additionally it is the 
stage of life when girls begin to speak

2. Calculate the same quotient for a stationary population corresponding to that 
of the life table applicable to that time. Due to the fact that there are not life 
tables available for indigenous peoples, we used the 1990 table for Oaxaca, 
considering that this state may have similar mortality rates to those of the 
indigenous groups, because it is largely an indigenous state. (Villalobos and 
Aremis, 2004).

3. Divide the first quotient between the second. Age limits in both groups are 
arbitrary for both girls and women. Given that we have the age structure of 
men and women, and we want to know the replacement of the language for 
both genders, we took an arithmetic average between the indexes for women 
and the indexes for men. The limit for adult men and women was from 15 
to 49 years of age. The limit for boys and girls was from five to nine years 
of age, for both the census data and the population life table. Obviously, in 
the case of indigenous languages speakers, at the households the lower limit 
begins at the age of five, once the boy or girl can speak.

One advantage of this index is that it requires a single source of information 
such as the population census, which has a high coverage.

The formula is expressed as follows:

This indicator will be called language replacement rate and will be denoted by 
the letter L, where c(a) is the population age structure, and P(a) is the probability 
of life at age a. By taking definite integrals we get the population and life 
probability between one age and the other. When L index is above 1 it means that 
the population has a positive growth and therefore the number of speakers of that 
language increases. However when L index is below 1, growth is negative and 
that population tends to extinction, therefore the language will disappear.

It is important to point out that in calculating this index based on the population 
of boys and girls from five to nine years, the reproduction rate should be referred 
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to the past few years. The children counted in the 2000 census were born between 
1990 and 1995. The net reproduction rate in that period was 1.5, according to UN 
(United Nations, 2005).

The Model 
In a stable population with exponential growth we have:

Where B (t) are the births at time t.
In the event that α=T then:
On the other hand, also in a stable population, we have:
erT = R0

Where T is the average time between two successive generations of women 
and R0 is the net reproductive rate.

Let us define

where c (a) is the age structure p (a) is the survival function of a life table.

If α2 - α1 = T then
J = erT

But we know that erT = R0
This means that J is also an estimate of the reproduction rate, as long as 

α2 - α1 = T is fulfilled.
When we have the age structure of indigenous populations and a mortality 

table, then it is possible to estimate J. In this case J can be interpreted as the 
reproduction rate of the population by language spoken. It is actually a measure 
of fertility level and of boys and girls maintaining the language of their parents.

Which equals:
In a stable population we have:
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c (a) = B (t - a) p (a)
Substituting in J we have:

Since the functions B(t - a) and p(a) are continuous and positive it is possible 
to apply the mean value theorem for integrals, so that J is:

Where α1  is the weighed average of p and q, and α2 is the weighed average 
between u and v.

When J <1 is possible to indicate that this population is decreasing and thus 
the population that speaks that language. If J = 1 is the exact replacement of the 
population. If J> 1 means that population growth is greater than zero. Which 
means that the population is growing.

It is important to acknowledge that the indigenous population does not fulfill 
the characteristics of a stable model, due to the fact that both fertility and mortality 
levels have declined. However, the results provide an idea of the population 
growth speed, which can be used for political purposes.

Results 
Based on data from the 2000 census, we obtained the population of five years of 
age and older that speaks a indigenous language by sex, language and quinquennial 
groups. We considered, specifically, populations with more than 500 indigenous-
language speaking inhabitants, considering them to be the most representative. 
The procedure followed to calculate the index was:

1. We obtain an indigenous-language speaking population by sex, from five 
to nine years of age and from 15 to 49 years of age, and we calculate the 
ratio between them. 

2. From 1990 life tables for Oaxaca, for men and women, we obtain the 
stationary population life tables for the ages from five to nine and 15 to 
49, then we calculate the quotient between L5-9 and L15-49.

3. Finally we calculate the ratio between both quotients. This index represents 
the population replacement level by language spoken.

The growth rate for the indigenous population of five years of age and older 
who speak any indigenous language, between the years 1990 and 2000 was 
1.4 percent a year, which shows the slow increase in this population. This is 
confirmed by the national ethnolinguistic replacement rate for populations with 
over 500 speakers, which was 1.44.  This figure marks an intermediate target. 
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Another benchmark is the calculation of this index nationwide in the year 2000, 
which was 1.55 (both genders included), a very similar figure to that of the net 
reproduction rate calculated for 1990-1995, which, as stated above, was 1.5 (only 
women included).

Based on the obtained index values, it is possible to classify the different 
populations into five groups:

1. Accelerated expansion: L greater than two.
2. Slow expansion: L between 1.1 and two, inclusive.
3. Balance: L between 0.9 and 1.1.
4. Slow extinction: L between 0.51 and 0.90.
5. Accelerated extinction: L less than or equal to 0.5.
An index equal to one means that the population is at perfect replacement, that 

is, zero growth. A girl replaces her mother and a boy replaces his father. An index 
above one is a positive growth and an index below one is a negative growth.

Why does an index that relates the actual population from 15 to 49 years of 
age with the actual population from five to nine years of age, in respect to the 
population of 15 to 49 related to the population from five to nine years but from a 
life table, provides a very close estimation to that of the reproduction rate?

The result of this quotient is equal to the births at time T divided by the 
births at time T minus the time difference between two successive generations. 
Furthermore, this ratio is close to the net reproductive rate, which can also be 
interpreted as an index of population growth. When the result is equal to two, it 
means that two girls replace one mother or two boys replace one father. When 
equal to one, it means one daughter replaces a mother and one son replaces a 
father.

The index tells us how many daughters from five to nine years of age replace a 
mother, whose age is between 15 and 49 years of age, and how many sons replace 
a father, whose age is also between 15 and 49 years. When we have a broad base 
in the age structure  in relation to the population aged 15 to 49 , which represents 
the fertile population, then we have a high fertility rate, and vice versa, a narrow 
base to the fertile population show low fertility.

Table 2 represents the results for the index in the case of Mexico. We found 
the fastest growth among  Tacuate (3.2),  Huichol (2.5), and Cora (2.21) peoples. 
In equilibrium, with 1.09, are Zapotecas. On the other hand, there are the Chontal 
with a 0.11 rate. Also endangered are the  Maya (0.78) and Mazahua (0.60). 
This means there is not population replacement, and they tend, slowly however, 
towards extinction. This phenomenon is highly connected to migration. An 
interesting case is that of the Maya, who, despite their large population, have a 
low replacement rate. This means that in the long term they could become extinct. 
In this case the population policy should promote the elevation of their fertility 
rates.
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Limitations and conclusions 

This index reflects, on the one hand, the fertility behavior of the population, but on 
the other, it shows the interest of indigenous peoples to preserve their language. 
The available information does not allow us to separate the demographic and 
cultural factors, in order to quantify them. However, it does give us an idea of the 
increase or decrease in the population according to the language they speak. A 
more complex model should consider the passage from one situation to another 
such as: an indigenous child who does not know the language of their parents 
and does not learn it; and an indigenous grown-up person who does not know 
their parents language and learns it. The problem to capture the transition from 
one state to another is that there are no available data on these processes. It is 
important to point out it has been observed that in some indigenous groups the 
parents are essential in the lack of language skills’ transmission.

 From a demographic point of view, we realize that for the female population 
(because of their longer life expectancy, compared to men, and their high level of 
marginalization), the following scenery could be observed: single women, sick, 
poor and without social security. If we add the fact that they are indigenous, the 
problem becomes desolation. 

The population policy established by the government has been aimed, among 
other things, to slow down the population growth through fertility regulation. 
The policy aimed at the general population is not necessarily applicable to certain 
indigenous groups.  Said policy should be reviewed when it comes to preserving 
the speakers of an endangered indigenous language.

Finally, it is important to note that the Thompson index, even with its 
limitations, allows us to obtain some clues on the indigenous populations with a 
slow population growth and take actions to prevent their eventual disappearance.
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TABLE 2
LANGUAGE REPLACEMENT INDEX

Language Index Language Index 

Accelerated expansion
Tacuate 3.20 Mixe 1.61
Kekchi 2.93 Guarijio 1.57
Huichol 2.51 Purépecha 1.50
Tlapaneco 2.31 Mixteco de la Mixteca Baja 1.49
Kanjobal 2.29 Náhuatl 1.46
Chuj 2.24 Huave 1.44
Tepehuán 2.22 Totonaca 1.29
Cora 2.21 Cuicateco 1.18
Tzeltal 2.20 Yaqui 1.17
Tzotzil 2.19 Zapoteco vallista 1.14
Triqui 2.14 Balance  
Zapoteco sureño 2.08 Zapoteco 1.09
Chatino 2.05 Tepehua 1.06
Slow expansion Zapoteco de Ixtlán 0.92
Chol 2.00 Slow extinction 
Amuzgo 1.99 Otomí 0.82
Tojolabal 1.98 Chontal de Tabasco 0.80
Pame 1.93 Maya 0.78
Chichimeca jonaz 1.86 Mame 0.67
Popoloca 1.85 Mazahua 0.60
Tarahumara 1.84 Chinanteco de Ojitlán 0.59
Huasteco 1.73 Mixteco de la Mixteca Alta 0.56
Mixteco 1.71 Accelerated extinction
Mazateco 1.67 Matlatzinca 0.45
Popoluca 1.65 Chontal de Oaxaca 0.38
Chinanteco 1.65 Mayo 0.22
Zoque 1.64 Chontal 0.11
Source: own calculations based on 2000 General Census of Population and Housing.
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