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SUMMARY
Agave is a native plant utilized for mezcal and tequila production. Since 1997, Agave
exploitation has been increasing, leading to possible ecological deterioration and
without social and economic benefits for the rural population. A sustainability index was
developed for 1990–2001, including social, economic and ecological indicators related to
Agave exploitation at Zacatecas, Mexico. Increases in the rural population has had a
negative effect on Agave sustainability, directly affecting the ecological component of
sustainability. Increased Agave exploitation has not improved the socio-economic compo-
nents and has negatively affected the ecological indicators. All these factors resulted in a
low (= 0.6) sustainability index. A lack of appropriate management may have led to the
exploitation of native plants, leading to ecological deterioration of the local plant popula-
tions, without contributing to socio-economic improvement for the human population.
The model using the sustainability index may also be validated for other species within
this region.

INTRODUCTION

Maguey (Agave spp) have been highly appreciated
in Mexico since the pre-Hispanic era (Martínez
et al. 2005a) and has been used by rual Mexicans as a
source of food, forage, fibre, poultices for wounds,
and as a fermented liquor (Gentry 1982; Colunga-
Garcia and May-Pat 1993; Franco 1995). Unfortu-
nately, maguey populations in Mexico have been
affected by destruction of their habitat as a result of
human activities, such as urbanization, agriculture,

livestock grazing, road and dam construction, pro-
duction of secondary products, as well as collection
of seedlings and adult specimens for decorative
purposes (Franco 1995).

Measurement of sustainability performance of
Agarve is a prerequisite for developing productive
strategies regarding any actitivies related to natural
resource use (Martínez 2005b). Indicators are tools
for evaluating practical, political decisions with
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operational definitions (Herrera et al. 2003; Morse
et al. 2004). Information from consumer behaviour
models, ecological footprints and sustainable ways
of consumption has shown that it is scientifically
feasible to determine indicators for measuring the
level of sustainability (Lorek and Spangenberg
2001; Sigrid and O´Hara 2001; Holden 2004).
Usually, this process begins by establishing an
extensive list of indicators to describe the complex
phenomenon of sustainability (Narváez et al. 2003).
Subsequently, through participatory procedures
involving different groups of stakeholders, this list
is narrowed down to a set of indicators that can be
applied in different countries and, sometimes, at
different levels, such as education and life expec-
tancy, wild species used, or natural resources
exploitation (Hens and Wit 2003). We have applied
these methods in the case of Agave in Zacatecas,
Mexico.

The species of interest in this study, green
maguey (Agave salmiana ssp crassispina), has histori-
cally been used by native peoples in Mexico for pro-
ducing fermented and distilled beverages (pulque
and mezcal) and as forage for livestock (Martínez
et al. 2005b; Martínez et al. 2005c). However, from
1990 to 2000, the boom in tequila sales generated
an increased demand for raw materials, and A.
salmiana became an option for producing this
beverage. Intensive use of A. salmiana in the area
may result in severe ecosystem disturbances, with-
out contributing to any improvements in commu-
nity social well-being. This paper represents an
effort to integrate a model for assessing sustain-
ability performance at the local scale through use of

indicators of sustainability of both the economic
and social systems, incorporating a set of indicators
derived from an ecological characterization of the
areas where A. salmiana is naturally distributed.
Results of this study represent an option for
developing regional plans for Agave use and
management, and for studying the sustainability
level of any forestry native species subject to com-
mercial exploitation.

MATERIALS AND METHODS

The study was conducted in southeast Zacatecas,
Mexico (Figure 1), from 1990 to 2001. Climate
characterizing the region is BS1 kw (w), corre-
sponding to the less-dry of the arid steppe climates,
with a mean annual temperature of 18°C and an
annual average precipitation of 450 mm (UNAM
1970; Garcia 1981). The dominant soils in the area
are Eutric lithosols and Haplic xerosols (CETENAL
1972); vegetation in the area is xerophytic scrub,
where different species of the Cactaceae coexist,
such as Opuntia (nopales), microphyllous species
such as Larrea divaricata and Jatropha dioica, as well
as thorny bushes (Rzedowski 1978).

This study approaches the theory of sustain-
ability by considering the three classical systems
(economic, ecological and social) and incorporates
indicators related to the use and management of
Agave as the principal commercial species of this
forest ecosystem. The methodological process
included three stages: selection of the appropriate
sustainability indicators; data collection to create a
matrix with the indicator values; and data analysis.
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The set of environmental and sustainability
indicators (SI) for decision-making in Latin
America and the Caribbean (Winograd 1995) was
employed, and the indicators were generated using
the pressure–state–response model (OCDE 1993).
Selection was then performed to develop a list of
indicators specific to this study, under the following
criteria:

1. Can be monitored at the local level,

2. Can be measured on a regular basis,

3. Are able to show the direction of change,

4. Are based on accessible quality data, and

5. Are simple and easy to understand.
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Indicator System Unit of measurement

SOCIAL INDICATORS
Population growth rate
Population density
Number of inhabitants per household
Population with access to drinking water
Population with access to electricity
Population with access to sanitation facilities
Rate of illiteracy

S1
S2
S3
S4
S5
S6
S7

%
Inhab/km2

No.
%
%
%
%

ECONOMIC INDICATORS
Value of Agave production
Regional minimum wage
Economically active population (EAP)
Unemployed population as a proportion of the EAP
Monthly per capita income

E1
E2
E3
E4
E5

$ (thousand Pesos)
$
%
%
$

FOREST ECOLOGICAL INDICATORS
Type of soils*
Type of relief*
Precipitation
Temperature
Species richness
Diversity index
Number of plants per ha
% of vegetative cover
Forest area
Rangeland area
Agave population density
Recruitment rate
Juvenile Agave*
Pre-productive Agave*
Reproductive Agave*
Mature Agave*
% change in soil use
Soil erosion condition*
Groundwater table condition*
Animal units in grazing land/feedlots
Total utilized area
Reforested area
Area of Agave

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23

TYPE
TYPE
Mm
°C
No
Value
No
%
Ha
Ha
No
%
%
%
%
%
%
Class
CLASS
No
Ha
Ha
Ha

*Indicators related to the structure and dynamics of Agave and its use in the study area

Table 1 Preliminary indicators selected to develop sustainability indicators



After selecting the indicators, a matrix was gener-
ated with seven social indicators, five economic
indicators and 23 ecological indicators (Table 1).
These last indicators were classified according to
four criteria:

1. Habitat attributes,

2. Community atttributes,

3. Ecological attributes of populations, and

4. Use and management attributes.

Values of each indicator for the period 1990–2001
were obtained for the three municipalities in the
study area (Pinos, Noria de Angeles and Villa
Hidalgo). Data on social and economic indicators
were drawn from databases from the Instituto
Nacional de Estadística, Geografía e Informática
(INEGI), and information on indicators of the
ecological system status came from several sources
(INEGI, Secretaría del Medio Ambiente y Recursos
Naturales (SEMARNAT), Landsat 7 satellite images
from 1990, 1996 and 2000, and field samplings.

For developing the synthetic sustainability
indices (SI) the following procedure was applied:

Let i be the SI for a specific year, for entities X,
where X represents each municipality of interest
and i denotes any indicator. The value resulting
from applying the equations 1 or 2 (PNUD 1991), as
desired, is used as the Relative Indicator (R.I.) for
constructing the sustainability index. If an indica-
tor is close to sustainability (e.g. per capita income)
and has a high value, then the following equation
is applied:

R.I. = (Xi − X min)/(X max − X min)

Where: Xi is the value recorded for the indicator i
of the municipality X, and Xmax and Xmin are the
maximum and minimum observed values, in
the same year, for the indicator i in all three
municipalities.

If an indicator is close to sustainability (e.g.
population growth rate) with a low value, then the
following equation is applied:

R.I. = (X max − Xi)/(X max − X min)

Where: Xi is the value recorded for the indicator i
in a municipality X, while Xmax and Xmin are the
maximum and mimimum observed values for
the indicator i in all three municipalities, for the
same year.

The summation of all the relative indicators has
been termed the municipal sustainability index
(MSI), and was developed based on the following
equation.

MSi =

R I R I R IS
i

n

E F
i

n

i

n

. . . . . .
= ==
∑ ∑∑× + × + ×

1 11

7
35

5
35

23
35

Where MSI is the municipal sustainability index,
RISi are the relative indices of the social indicators,
RIEi are the relative indices of the economic indica-
tors, and RIFi are the relative indices of the eco-
logical indicators.

All 35 indicators considered were used for con-
structing the indices of forest, economic and social
sustainability, based on the following equations.

Forest sustainability index (FSI)

FSI = I R F
i

n

. .
=
∑

1
23

Economic sustainability index (ESI)

ESI = R I E
i

n

. .
=
∑

1
5

Social sustainability index (SSI)

SSI = R I S
i

n

. .
=
∑

1
7

Finally, correlations were made between the above
generated indices and each indicator. For this
analysis, the indicator values were normalised with
the following equation:

Z =( )X − µ δ

Where X is the indicator and µ, δ are, respectively,
the mean and the standard deviation of the indica-
tor values for the entire period (1990–2001).

RESULTS

The A. salmiana distribution area under study was
approximately 59 905 ha, with 61.18% Eutric
lithosols, 20.34% Haplic Xerosols, 7.30% Eutric
Fluvisols and 7.26% of Calcareous Fluvisols. About
72.55% of the Agave distribution area is located in
the foothills and low rolling hills, with gentle slopes
of less than 13% and elevations ranging from 1950
to 2300 masl; topoforms are classified as hills and
mountains with slopes greater than 13% and
heights over 2200 masl, the area occupied by Agave
is 20.43%. The precipitation and temperature
indicators are less sensitive to variations in space
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for small regions; nevertheless, just as for the above
land relief and soil types, they have an influence in
determining the potential production areas. In the
case of the study area, the annual average precipita-
tion varies from 450 to 500 mm and the annual
mean temperature is 18°C.

Equations based on the sustainability indicators
were applied to calculate a sustainability index,
which assumes continuous values within a 0–1 inter-
val. The index values were hierarchically classified

into four ranges: 0–0.5 low, 0.51–0.7 medium/low,
0.71–0.8 medium/high, 0.81–1.0 high (PNUD
1991). Figure 2 shows the sustainability index per-
formance over the study period (1990–2001).
When comparing the index with the sustainability
indicators, it can be seen that population growth
rates were lower from 1990 to 1995, while pressure
on the natural resources (vegetation cover, number
of plants, percentage change in soil use) was lower
in the period 1990–1995, and the index values
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Figure 2 Municipal sustainability index (MSI) in the Agave distribution area, showing sustainability performance. In
spite of the slight increases and decreases in the sustainability index, it remained within the same hierarchical interval
of sustainability (0.5–0.7 medium/low). The values are for 1990 to 2001; they rose from 1990–1996, decreased from
1996–2000, and then improved in 2001. In correlating the index behavior with the sustainability indicators, those that
exerted the greatest influence were Agave use, population growth, population density and number of inhabitants per
household
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Figure 3 Performance of the social sustainability index (SSI) for each of the municipalities in the Agave distribution
area



increased slightly in this period; yet, the values
still remained in the medium/low category
(0.51–0.57).

During the period 1997–2000, the sustaintability
index values decreased, this can be attributed to the
increase in the Agave utilized area; from 1990 to
1997, the average utilized area was 705 ha, while in
the period 1998–2000, it increased to 8000 ha, and
in 2000, to 5888 ha. This increase in the utilized
area had a clear influence on the behaviour of
other indicators, such as Agave population density,
recruitment rate, change in soil use, and number
of plants per ha, an influence that resulted in a
gradual decrease in the sustainability index.

As can be seen from Table 2, there were signifi-
cant correlations between the index of sustain-
ability and the social indicators (population growth
rate, number of inhabitants per household, popula-
tion density, and percentage of population with
acces to drinking water). The Table also displays
the trends of two economic indicators (economi-
cally active population and unemployment rate), as
well as the significant correlations and trends of six
forest ecological system indicators (area of Agave,
utilized area, recruitment rate, Agave density, num-
ber of plants per ha, and % vegetation cover). The
population social indicators showed a negative
correlation, which is interpreted as pressure on the
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Figure 4 Performance of the economic sustainability index (ESI) for each municipality in the distribution area of
Agave
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Figure 5 Performance of the forest ecological sustainability index (FSI) for each municipality in the Agave
distribution area



natural resources. On the other hand, the indica-
tors of access to services, when correlated to
the sustainability index, showed positive trends,
suggesting that an increase in access to electricity,
drinking water and santitation facilities is reflected
in an increase in the sustainability index values.

The economic indicators (Table 2) showed
positive trends with low correlations, except for the
unemployment rate, which showed a negative
correlation with the sustainability index. The
behaviour of the economic indicators with the
sustainability index suggest that resource use is not
necessarily generating economic growth.

The ecological system indicators, such as change
in soil use, soil erosion condition, stocking rate and
utilized area, were negative; they also showed a logi-
cal response: the greater the pressure on resources
the weaker the sustainability.

The social sustainability index (Figure 3) shows
positive growth trends for the three municipalities,

and continuous growth can be noticed during the
entire period (1990–2001); however, when com-
paring the three municipalities in the study area, it
can be seen that the municipality of Pinos had the
highest values, with an increase from 0.64 to 0.76
throughout the period 1990–2000, reflecting the
decrease in population growth rate and a higher
availability of services for the inhabitants in the
study entities. On the other hand, the lowest social
indices were those estimated for Villa Hidalgo, and
are attributable to a high rate of population growth.
During the period 1990–1995, population growth
values above 3.5% were reported, these values were
three-times greater than those recorded in Pinos
and Noria de Angeles during the same period.
Increases in population growth resulted in increas-
ing values of the indicator population density of
inhabitants, and decreasing values of the indicators
of access to drinking water, electricity and sanita-
tion facilities; therefore, the high population
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INDICATOR Pearson correlation coefficient

Population growth rate
Number of inhabitants per household
Population density
% of population with access to drinking water
% of population with access to electricity
% of households with access to sanitation facilities
Rate of Illiteracy
Value of Agave production / primary sector
Economically active population
Unemployment rate
Regional minimum wage
Monthly income of the head of family
Specific richness
Diversity index
Number of plants per ha
% vegetative cover
Forest area
Rangeland area
Agave density
Recruitment rate
% of change in soil use
Soil erosion condition
Groundwater table condition
Stocking rate
Utilized area
Reforested area
Area of Agave

−0.9090
−0.9030
−0.7101

0.9452
0.0957
0.6132

−0.2476
0.1527
0.7557

−0.6889
0.3163
0.3447
0.2990
0.2667
0.8227
0.6149
0.5032

−0.2001
0.7037
0.8731

−0.3804
−0.4666

0.8376
−0.1372
−0.7186

0.1949
0.8743

Table 2 Coefficients of correlation between the sustainability indicators and the
sustainability index constructed for the Agave distribution area



growth reflected low values in the social sustain-
ability index.

The economic index (Figure 4) had the highest
values in the municipalities of Noria de Angeles and
Villa Hidalgo, and the lowest values in Pinos. The
lowest social index values were for Villa Hidalgo;
nevertheless, the economic index values were
greater than those of the other two municipalities,
suggesting that higher values in the economic
indicators did not result in an increase in the social
indicators. In the municipality of Pinos, the social
sustainability index was above 0.6, while the eco-
nomic sustainability index was below 0.5 during
the period 1990–1993, and an average value of
0.59 for the rest of the period. This suggests that
income is not based on the use of natural resources,
and that most of the families in the area rely on
some other source, such as remittances, sent pri-
marily from the USA by relatives.

During the period 1990–2000 the ecological
sustainability index showed an overall decrease,
which became more rapid after 1997, due to the
intensive use of Agave (Figure 5).

Although the social and economic sustainability
indices increased or remained constant in some
periods, the forest sustainability index gradually
decreased. The local forest ecosystem has suffered
serious degradation and has low sustainability levels
as a result of the continuous use of natural
resources, and has experienced an accelerated
deterioration beginning when the Agave use area
increased. However, forest resource exploitation
did not show any direct impact on the social stan-
dard of living, at least in the primary sector.

DISCUSSION

Processes for assessing the sustainability of com-
mercial use of wildlife species require the incorpo-
ration of indicators related to the economic and
social benefits and the exploitation practices, and
stratification of the ecological indicators by eco-
system, population and species habitat attributes,
as well as by the type of resource use.

One of the most important characteristics of an
indicator is its sensitivity to change (Narváez et al.
2003). Certain indicators, such as soil type, land
relief type, precipitation and temperature, are not
highly sensitive to changes resulting from the use
of plant species, at least over short assessment
periods. Nevertheless, these indicators should be

taken into account when characterizing an eco-
system, because of their usefulness in determining
areas of high potential for the establishment and
development of any plant species. Out of the analy-
sis of such indicators will come the preliminary
recommendations for the use of plant species
under study, since the ideal management scheme
involves the use of plant species only in those sites
with suitable conditions for their establishment
and development.

One other key aspect to be considered when
studying the sustainability of wildlife species of
commercial interest is the inclusion of attributes of
the population structure and dynamics, as an
option to identify possible uses of each plant
species. In the case of A. salmiana, four population
structure indicators, corresponding to four age
classes, have been included (juvenile, prereproduc-
tive, reproductive and mature); furthermore, two
indicators for population dynamics were used: 1.
recruitment rate, corresponding to the percentage
of established juvenile Agaves relative to the total
population of Agaves (regeneration); and 2.
density of Agaves, corresponding to the number of
individuals per hectare.

The main problem concerning this assessment
method is availability of information, since the pro-
cess requires time series data. It was found that only
some of the variables of the economic and social
indicators are periodically monitored: the corre-
sponding data are available only at the lowest scale
at the municipal level. For the ecological indicators,
only change in soil use, soil erosion condition, soil
type, relief type, precipitation, temperature,
groundwater aquifers and stocking rate are moni-
tored discontinuously, and the remaining indica-
tors are not monitored at all for any of the forestry
species. It is advisable, therefore, that forest re-
source managers implement measurement strate-
gies; furthermore, the federal government should
make special efforts to monitor the behaviour of
socio-economic variables at the local or production
unit level.

The behavior of the estimated sustainability
index suggests that population growth has a signifi-
cant influence on natural resource use; however,
the use of natural resources had no effect on eco-
nomic development, at least in the primary sector
in the study area. This phenomenon can be due to
the fact that the economic value attributed to
resources is not adequate, and that the benefits
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generated by the use of this species are retained
during processing of raw materials. This case may
be a constant situation in forest resource exploita-
tion in any ecosystem in Mexico.

By constructing independent indices for differ-
ent systems (economic, social and forest eco-
logical), it is possible to observe the stability of each
individual index. In this study, the values of the
social and economic indices were generally below
0.7 (medium/low); and the forest sustainability
index had values even below 0.5 (low). The behav-
iour of the indices suggests, on the one hand, that
greater efforts are needed to improve the standard
of living of people in the study area, to make the
resource use a profitable activity; and, on the other
hand, that these are extremely fragile ecosystems,
in which lack of management in the use of plant
species puts at risk the ecosystem stability.

The analysis of the sustainability index and com-
parisons between systems and municipalities showed
that the municipality having more natural resources
(Pinos) is not the one with the best economic situa-
tion. In contrast, the municipality with less natural
resources, Noria de Angeles, had better levels for its
economic and social indices. This may be due to the
fact that the majority of the families in each munici-
pality, although exerting significant pressure on
natural resources, do not entirely depend on them
for their sustenance and they obtain some income
from other productive activities or from remittances
that family members send from abroad.

CONCLUSIONS

Human population growth negatively affected
sustainability, and it also significantly affected the
forest ecosystem; yet, natural resource use was not
itself result in a significantly increased standards of
living, nor in increased economic indicators of the
primary sector.

The structure and dynamics of A. salmiana
populations, as well as some of the ecosystem attrib-
utes, such as vegetation cover, change in soil use,
soil erosion condition and ground water table con-
dition, were greatly influenced by the rates of use of
Agarve. This influence was reflected in a decrease
in the forest index from 1998 onwards, when the
Agave utilized area significantly increased.

The sustainability index was lower than 0.60
for the entire study period, so it fell within the
medium/low sustainability level. This suggests that
further major efforts are needed to improve the
quality of life of inhabitants in the area, raise the
economic development level, and promote better
control of natural resource use.

In this study, sustainability indices for the social
and economic systems did not increase over time in
terms of use of natural resources, suggesting that
wealth generated from natural resource use is not
being returned to the primary system. Hence, an
economic evaluation of this resource would be
advisable in order to determine the real value that
Agave represents as a raw material in the study area.
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