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Abstract: Land degradation has recently been exacerbated in rangelands of Mexico
by heavy grazing pressures. In the country, the grazing stock (cattle, goats, sheep
and hogs) increased from 22 million in the early 1950's to approximately 50 million
in the mid 1980's. Recorded local grazing pressures are surpassing from two to
six times the recommended stocking rates of most rangelands of northern Mexico.
Signals of deterioration of natural resources vary in time and space mainly because
of ecosystem diversity, recurrent drought spells of different magnitudes, and economic
and political issues. Estimates of carrying capacities and overgrazing rates are out
of date, and very few quantitative parameters of desertification processes are available.
However, there are qualitative and perceptual evidences of changes in soil and
vegetation patterns, as well as socioeconomic issues, such as land tenure and forms
of organization, that deserve to be discussed. Management practices, research, and
social issues are addressed in this review from the desertification perspective, with
the objective of highlighting the main causes of overgrazing and desertification.
Needs for research and future tasks to achieve the sustainable management of rangelands
of northern Mexico, with especial emphasis on those of the northeastern region,
are also pointed out.

Keywords; Desertification, livestock, overgrazing, rangelands, land tenure, ejido,
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Mexico is truly a rangeland country.
Around 55% of its total area is covered
by forage vegetation, and currently 100%
of the land with available forage is used
for livestock grazing (INEGI 1998a,b; PEF,
1995). Spaniards first introduced livestock
into the country early in the 16th century.
Following mining, numerous herds of cattle
were moved from southern and central areas
of the country into the northern lands where
abundant forage was only used by wild
herbivores (Sanchez, 1969; Sluyter, 1998).
Since then, northern Mexican lands had been
used essentially for livestock production.

Land tenure changed in Mexico after
the 1910's revolution. The Agrarian Reform,
funded by the Constitution of 1917, provided
large tracts of land to a community and
formed the ejidos, -a communal land tenure
system with legal, but partial rights on the
land ownership. The ejidatario (landholder)
held the land, but was not allowed to sell,
rent, or mortgage it. Currently, ca 60% of
the country land belongs to the ejido system
of land tenure. Although some areas are
used individually for cropland or intensive
grazing, range is usually managed
collectively. Pastoralism shifted from
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nomadic pastoral systems during the times
of the colony to a system in between the
transhumant system and the heavily
mechanized grazing domestic system.

The number of livestock has
exponentially increased in time. Buller et
al. (1960) reported approximately 22 million
grazing animals (cattle, hogs, goats and
sheep) in the 1950's, while in the early
1980's, the census from INEGI (1996)
recorded 50 million grazing animals
(cattle, hogs, goats and sheep) in the whole
country. The livestock sector grew by 15%
between 1970 and 1985, which was partially
matched by land use changes at the expense
of native tropical and temperate forests
(PEF, 1995). Suitable climatic conditions,
i.e., annual rainfall above longterm average
from 1965 to 1980, in addition to economic
and political incentives, contributed to this
sharp increase in livestock densities.
However, livestock was continuously and
steadily reduced from the 1980's to the
mid 1990's to 43 million (INEGI, 1998b).
The number of hogs, goats and sheep were
reduced by 27, 27 and 6%, respectively,
while the number of cattle had no change
since the 1980's. The drought spell that
is currently hitting northern Mexico since
the late 1980's may partially be responsible
for reduction in the number of grazing
animals, due to reduction in the carrying
capacity of the range through degradation
of plant communities and soil, and reduction
of the whole ecosystem productivity.

Despite these oscillations in the numbers
of domestic animals, which led to smaller
stocks in later years, there is a quantitative,
visual, and perceptual evidence that heavy
grazing practices are degrading ecosystems

at an unprecedented rate in the country.
Range condition and productivity is, in
general, poor (Stoodart et al., 1975). In
addition to this, approximately 80% of the
Mexican soils present erosion problems,
caused mostly by overgrazing, resulting in
losses of organ ic matter and ferti lity, reduced
infiltration and increased runoff (PEF,
1995). Desertification is, therefore, an
advancing process in northern Mexican
rangelands. However, this is a phenomenon
difficult to quantify because of the several
factors involved, in addition to the several
scales in time and space promoting its
course. Thus, this paper focuses on reporting
land degradation processes and
consequences associated with heavy grazing
regimes. Special emphasis is paid to
vegetation changes by overgrazing and
linked socio-economic issues at regional
levels chiefly in the north-eastern region
of the country, as well as research needs
in topics where future attention is required.

For the sake of clarity, we consider
in th is paper that desertification is the
process, through which a given piece of
land is converted, not necessarily leading
to a desert-like .landscape, into a less
productive system. Therefore, desertification
may be a process of land deterioration with
several stages, of which the earliest may
be undetectable to an untrained eye.
Following the terminology of the Society
for Range Management, range or rangeland
is considered as land with any vegetation
type in the region with important use for
livestock grazing due to the availability of
forage, i.e., grasslands, shrublands/woodlands,
or forests.
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The Process of Desertification Due to
Overgrazing

Overall implications

On the basis of conceptual models of
rangeland degradation in many parts of
the world, Milton et al. (1994) envisaged
that grazing-induced desertification is a
stepwise process that consists basically of
four steps. In step zero (no grazing), the
composition of the rangeland varies in
response to climatic oscillations and
stochastic, natural events. In the first step,
domestic livestock cause a change in the
age structure of plant popu lations; frequently
defoliated species fail to set seed; toxic
and distasteful plants, unaffected by grazing,
set seed and increase in density. The second
step involves a decrease in rangeland
biodiversity, and productivity decreases in
response to reduced rain use efficiency.
The third step is the reduction of perennial
plant cover, accelerated erosion and
increasingly extreme temperature
fluctuations on the soil surface. In some
cases, the process of degradation may be
stopped or minimized in the early stages
when it is still possible to carry out some
management strategies such as altering the
grazing season, stocking intensity, or animal
type (Westoby et al., 1989). At late stages,
reversal of degradation is unlikely to be
effective, because it would involve removal
of livestock from affected areas, as well
as soil and vegetation manipulation
(Gibbens et al., 1992; Passera et al., 1992).

Variations on plant composition,
strueture, and function: Grazing exerts an
impact on density and biomass of individual
species, reduction of species richness, and

changes in community organization
(Novikoff, 1983; Zimmerman and
Neueschwander, 1984; Archer, 1994).
Overused plant species reduce the number
of individuals because. they produce fewer
seeds and surviving seedlings. Then, there
are not enough seedlings and young plants
to replace senescent individuals (Milton et
al., 1994). Grazing also modifies the
physical structure of plant communities in
arid rangelands (Cooper, 1960). At the
rangeland level, most plant communities
are extremely patchy, and broad-scale
climatic factors cannot acCount for the
existence of these small-scale patterns
(Belsky, 1986). Such patchy-patterns may
become dominant and cause disruptions in
the soil-plant processes, triggering
diminishment of plant cover, increasing
erosion, and a reduction in nutrients and
water availability (Pieper, 1994). Thus,
overgrazing and edaphic heterogeneity
assume greater importance in determining
both spatial and temporal community
structure and function (Jurado and Reid,
1989, Archer and Smeins, 199I; Reid et
al., 1990).

Changes in soil nutrients and
hydrological properties: Excessive grazing,
over the long term, can potentially reduce
nitrogen fixation, increase ammonia
volatilization, lead to leaching and erosional
losses, and cause a net directional transport
of nutrients to localized portions of the
landscape (Wilkinson and Lowery, J 973;
Floate, 198 I). Biomass ingested by grazing
animals may not be returned via excreta
and mortality to the range and may be
lost from the system via harvesting of animal
products, animal migration, or
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transformation to labile or volatile forms
(Parton and Risser, 1980). However, in the
short term, atmospheric nutrient inputs and
increased cycling rates may offset grazing
induced losses from the system, besides
the large nutrient pool within the organic
component of the soil (Woodmansee, 1978).

Over grazing disturbs in the hydrology
of soils by compaction mechanisms. The
physical action of trampling by hooves
reduces the size and number of the largest
soil pores (Hillel, 1982; Rauzi and Hanson,
1966; Flory, 1936), increases the soil bulk
density (Manzano and Navar, 2000; Tanner
and Marmaril, 1959), reduces the number
of soil aggregates (Warren et al., 1986; Wood
and Blackburn, 1984), reduces infiltration
(Takar et al., 1990; Rawls et al., 1988;
Thurow et al., 1988; Wilcox and Wood,
1988; Gifford and Hawkins, 1978), increases
sl,lrface runoff (Thurow, 1991; Novikoff,
1983; Hanson et al., 1970; Rauzi and Hanson,
1966), and promotes soil erosion (Holechek
et al., 1989; Pluhar et al., 1987; Weltz and
Wood, 1986; Thurow et al., 1986; Hanson
et al., 1970). The hydrological disturbance
is highest under continuos heavy grazing
cond itions, although Savory (1983)
speculated that in short rotations, in some
places, overgrazing loosen the soil surface
promoting the infiltration, reducing surface
runoff and soil erosion. Nevertheless, this
result may be short-lived, because the
subsequent impact of falling raindrops may
re-seal the soil surface (i.e., the unstable
soil pores become plugged) after the first
several minutes of an intense rainstorm
(Blackburn, 1975). Moreover, studies aimed
at determining the impacts of livestock
trampling in the absence of concomitant
removal of vegetation have generally shown

that trampling increases soil compaction
(Zobisch, 1993).

Effects on wildlife populations: While
grazing has been an important selection
pressure in many ecosystems, man has
substantially changed its frequency,
intensity, extent, and magnitude with the
introdilction of livestock (Archer and
Smeins, 1991). Densities and abundance
of indigenous animals tend to decrease in
response to competition for food with
domestic livestock and modification of
habitat conditions such as food, cover, water,
and space (Fogden, 1978). In many places
in the middle Chihuahuan Desert (Mexico
and USA) cattle intensively consumed over
78% of the plants that constituted the diet
for different species of prairie dog
(Lauenroth et al., 1994). Rodents and hares,
as well as granivorous and insectivorous
birds may increase in response to vegetation
changes caused by domestic livestock, but
they decrease in severely degraded sites
where vegetation is removed (Bucher, 1987;
Kerley, 1992; Baker and Guthery, 1990).
Livestock overgrazing has been the most
important factor for the reduction of the
desert mule deer population. Martinez
(2000) reports lower mule deer population
densities in areas with higher cattle grazing
pressure, in comparison to areas without
cattle grazing across the Chihuahuan Desert
region in Mexico. In some cases, however,
breeding birds and small mammals have
showed increased richness and diversity
on desertified rangelands in the northern
portion of the same region (Whitford, 1997).
In general, wild herbivores are often
regarded as pests because they may compete
with livestock by forage, consume seeds
of desirable plants, impair restoration
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efforts, or disperse seeds of undesirable
weed and woody species. However,
regarding these organisms as wholly
detrimental over-simplifies their role. The
condition of their populations is perhaps
an indicator of the condition of the
rangeland, and may therefore represent
symptoms of deterioration rather than the
cause (Milchunas et al., 1988).

Microclimate shifts: The physical micro-
climate varies as grazing pressure diminishes
plant cover and modifies plant community
structure (Barry and Chorley, 1987; Jackson
and Idso, 1975; Charney et al., 1975; Idso
and Deardorff, 1978; Otterman, 1974). This
change occurs through: (i) the dependence
of surface albedo on plant cover, and (ii)
the elimination of organic soil. Ground
covered by vegetation has an albedo in the
range of 10 to 25%, whereas, in ground
with no vegetation, it ranges from 35 to
45% in the case of dry, light sandy soils
(Sellers, 1965). Thus, the reduction of plant
cover by overgrazing is accompanied by
a decrease in the net radiation balance in
the system. Local and regional climatic effects
of these changes in vegetation are possible.
The soil environment becomes more xeric
due to greater erosion and runoff causing
soil climate changes, not due to any change
in atmospheric cond itions (Grover and Musik,
1990; Dregne, 1984).

Some misconceptions on grazing
desertification indicators

Desertification is not always evident to
the untrained eye, particularly in its initial
stages. This implies that one of the main
problems of desertification control is that
it goes unnoticed until it is too late, both
ecologically and economically, to stop it.

Hence, developing techniques to detect
incipient desertification is of paramount
importance in conserving the current biotic
potential of rangeland ecosystems. Evaluation
of the phenomenon is still a controversial
issue in spite of the years of discussion
on the topic. What attributes should be
measured, how to measure and, most
importantly, how these measures should be
interpreted have been a matter of debate
for decades (Friedel, 1991).

Most reports on the evaluation of
desertification on grazing lands allude to
overall vegetation cover as an indicator of
the site condition, assuming that the lower
the total percentage cover, the more
desertified the area. It can be an erroneous
assumption. For example, total vegetation
cover has increased in overgrazed areas of
north-estern Mexico due to the presence of
annual species on the understory, even though
the number of woody palatable species has
declined. Reductions on vegetation cover
cannot be seen as synonym of desertification,
as far as the soil preserves or improves
its previous condition (e.g., bulk density,
fertility, infiltration rates, microorganisms,
electrical conductivity, etc.). Any attempt
to define or assess desertification based on
a single factor would be an oversimplification
of the phenomena and is likely to lead to
erraneous conclusions.

Certainly, most indicators of
desertification developed, rece"ntly based on
vegetation, include not only cover but also
species composition. However, the criteria
for assessing the site condition, based on
its floristic composition, is rather subjective.
Thus, some authors stressed that
desertification can be assessed by the
reduction of the productivity of "desirable"
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plants (Dregne, 1983; Huss and Aguirre,
1978); or by the reduction, on the long
tenn, of the productivity and diversity of
"useful" plants and animals (Milton et al.,
1994). Such a criterion is not by itself a
desertification parameter. The most desirable
plants for a given ecosystem are the
best-adapted ones, generally belonging to
the native, original vegetation, which may
confer a high degree of stability and resilience
to the system, and not those that livestock
prefer to consume. The use of species-based
criteria in range management may lead to
underestimation of the long- term ability
of rangelands to sustain productivity when
changes in species composition are minor
and changes in soil fertility are negative
and large; or may lead to overestimation
of the impact of grazing when the opposite
occurs (Milchunas and Lauenroth, 1993).

Ranks of range condition as "good"
or "excellent" (e.g., that of an artificial
pasture of an exotic grass) do not imply
that rangeland is in a suitable status in
terms of sustainability and conservation.
Presence of cacti on overgrazed areas, for
instance, may be an indicator of
desertification process. However, they occur
due to responses to competition factors or
more appropriate conditions of light and
soil temperature that promote their
occurrence; but cacti are not an indicator
just because they are "undesirable" for
livestock. Floristic composition may,
however, become important in terms of
desertification considering that high
densities of such a distasteful plant species
within a commun~ty, with either a high
or low diversity, ;may decrease organic
matter inputs and soil fertility. This may
occur due to the low quality (presence of

secondary plant metabolites, low nitrogen
content, mature and lignified tissues, etc.)
of the litter being incorporated into the
soil, which in the long term (it is unknown
how long) might diminish soil productivity
(Bryant et al., 1991).

The Regional Situation: Main Problems
and Current Conditions

Desertification in Mexico, as in many.
other countries, is a multidimensional
problem whose forms and levels vary
depending on the prevailing natural, technical,
and the socioeconomic and political
situations. Overgrazing has been identified
as the main cause of desertification in
extensive areas of the country. Grazing lands
occupy around 70 million hectares of the
Mexican arid lands, mainly concentrated in
the northern portion of the country. The
north Mexican region included in the present
study has four major grazing regions
discussed by Buller et al. (1960) that
considers mainly the Mexican States along
the USA border (Table I), of which Coahuila,
Nuevo Leon, and Tamaulipas constitute the
so-called north-east of Mexico.

Northern Mexico, as a whole, is
characterized by extensive grazing systems
where overgrazing and trampling have been
followed by soil compaction and the
subsequent increased runoff and accelerated
e,rosion. Soils of the steep slopes of the
main northern range mountains (i.e., Sierra
Madre Oriental and Sierra Madre
Occidental), are more prone to soil erosion
that result in huge losses of organic matter.
Sandy soils of the altiplano and north-
western regions are more susceptible to
loosening rather than compaction, then being
subject to great losses by wind and water
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Table I. Gross estimates of livestock number and recommended carrying capacities for each northern
State and representative vegetation opes

State Number of animals
Cattle Goats Sheep

Carrying capacities for
vegetation type (ha/A.U.*)

Grasslands Shrublands Forests
Chihuahua 1888647 217115 63617 15 33 20
Coahuila 758750 700882 77803 18 27 19
Durango 1057053 181574 57560 13 30 17
Nuevo Leon 682222 492602 95257 17 20 22
Sonora 196470 88380 42863 20 28 24
Tamaulipas 985175 236970 120134 16 21 *** I A.U. = 1.025 cattle; 6.07 goats; 5.44 sheep (average values).
** All vegetation types different from grasslands were considered together.
Source: COTECOCA, 1973, 1978a, 1978b, 1978c, I979a, 1979b.

erosion. Soils in the north-eastern region,
on the other hand, are especially prone
to compaction because of extreme climatic
conditions (causing high dehydration),
predominant texture (clayey soils with
shrinking and swelling actions), and low
contents of organic matter.

Grazing takes place on such diverse
rangelands at different stocking loads,
frequencies, and intensities. In general,
ranges are overused at different rates.
However, average carrying capacities and
reported overgrazing rates do not reflect
the real magnitude of the overgrazing
problem. The average rangeland carrying
capacity (or rangeland coefficient) for the
whole country has been estimated at 16
hectares per animal unit (ha/AU) (an animal
unit in Mexico is a 400 to 450 kg-pregnant
cow, or its equivalent); for the northern
region this is between 15 and 30 ha/AU
for rangelands in regular to good condition,
and even 50 ha/AU for specific sites in
poor condition (Basso Is, 1989). In the State
of Sonora average overgrazing rate was
reported to be 182% over the recommended

capacity; however, at the site scale, cases
with overgrazing rates up to 1,500% have
been observed (COTECOCA, 1978a). In
the State of Tamaulipas overgrazing rates
were reported at 203 and 479%, respectively
(COTECOCA, 1978b). In addition, such
rates are based on old estimates of biomass
production (COTECOCA's evaluation of
carrying capacities for all Mexican
rangelands was done in the 1970's) that
a given area can produce when being in
a "good condition" (Table I). It is thought
that such a condition has changed since
then, especially in the severely grazed areas.
Thus, these reports do not represent the
real condition and overuse' of the range.
These are, however, the only carrying
capacity estimates available so far.

Livestock populations show a
distribution pattern by animal type. Cattle
seem to be the most preferred domestic
animal in the States of the northern and
north-western regions (Chihuahua,
Durango, and Sonora). In most of these
cases, extensive areas of natural, induced,
and cultivated grasslands are used to freely
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graze numerous herds of breed cattle. On
the other hand, small ruminants are relatively
more abundant in the north-eastern states
(Coahuila, Nuevo Leon, and Tamaulipas).
This is mainly due to cultural reasons. This
is also favored by the availability of browse
from the native shrubby thornscrub, which
contributes for these states to have the
highest carrying capacities within the
shrublands (Table 1). Indeed goats are
considered the most convenient domestic
species to raise in the north-eastern region
because they are predominantly browsers
with a high preference for native shrubs
and the drought resistant shrubs are the
only available source of forage during the
dry season (Ramirez-Lozano, 2000;
Ramirez, 1999; Lopez-Trujillo and
Garcia-Elizondo, 1995; Solanki, 1994;
Mellado et al., 1991). Over 26 shrub species
have been identified as highly preferred
by free ranging goats only in the State
of Nuevo Leon (Tellez and Foroughbakhch,
1990; Foroughbakhch and Martinez, 1986).
Most of the shrubs in the north-eastern
region have a nutritive value for goats,
other livestock and wild animals (Taylor
et al., 1997).

Goats are well adapted to extreme climatic
conditions, and low productivity and scarped
topography lands (Alanis, 1991). Considered
as opportunistic, they convert low-quality
resources to high-quality protein and, in the
mean time, well-managed grazing systems
may be useful to maintain and enhance the
landscape (EI Aich and Waterhouse, 1999).
However, a number of technical and
non-technical causes, such as overstocking
of rangelands, and the lack of appropriate
rotational grazing systems, coupled with land
tenure issues and goat raising have been

found to be the most pervasive agent for
vegetation and soil resources in the
north-eastern region, as it is overgrazing
by cattle and other livestock types in most
northern Mexico.

Overgrazing and vegetation changes in
rangeland

Vegetation changes in grasslands, as a
consequence of livestock overgrazing, have
resulted in a reduction of densities and
productivity of grasses and herbaceous plants,
and concomitant shrub invasion inovergrazed
areas of arid and semi-arid lands of northern
Mexico, as it has been seen in southern
Texas, New Mexico, Arizona and other North
American regions (Archer, 1994; Gonzalez
et al., 1987; Chew, 1982; Huss and Aguirre,
1978; Bell, 1973; York and Dick-Peddie,
1969; Buffington and Herbel, 1965; Tapia
and Hernandez, 1957), as well as in South
American grasslands (Schofield and Bucher,
1986; Semple, 1974). These changes are
considered undesirable because they have
reduced carrying capacities for livestock,
contributed to soil erosion and reductions
in stream flows, altered wildlife habitat, and
threatened pastoralists or ecosystem
sustainability (Archer et al., 1999).

It has been believed that all the vegetation
in the region was essentially grassland or
grassland-savanna in the past, and it must
be managed accordingly. Studies and
historical records state that, at least 200 years
ago, this area was dominated by extensive
and open grasslands and had been
shrub-invaded as a result of livestock
overgrazing (Archer, 1989; Archer et al.,
1988; Herbel, 1986; Kuchler, 1964). From
our perspective, however, such directional
changes in vegetation through bush
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encroachment, even when they certainly take
place in arid grassland ecosystems, may have
been broadly inferred to all grazing areas
of northern Mexico, including. ecosystems
of a different nature from grasslands. This
is the case of the vegetation of the north-
eastern Coastal Plain (Rzedowsky, 1986).
In northeastern Mexico the shrubby
Tamaulipan thorn scrub, which consists of
an assemblage of tall; medium and dwarf
shrubs form a highly diverse and extremely
dense and closed plant community of about
80 shrub and tree-like species, over an
understorey of around 30 annual and
perennial species of grasses and herbs (Alanis,
1991; Reid et al., 1990; Heiseke, 1986; Rojas-
Mendoza, 1965). Historical records from
pioneer botanists, report that woody species
have been the dominant Iife form for centuries
in the region and constitute the characteristic
vegetation (del Hoyo, 1979; Rojas-Mendoza,
1965; Johnston, 1962). The Tamaulipan
thornscrub occurs on both sides of the Rio
Bravo/Rio Grande across the Mexico-USA
border. It is estimated that 98% of this
community in the American counterpart has
been cleared since the early 1900's, and
similar figures are for Mexico as well, to
increase agriculture areas, seed artificial
pastures, and expand urban developments
(Collins, 1984). Adaptation of cattle to brush
habitat possibly began with the first grazed
herds brought by Spaniards to the region;
cattle used shrubland forwarmth and protection
during winters and for calving in spring
(Crosswhite, 1980). Little or no documentation
is available on longterm perturbations to native
flora associated with ranching in South Texas
(Lonard, 1985), neither for north-eastern
Mexico. Experimental evidence suggests that,
under intense, frequent, and heavy grazing,
this plant community seems to have

degradation pathways just in the opposite
direction of those of grasslands, i.e., from
woodies to grasses and herbs, mainly annuals
(Manzano and Navar, 2000). Such changes
tend to lead to a patched plant community,
simpler, and more prone to disturbance;
where decreasing plant and animal
biodiversity and productivity, soil
degradation, and detrimental microclimatic
changes might be expected (Manzano and
Navar, 2000; Petit et al., 1995). Exclusions
in this community may apparently lead to
a shrubby community in its maximum peak
of diversity and physiognomy, as has been
observed after isolating an area from grazing
and any human activity other than research
for around 20 years in the south-eastern
part of Nuevo Leon.

I f it were assumed that original
vegetation of the north-eastern Coastal Plain
is better mirrored by the current shrubby
vegetation than by a grassland situation,
then the dominant Tamaulipan thorn scrub
might be considered the most desirable
condition of the vegetation, i.e., the climax
(Clements, 1916), or a steady-state
vegetation (Westoby et al., 1989). In that
case, application of ecological principles
and range management strategies should
be aimed to conserve and improve this
plant community, instead of regarding it
as worthless vegetation that has invaded
and impaired the true grasslands and must
be cleared from the landscape, as has been
done for decades in large areas of the region
(Maldonado, 1992; Collins, 1984). Native
shrub species are well adapted to the extreme
climatic fluctuations of the region, by virtue
of their well developed root system (Navar
et al., 2000). They improve soil physical
properties, and enhance nutrient uptake from
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the lower depths (Navar and Bryan, 1990).
Legumes, which are well known for
promoting nitrogen fixation, represent
around 30% of the shrubby component of
the native vegetation (Reid et al., 1990)
and are the most important species in terms
of diversity and canopy cover (Gonzalez
et al., 1997).

Impact of grazing on shrublands of the
north-eastern region is poorly documented
due to the scarcity of data obtained under
controlled stocking rate longterm
experiments to allow for discrimination
of the effects of climate and grazing regimes.
While many authors (Maldonado, 1992;
Heiseke and Foroughbakhch, 1985;
Foroughbakhch and Penaloza, 1988;
Foroughbakhch et al., 1987, among others)
have reported soil erosion or degradation
problems due to overgrazing in the Mexican
north-eastern shrublands, there are very few
publications providing specific field data
on the issue. Manzano and Navar (2000),
for instance, found significant increases in
soil bulk density in only one year after
a single overgrazing episode by goats, as
well as detrimental changes in the
community structure plant. During the
period, soil bulk density increased 13%
within treated plots, and 16% in untreated
plots. Vertical structure of the plant
community was modified through the
reduction of leaf cover of shrubs up to
] .5 m along the plant profile and the increase
in cover of annual grasses and herbs.
Pando-Moreno (unpublished) has found two
main degradation problems associated with
grazing on rangelands in the region: an
increase in compaction of the soil surface,
and loss of fertility. These factors are well
known to reduce infiltration rates, and

increase runoff and erosion. Practically, the
effects of these factors are hardly separable,
but their magnitude may vary independently
from one to the other depending on the
soil texture, vegetation cover, stocking rate
and management. According to
Pando-Moreno's results, compaction seems
to be a more rapidly increasing problem
in the area due to overgrazing, both for
shrub lands and for sown pastures. After
analyzing sixteen sampl ing areas in
rangelands in the north-east of Mexico,
in ]996, 1997 and ]999, the same author
reported an average increase in soil bulk
density of 0.] 574, which means an 11.92%
increment.

Land tenure implications

Raising cattle for meat production is the
most important rangeland use in the northern
states of Mexico, usually under an extensive
free grazing management system. This
activity is mainly carried on by private
landowners, who have developed traditional
range management techniques originally
adapted from north American ranchers, aimed
at controlling shrub invasion in rangelands.
These include, in most cases, the complete
elimination of any woody individual from
the grassland landscape. Indeed, large grazing
areas in most of the region have been shrub-
controlled through the use of fire, chemicals,
and mechanical suppression. In many
situations all the native shrub vegetation has
been mechanically eliminated to either induce
the growth of native grasses or to raise
exotic grass species. Currently however,
modem local range management techniques
consider trees and shrubs as desirable, and
allow their presence on grasslands, in low
densities, as they are important components
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of the· range system that provide browse
and shelter for grazing animals, and a more
attractive habitat for hunting fauna. However,
although such practices are currently
employed, many private farm rangelands
have continually been overused and
shrub-cleared in the last few decades,
especially during and after the green
revolution (in the 1960's), when agriculture
and sown pastures started to expand
dramatically. In 1953-54, agricultural areas
in the State of Tamaulipas covered 242,800
ha, and by 1980-81 they were expanded,
at the expense of the Tamaulipan thornscrub,
up to 1310,000 ha (USFWS, 1983). Only
in the State of Nuevo Leon, over 150,000
ha were totally cleared during a five-year
period in the early 1980's (at an average
rate of 73 ha per day) under the State
government's initiative (Maldonado, 1992),
to expand agriculture lands and sow artificial
pastures with exotic grasses, mainly in private
ranches, increasing the fragmentation of the
regional landscape.

Although the private grazing system has
undoubtedly contributed to desertification of
rangelands, the communal system is blamed
for most of the severe overgrazil]g and the
conseq uent land degradation. Since the
Mexican revolution, ejidos replaced displaced
private farms. Then a simultaneous and
equally accelerated deterioration in the
rangelands was evident (Escurra and
Montana, 1990; LaBaume and Dahl, 1986).
There are two forms of property rights in
the ejido: individual plots and common
property lands, mainly in rangelands and
forests. Land under individual jurisdiction
is mainly allocated to crops, and the product
of croplands is privately appropriated
(McCarthy et al., 1998). Meanwhile,

rangelands are collectively, freely, and
heavily grazed without charges or regulations
for the use of community resources.

A variety of domestic animals, such as
goats, cattle, sheep, hogs, horses, and
donkeys, usually forage communal
rangelands. Since most of the communal
land is not appropriate for agriculture due .
to the lack of water for irrigation, low fertility
of soils, and generally scarped topography
(Simon, 1998), landholders make use of
increasingly hardy and more agile types of
domestic livestock that feed on a wider
spectrum of plant species (Milton et al.,
1994; Schofield and Bucher, 1986), in order
to ensure a more complete use of the scarce
rangeland resources, and to cope better with
the harshness of the environment (the larger
the herd, the more the survivors after a
long dry season). Under this system, all
users share the cost of using an additional
unit of a resource, but the benefit of using
this additional unit accrues to the individual
user of that unit (LaBaume and Dahl, 1986).
The wrong idea of "that belonging to
everybody, does not belong to anybody",
has caused in most cases indifference and
lack of cooperation among landholders to
develop appropriate management practices
and conservation tasks on communal
rangelands. However, as LaBaume and Dahl
(1986) stated, it is possible that the real
problem is not the communal land tenure
regime, but the methods and forms of
organization: some ejidatarios have relatively
larger herds, each individual desires to be
independent, possess his own herd, and be
his own boss. Socio-economical models for
communal land tenure have showed that,
when cooperation among landholders in the
management of communal rangelands fails



296 MANZANO et al.

more land is allocated to crops and less
land to range, but stocking rates on the
other hand, increase dramatically.

Another important issue of concern is
that Iivestock production r.ractices are
consuming the resources on which other
natural resource-based enterprises also
depend. Although new and improved
technologies and practices that can potentially
contribute to the creation of sustainable
production systems are being developed, they
are not reaching producers of all sizes, leaving
small producers, such as ejidatarios, excluded
from the implicit benefits because of their
high costs. Furthermore, the individual
holdings of ejidatarios are too small and
their capacity to develop and implement
efficient programs too limited to take
advantage of opportunities that are available
in the same region on larger enterprises
(Consorcio Tecnico et al., 2000). The only
way ejidatarios can obtain financial aid to
have access to improved technologies is
through governmental programs. They are
highly dependent on such programs, which,
apart from being not permanent, are
budget-limited and subject to bureaucratic
biases ..

Recent Federal government initiatives on
land issues have led to the sem i-privatization
of the ejido. Nowadays, the ejidatarios have
private property rights over their land and
are allowed to trade it among them and
with private producers, and/or to make
associations with the latter ones, who would
invest capital to improve production systems
in the lands of the ejido. These reforms
in the Mexican laws intend to transform
the ejido into a more efficient and productive
system. There may be two possible, and
contrasting, future scenarios: (I) An

optimIstIC scenario, agreeable with the
government's purposes, is a fair association
ejidatario-private investor and among
ejidatarios by means of which sustainable
agriculture and animal production systems,
and plausible economic inputs to ejidatarios,
might be expected. A fair land trade would
lead to improved rangelands through more
judicious management techniques by the new
owner. (2) The unfortunate scenario, which
might be possible on the mid to long term,
implies two things: socially, the reversal
to the past socio-economic structure, when
ejidatarios, by selling the land, become simple
laborers on big haciendas; technically, it
is feasible that under the bizarre association
ejidatario-investor, focused mainly on the
most fertile and profitable lands. Degraded
rangelands might only be seen as available
resource without any additive value and be
abandoned from any management or
improvement, as well as persistently overused
because of the continued demand for livestock
products from regional and foreign markets.

Alternatives for Improvement

The most frequent recommendation to
lessen the grazing pressures on rangelands
is to reduce the number of grazing animals
and to allow severely grazed areas to rest
for a given period of time, usually years.
Nevertheless, a degraded range has a low
value and generates little income for its
owners to be able to afford to rest the land
for a year or more (Milton ef al., 1994).
As stated above, new forms of organizations
are more irnportant than land tenure to reduce
these trends and increase output production.
Then, solutions to reduce grazing pressures
on communal rangelands have been aimed
at better organization of the ejidatarios,
without removing grazing animals from
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range. The former Secretary of Agriculture
and Livestock recommended the
amalgamation of individual herds into a
collective one of proper size, according to
the range carrying capacity. This collective
herd could belong to a grazil'lg association.
Members would hold shares of stock or
some similar evidence of property rights,
and the balance of unemployed labor could
be used to create social capital, such as
improvement of range infrastructure
(LaBaume and Dahl, 1986). Hanselka et
al. (1996) suggested the creation of
cooperatives or associations for production
and marketing to use the power of scale
to better represent interests of individual
ejidatarios. Although with some constraints,
such as the willingness of ejidatarios to
change individualism for common work
within the communal land tenure system,
proposals like these sound as advantageous
and must be tested at local levels, starting
with pilot ejidos and monitored regularly.

Making use of the natural potential of
the land introducing alternative economic
activities may convert the ejido's lands into
a growing enterprise. Indeed the ejidos
provide an existing opportunity for
production and marketing enterprises for
traditional rangeland products, but also for
the non-traditional income potential that
exists in the region, such as hunting, bird
watching, nature-based tourism and other
forms of recreation (Vazquez and Gonzalez,
1999). In the last two decades, the combined
production of livestock and wild animals
increased dramatically in northern Mexico.
Currently, more than 20 million hectares
in diversified private ranches are utilized
for sport hunting activities. These newly-
fashioned enterprises are both ecologically

and economically more suitable than the
livestock production, and can be a
favourable option for ejidos to develop them
within the new land tenure framework.

Agroforestry and silvopastoral systems
could provide an alternative to improve
pastoralism in the region, giving a greater
buffer capacity and allowing for sustainable
production even in critical years (Pando-
Moreno and Villalon, 2000; Gonzalez and
Villarreal, 1989).

Since the last estimates of biomass
production in rangelands were made 20 years
ago, carrying capacity data for rangelands
need to be updated. So far, COTECOCA's
estimates are the only data source on which
the stocking rates are based. In addition,
biomass calculations must be made
distinguishing all of the present piomass and
the edible forage, and they should be specific
for each domestic animal species, or groups
of species, according to their diet and feeding
habits. This certainly implies a huge amount
of work and human and econom ical
resources, and could take a long time,
especially if we attempt to cover the entire
territory with all its intrinsic heterogeneity.
Then, it might be useful to develop an
easy-to-follow standard technique that any
interested producer or range manager ,would
be able to practically determine the carrying
capacity of a certain range.

It is certainly true that there are different
trends on which characteristic rangeland
vegetation of the region, i.e., grasslands and
shrub lands, may evolve when the system
is under grazing stress. Origin of northern
floras and vegetation is still uncertain, and
controversial, and most of the available
references are historical statements based
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on empirical, personal observations subject
to bias. However, it is hard to believe that
rich and stable plant communities, such as
the Tamaulipan thornscrub, are the result
of grazing disturbance and be characterized
as secondary vegetation in the region
ecosystems. Then geological and fossorial
evidences, as well as additional ecological
stud ies, such as those of Archer et al. (1999)
and others, are definitely necessary at
local/regional levels in order to truly identify
the origin of the vegetation and infer any
trend in the processes of vegetation
degradation and recovery in north-eastern
Mexican rangelands.

Conclusions

Range management, land tenure, and
organization of producers arise as the main
challenges regarding rangeland degradation
in northern Mexico. Technically, improved
grazing management may offer an
opportunity for rangeland to recover diversity
and productivity, although depends upon an
understanding of processes regulating plant
succession, stability, and resilience (May,
1997; Walker and Noy-Meir, 1981; Walker
et al., 1981). Therefore, studies aimed to
improve the knowledge on the dynamics
of the local vegetation and to identify definite
thresholds and break points beyond which
desertification processes accelerate are
definitely necessary in the region's rangeland
ecosystems. In practice, however, the
achievement of sound range management
isdependent on a number of natural, techn ical,
and socio-economic and political factors
described above. In view of the new changes
on land tenure issues, the most convenient
alternative to fairly counterbalance the
concerns of all the involved parties, i.e.,
rangeland, ejidatarios, and private investors,

seems to be to take advantage of the situation
and bring investment to the ejido through
equitable alliances between ejidatarios and
private investors for the diversification of
production activities. Investment must be
channeled to enhance rangeland through
research and suitable range management as
well. Thus, grazing management techniques
can be appropriately prescribed, range
resources conserved, and desertification
processes lowered.
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