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Abstract—Buffel savannas have been an important landscape on cattle grazing ranches in Sonora over the past 
50 years or more. Changes in land use result in biodiversity changes that may produce ecosystem functional 
changes; however, these are less well documented. Although fire driven processes have been proposed for 
Buffel savannas, this is not generally the case, and other processes seem to be driving ecosystem function. 
Several years of studying above- and below ground processes allow us to propose how microclimate, water 
and nutrient dynamics change in established Buffel savannas, as well as how biodiversity changes may affect 
functional processes in arid and semiarid ecosystems. Water and nutrient biogeochemical cycles changed 
in Buffel dominated savannas in comparison with those in natural ecosystems, following land use changes. 
Our findings may be extrapolated to other highly invaded areas were Buffel grass is becoming a dominant 
exotic species.
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Land Use in Arid Sonoran Ecosystems
	 The Sonoran Desert in the States of Sonora, Baja California (North 
and South), Arizona and California covers close to 300,000 Km-2. It 
has important gradients of increasing plant species diversity from north 
(Larrea dominated ecosystems) to south in México and from west 
to east (with increasing tropical floristic influence), which results in 
a large plant functional diversity and biological forms (Peinado and 
others 1990; Shreve 1942). Those changes in taxonomic and functional 
biodiversity, following phytogeographic and aridity gradients, make 
the Central Sonora Region (CSR) (broadly limited to 28 - 30°N and 
102 - 106°W), the ecotone for those two major gradients, and thus, a 
particularly important area for ecological and biogeographical studies. 
The biological importance of the region is because it is the northern 
most limit to a large number of neotropical species, as well as the 
southernmost limit to many neartic species (Rzedowski 1978). It is 
important as well because it is an arid ecotone where large speciation 
events (Stebbins 1952), high endemism (Shreve and others 1964; 
Turner and others 1995) and ecological legacies (Castellanos 1992; 
Castellanos and others 2010) are found.

	 Land use and cover change have been rapid and greatly modified 
by cattle ranching in the last half century. Cattle grazing was intro-
duced into Northwestern Mexico and the Central Sonora Region 
(CSR) during the late 1600’s (Camou 1998; Castellanos and others 
2010). Large herds of cattle have been present for over 400 years 
in the CSR, diminishing palatable forage plant species, increasing 
shrubland and degrading habitat (Aguirre-Murrieta and others 1974; 
COTECOCA 2002). Because of its aridity and dryness, Sonora graz-
ing lands are known to support as few as one animal unit per 20 - 30 
hectares (Aguirre-Murrieta and others 1974). However, increasing 
opportunities for cattle export to the United States in the 1950’s led 
to a change in the ranching technological paradigm in Sonora (Bravo-
Peña and others 2010; Camou 1998; Castellanos and others 2010). 
Socioeconomic drivers, such as increasing cattle market demands, 
led to overstocking and increasing habitat degradation, which led 
to increasing exotic buffel (Pennisetum ciliare L.) grasslands being 
established in Sonora, following research from Texas AM University 
(Johnson and Murrieta 1992). In order to increase land productivity 
to support market needs, extensive tracts of land were converted to 
intensive monocultures of P. ciliare.
	 Over the last 40-50 years in Sonora, a common practice has been to 
chain and bulldoze large tracts of terrain, clearing (in early years all, 
but more recently) most shrubs and trees, seeding buffel grass  and 
rotating cattle seasonally. Despite the apparent productive advantages, 
this massive disturbance has posed a number of ecological challenges 
over the years, not only because it decreases species richness and 
plant diversity (Castellanos and others 2002; Saucedo-Monarque 
1994; Saucedo-Monarque and others 1997), increases the potential 
for soil erosion (Perramond 2000; Saucedo-Monarque 1994), changes 
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microclimatic soil conditions (Castellanos and others 2002); but also 
because it decreases important soil nitrogen (Castellanos and others 
2002; Dalal and others 2005; Ibarra-Flores and others 1999), and 
changes nutrient dynamics (Castellanos and others 2010; Celaya-
Michel and others 2011; López 2007).
	 Shrubland conversion to buffel savannas has changed biodiversity 
composition and ecosystem structure in such a way that no detailed 
knowledge exists on how those highly modified ecosystems will 
function, remain, change or affect different ecosystem processes, 
as well as biotic and trophic links. Buffel savannas dominated by a 
highly invasive grass species are an important part of the landscape 
in Sonora, but their ecological effects are unknown (Arriaga and oth-
ers 2004). We believe that a better understanding of how introduced 
buffel savannas functions is needed and can help to understand the 
short and long-term ecological implications of this management 
policy, such as to understand some of the main causes for its spread-
ing, as well as to help us establish better management practices to 
control its spreading into native adjacent ecosystems. Our approach 
also provides some badly needed basic knowledge on how Sonoran 
Desert and arid ecosystems function.
	 Over the last 20 years we have studied paired sites in different arid 
ecosystems in the Central Sonora Region. Paired sites (buffel savannas 
and “native” vegetation cover) have been studied in order to answer 
some important questions in relation to the role of biodiversity in 
ecosystem function:

•	 How are microclimate, soil moisture, and fertility dynamics 
modified in native compared to buffel savannas? 

•	 What are the changes in ecosystem nitrogen dynamics and how 
do they relate to changes in structure and species composition? 

•	 How are ecosystem degradation and resilience changed in a 
nearly monospecific-dominated ecosystem of buffel savannas?

Biodiversity Change and Ecosystem 
Function
	 Biodiversity is an important component of ecosystems and its 
qualitative and quantitative changes have been found to affect its 
function, an important consideration with increasing land cover use 
and change (Hooper and others 2005; Naeem and others 2002; Schulze 
and others 1994). A well- established paradigm relates biodiversity 
with net primary productivity (Tilman 1988; Tilman and others 2002; 
Tilman and others 1997; Wright and others 2006) and ecosystem 
stability (Tilman and others 2002; Tilman and others 2006).
    Even though buffel savannas have been proposed as a management 
alternative to increase land net primary productivity, some studies 
question that such a goal has been achieved. Using NDVI, as a proxy 
to measure vegetation productivity, has shown that plant productivity 
is much lower than proposed or expected in a range of conditions 
along a rainfall gradient (Bravo-Peña 2009; Romo 2006), in the Central 
Region of Sonora and a region north of it (Franklin and others  2006).
	 Questions remain on how changes from natural ecosystems to buffel 
savannas affect biodiversity and biotic links at different levels, how 
and what ecosystem processes change, and how stability of these 
induced and simplified ecosystems is modified.

Structural Changes in Plant Cover
	 Plant removal for buffel grass establishment changed plant struc-
ture and cover (fig.1). While the herbaceous stratum is significantly 
increased by buffel cover in the savanna, total plant cover diminishes 

compared to native vegetation stands. It has been found (Romo 2006; 
Lopez 2007) that cover could further diminish after some 30-40 years 
of savanna establishment to about half compared to natural vegetation.
	 We have proposed that a “green rush” effect drives cattle ranchers 
to adopt buffel savanna establishment (Bravo and others 2010a). The 
effect happens after the dry season and with the first summer monsoon 
rains. Once buffel has been established, because it is a fast growing 
herbaceous perennial species, it has the ability to immediately leaf-out 
after the very first rainfall pulses, producing an immediate “greeness” 
given that the whole savanna biomass is biologically, physically, and 
visually concentrated in only one vegetation stratum. Meanwhile, 
most neighboring plant species within native woody vegetation will 
green out later, resulting in large patches of brown and green because 
the greeness is distributed multi-dimensionally over the landscape.

Soil Abiotic Controls

Soil Temperature and Moisture

	 Temperature and moisture are important drivers of ecosystem 
processes in the soil. Mean annual soil temperatures at 10 cm were 
not different at different sites of buffel cover, but their temperature 
dynamics were different (fig. 2). As expected, maximum and minimum 
soil temperatures were found in bare areas (ISN and ISB), which 
showed the largest soil temperature fluctuations in a given time.
	 Vegetation cover damps soil temperature in fall and winter months 
and during most of the year its coefficient of variation was the lowest. 
Higher minimum soil temperatures were found under O. tesota trees 
and under buffel grass. Mean soil temperatures were higher under 
trees and lowest in the savanna because of large temperature fluctua-
tions during the day. Buffel microsites had the lowest soil maximum 
temperatures during fall and winter but not in summer when PFB had 
about 15 - 20 °C lower temperatures compared to similar microsites 
in natural vegetation (PFN).
	 Largest daily and seasonal variations in soil temperatures in bare 
and buffel areas may have important implications to establishment 
of successional native species (Morales-Romero and others 2008; 
Saucedo-Monarque 1994).
	 Soil maximum (Tsmax) and average (Taav) temperatures as well 
as minimum (Tamin) and average (Taav) air temperatures were 
significantly related to soil respiration. Highest significances were 
found between soil respiration and Tsmax. Soil respiration was also 
directly related to volumetric soil moisture at all times during the 

Figure 1—Changes in plant cover in Buffel savannas of different age of 
establishment. Old (≥30 yrs), Medium (10 - 30 yrs) and Recent (0 - 10 
yrs). Natural is the predominant native vegetation at the site (modified 
from Romo (2006) and López (2007)).
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Figure 2—Mean soil temperature at different mi-
crosites during the year. PFN = under ironwood (O. 
tesota) trees in natural vegetation, PFB = similar but 
within the Buffel savanna; ISN = interspace (bare ar-
eas between trees, shrubs or herbaceous perennials) 
in natural vegetation, ISB = similar but within Buffel 
savannas; BB = under the canopy of Buffel grass.

year, although this relationship decreased with depth to 50 cm and 
deeper. 
	 Soil moisture changed with site (table 1; fig. 3), year, and time of 
the year. Soil moisture in the buffel savanna was significantly lower 
because lower soil moisture in the interspaces and under O. tesota 
trees, compared to similar habitats in natural ecosystems. Soil mois-
ture under ironwood in the savanna (PFB) had the lowest mean soil 
moisture (2.60 ± 2.2 g H2O g-1 soil p<0.01) but not significantly 
lower than the one found for the same microsite in natural vegetation 
(PFN, 4.15 ± 4.9 g H2O g-1 soil). Although not expected, because 
of late summer and early fall rainfalls during the last 2 years, soil 
moisture was higher at depths below 100 cm in sites with increasing 
aboveground leaf cover, including fewer than 100 cm in buffel grass. 
This is below depths of usable soil moisture (close to 60 - 70 cm in 
buffel), and depths of 130 - 150 cm below O. tesota canopies.

Soil Biotic Interactions

Termite Activity

	 Termite diversity was affected by changes in plant cover and struc-
ture in the natural vegetation and buffel savanna. In both ecosystems, 
termite richness did not change and the same six species were found 
in both ecosystems throughout the year (fig. 4). Of the species found, 
Gnathamitermes perplexus (41%) and Heterotermes aureus (33%) 

were the two most frequent termite species. Other species were 
Amitermes spp, Hoplotermes spp and Tenuirostritermes spp as well 
as an unidentified Amitermitinae species.
	 Small numbers of plots yielded small numbers of termite species. 
Expected termite richness ("Mao Tau" computed by the EstimateS® 
program using pooled plot data) was almost 25% higher for natural 
systems (8 spp) compared with buffel savanna (Sobs in fig. 4). "Chao2," 
another EstimateS richness output that assumes a different distribu-
tion of sampling error, gave similar results, with highest values for 
termite species richness during September on natural sites. During 
winter months (not shown on fig. 4), richness was lowest in natural 
systems. Chao2 curves confirm that the sampling effort on study sites 
was appropriate (fig. 4).
	 Termite presence, seasonal activity, frequencies and trophic sub-
strates did change between natural and buffel savanna ecosystems. 
Seasonal presence of termite species changed in both ecosystems. 
buffel savannas termites were most active during autumn-winter 
seasons, while major seasonal activity in natural ecosystems occurred 
at the end of summer-early fall season under O. tesota trees. Changes 
were also found in the interspaces—bare zones between species—with 
most important termite activity at the end of winter-spring seasons, 
while under buffel in the Savanna, activity periods were at the end of 
summer rainy season and during winter months. In bare unprotected 
zones, diversity was lower and major activity was found during spring.
	 An important finding was that Gnathamitermes perplexus, the most 
common species in the buffel savanna, was found foraging mostly 

Table 1—Changes in water availability at different depths in native vegetation and Buffel savanna 
sites. Volumetric water percentage obtained with TRIME® access tubes.

Natural SABANA

Mean±s.e. Mean±s.e. N F P

0 to 50 cm 3.38±0.28a 33.25±.25a 30 0.1251 0.072*

0 to 100 cm 8.22±0.52a 5.78±.47b 30 12.140 0.0007**

0 to 150 cm 11.56±0.75a 7.65±.68b 30 14.8735 0.0002**
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Figure 4—Expected termite richness in natural and Buffel savanna sites using Estimates®.

Figure 3—Changes in available soil moisture (amount of water in cm, in a profile), for different mi-
crosites in natural and Buffel savanna sites.
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on this grass species, behaving as an opportunistic species, changing 
its trophic substrate to the more abundant buffel litter. In a different 
study under Sonoran Desert conditions in Arizona, higher activity 
of Gnathamitermes perplexus was found in the range of 9 to 49 °C, 
while Heterotermes aureus, had a slightly lower, 7 to 47 °C, range 
(table 2; Haverty 2001).

Discussion
	 Chambers and others (2007) mention the hypothesis of fluctuating 
resources and say that invasibility is related to the availability of 
resources. In particular, invasibility increases if increasing resources 
are not utilized by natives. The availability of resources to buffel 
grass will be related to (a) an increase in supply reliability or  
(b) a decrease in uptake by natives. Many studies relate increasesd 
availability of nitrogen with increased invasibility.
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