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ABSTRACT 
 

Decades of overgrazing have left many rangelands in northwestern Mexico in 

poor condition. This has led to the practice of converting native rangeland plant 

communities to buffelgrass pastures. Buffelgrass (Pennisetum ciliare) is a perennial 

bunchgrass native to Africa. Both the extent of buffelgrass pastures within Mexico and 

the impacts of land conversion on biodiversity and ecosystem functioning. In the present 

study I address the effects of land conversion on the productivity and diversity of 

rangelands in the southern Sonoran Desert in the state of Sonora, Mexico. First, using 

satellite imagery from the Landsat mission, I found that rates of land conversion in the 

most heavily affected region of Sonora have continued to accelerate over the past three 

decades and that productivity of buffelgrass pastures is lower than that of native 

rangeland. Next, I examined the impacts of land conversion on the diversity and structure 

of plant communities and ant assemblages across a rainfall driven gradient of 

productivity in central Sonora. The regional extent of this land use change allowed me to 

explore the interaction between site productivity and land conversion. Within native 

rangeland I detected strong positive relationships between productivity and the species 

richness of perennial plant communities, but only weak positive relationships between 

productivity and species richness of ant assemblages. These results were discussed in the 

context of species diversity theory. Land conversion reduced the species richness of 

perennial plant communities by approximately 50% at both local and regional scales, 

whereas the species richness of ant assemblages was reduced by 17% at the local scale 

and only 8% at the regional scale. I found no evidence for an interaction between site 

productivity and land conversion in either plant communities or ant assemblages. The 
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implications of these findings for long-term trajectories of biodiversity in the southern 

Sonoran Desert are discussed. 
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INTRODUCTION 
 

An explanation of the problem and review of the literature 

 
Land use change is the primary driver of the current biodiversity crisis (Sala et al. 

2000; Novacek and Cleland 2001). One of the most widespread land use changes has 

been and continues to be the replacement of native plant communities with exotic grass 

pastures for the production of cattle (Lambdin and Geist 2003). The dramatic images of 

deforestation in the Brazilian Amazon have stimulated a substantial body of research on 

the effects of pasture development on biodiversity in tropical rainforests (eg. Lawton et 

al. 1998; Martínez et al. 2009). In contrast, the consequences of pasture development for 

biodiversity in arid biomes have received relatively little attention.  

In the arid regions of northern Mexico rates of pasture development have been 

accelerating over the past five decades (Diaz Solis et al. 1998; Amedola et al. 2005; 

Navar-Chaidez 2008). These arid regions are recognized for their high levels of diversity 

and endemism, harboring nearly one-half of the Mexican flora of roughly 22,000 species 

(Rzedowski 1992; Arriaga et al. 2005). Pasture development has depended almost 

exclusively on the cultivation of buffelgrass (Pennisetum ciliare), a perennial bunchgrass 

native to east Africa. Buffelgrass was introduced into Mexico in the 1950s and can now 

be found in four major regions: the northeast (Tamaulipas and Nuevo Leon), northwest 

(Sonora and Sinaloa), southcentral (Zacatecas and San Luis Potosi) and south 

(Michoacan, Morelos, Oaxaca, and Yucatan) (Cox et al. 1988; Amendola et al. 2005). I 

focused on the state of Sonora in northwestern Mexico. Buffelgrass pastures in Sonora 

are being created in the desertscrub, thornscrub, and tropical deciduous forest plant 

communities that lie along a longitudinal precipitation gradient in the western part of the 
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state (Búrquez et al. 1998). My main objective was to examine the effects of buffelgrass 

land conversion on two of the most important components of biodiversity within this arid 

ecosystem: 1) perennial plant communities, which contain the large trees and columnar 

cacti that contribute to the high levels of diversity in the region (Búrquez and Quintana 

1994), and 2) ant assemblages, which contribute to a substantial portion of the terrestrial 

animal biomass and interact with a wide range of organisms and ecosystem processes 

(Schultz 2000). Both of these groups function as ecosystem engineers (sensu Wright and 

Jones 2006) by modifying the physical environment in ways that affect the abundance 

and distribution of other organisms. More specifically, my goals were 1) to investigate 

the potential of utilizing remote sensing to map buffelgrass pastures and compare the 

productivity of different land cover types in the arid ecosystems of central Sonora; 2) to 

examine the local and regional effects of land conversion on the diversity of perennial 

plant communities and ant assemblages; and 3) to examine the relationships between 

productivity, land use change, and species diversity across the longitudinal precipitation 

gradient that structures native plant communities in this arid ecosystem (Wiseman 1980). 

 

 

An explanation of the dissertation format 

 
This dissertation presents the results of a broad investigation into the effects of 

land conversion on the biodiversity of the southern Sonoran Desert. Three manuscripts 

are included as appendices. Appendix A, “Buffelgrass (Pennisetum ciliare) land 

conversion and productivity in the plains of Sonora, Mexico,” examines rates of land 

conversion to buffelgrass pastures from 1973 to 2000 in the epicenter of land conversion 
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in central Sonora and compares the productivity of buffelgrass pastures to a variety of 

other habitats including unconverted rangeland. Appendix B, “The consequences of 

pasture development for plant diversity in the drylands of northern Mexico” examines 

spatial patterns of species diversity within the perennial plant communities of buffelgrass 

pastures and native rangeland across a longitudinal productivity gradient in the southern 

Sonoran Desert. Appendix C, “The effects of land use change and productivity on ant 

assemblages in the southern Sonoran Desert” extends the investigation of spatial patterns 

of species diversity across the longitudinal productivity gradient to ant assemblages. 
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PRESENT STUDY 
 

The methods, data, analyses and conclusions of this study are present in the 

appended manuscripts. The main findings of the research are summarized below. 

Appendix A –Images from the sensors aboard the Landsat satellites and the 

Moderate Resolution Imaging Spectrometer were used to estimate rates of land 

conversion from 1973 to 2000 in central Sonora. The Normalized Difference Vegetation 

Index (NDVI) was used to examine the relative productivity of buffelgrass pastures and 

unconverted rangeland. Algorithms developed to correlate pasture growth rates with 

NDVI values for other rangeland ecosystems were used to explore the growth rates of 

buffelgrass pastures. The rate of land conversion accelerated over this time period. 

Buffelgrass pastures nearly doubled in extent each decade. The productivity of 

buffelgrass pastures appears to be equal to or slightly lower than that of native rangeland 

sites, and approximations of pasture growth rates bring into question claims of the high 

productivity of buffelgrass pastures. 

Appendix B – The response of perennial plant communities to land conversion 

and productivity were examined in paired study sites (i.e. a buffelgrass pasture and 

nearby parcel of native rangeland) distributed across a rainfall driven gradient of 

productivity. This sampling design permitted examination of both the local and regional 

effects of productivity and land use change on diversity. Sites were sampled with line 

transects. Land conversion reduced diversity by approximately 50% at both local and 

regional scales, indicating that site productivity did not modify the effects of land use 

change. The lack of an interaction effect was determined to be an artifact of the practice 

of sparing large, long-lived trees during the conversion process.  
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Appendix C –The same sampling design used to sample perennial plant 

communities in the previous study was used to examine the response of ant assemblages 

to land conversion and productivity. Ants were sampled with pitfall traps during the 

height of the summer monsoon season. Species were placed into “functional groups” 

based on ecological criteria, and functional group composition of buffelgrass pastures 

was compared to that of native rangeland sites. Land conversion resulted in a relatively 

small loss of diversity at the local and regional scales. The amount of species turnover 

among sites (beta-diversity) and functional group composition were unaffected by land 

conversion.  
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Abstract 

Bufflelgrass (Pennisetum ciliare syn. Cenchrus ciliaris) is an African grass that has been 

widely introduced in subtropical arid regions of the world to improve rangelands for 

cattle production. However, it can have a negative effect on the diversity of native plant 

communities. Buffelgrass was introduced to Sonora, Mexico in the 1970's as a means to 

bolster the cattle industry. “Desmonte,” the process by which native desert vegetation is 

removed in preparation for buffelgrass seeding, alters the land surface such that 

buffelgrass plots are easily detectable from aerial and Landsat satellite images. We 

estimated the extent of conversion to buffelgrass in a 1,850,000 ha area centered on 

Hermosillo, from MSS and TM images from 1973, 1983, 1990 and 2000. We then 

compared the relative above-ground productivity of buffelgrass to native vegetation using 

Normalized Difference Vegetation Index values (NDVI) from Landsat and Moderate 

Resolution Imaging Spectrometer (MODIS) satellite sensor systems. Buffelgrass pastures 

have increased from just 7,700 ha in 1973 to over 140,000 ha in 2000. Buffelgrass 

pastures now cover 8% of the land surface in the study area. Buffelgrass pastures have 

lower net primary productivity, estimated by MODIS NDVI values, than unconverted 

desert land. The desmonte process removes trees and shrubs, while the buffelgrass 

plantings are often sparse, leading to an apparent net loss in net primary production from 

land conversion. We recommend that the desmonte process be discontinued until its 

efficacy and safety for native ecosystems can be established, and that a comprehensive 

plan for preserving biodiversity while accomodating economic development be 

established for this region of the Sonoran Desert in Mexico. 

 

Keywords: Invasive plants, rangeland productivity, land conversion, remote sensing 
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Introduction 

Human alteration of the Earth’s land surface is occurring at increasing rates in tropical 

and subtropical regions (Lambin et al., 2003). Current rates of land conversion to 

agriculture and pastures have been recognized as major threats to biological diversity 

(Sala et al., 2000) and major disrupters of ecosystem functions (Vitousek et al., 1997). 

Extensive tracts of desert scrub, thorn scrub and tropical deciduous forest in Mexico have 

been converted to exotic grassland to facilitate higher cattle stocking rates (Masera et 

al.,1997; Burzuez-Montijo et al., 2002). Buffelgrass (Pennisetum ciliare, syn. Cenchrus 

ciliaris), a perennial cespitose, C-4 grass native to Africa, was first introduced to 

Mexicoin the early 1950’s but large scale planting began in the 1970's with subsidies 

from the State of Sonora (Cox et al., 1988b; Ibarra-Flores et al., 1995, 1999; Vasquez-

Leon and Liverman, 2004). Buffelgrass grows and persists well in desert habitats due to 

the species’ ability to respond with vigorous growth to erratic rainfall events and its 

tolerance of drought and grazing. It is considered a high-value forage plant (Ramirez 

,1999; Ramirez et al., 2001; Sanderson et al,. 1999).  

Unfortunately, buffelgrass is known to reduce native plant diversity and interfere 

with natural ecosystem functions in other parts of the world (Fairfax and Fensham, 2000; 

Franks, 2002; McIvor, 2003). In northern Mexico, its use has resulted in direct and 

indirect negative impacts on biotic communities (Burquez-Montijo et al., 2002; Johnson 

and Navarro, 1992), and the sustainability of buffelgrass lands is in question (Castellanos 

et al., 2002). The introduction of buffelgrass into Sonora, Mexico involved major 

modifications of natural vegetation (Yetman and Burquez, 1998). Generally, clearing of 

existing vegetation by chain or bulldozer, a process called "desmonte", precedes seeding 
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of buffelgrass and results in habitat homogenization (Johnson and Navarro, 1992). In the 

Sonoran Desert buffelgrass readily spreads into adjacent habitats (Cox et al., 1988b; 

Burguess et al., 1991; Burquez-Montijo et al., 2002) and appears to be facilitated by 

disturbance (pers. obs K. Lyons). As a consequence of its spread into adjacent areas, 

buffelgrass is now a dominant or subdominant species of unconverted desert, hillsides, 

roadside shoulders, riparian corridors and city lots (Burquez-Montijo et al., 2002).  

African grasses are known to modify fire regimes in colonized areas (Friefelder et 

al., 1998; Rossiter et al., 2003). Buffelgrass has made a major impact through alteration 

of fire regimes in the Sonoran desert (Cox et al., 1988a; Martin et al., 1999). Fire has in 

the past been a highly localized phenomenon on the desert floor, limited by a lack of fuel 

between tree-shrub complexes and cacti. Buffelgrass closes these gaps causing 

continuous, long-lived fires that threaten native woody species that are not adapted to fire 

disturbance (McLaughlin and Bowers, 1982; Burquez-Montijo et al., 2002). Both active 

and indirect alteration of the Plains of Sonora to a buffelgrass dominated system has and 

is likely to continue to have substantial impacts on native species persistence.  

Several estimates suggest that very large tracts of desert scrub and thorn scrub 

have been converted from native range to buffelgrass pastures in Sonora, through 

bulldozing and seeding (Burquez-Montijo et al., 2002; Johnson and Navarro, 1992; 

Castellanos et al., 2002; Vasquez-Leon and Liverman, 2004). However, government 

statistics on buffelgrass conversion are considered inaccurate, as many cleared areas are 

larger than officially granted, and many are converted illegally, especially in the newly 

privatized ejido lands (Yetman and Burquez, 1998; Burquez Montijo et al., 2002). 

Masera et al. (1997) concluded that reliable data on the extent of conversion of desert 



 19 

scrub to pasture land in Mexico were lacking.  

The rationale for planting buffelgrass is that it increases the carrying capacity of 

the range for cattle (Martin et al., 1995). However, there has been limited research on the 

productivity of buffelgrass used as forage in the Sonoran Desert. Values for annual forage 

yields reported from around the globe vary widely, from less than 1,000 (Rao et al., 

1996) to values near 9,000 kg ha-1 yr-1 for pastures under intense management 

(Gonzalez and Dodd, 1979). The variability in these figures reflects that productivity and 

therefore success as a forage grass is highly dependent on meteorological, edaphic and 

ecological factors. In our study area, Martin et al. (1995) reported productivity rates of 

7,000 kg ha-1 yr-1 for dense stands of buffelgrass excluded from grazing in an 

experimental farm north of Hermosillo. They extrapolated from this data to conclude that 

buffelgrass pastures in Sonora were 2-3 times more productive than native range grasses.  

These and similar estimates made under experimental range conditions (e.g., 

CIPES, 1989), are the basis on which large-scale buffelgrass planting has been 

recommended to ranchers by the State of Sonora (Johnson and Navarro, 1992). On the 

other hand, productivity under ideal conditions does not necessarily reflect what happens 

under the heavy grazing pressure typical of Sonora (Lopez, 1992). Castellanos et al. 

(2002) and Yetman and Burquez (1998) reported that many buffelgrass plantings fail in 

Sonora.  

Our first objective was to increase the accuracy of the estimate of the extent of 

buffelgrass land conversion in the Plains of Sonora using ground, aerial, and satellite 

methods. Due to concomitant bulldozing and fencing that accompanies buffelgrass 

planting, desert shrubland that has been converted to grassland is relatively easily 
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identified through aerial photography and satellite imagery. Our second objective was to 

compare relative primary productivity of buffelgrass pastures with native rangeland and 

other vegetation associations using satellite imagery. We used the Normalized Difference 

Vegetation Index (NDVI) from the Enhanced Thematic Mapper (ETM+) and the 

Moderate Resolution Imaging Spectrometer (MODIS) satellite sensors on the Terra 

satellite to compare relative values of foliage density of different plant associations. 

 

Materials and Methods 

Study area 

The study area is in the center of the Plains of Sonora subdivision of the Sonoran 

Desert (center coordinates: Lat: 29º02’46”N; Long: 110º51’28”W)(Fig. 1). We selected 

an 1,850,000 ha study area centered around the city of Hermosillo for analysis. This 

region of the Sonoran Desert has been subjected to the most extensive conversion of 

native desertscrub vegetation to buffelgrass grasslands. Native vegetation includes a 

variety of legume trees, most abundantly Olneya tesota, Cercidium microphyllum and 

Prosopis glandulosa whereas Encelia farinosa is the dominant shrub (Shreve, 1964). 

This area has been extensively grazed, both before and after the introduction of 

buffelgrass (Lopez,1992). Hills and low mountain ranges (to 1000 m) generally running 

in a north-south direction break up the broad valley floor (ca. 200 to 500 m elevation). 

Hillsides and desert floor plant communities, compared in this study, are similar in 

vegetation composition (Turner and Brown, 1982), but the hillsides are more heavily 

vegetated as they are more lightly grazed. Buffelgrass has spread extensively into both 

unconverted desert and hillside plant communities (Burquez-Montijo et al., 2002). 
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Aerial and ground surveys 

Aerial surveys of central Sonora were conducted in May through July 2003, in a 

light aircraft flown at altitudes varying from 300 m to 3000 m above ground level (AGL). 

The flight lines are illustrated in Fig. 1. Buffelgrass pastures were clearly visible on the 

ground at these altitudes. They take the form of irregular polygons bounded by fences or 

perimeter roads, with altered land cover inside compared to unaltered desert range. Trees 

are usually absent, or nearly so. These broad-scale aerial surveys were not quantitative, 

but allowed us to develop a qualitative picture of the general extent of buffelgrass land 

conversion and of the different types of buffelgrass pastures that have been developed.  

In July 2003 we took aerial photographs at 16 point locations at 300 m AGL that 

were selected from a ground survey the day before as representing typical grazed desert 

and converted buffelgrass sites in the study area. These were along Highway 15 from 

Hermosillo to Benjamin Hill, and included nine areas of unconverted desert and seven 

areas of grazed buffelgrass pastures on working ranches. During the ground survey we 

also observed the desmonte process by which buffelgrass pastures are created. To obtain 

aerial photographs (ca. 70 m x 100 m field of view, 0.5 m resolution), the aircraft was 

banked so that each site was photographed, as much as possible, from a vertical angle. 

The aerial photographs were georeferenced to ground survey locations by using handheld 

GPS units on the ground and in the airplane, and by reference to land features such as 

roads and field boundaries. They were also georeferenced to the Year 2000 ETM+ image. 

Each photograph was quantified with respect to percent cover of soil, grass, shrubs, and 

trees. To accomplish this, photographs were imported into Adobe Photoshop software, 

and a 100 point grid was placed over the photograph, then the landcover class at each 



 22 

intersection was scored (Nagler et al., 2005). Trees and shrubs had distinct green 

canopies, whereas grass cover was either green or brown (dormant), but could be 

distinguished from bare soil, which was generally light colored. Canopies >2.5 m in 

diameter were scored as trees, whereas smaller canopies were scored as shrubs. 

 

Satellite imagery and analysis 

We obtained Landsat scenes (Path 35 Row 40) for this region of the Sonoran Desert from 

the following time periods: April 1973; April 1983, August 1990, and September 2000. 

The 1973 and 1983 images were from the Landsat 3 satellite and utilized the MSS sensor 

system, with original resolution of 90 m, resampled to 60 m. The 1990 (Landsat 5) and 

2000 (Enhanced Thematic Mapper, ETM+) images utilized the Thematic Mapper sensor 

system and had 30 m resolution. The 1973 to 1990 images were obtained from an 

archived source (ARIA, Department of Arid Land Studies, University of Arizona, 

Tucson, AZ), whereas the 2000 image was purchased from EarthSat, Inc. It was chosen 

from a series of dates from 2000 to 2002 to represent the maximum "greening" period 

following summer rains. For this image, pixel values were converted from digital 

numbers to exoatmospheric reflectance values by EarthSat, Inc., based on sensor gain 

values and sun angle at the time of acquisition. Our study area covered 1,840,000 ha 

roughly centered on the city of Hermosillo; we quantified the extent of conversion of 

desert rangeland to buffelgrass pastures within this area. This same approximate coverage 

was available on the 1990 and 1983 images but the 1973 image was missing a portion of 

the full scene, reducing the study area by 25% in this year.  

We used the 16 sample sites surveyed on the ground and photographed from the 
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air as training sites for interpreting satellite images. Using visual interpretation, we were 

able to distinguish three basic land classes with respect to buffelgrass. The first type was 

unconverted desert land. These areas were generally unfenced and had dense vegetation 

in the arroyos (channels carved by water during monsoons), visible as false-color red 

(near infrared reflectance) on Landsat images. By contrast, areas converted to buffelgrass 

by bulldozing were visible on satellite images as irregularly shaped polygons of a lighter 

shade than the surrounding area. The polygons were defined by fencelines or perimeter 

roads, and the lighter soil color was due to the fact that the soil was disked or bulldozed 

prior to planting buffelgrass seed, to remove native vegetation and create a seedbed. 

Bulldozing homogenized the soil and disrupted the normal darker-colored soil crust 

present in the native desert. Natural land features such as arroyos were reduced in 

prominence, as bulldozing was generally conducted over the entire fenced area. Two 

types of buffelgrass pastures were noted; those with or without the stripping pattern, 

produced by windrows of dense brush.  

Our accuracy in interpreting the 2000 ETM+ image was assessed by comparing 

the locations of known buffelgrass pastures or unconverted desert land to our scoring of 

those sites based on examination of the satellite image. We tested our ability to 

distinguish between non-buffelgrass desert range and buffelgrass pasture at 36 test sites 

that had been surveyed on the ground by one of us (K. Lyons). The 21 sites that had been 

converted to buffelgrass by bulldozing were all identified correctly on the satellite image. 

We also correctly scored the 15 unconverted desert sites. However, six of the 

unconverted desert sites actually contained dense stands of buffelgrass, that had either 

established as volunteers or were seeded into the desert sites without bulldozing. Hence, 
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our estimates capture areas that had been fenced and bulldozed to plant buffelgrass, but 

they do not provide an estimate of the actual extent of buffelgrass cover over the 

landscape. As noted by others, buffelgrass has spread widely into adjacent ecosystems 

(Burquez-Montijo et al., 2002).  

We used the normalized difference vegetation index (NDVI) to compare relative 

values of buffelgrass range versus native range and other land cover classes, where: 

NDVI = (NIR - Red)/(NIR + Red) [1]. NIR is the near infrared band (ca. 800 nm) while 

Red is the visible red band (ca. 600 nm) of the TM and MODIS satelliteborne sensors. 

NDVI values range from -1 to +1 and can be used to distinguish between water, bare soil, 

and vegetation . Water reflects Red but strongly absorbs NIR, hence NDVI values for 

water are negative (Jensen, 2000). Soils generally reflect NIR slightly more than Red, 

hence NDVI values are around 0.2. Chlorophyll in green vegetation strongly absorbs Red 

but the leaves reflect NIR, hence NDVI values are up to 0.8, depending on chlorophyll 

content of the the leaves and the leaf area index of the plant.  

NDVI values were calculated for each buffelgrass pasture (n = 74) on the 2000 

scene. Adjacent to each buffelgrass pasture we selected an area (500 ha) of similar 

topography but not exhibiting signs of buffelgrass conversion and we recorded the NDVI 

of this adjacent patch of land as well. In addition, we compared the NDVIs of bare soil, 

hillside vegetation, riparian vegetation and roadside buffelgrass pastures on areas selected 

on the ETM+ image (n = 10-20 per land cover class).  

We documented the temporal response of buffelgrass and other land cover types 

to rainfall using the Moderate Resolution Imaging Spectrometer (MODIS) sensor system 

(resolution = 250 m for the Red and NIR bands) on the Terra satellite (Huete et al., 2002). 
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We obtained these processed, 16-day composite NDVI images from the EROS Data 

Center (Sioux Falls, South Dakota). We selected seven buffelgrass pastures and four 

areas of adjacent desert for comparison (three of the desert areas were between selected 

buffelgrass pastures and served as controls for both). The buffelgrass pastures were 

selected from among the polygons mapped on the ETM+ image as typical in terms of 

appearance and NDVI (close to the mean value for all buffelgrass pastures). We selected 

flat sites that were homogeneous over at least 1 km2 area, to ensure that the MODIS pixel 

did not sample mixed scenes. We also included hillside vegetation for comparison. We 

compared 16-day, composite NDVI values from MODIS to rainfall data from Hermosillo 

over 4 growing seasons, 2000 to 2003. 

 

Productivity estimates 

We were not able to conduct ground experiments to directly calibrate our NDVI 

measurements to pasture productivity. However, Hill et al. (1998, 2004) correlated 

pasture growth rate (PGR) measured on the ground with 14-day, time-series NDVI 

images collected by the Advanced Very High Resolution Radiometer (AVHRR) satellite 

sensor system over southwestern Australia, and we applied their model to our study site. 

The pastures in Hill et al. (2004) are grazed, mixed shrub and grassland with 

approximately 500 cm of annual rainfall, of which 73% falls in winter. The pasture grows 

in a distinct, 5-7 month seasonal pattern over late summer, fall and winter, similar to 

buffelgrass in Sonora (see Fig. 4).  

Their NDVI values ranged from approximately 0.2 at the start of the growing 

season to 0.7 at the peak, and their mean PGR values averaged approximately 6,900 kg 
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ha-1 yr-1 (range = 4,209-7,700 kg ha-1 yr-1) over their study. Their range of NDVI 

values was similar to those in our study (see Results) and their maximum PGR was 

similar to the value obtained by Martin et al. (1995) for buffelgrass over three years 

(1985-1987) at an experimental (ungrazed) plot within our study area, 82 km north of 

Hermosillo. Hence, potential productivity values and seasonal growth patterns of the two 

pasture types are similar. Furthermore, MODIS and AVHRR NDVI values have been 

intercalibrated, so they can be compared among studies (Gallo et al., 2004). Therefore, 

we applied the relationship between NDVI and PGR in their study to our results. We 

regressed their measured values of mean annual PGR against their measured values of 

NDVI for each year and location (n = 11) and obtained the following equation: PGR = 

20,290(NDVI-0.2) [2] where PGR is in kg ha-1 yr-1 of dry matter and NDVI is the mean 

value over the growing season and 0.2 is dormant-season NDVI, which was the same in 

both Australian and Sonoran pastures. The coefficient of determination for the equation 

was 0.87 (P<0.001) when the equation was constrained to pass through the origin (PGR = 

0 when NDVI = 0.2). 

 

Statistical methods 

NDVI values of different land cover classes were compared by one-way Analysis of 

Variance and correlation coefficients between rainfall and MODIS values were calculated 

by the least squares method (Snedecor and Cochran, 1989). 

 

Results 

Ground and aerial surveys 

In ground surveys, we observed two types of land preparation for creating buffelgrass 
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pastures, and these could be distinguished from each other on aerial photographs and TM 

satellite images. In some fields, trees, cacti, and shrubs are first removed by dragging a 

chain over the land, and raking the debris into windrows at intervals of approximately 

100 m. Then a bulldozer with a ripper bar rips the soil at 1 m intervals to a depth of 1 m, 

and buffelgrass seed is broadcast from a seed hopper behind the bulldozer. Ripping and 

seeding is timed to coincide with the onset of summer rains in July. The windrows are 

visible on aerial and satellite images, and the land between windrows appears to be 

largely denuded of vegetation. In some fields, the chaining step is omitted, and only 

bulldozing and seeding is conducted (D. Yetman, University of Arizona, personal 

communication). The bulldozer goes around many of the trees rather than removing 

them. These fields tend to retain more native vegetation than those that receive the full 

desmonte process. In other fields, the windrowed brush from the original desmonte event 

was burned to make charcoal, which was removed, and the fields have been bulldozed 

and replanted several times since the original clearance; these also lack windrows.  

Over a hundred buffelgrass pastures were observed in the aerial surveys over 

Sonora. In general, the low mountain and hill terrain that divides up the valleys has not 

been converted to buffelgrass. Although buffelgrass pastures extend to the coast, where 

they tend to be placed in riparian corridors, they are most numerous in the central valley 

extending from Ciudad Obregon to Hermosillo then north to Magdelena, where rainfall is 

higher than on the coast. As shown in Fig. 2, many of the pasture borders overlap, 

showing that the same piece of land has been subjected to the desmonte process several 

times. Along Highway 15, where we quantified the land cover on low-altitude 

photographs, buffelgrass pastures had significantly (P<0.001) fewer trees than 
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unconverted desert land, as expected (Table 1). Buffelgrass pastures tended to have more 

bare soil, grass, and shrub cover than desert land, but differences between buffelgrass 

pastures and unconverted desert were not significant for these individual cover classes 

(P>0.05). 

 

Extent of conversion to buffelgrass 

The total amount of land converted to buffelgrass pastures increased from 7,700 ha in 

1973 to over 140,000 ha in 2000 (Table 2). Buffelgrass pastures ranged in size from 70 

ha to over 10,000 ha, with mean values of approximately 1,300 ha to 1,900 ha over the 

years. We estimated an 82% increase in buffelgrass coverage between 1990 and 2000 

alone, giving an annual land conversion rate of 0.33% yr-1 for that time interval. Based 

on the 2000 scene we estimated that 8% of this subdivision of the Sonoran Desert has 

been converted to buffelgrass pastures. Areas that had been converted to buffelgrass 

pasture on the 1990 image were still visible as buffelgrass pastures on the 2000 image. 

However, when the shape files for 1990 buffelgrass pastures were overlain on the 2000 

shapefiles, nearly all of the pastures had different perimeter boundary lines in 2000 

compared to 1990. This shows that the existing pastures were reworked between 1990 

and 2000, as evident in Fig. 2. 

 

NDVI values 

We converted pixels on the September 2000 ETM+ image to NDVI values to estimate 

foliage density of the different land cover classes (Fig. 3). The mean bare soil value was 

0.18. Values for buffelgrass pastures or desert range were low (0.26 - 0.31) compared to 
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hillsides (0.37), which were partially protected from grazing. Roadside buffelgrass 

patches also had high NDVI (0.41); not only were these stands protected from grazing, 

they received rain runoff from the tarmac. In September, 2000, the mean NDVI of 

buffelgrass pastures exhibiting windrows (0.26) was significantly lower than that of 

pastures without windrows (0.31)(P<0.001). While most buffelgrass pastures had low 

NDVI, a few had values of 0.4 - 0.5. 

 

Seasonal NDVI values and productivity of buffelgrass pastures 

Seasonal trends in foliage density were followed using 16-day, composite MODIS 

images over four growing seasons (2000 to 2003) at point locations in the study area (Fig. 

4). The 16-day NDVI values were averaged to produce a time-integrated NDVI value (n 

= 89 dates), covering Julian Days 0-365 of each year. The buffelgrass sites (NDVI = 

0.278, S.E. = 0.009) had lower mean NDVI values than desert range sites (NDVI = 

0.330, S.E. = 0.011)(P<0.001). The NDVI time series were compared by correlation 

analysis (Table 3). The greening response of buffelgrass and desert range sites were 

highly correlated, whereas the hillside vegetation was slightly out of phase with the other 

sites. For all vegetation types, however, the growing season extended from July (the 

beginning of the summer monsoons) through December and it was significantly (P<0.05) 

correlated with rainfall. Hillside vegetation was more highly correlated to rainfall than 

buffelgrass or desert vegetation. When Equation [2] was applied to the MODIS data, the 

mean annual PGR value for buffelgrass pastures was 1,583 kg ha-1 yr-1, compared to 

2,638 kg ha-1 yr-1 for unconverted desert and 5,783 kg ha-1 yr-1 for hillside vegetation 

(Table 4). 
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Discussion 

Expansion of buffelgrass pastures in Sonora 

In our study area, buffelgrass pastures have doubled in area approximately every 

10 years since 1973. The region of peak buffelgrass conversion in Sonora is believed to 

form a rectangle centered near Hermosillo with a length of 260 km parallel to the coast, 

and a width of 100 km, an area of approximately 2,600,000 ha (Burquez-Montijo et al. 

2002)(see Fig. 1). If 8% has been converted to buffelgrass as in our study area, 

buffelgrass pastures now cover approximately 208,000 ha in this rectangle. Statewide, 

from 700,000 ha (Castellanos et al. 2002) to as much as 1.6 million ha (10% of the land 

area) may have been seeded with buffelgrass (Burquez-Montijo et al. 2002). The 

conversion process is still active, as buffelgrass pastures in our study area nearly doubled 

between 1990 and 2000. Not only was new acreage added, but existing pastures were 

reworked. Inspection of recent ETM+ images (2003) from the Guaymas and Ciudad 

Obregon areas also show a high density of buffelgrass pastures in valley areas not 

converted to agriculture (not shown). Hence, central Sonora has undergone land 

conversion on an eco-region wide scale over the past several decades. 

 

Productivity of buffelgrass pastures 

The ETM+ and MODIS analyses show that buffelgrass pastures have equal or lower 

NDVI values than unconverted desert ground. Unconverted desert and buffelgrass 

pastures both had >50% bare soil in the analysis of aerial photographs. The only 

consistently high NDVI values we observed for buffelgrass were along the roadsides 

where it is protected from grazing and receives supplemental water from runoff from the 

tarmac. A few high-NDVI buffelgrass pastures were also seen on the 2000 TM image, 
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presumably representing well managed pastures, or pastures with unusually favorable 

growing conditions. When we applied data relating NDVI to PGR from southwestern 

Australia pastures to Sonora, we estimated a mean annual production rate of 1,583 kg ha-

1 yr-1 for buffelgrass pastures in our study area. Our productivity estimates are only 

approximations, because we were not able to correlate NDVI values with concurrent 

ground measurements of PGR at our study site.  

When we substituted our NDVI values into algorithms developed for other arid or 

semi-arid rangelands to estimate PGR from NDVI, the estimates ranged from 370 kg ha-1 

yr-1 (Aase et al., 1987, in a mixed prairie grassland in North Dakota) to as high as 2893 

kg ha-1 yr-1 (Wylie et al., 1991, for annual grasses in Niger), with other values 

intermediate (e.g., 750 kg ha-1 yr-1, Tucker et al., 1983, 1985, for mixed grasses in the 

Sahel; and 1492 kg ha-1, Todd et al., 1998, mixed grasslands in Colorado). The mean 

value for all estimates was 1,418 kg ha-1 yr-1 and the standard error of the mean was 433 

kg ha-1 yr-1. These estimates are much lower than the value of 7,000 kg ha-1 yr-1 

measured by Martin et al. (1995) on ungrazed test plots in the study area. 

The most likely cause of low productivity of buffelgrass pastures is overstocking 

of the range with cattle, which causes a decline in net productivity, and the preferential 

removal of the most palatable vegetation (Wilson and Macleod, 1991). Sonora has a long 

history of heavy cattle grazing (Lopez, 1992; Sheridan, 2001). Balling et al. (1998) 

showed that northwest Sonora rangelands in general have higher albedo and higher land 

surface temperatures than control points on the U.S. side of the border, due to removal of 

vegetation by overgrazing in Mexico. A comprehensive survey of 37 ranching units in 

Sonora showed that the range was overstocked by 177% in 1981 (maximum sustainable 
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carrying capacity was estimated at 1 animal unit per 22 ha but the actual stocking rate 

was 1 animal per 8 ha)(Lopez, 1992). Heavy grazing is known to reduce the productivity 

of buffelgrass pastures by preventing the formation of deep roots that can effectively 

harvest the annual rainfall (Chaieb et al., 1996). Similar to our results, a ground survey of 

167 sites over the entire State of Sonora estimated that 18.1% of buffelgrass pastures 

were in good condition, while the rest were in poor to fair condition (Castellanos et al., 

2002). 

Socioeconomic studies have concluded that buffelgrass conversion provides little 

benefit to the ejidatarios (small scale ranchers on communal land), who make up 70% of 

the ranchers in Sonora (Yetman and Burquez, 1998; Vasquez-Leon et al., 2003; Vasquez-

Leon et al., 2004). The productivity of converted land declines rapidly, and ejidatorios 

often lack the funds to repeat the desmonte process. Commercial ranchers receive 

subsidies from the State of Sonora to plant buffelgrass, and they repeat the process every 

five or six years; they generally perceive that the desmonte process improves their 

rangelands (Vasquez-Leon et al., 2003). However, a drought in 1994-1995 showed that 

dependence on buffelgrass made rangelands more, rather than less, vulnerable to climate 

variability (Vasquez-Leon et al., 2003). Ranchers who left part of their land in native 

vegetation suffered less loss of cattle, because native grasses and shrubs produced at least 

some foliage during the drought, whereas buffelgrass became dormant (Chavez, 1999). 

Range scientists, who in the 1970s advised ranchers to put as much land as possible into 

buffelgrass, now recommend that no more than 15% of the range should be converted, 

due to its vulnerability to drought and its negative effect on soil properties (Ibarra-Flores 

et al., 1999). 
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Conservation implications and recommendations 

The desmonte process negatively affects the natural desert ecosystem in several ways. 

First, the land is often denuded of native trees, cacti, and shrubs, reducing habitat and 

feed sources for insects, reptiles, mammals, birds and other wildlife that evolved to 

depend on these plants (Burquez-Montijo et al., 2000). Second, conversion of natural 

vegetation to pastures is usually associated with major changes in soil erosion (Maass et 

al., 1988), nutrient dynamics (Maass, 1995; Ellingson et al., 2000) and primary 

productivity (Maass, 1995; Kauffman et al., 2003). These changes make it more difficult 

for native vegetation to reestablish even if the desmonte process is discontinued. In 

Queensland, Australia, native plant species richness was up to 295% higher in native 

pastures than in pastures that had been cleared and replanted with buffelgrass, and 

differences persisted for as long as 41 years after clearing (Fairfax and Fensham, 2000; 

Franks, 2002). Thus, conversion of desert to buffelgrass pastures results in reduced 

biodiversity, lower standing stocks of biomass, and, as this study showed, apparent 

reduced primary productivity compared to unconverted desert. 

Although this study focused on the deliberate conversion of desert land to 

buffelgrass pastures, ecological damage is not confined to the pastures. Buffelgrass is 

considered to be highly invasive (Arriaga et al., 2004), and it now occupies numerous 

niches outside the pasturelands in Sonora (Bestelmeyer and Schooley, 1999; Burquez- 

Montijo et al., 2002), and has spread into Arizona in the United States (Burgess et al., 

1991). Its niches include unconverted hillside and desert habitats, roadsides, and city lots. 

Buffelgrass displaces native species and spreads fire in these habitats (Friefelder et al., 
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1998), to the detriment of humans as well as native species (Burquez-Montijo et al., 

2002). Buffelgrass fires along highways impede traffic and cause accidents due to smoke. 

Repeated cycles of fire severely reduce populations of trees and columnar cacti upon 

which many bird and insect species depend. Unfortunately, the remote sensing techniques 

we employed did not allow us to quantify the spread of buffelgrass outside the pastures.  

The main conclusion of the present study is that the environmental degradation 

caused by buffelgrass conversion appears not to be balanced by increased productivity on 

the rangelands of Sonora. We recommend that range studies be undertaken under realistic 

field conditions to assess the actual value that is derived from converting desert range to 

buffelgrass. Ecological studies should be undertaken to determine the primary and 

secondary effects of buffelgrass conversion on adjacent ecosystems. The practice of 

desmonte should be discontinued in Sonora until it is demonstrated that it actually 

improves the range and that negative effects on adjacent ecosystems can be controlled.  

Large scale exclusion areas (parks) are also needed, where planting of exotic 

vegetation and grazing of cattle is prohibited. These exclusion areas should include desert 

thorn scrub, hillsides, and riparian habitats. They must be large enough to be protected 

from the perpetual seed rain of buffelgrass from adjacent pastures and roadsides (Tix, 

2000). These exclusion areas should then be actively managed to encourage the 

reestablishment of native shrubs, trees, cacti, and other vegetation, and their associated 

fauna. Tix (2000) reviewed the conditions needed to restore buffelgrass-invaded 

rangelands. First, buffelgrass density on the site must be reduced through physical or 

chemical means to the point that it cannot spread fire. Second, native shrubs and trees 

should be planted on the site. Once established, these can control buffelgrass levels by 
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competitive exclusion, as buffelgrass is intolerant of shade. Ultimately, buffelgrass 

control should be part of a comprehensive plan to promote sustainable ranching and 

agricultural practices, maintain biodiversity, and accommodate the rapid economic and 

social changes that are occurring on both sides of the U.S.-Mexico border in the Sonoran 

Desert, as recommended by organizations such as the International Sonoran Desert 

Alliance (Laird and Anderson, 1996). 
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Table 1. Percent cover of bare soil, grass, shrubs, and trees on unconverted desert and 
buffelgrass pastures along Highway 51 from Hermosillo to Benjamin Hill, Sonora, 

Mexico. Data were interpreted from aerial photographs taken July 22, 2003. Nine 

desertplots and seven buffelgrass plots were surveyed. Means and standard errors of 

means are given. Desert and Buffelgrass plots differed significantly (P<0.001) in percent 

cover of trees but differences between soil, grass, and shrub cover was not significant 

(P>0.05). 

 

 

 



 42 

Table 2. Increase in buffelgrass pastures on the Plains of Sonora, 1973-2000, based on 

analyses of Landsat images. 
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Table 3. Correlation matrix between NDVI values for buffelgrass pastures, desert control 

sites and hillsides and for rainfall in the Sonoran Plain around Hermosillo, Mexico. The 

NDVI values are a time series of 16-day composites from 2000 to 2003 (n = 89), from 

MODIS imagery. Rainfall values are the corresponding 16-day values for Hermosillo, 

Mexico. All correlation coefficients are significant at P<0.001. 
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Table 4. Mean annual NDVI values and calculated pasture growth rate (PGR) of different 

land cover classes in Sonora, Mexico. PGR values (kg ha-1 yr-1) were calculated from 

results obtained for southwestern Australia pastures by Hill et al. 

(2004). Values are means and standard errors for each year and over years. 
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Figure Captions 
 
Figure 1. Location of Thematic Mapper images and flight lines for survey of buffelgrass in 

Sonora, Mexico. The yellow rectangle encloses the area identified by Burquez and 

Montijo (2002) as having the highest density of buffelgrass pastures on the Plains of 

Sonora. 

 

Figure 2. A series of overlapping buffelgrass pastures in the central valley of Sonora 

north of Hermosillo. Note the windrows of dead brush in some of the pasture areas. 

 

Figure 3. NDVI values for different land cover classes in Sonora, Mexico, based on a 

September, 2000, ETM+ image. Data for buffelgrass pastures (BG) with (n = 21) and 

without (n = 53) stripping (windrows of dead brush from land clearing) are for all the 

polygons located within the study area; desert values (n = 74) are for unconverted desert 

areas outside each polygon. Data for roadside buffelgrass (n = 20), hillside vegetation (n = 

20), and riparian vegetation (n = 10) were from randomly selected samples of each land 

cover type. Box plots show the upper and lower 25% quartiles (shaded boxes), the 

median (center line), the 95% confidence intervals (error bars), and outliers (individual 

points). 

 

Figure 4. Phenology of buffelgrass greening, as determined from 16-day, composite 

NDVI values from MODIS, 2000 to 2003. Shown are mean values for 7 buffelgrass sites 

and 4 adjacent desert sites and a hillside site for comparison; rainfall for Hermosillo, 
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Sonora is also shown. 



 47 

 

 

 

Figure 1 



 48 

 

Figure 2 



 49 

 

 

Figure 3



 50 

Vegetation Response

Year

N
D

V
I

0.0

0.2

0.4

0.6

0.8

1.0

Buffelgrass Pastures

Desert

Hillside

2000 2001 2002 2003 2004

Hermosillo Rainfall

Year

R
a

in
 (c

m
/d

a
y
)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

2000 2001 2002 2003 2004

 

 
 
Figure 4 



 51 

APPENDIX B - THE CONSEQUENCES OF PASTURE DEVELOPMENT FOR 
PLANT DIVERSITY IN THE DRYLANDS OF NORTHERN MEXICO 
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Abstract 

We examined the effects of the conversion of native plant communities to buffelgrass 

pastures on perennial plant diversity in the state of Sonora, Mexico, where the extent of 

buffelgrass pastures has grown exponentially over the past five decades. Land conversion 

is occurring along a rainfall-driven gradient of primary productivity across which native 

plant communities transition from desertscrub to thornscrub. We sampled perennial plant 

diversity in buffelgrass pastures paired with nearby native plant communities to compare 

the form of the productivity-diversity and productivity-dominance relationships in these 

two distinct habitats that lie along the same environmental gradient. We also compared 

the canopy height profiles of native plant communities and buffelgrass pastures. We 

found that land conversion reduces species richness by approximately 50% at both local 

and regional scales. Plant diversity of both buffelgrass pastures and native plant 

communities increased linearly with productivity. In contrast, the relationship between 

dominance and productivity differed for buffelgrass pastures and native plant 

communities. The canopy height profiles of native plant communities and buffelgrass 

pastures differ significantly as a result of the removal of a large proportion of native 

vegetation during the land conversion process. We conclude that land conversion to 

buffelgrass pastures results in a large loss of perennial plant diversity and significant 

changes to spatial patterns of diversity that are likely to affect ecosystem functioning. If 

rates of land conversion remain unchecked, the native desertscrub and thornscrub 

ecosystems of central Sonora may be replaced by an exotic grassland that exhibits 

substantially reduced levels of biodiversity with significantly altered ecosystem 

functions. 
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Introduction 

Land use change is the primary cause of modern day species extinctions (Sala et al. 2000; 

Novacek and Cleland 2001). The conversion of native plant communities to pastures, 

often sown with exotic grass species, has been one of the most extensive land use 

changes to occur in the last century (Williams and Baruch 2000; Lambin and Geist 2006). 

The practice of clearing native plant communities to create pastures is most well known 

from the dramatic images of deforestation in the Amazonian rainforests (Lambin and 

Geist 2003). In comparison, the extensive clearing that increasingly accompanies pasture 

development in the drylands of Latin America has received relatively little attention. 

In the arid regions of northern Mexico, the rate of land conversion to pasture has 

been accelerating over the past five decades (Diaz Solis et al. 1998; Amedola et al. 2005; 

Franklin et al. 2006; Navar-Chaidez 2008). These regions are recognized for their high 

levels of diversity and endemism, harboring nearly one-half of the Mexican flora of 

roughly 22,000 species (Rzedowski 1992; Arriaga et al. 2005). Pasture development has 

depended almost exclusively on the cultivation of buffelgrass (Pennisetum ciliare), a 

perennial bunchgrass native to east Africa. Buffelgrass was introduced into Mexico in the 

1950s and can now be found in four major regions: the northeast (Tamaulipas and Nuevo 

Leon), northwest (Sonora and Sinaloa), southcentral (Zacatecas and San Luis Potosi) and 

south (Michoacan, Morelos, Oaxaca, and Yucatan) (Cox et al. 1988; Amendola et al. 

2005). Here we focus on the state of Sonora in northwestern Mexico, which holds an 

estimated 5,000 species of vascular plants (Rzedowski 1992; Felger et al. 2001) and 

encompasses an enormous range of biomes from some of the driest deserts of North 

America to the northernmost limits of tropical deciduous forest. Land conversion has 

been concentrated in areas of desertscrub and thornscrub vegetation in central Sonora 
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(Búrquez et al. 1998). The flora of central Sonora remains poorly known (Arriaga et al. 

2005), and moreover, the thornscrub plant communities of northern Mexico have been 

described as one of the “most complex, least known, and certainly most misunderstood” 

floras in the North American Southwest (Lowe and Brown 1994). Despite accelerating 

rates of land conversion, none of the remaining thornscrub habitat within northern 

Mexico has received protected status (Cook et al. in review; Búrquez and Martinez-

Yrizar 2007).  

Government records indicate that almost 1 million hectares of mainly desertscrub 

and thornscrub vegetation in Sonora had been converted to buffelgrass pastures as of 

2005 (SEMARNAT 2006). Including gaps in government records and areas that have 

been converted illegally, a more likely estimate for the current extent of buffelgrass in 

Sonora today is 1.6 million hectares, or nearly 10% of the land area of the state (Búrquez 

et al. 1998). Futhermore, land managers have determined that 6 million hectares, or 

approximately one-third of the state, is suitable for conversion to buffelgrass pasture 

(Navarro 1988). With the continued expansion of buffelgrass pastures and the unaided 

invasion of buffelgrass into native plant communities, the native arborescent desertscrub 

and thornscrub ecosystems may soon come to resemble the savannas of eastern Africa.  

Few studies have addressed the ecological impacts of pasture creation in arid 

biomes. One exception is the growing number of studies that have documented declines 

in species diversity after the creation of buffelgrass pastures in the arid rangelands of 

Australia (Fairfax and Fensham 2000; Franks 2002; Jackson 2005). Recent work has 

untangled the effects of buffelgrass from the legacy of land clearing and shown that the 

direct effects of buffelgrass are the primary cause of species declines (Clarke et al. 2005, 
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Kaur et al. 2006). In Sonora, the short-term effects of land conversion to buffelgrass 

pastures were examined by Saucedo-Monarque et al. (1997), who found a reduction in 

plant diversity that tended to increase from 0 to 3 years post-conversion. Many 

buffelgrass pastures in Sonora are now over 30 years in age. To our knowledge, this is the 

first study to address the long-term effects of pasture creation on plant diversity in 

northern Mexico.  

Although the loss of species diversity is a cause of concern itself, changes in other 

important aspects of diversity such as species composition and relative abundance 

distributions may pose a more serious threat to ecosystem integrity than local species 

extinctions (Hooper and Vitousek 1997; Chapin et al. 2000). In particular, the successful 

introduction of forage species that differ from dominant native species in important 

functional traits can have important consequences for ecosystem functioning (Williams 

and Baruch 2000; Hillebrand et al. 2008). A common functional trait of most introduced 

African grass species is the production of abundant above-ground biomass, which 

promotes fire (Williams and Baruch 2000). Increasing frequency and intensity of fire 

within the system can alter patterns and rates of succession and is capable of maintaining 

the system in a new derived savanna or grassland state (D’ Antonio and Vitousek 1992).  

Studies of the effects of land use change are usually limited to local scales, but 

land use changes often occur across regional gradients in abiotic and biotic factors that 

structure not only native communities, but also the communities altered by land use 

change (Bruno et al. 2004). The conversion of native plant communities to buffelgrass 

pastures is occurring along a regional rainfall-driven gradient of primary productivity on 

the Pacific Slope of northwestern Mexico. As one moves eastward from the Sea of Cortez 
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to the Sierra Madre Occidental, rainfall increases and native vegetation transitions from 

desertscrub to thornscrub and eventually to tropical deciduous forest. Buffelgrass 

pastures lie along nearly the entire length of this productivity gradient (Castellanos-V. et 

al. 2002). We sampled buffelgrass pastures paired with nearby areas of native vegetation 

along the lower portion of this gradient, which allowed us to examine how land 

conversion affects local plant diversity and how variation in productivity affects the 

diversity of both native and exotic plant communities.   

Our main objectives were threefold. First, we sought to examine the local and 

regional effects of pasture creation on the diversity, composition and structural 

complexity of perennial plant communities. We compared diversity at four scales:  

gamma diversity (total species richness across all sites), beta diversity (species turnover 

among sites), alpha diversity (species per site), and transect diversity (species per 

transect). Specifically we hypothesized that buffelgrass pastures would exhibit reduced 

diversity at all scales, partly due to the legacy of the land clearing and inherently slow 

rates of ecological succession in arid ecosystems (Lovich and Bainbridge 1999), and 

partly due to the direct effects of buffelgrass on competitive interactions and ecosystem 

processes. 

Second, we sought to compare the influence of productivity on perennial plant 

diversity within native plant communities and buffelgrass pastures. We used the 

Normalized Difference Vegetation Index (NDVI) as a surrogate for primary productivity. 

The NDVI is a well-studied correlate of above-ground primary productivity (Box et al. 

1989) and has been found to perform especially well in arid and seasonal environments 

(Anderson et al. 1993; Baugh and Groenveld 2006). We hypothesized that primary 
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productivity would have a positive effect on perennial plant diversity based on the 

abundance-extinction hypothesis, which states that increasing energy availability is 

accompanied by increasing population sizes that result in lower local extinction rates and 

therefore greater species richness (Wright 1983). Primary productivity is a common 

measure of available energy, and in central Sonora increasing primary productivity 

reflects increasing soil moisture, which is the main factor limiting the abundance of 

vegetation (Búrquez et al. 1999). 

In contrast, we hypothesized that an increase in primary productivity would have 

a negative effect on perennial plant diversity in buffelgrass pastures based on competition 

theory, which states that as primary productivity rises, competitive species are 

increasingly able to dominate resources and thereby reduce species richness through 

competitive exclusion (Grime 1973, 1979). Buffelgrass fits the definition of a 

competitive species (sensu Grime 1973), which are species with high maximum potential 

growth rates and growth forms that allow extensive and intensive exploitation of the 

above-ground and below-ground environments. If decreasing diversity is a result of 

increasing competition, dominance should increase with productivity. Thus we 

hypothesized that a negative relationship between productivity and diversity would be 

accompanied by a positive relationship between productivity and dominance in 

buffelgrass pastures.  

Finally, we examined how abundance, measured as counts of individual plants, 

relates to species richness in native plant communities and buffelgrass pastures. Relative 

abundance distributions reflect the division of resources among the constituent species 

within a habitat. If buffelgrass dominates resources, we should observe higher ratios of 
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individuals to species in buffelgrass pastures than in native rangeland. We explore the 

form of these relationships at a landscape scale (~200 km2), which is the scale at which 

this land cover change is occurring and the scale at which most land management 

decisions would likely be made.  

 

Methods 

Study Area and Selection of Study Sites 

Paired study sites were located along a longitudinal transect approximately 200 km in 

length in central Sonora, Mexico (+29° 14' 51.66" N, -111° 49' 25.56" W to 28° 37' 

20.52" N, -110° 5' 25.38"W). The climate is characterized by mild winters and hot 

summers. The majority of rain falls during the summer monsoon season between July and 

September. Remaining precipitation falls during a second less reliable winter rainy 

season. Because rain gauges are sparse and of varying reliability in Sonora, we relied on 

mean annual precipitation data (1950-2000) from WorldClim version 1.4, which are 

provided at a resolution of 1 km2 (Hijmans et al. 2005). Mean annual rainfall of our study 

sites ranged from a low of 235 mm to a high of 704 mm. 

Plant communities transition from desertscrub to thornscrub and eventually to 

tropical deciduous forest from west to east along a gradient of increasing rainfall that 

stretches 200 km from the Gulf of California to the foothills of the Sierra Madre 

Occidental (Búrquez et al. 1999). Desertscrub plant communities (~100-300 mm rain/yr) 

are dominated by widely spaced leguminous trees, xerophytic shrubs, and columnar cacti; 

thornscrub communities (~300-500 mm rain/yr) exhibit a greater density of trees and 

shrubs and greater canopy height; and tropical deciduous forest is further distinguished 
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from thornscrub by an even greater canopy height, larger average leaf size, and smaller 

proportion of xerophytic, thorny, and succulent plants (Brown 1994). 

The region is heavily devoted to cattle ranching. Nine pairs of study sites were 

established in ranches located along the main axis of the productivity gradient (Fig. 1). 

Each pair of sites consisted of a buffelgrass pasture and a nearby parcel of unconverted 

native rangeland. The pastures were selected to be representative of the variation among 

pastures in the region. We attempted to minimize the effects of slope and aspect by 

selecting only sites with low slope angles and similar geomorphology. Close proximity of 

pastures and native rangeland parcels provided some control for the original biophysical 

characteristics of the cleared site. Although detailed information on the grazing 

management of each study site was unavailable to us, all sites appeared to have been 

heavily grazed in the recent past based on the density of dung and cow paths, and recent 

signs of grazing on palatable vegetation.  

We interviewed landowners to gather information on the land clearing process. 

Most landowners employ a similar method in which vegetation is toppled and pushed 

into long rows that are known as “chorizos” with a bulldozer. Legally, ranchers are 

required to spare 20% of the native vegetation, but this law is not strictly enforced. 

Typically landowners choose to spare the largest trees and columnar cacti. Detailed 

information on how much vegetation is spared during land clearing was not accessible. 

We compared percent tree and columnar cacti cover of our paired study sites for 

indications that an unusually large or small proportion of native vegetation had been 

spared. Mean percent tree cover of our buffelgrass pastures was 5.14% (+ 1.34 SE) and 

was not significantly related to productivity (R2  = 0.18, P = 0.25), whereas mean percent 
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tree cover of native vegetation was 21.83% (+ 4.24 SE) and was significantly related to 

productivity (R2  = 0.78, P = 0.0006). We noted only one site where landowners may 

have spared an unusually large proportion of mature trees. We also interviewed 

landowners to determine the year in which land had been converted to pasture. The mean 

time since conversion was 19 years and ranged from 5 to 30 years.  

 

Sampling Design 

Sampling was conducted in the fall-winter seasons of 2006 and 2007. Perennial plant 

richness was sampled from a 300 X 300 m area in each pasture and each parcel of native 

rangeland with 10 randomly placed line transects of 100 m each. The identity, interval 

length, and height of each plant intersecting the transect were recorded. This sampling 

method minimizes the likelihood that artifacts due to scaling influence our observed 

patterns. Quadrat-based sampling methods, in which quadrats of the same size are used to 

sample plant diversity along the entire length of a gradient, do not account for systematic 

changes in plant size and density along productivity gradients, which can lead to the 

observation of spurious relationships between productivity and diversity (Zobel and Liira 

1997).  

 

Remote Sensing Data 

Two scenes obtained from the USGS archives were required to provide coverage of all 

study sites (WRS Path 36 Row 40; WRS Path 35 Row 40). These two scenes were 

acquired by the Thematic Mapper (TM) sensor at the height of the growing season 

(14/08/2007; 23/08/2007). Each scene was orthorectified using road intersections and 
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other landmarks with two previously orthorectified Landsat TM scenes from the Global 

Land Cover Facility archive at the University of Maryland and digital elevation models 

from the Arizona Regional Image Archive of the University of Arizona for the same path 

row. The registration RMS error was less than one pixel for each scene.  The scenes were 

then processed to reflectance data using gains, offsets, and ephemeris data and the model 

by Chander et al. (2007). Reflectance data were then atmospherically corrected with dark 

object subtraction based on TM band 1. 

During field surveys we recorded a point near the center of each study site with a 

hand-held GPS unit. Using these point data, we located and digitized each study site in 

Google Earth. These polygons were then overlaid onto the Landsat imagery and the 

WorldClim climate surface to extract NDVI and precipitation data for each study site. 

The NDVI for each pixel was calculated as NDVI = (NIR, band 4 – Red, band 3) / (NIR, 

band 4 + Red, band 3). The mean NDVI of each study site was calculated as the average 

of all pixels contained within the given site.  

 

Analyses 

We constructed individual-based species accumulation curves with EstimateS for each 

site (i.e. a native plant community or a buffelgrass pasture) to assess the completeness of 

our samples of perennial plant diversity (Magurran 2004; Colwell 2006). These curves 

indicated that we had captured the large majority of perennial plant diversity within each 

site. Therefore, we use observed species richness values rather than estimates derived 

from species richness estimators in all analyses of species richness. 
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To answer our first question concerning the effects of land conversion to 

buffelgrass pasture on diversity we used sample-based rarefaction curves to compare 

alpha (within-site), beta (among-site), and gamma (total site) diversity following the 

methods outlined by Crist and Veech (2006).  A sample-based species rarefaction curve 

plots the number of observed species as a function of the number of samples. In our case, 

a sample is equivalent to a site. The first point on this curve represents the average 

species richness for the habitat type (i.e. alpha diversity). The last point on this curve is 

the total species richness across all sites (i.e. gamma diversity). The difference in species 

richness between the first and last points represents beta diversity among sites. In 

addition, a paired t-test was used to test the hypothesis of no difference between the 

perennial plant richness of native rangeland sites and pastures at the site and transect 

scales. 

To compare the structural complexity of the plant communities in these two 

habitats we created five height classes and counted the number of individual plants 

falling within each class from each site. Then we calculated the mean number of 

individuals per class within each habitat type. We also examined counts of only the plants 

we categorized as trees and shrubs to compare the height profiles of woody species 

within buffelgrass pastures and native plant communities.   

To address the relationships among productivity, abundance, and diversity we 

used stepwise multiple regression and standard least squares regression to examine the 

response of species richness and dominance to potential predictor variables. We 

examined species richness at two scales, site (number of species observed within a site) 

and transect (mean number of species per transect). We used the reciprocal Simpson 
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index as a measure of dominance as it is the most widely used form of the Simpson index 

and a robust measure of diversity (Magurran 2004). Taking the reciprocal creates a more 

intuitive measure of diversity such that the value of the index rises as diversity increases 

and dominance decreases.  

All variables were tested for normality with the Shapiro Wilkes normality test. 

Potential predictor variables included habitat type, precipitation, NDVI, counts of 

individuals and all second order and interaction terms. Since precipitation and NDVI 

were highly correlated, we regressed richness against each variable independently and 

dropped precipitation because it explained a smaller proportion of variation in richness. 

We used two different counts of individuals: 1) total number of individual plants and 2) 

total number of individual plants minus all buffelgrass plants. This allowed us to compare 

ratios of individuals to species. The cutoff point for variable entry and removal was set to 

P < 0.05, but increasing the cutoff to P < 0.10 did not affect the results. Those predictors 

that remained significant after stepwise regressions were then used to create standard 

least squares regression models. All analyses were conducted using JMP (Sall et al. 

2005).  

 

Results 

Species Diversity and Composition 

We recorded 9,014 individual plants and 103 species from 31 families across all sites. 

100 species were recorded in native rangeland sites and 53 species were recorded in 

pasture sites. Thus land conversion resulted in a loss of gamma diversity (total diversity) 

of 47 species. The average species richness (alpha-diversity) of native vegetation sites 

and buffelgrass pastures is 25.1 and 11.6 species respectively. Land conversion resulted 
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in a 54% reduction of species richness on average at the site scale (mean difference = 

13.5 species, d.f. = 8, p = 0.0006) and a 60% reduction in species richness on average at 

the transect scale (mean difference = 5.7 species, d.f. = 8, p = 0.0004). Species diversity 

was not related to time since conversion (F = 0.015, d.f. = 8, p = 0.90). 

Comparison of sample-based rarefaction curves reveals that beta-diversity 

(among-site diversity) is greater in native rangeland than buffelgrass pastures (Fig. 2). 

Beta-diversity accounts for 75 species among native vegetation sites compared to 41 

species among buffelgrass pasture. The species that occur in buffelgrass pastures are a 

subset of those found in native plant communities. All but four species that we recorded 

in buffelgrass pastures were also found in native rangeland sites. In addition, more than 

half of the twenty most common species in buffelgrass pastures are also among the 

twenty most common species in native rangeland sites.  

 

Vegetation Cover and Structural Complexity  

The conversion of native plant communities to buffelgrass pastures significantly alters 

vegetation cover and canopy height profiles. On average, shrub cover is 12% greater and 

tree cover is 17% greater in native vegetation communities than in buffelgrass pastures 

(paired t-tests, d.f.  = 8, two sided p = 0.003 and p = 0.002 respectively).  

Among buffelgrass pastures, the cover of buffelgrass ranges from near 0% to 

68%. This wide range of values reflects the varying success that pasture development has 

had in Sonora. In buffelgrass pastures percent cover of buffelgrass increases with NDVI 

(p = 0.041, R2 = 0.47, n = 9), adding evidence to casual observations that successful 

establishment of buffelgrass increases with site productivity. In addition, among 
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buffelgrass pastures we observed that as the cover of buffelgrass decreases the cover of 

bare ground increases (R2 = 0.45, p = 0.049,), suggesting that in cases where buffelgrass 

has failed to establish or persist, native species have been unable to recolonize. 

The canopies of buffelgrass pastures differ dramatically from those of native plant 

communities. Most individual plants within buffelgrass pastures are less than two meters 

in height, and over 90% of these individuals are buffelgrass plants (Fig. 3). In contrast, 

the mode of the height distribution of native plant communities falls between two and 

five meters. If we examine only those species categorized as trees and shrubs we find a 

similar pattern, but the number of individuals in all height classes is greater in native 

plant communities than in buffelgrass pastures (Fig. 4). The difference in the number of 

individuals in the lowest height class suggests that regeneration of trees and shrubs is 

reduced by land conversion. 

 

Relationships of Diversity to NDVI and Abundance 

Mean NDVI values ranged from 0.218 to 0.754 among buffelgrass pastures and from 

0.241 to 0.892 among native plant communities. Mean NDVI values of native rangeland 

sites were significantly higher than those of pasture sites (mean difference = 0.058, two 

sided p = 0.016).  

Mean annual precipitation and NDVI were highly correlated with each other (r = 

0.94), supporting our use of NDVI as a measure of productivity. NDVI consistently 

emerged as a better predictor of diversity than precipitation at all scales, thus we removed 

precipitation from our stepwise regression models.  Using habitat type (native plant 

community or buffelgrass pasture), NDVI, NDVI2 and an interaction term between 
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habitat and NDVI as potential explanatory variables of perennial plant richness. The best 

model combined only habitat type and NDVI (Fig. 5). The model accounted for 83% of 

observed variability in perennial plant richness (R2 = 0.83, p < 0.0001). In contrast to our 

expectations, richness increased with productivity in a nearly identical manner in both 

buffelgrass pastures and native plant communities (Fig. 5). Similarly, the best model 

predicting the average number of species per transect within an individual site combined 

only habitat type and NDVI (R2 = 0.80, p < 0.0001), and again diversity increased 

similarly in both buffelgrass pastures and native plant communities.  

The best model explaining 88% of the observed variation in dominance combined 

habitat type and NDVI as well as the interaction term of these two variables (R2 = 0.88, p 

< 0.0001) (Fig. 6).  In accordance with our predictions, the relationship between 

dominance and productivity was different for buffelgrass pastures and native plant 

communities.  

Finally, when we used counts of individuals in place of NDVI in a stepwise 

regression model, the best model included only one variable, counts of individuals minus 

buffelgrass plants (R2 = 0.62, p = 0.0001) (Fig. 7), i.e. habitat type no longer explained 

any additional variation in species richness.  

 

Discussion 

To our knowledge this is the first study to document the long-term impact of land 

conversion to buffelgrass pastures on plant diversity in Mexico. Not surprisingly, 

perennial plant diversity at all scales is reduced by the conversion of desertscrub and 

thornscrub communities to buffelgrass pastures. The species that occur in buffelgrass 

pastures are a subset of the species found in native vegetation, and nearly half are long-



 68 

lived trees and columnar cacti that were spared during the land clearing process. 

Dominance increases with productivity in buffelgrass pastures. We hypothesized than an 

increase in dominance would be accompanied by a decrease in species richness. Instead, 

species richness increased linearly with productivity in both habitat types.  

We propose that the positive productivity-diversity relationship observed among 

buffelgrass pastures is an artifact of a commonality of the land clearing process across 

ranches in Sonora, i.e.  landowners spare a similar proportion of native vegetation when 

they convert native rangeland to buffelgrass pastures, and a large proportion of this 

spared vegetation consists of long-lived species that persist within pastures for over 30 

years. Thus, the positive productivity-diversity relationship observed among native plant 

communities is preserved among buffelgrass pastures. The curve is simply displaced to 

the right of the curve for native plant communities by the addition of a large quantity of 

biomass that adds only one species (i.e. buffelgrass) to each pasture. This interpretation is 

further supported by the relationships we observed between counts of individuals and 

species richness. By subtracting all buffelgrass plants from our counts of individuals, we 

are essentially removing the signature of land conversion. The relationship between 

number of individuals and number of species then becomes indistinguishable from that 

observed in native plant communities, and our two separate regression lines collapse into 

one. 

If many of the long-lived species that currently populate buffelgrass pastures are 

unable to regenerate, we expect that the currently positive productivity-diversity 

relationship will eventually disappear. Many of the same factors that impede the 

regeneration of vegetation on abandoned pasturelands lands will affect the regeneration 
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of native species within buffelgrass pastures. These factors include soil nutrient 

deficiencies, soil compaction, low rates of seed colonization and germination, the failure 

of seedlings to establish, and competition with aggressive non-native grass species (Holl 

1999). A slowly growing number of studies suggests that land conversion to buffelgrass 

pastures will negatively affect the regeneration of many native species. For example, 

Ibarra-Flores et al. (1999) noted a tendency for reduced organic carbon content and total 

soil nitrogen in Sonoran buffelgrass pastures, and Eilts and Huxman (2004) found that 

buffelgrass, a shallow-rooted species, competes effectively for soil moisture even with 

the characteristically deep-rooted tree species of the Sonoran Desert. Providing the most 

compelling evidence to date, Morales-Romero and Molina-Freaner (2008) found that 

although seeds of a common native columnar cacti were able to germinate and establish 

within Sonoran buffelgrass pastures, not a single seedling survived beyond six months. In 

comparison, over 20% of the seedlings within native thornscrub habitat survived for the 

two year duration of the study. Morales-Romero and Molina-Freaner (2008) suggest that 

competition with buffelgrass for soil moisture, lack of nurse plants, and seedling 

herbivory may contribute to the failure of seedlings to survive within buffelgrass 

pastures. Our data show that land conversion dramatically alters vegetation cover and 

canopy profiles and thus probably alters microclimatic conditions from those typical of 

native plant communities, which are characterized by the presence of large trees that 

provide essential habitat for many native species (Búrquez and Quintana 1994).  

Regeneration of native vegetation in buffelgrass pastures will also be affected by 

current land management practices, particularly grazing regimes. Sonoran rangelands are 

generally heavily overstocked (Perez Lopez 1992), and we observed that grazing 
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intensity was high across all of our study sites. The influence of grazing on diversity is 

dependent on community evenness and productivity (Hillebrand et al. 2007).  We expect 

that the diversity of native rangeland sites is negatively affected by high intensity grazing. 

In contrast, as suggested by Saucedo-Monarque et al. (1997), grazing likely acts 

positively on the diversity of buffelgrass pastures by removing biomass of a 

competitively dominant species. We expect the effects of grazing on diversity to be small 

relative to those of land conversion and productivity. If our assessment of grazing 

intensity is correct, (i.e. grazing intensity is high across all study sites,) more exact 

information on grazing may not have significantly improved our model of species 

richness.  

Finally, fire is an important factor in the long-term trajectory of plant diversity in 

Sonoran rangelands. Fire is not native to the desertscrub and thornscrub ecosystems of 

central Sonora, and thus native species are not adapted to withstand frequent or intense 

fires. In contrast, buffelgrass responds to fire with vigorous regrowth. Búrquez et al. 

(1998) estimate that most buffelgrass pastures burn a minimum every 20 years, but 

clearly fires are more likely to strike pastures with a large quantity of standing dry 

biomass. This means that pastures at the high end of the productivity gradient are likely 

to experience fires at a greater frequency and intensity than pastures at the low end of the 

gradient. Infrequent fire events combined with limited reproductive success are likely to 

result in future declines in species richness within buffelgrass pastures and contribute to 

the erosion of the positive productivity-diversity relationship that we currently observe 

among buffelgrass pastures. Since intense grazing removes a large quantity of biomass 

and facilitates seed dispersal of woody plants (Brown and Archer 1987), it may prove to 
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be an important tool for the preservation of the fire-intolerant trees and columnar cacti 

characteristic of Sonoran rangelands. 

We did not examine the impacts of buffelgrass invasion on diversity, but we 

suspect that these effects may be similar to those of land conversion to buffelgrass 

pastures for several reasons. First, fires have become more frequent not only in 

buffelgrass pastures, but also in areas where buffelgrass has invaded (Búrquez et al. 

1998). Lighter grazing in areas where buffelgrass has invaded may promote higher 

densities of buffelgrass thus increasing the likelihood of fire and facilitating further 

buffelgrass invasion (Butler and Fairfax 2003). This is the case for the invasion of 

buffelgrass in the environs of Hermosillo, the capital city of Sonora. Suburban fires that 

were rare before the introduction of buffelgrass now occur almost daily during the dry 

season in late spring and early summer (Búrquez et al. 1998). Second, if low grazing 

pressure allows buffelgrass to achieve higher densities in areas where it has invaded, the 

intensity of competition between buffelgrass and native plants in invaded areas may be 

greater than levels typical of buffelgrass pastures. In Australia, where buffelgrass is 

simultaneously known as one of Australia’s worst weeds and most valuable introduced 

forage species (Humphries et al. 1991; McIvor 2003), gradual declines in diversity have 

been documented in areas that have been invaded by buffelgrass even in the absence of 

fire (Jackson 2005; Clarke et al. 2005). Similarly, in Sonora, Saucedo-Monarque et al. 

(1997) noted a tendency for a reduction in diversity in areas where buffelgrass had 

invaded.  

If the positive productivity-diversity relationship of buffelgrass pastures is an 

artifact of the land conversion process, what mechanisms account for the positive 
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relationship among native plant communities? Conclusive tests of the mechanisms that 

underlie the productivity-diversity relationship remain elusive, and even the form of the 

relationship continues to be debated (Mittelbach et al. 2001; Whittaker and Heegaard 

2003; Gillman and Wright 2006). Many mechanisms are capable of producing positive 

productivity-diversity relationships (Abrams 1995), but the most commonly invoked 

mechanism is the abundance-extinction hypothesis, which predicts a positive relationship 

between abundance and diversity that is attributed to the lower risk of stochastic 

extinction of larger populations (Wright 1983; Wright et al. 1993). Since both of our 

measures of abundance (NDVI and counts of individuals) were excellent predictors of 

species richness, our data seem to support the abundance-extinction hypothesis.  

Positive productivity-diversity relationships are sometimes observed as the result 

of artifacts of sampling. One of the most common sampling problems in the study of 

diversity is the tendency of larger samples to contain more species than smaller samples 

as a result of a simple random sampling process (Magurran 2004). This sampling process 

is affected by the underlying relative abundance distribution of the community. 

Specifically, richness will be underestimated in communities that are highly dominated 

by a single species (Lande et al 2000). Since dominance increases with productivity in 

buffelgrass pastures, we expect that we increasingly underestimate species richness as 

productivity increases in buffelgrass pastures. Thus the sampling hypothesis predicts that 

we would observe a positive decelerating relationship between abundance and diversity 

in buffelgrass pastures. Given than we were able to detect a positive linear relationship 

between abundance and diversity despite a known sampling bias caused by increasingly 

uneven relative abundance distribution, we are confident that our samples are sufficiently 
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large to avoid significant sampling biases. A second sampling artifact responsible for 

some observed positive productivity-richness relationships results from sampling only the 

increasing portion of a unimodal relationship (Abramsky and Rosenzweig 1984). We 

doubt that we would uncover a unimodal relationship with additional sampling at higher 

productivities along this gradient in central Sonora because as productivity increases 

plant communities transition from thornscrub to tropical deciduous forest, which are 

characterized by higher species diversity than thornscrub communities (Brown 1994). 

Although NDVI and mean annual precipitation were highly correlated, NDVI 

consistently explained more of the observed variation in species richness than 

precipitation. Our NDVI data most likely provides a more accurate picture of the spatial 

distribution of aboveground biomass than our precipitation data because NDVI integrates 

the influences of a multitude of factors that affect plant growth. In addition, WorldClim 

precipitation data are generated through interpolation, whereas NDVI values could be 

collected at spatial resolution of 30 meters from pixels located directly over our study 

sites. The removal of habitat type from our model significantly increased the amount of 

unexplained variation in species richness, thus the NDVI clearly performs best within a 

single habitat type rather than across habitats. Other authors have similarly noted 

variation in NDVI-richness relationships among different types of vegetation (Fairbanks 

and McGwire 2004).   

The strength of the relationships we observed can be attributed to our ability to 

match the scales at which we measured NDVI and diversity (Turner et al. 2003). Changes 

in vegetation often occur over small distances such that a mean NDVI value estimated for 

an area that is larger than the surveyed ground area may not accurately reflect the 
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productivity of the sampled vegetation. For example, many Sonoran ranches comprise a 

patchwork of native rangeland and buffelgrass pastures such that pixels much larger than 

those of the TM sensor would frequently contain more than one habitat type. Another 

reason for the strength of our observed relationships is the wide range of NDVI values 

across our study region (Box et al. 1989; Levin et al. 2007). Over a distance of only 200 

kilometers our study sites varied in mean NDVI from 0.2 to 0.9, an unusually large range 

over such a short distance. Our results suggest that broadband data from Landsat TM or 

similar sensors may offer a practical approach for exploring, mapping, and managing 

perennial plant communities within the many large expanses of arid and semi-arid 

northern Mexico that are poorly known.  

 

Conclusion 

Our findings have important implications for the future of biodiversity in central Sonora. 

In the rapidly changing landscape of northern Mexico, the maintenance of current levels 

of productivity depends on the conservation of biodiversity. Species losses of over 50% 

may seriously affect the ability of local communities to respond to and recover from 

disturbance and climate change (Tilman and Downing 1994). In addition, the failure of 

buffelgrass to establish and persist that we have noted here is not uncommon. 

Castellanos-V. et al. (2002) found that in central Sonora only 18% of buffelgrass pasture 

development projects were successful. An understanding of indigenous patterns of 

species diversity and the link between diversity and primary productivity, will be 

essential to restore degraded habitat. Although land conversion has resulted in the loss of 

a similar proportion of species richness across the regional productivity gradient, the 

future impacts of land conversion on species diversity and ecosystem functioning will 



 75 

likely be greater in high productivity sites. Increasing dominance by buffelgrass with 

increasing productivity implies that both the direct effects of competition between 

buffelgrass and native species and the indirect effects of buffelgrass on the frequency and 

intensity of fire will be greater in the higher productivity thornscrub biome than the lower 

productivity desertscrub biome. Therefore, we expect that diversity will decline faster in 

high productivity sites than in low productivity sites. Additional research is urgently 

needed in several areas: 1) methods of controlling the spread of buffelgrass beyond the 

boundaries of intentionally created pastures; 2) the use of grazing to contain the spread of 

buffelgrass, reduce fuel loads, and minimize the negative effects of buffelgrass on native 

species; 3) the long-term effects of changes in biogeochemical cycles caused by 

buffelgrass; and 4) the regeneration of native species in the presence of buffelgrass.  
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 Figure Captions 

Figure 1. Location of study sites along a longitudinal transect that lies on productivity 

gradient on the Pacific Slope of Mexico in central Sonora. Arrow shows direction of 

increasing productivity. 

 

Figure 2. Sample-based rarefaction curves for native vegetation sites (open circles) and 

buffelgrass pastures (filled circles). The first point of each curve represents the alpha 

diversity for each habitat type. The difference between the first and last points of each 

curve represents the beta-diversity among all sites within each habitat type. 

 

Figure 3. Average number of individuals falling into 5 height classes from buffelgrass 

pastures (black bars) and native vegetation communities (grey bars).  Buffelgrass plants 

comprise over 90% of the individuals within the lowest two height classes in buffelgrass 

pastures.  

 

Figure 4. Average number of tree and shrub individuals falling into 5 height classes from 

buffelgrass pastures (black bars) and native vegetation communities (grey bars).  

 

Figure 5. Perennial plant richness as a function of habitat type and NDVI. 

 

Figure 6. Reciprocal Simpson Index as a function of habitat type and NDVI and their 

interaction. 
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Figure 7. Species richness as a function of abundance measured as number of the total 

number of individual plants minus all buffelgrass plants. 
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APPENDIX C - THE EFFECTS OF LAND USE CHANGE AND PRODUCTIVITY 
ON ANT ASSEMBLAGES IN THE SOUTHERN SONORAN DESERT 
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Abstract 

Over the past five decades extensive tracts of native vegetation have been converted to 

exotic grass pastures to increase cattle production in the drylands of northern Mexico. 

The impacts of land conversion on biodiversity and ecosystem functioning remain 

virtually unstudied. As one of the most abundant and diverse invertebrate taxa in most 

terrestrial environments, ants are an important component of biodiversity and integral to 

many ecosystem processes, which has led some to propose using ants as bioindicators. I 

examined the response of ant assemblages to land conversion and productivity by 

sampling pairs of exotic grass pastures and native rangeland sites distributed across a 

regional productivity gradient in Sonora, Mexico. First, I tested for relationships between 

productivity and the abundance and species richness of ant assemblages in each habitat. 

Next, I examined the local and regional effects of land conversion on abundance, richness 

and species composition. Finally, species were assigned to functional groups based on 

ecological criteria, and the response functional group composition to land conversion and 

productivity was examined. Neither abundance nor species richness were predicted by 

productivity. Land conversion resulted in declines in both abundance and site richness, 

but total species richness and species turnover across sites were unaffected. Overall 

functional group composition was similar in both habitats. Variation in functional group 

composition across sites was observed in native rangeland but not in buffelgrass pastures. 

I conclude that ant assemblages in arid ecosystems are highly resistant to disturbance and 

would not serve well as indicators of ecosystem conditions. 
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Introduction 

Ants are conspicuous members of nearly all terrestrial ecosystems, where they 

function as ecosystem engineers by modifying the physical environment in ways that 

affect the abundance and distributions of other organisms (Holldobler and Wilson 1990, 

Folgarait 1998; Wright and Jones 2006). For example, they influence vegetation 

communities directly through seed predation and manual or chemical removal of 

undesirable plants from their nest sites (Rissing 1986, 1988, Frederickson et al. 2005), 

and indirectly through their effects on soil structure and fertility (Whitford and DiMarco 

1995, Wagner et al. 1997, Whitford 2002). In addition, they interact with a wide variety 

of organisms through their diverse foraging ecologies and as an important component of 

the diets of many invertebrate and vertebrate species.  

Their ecological importance has led some to propose using ants as biological 

indicators. The first to formally argue for ants as indicators was Majer (1983), who 

suggested that characteristics of ant assemblages such as their richness or evenness could 

be used to monitor ecosystem recovery in rehabilitated mine sites and ecosystem 

degradation in areas affected by disturbance. For example, in rehabilitated mine sites ant 

species richness and composition has been shown to reflect not only recolonization by 

other invertebrate groups (Majer 1983), but also changes in important ecosystem 

processes such as soil nutrient cycling (Andersen and Sparling 1997). The use of ants as 

indicators is best developed in the arid regions of Australia (Majer and Beeston 1996; 

Andersen et al. 2004), where the classification of ant species into functional groups based 

on ecological rather than taxonomic criteria has facilitated a predictive understanding of 

the responses of ant assemblages to disturbance (Andersen 1995). The functional group 
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model, which is loosely based on the model of plant communities developed by Grime 

(1979), classifies ants according to their foraging ecology, competitive abilities, and 

physiological traits (Andersen 1995). The model has proven successful in cases of severe 

disturbance such as mining (Majer and Nichols 1998), but less successful in cases of 

moderate disturbance such as grazing (Hoffman 2000).  

Over the past three decades ants have been used as indicators in a wide variety of 

situations (e.g. Peck et al. 1998, Luque et al. 2007, Fagan et al. 2008), but general 

patterns in the responses of ant assemblages to disturbance remain obscure (Underwood 

and Fisher 2006). Recently more attention has been give to the importance of regional 

context as a factor in ant assemblage response to disturbance (Andersen 1986, 

Bestelmeyer and Wiens 1996, Farji-Brener et al. 2002, Hoffman and Andersen 2003, 

Andersen et al. 2004). For example, the conversion of tropical rainforests to agricultural 

uses results in dramatic change in habitat structure. It is typically (but not always) 

accompanied by a reduction in ant diversity, most likely as a result of the small number 

of species within the regional species pool that are adapted to the types of habitat 

conditions created by the disturbance (Quiroz-Robledo and Valenzuela-Gonzalez 1995, 

Lawton et al. 1998, Vasconcelos 1999, Dunn 2004, Underwood and Fisher 2006). In 

contrast, ant diversity often increases with structural simplification of habitat in semiarid 

and arid regions (Andersen 1997a, Lassau and Hochuli 2004), where many species are 

pre-adapted to the post-disturbance conditions (Farji-Brener et al. 2002). 

The results of numerous studies from arid biomes cast doubt on the usefulness as 

ants as indicators in xeric environments (Whitford et al. 1999; Nash et al. 2004; 

Bestelmeyer 2005; Bestelmeyer and Wiens 2005). For example, in the southwestern U.S., 
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Whitford et al. (1999) found no consistent patterns in the responses of individual species 

or entire assemblages to grazing intensity gradients that spanned sites where grazing had 

been excluded for 40 years to sites adjacent to livestock watering tanks. Similarly, ant 

assemblages in the arid regions of Australia and Argentina have shown little response to 

grazing or fire (Bestelmeyer and Wiens 1996; Farji-Brener et al. 2002; Hoffman 2003). 

Regardless of their success as indicators, the ant assemblages of arid ecosystems merit 

study on the basis of their sheer abundance and integral nature in innumerable ecosystem 

processes (Crawford 1988, Rundel and Gibson 1996, Tigar and Osborne 1997, Sánchez 

Piñero and Avila 2004).  

In the present paper I compare the diversity, composition, and structure of ant 

assemblages in native habitats and exotic grass pastures in the southern Sonoran Desert 

of Sonora, Mexico. The southern Sonoran Desert is an exceptionally rich arid region that 

lies in a transition zone between temperate and tropical biomes. The dominance of trees 

and large shrubs that function as keystone structures (sensu Tews et al. 2004), promoting 

high levels of alpha diversity (Brown 1994, Búrquez and Quintana 1994), distinguishes 

the Sonoran Desert from other deserts in North America. The southern region of the 

desert in mainland Mexico is characterized by a rainfall gradient that shapes vegetation 

communities along a transect that extends from the Gulf of California in the west to the 

Sierra Madre Occidental mountain range in the east (Búrquez et al. 1999). As rainfall 

increases, productivity increases and plant communities transition from desertscrub to 

thornscrub to tropical deciduous forest. The exotic grass pastures in this region are a 

result of the efforts of Sonoran ranchers to improve rangeland productivity by replacing 

native vegetation with buffelgrass (Pennisetum ciliare), a perennial bunchgrass native to 
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the savannas of east Africa (Cox et al. 1988). The process of converting native rangeland 

to buffelgrass pastures, known locally as desmonte, begins by clearing existing vegetation 

with bulldozers, followed by seeding with buffelgrass. Ranchers generally spare a small 

number of the largest trees and columnar cacti. Pasture development is one of the most 

severe disturbances currently affecting the southern Sonoran Desert (Búrquez and 

Martínez-Yrízar 2007). The replacement of many native species with a single exotic 

species and the simplification of vegetation physiognomy result in habitat 

homogenization that is likely to have significant consequences for biodiversity.  

The primary goals of our research were 1) to document the diversity, composition 

and structure of ant assemblages across this longitudinal productivity gradient in the 

southern Sonoran Desert and 2) to assess the impacts of the conversion of native 

desertscrub and thornscrub habitats to exotic buffelgrass grass pastures on these ant 

assemblages. I used standardized sampling in pairs of native rangeland sites and 

buffelgrass pastures that stretch across the rainfall gradient to describe the relationship 

between productivity and diversity in both habitats and to examine the influence of 

habitat structure and regional context on the effects of land conversion. An important 

feature of this longitudinal productivity gradient is the lack of variation in minimum 

temperatures. Ants are strongly thermophillic (Andersen 1997b; Bestelmeyer 2000), and 

temperature is an important factor structuring local ant assemblages (Bestelmeyer 2000, 

Sanders et al. 2007). An earlier study documented no change in mean minimum January 

temperatures along the western portion of this gradient from the coast (near sea level) to 

approximately 250 kilometers inland (650 masl) (Molina-Freaner et al. 2004). To our 
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knowledge, this will be the first study to explicitly examine the effects of productivity 

independently of temperature on the diversity of ant assemblages at a regional scale.  

I predicted that the abundance and richness of ant assemblages of both habitats 

would increase with productivity. Furthermore, I predicted that the relationship between 

abundance and species richness would be stronger than the relationship between 

productivity and richness. These predictions are based on species energy theory. The 

theory states that an increase in productivity allows mean population size to grow, and 

since larger populations have a lower risk of local extinction than small populations, the 

end result is an increase in species richness (Wright 1983, Kaspari et al. 2000).  

I also predicted a significant loss of ant diversity would occur as a result of 

changes in local habitat conditions associated with land conversion. Local conditions, 

including soil composition and vegetation cover, have been shown to be a strong force 

structuring ant assemblages (Johnson 1992; Dauber et al. 2006; Debuse et al. 2007). I 

predicted that changes in local habitat conditions would favor a distinct subset of species 

from the regional species pool such that buffelgrass pastures would be more similar to 

each other than to their paired native rangeland site.  

 

Methods 

Study Area and Selection of Study Sites 

Paired study sites were located along a longitudinal transect approximately 200 

km in length in central Sonora, Mexico. (+29° 14' 51.66" N, -111° 49' 25.56" W to 28° 

37' 20.52" N, -110° 5' 25.38"W). The climate is characterized by mild winters and hot 

summers. The majority of rain falls during the summer monsoon season between July and 

September. Remaining precipitation falls during a second less reliable winter rainy 
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season. Because rain gauges are sparse and of varying reliability in Sonora, I relied on 

mean annual precipitation data (1950-2000) from WorldClim version 1.4, which are 

provided at a resolution of 1 km2 (Hijmans et al. 2005). Mean annual rainfall of our study 

sites ranges from a low of 235 mm to a high of 704 mm. 

Plant communities transition from desertscrub to thornscrub and eventually to 

tropical deciduous forest from west to east along a gradient of increasing rainfall that 

stretches 200 km from the Gulf of California to the foothills of the Sierra Madre 

Occidental (Búrquez et al. 1999). Desertscrub plant communities (~100-300 mm rain/yr) 

are dominated by widely spaced leguminous trees, xerophytic shrubs, and columnar cacti; 

thornscrub communities (~300-500 mm rain/yr) exhibit a greater density of trees and 

shrubs and greater canopy height; and tropical deciduous forest is further distinguished 

from thornscrub by an even greater canopy height, larger average leaf size, and smaller 

proportion of xerophytic, thorny, and succulent plants (Brown 1994). 

The region is heavily devoted to cattle ranching. Fourteen pairs of study sites (i.e. 

28 total sites) were established in ranches located along the main axis of the productivity 

gradient (Fig. 1). Each pair of sites consisted of a buffelgrass pasture and a nearby parcel 

of unconverted native rangeland. The pastures were selected to be representative of the 

variation among pastures in the region. I attempted to minimize the effects of slope and 

aspect by selecting only sites with low slope angles and similar geomorphology. Close 

proximity of pastures and native rangeland parcels provided some control for the original 

biophysical characteristics of the cleared site. Although detailed information on the 

grazing management of each study site was unavailable to us, all sites appeared to have 

been heavily grazed in the recent past based on the density of dung and cow paths, and 
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recent signs of grazing on palatable vegetation. I also interviewed landowners to 

determine the year in which land had been converted to pasture.  

 

Productivity Estimates 

We used the Normalized Difference Vegetation Index (NDVI) derived from 

Landsat Thematic Mapper (TM) imagery as a surrogate for primary productivity. The 

NDVI is a well-studied correlate of above-ground primary productivity (Box et al. 1989) 

and has been found to perform especially well in arid and seasonal environments 

(Anderson et al. 1993; Baugh and Groenveld 2006). Two scenes obtained from the USGS 

archives were required to provide coverage of all study sites (WRS Path 36 Row 40; 

WRS Path 35 Row 40). These two scenes were acquired by the Thematic Mapper (TM) 

sensor at the height of the growing season (14/08/2007; 23/08/2007). Each scene was 

orthorectified using road intersections and other landmarks with two previously 

orthorectified Landsat TM scenes from the Global Land Cover Facility archive at the 

University of Maryland and digital elevation models from the Arizona Regional Image 

Archive of the University of Arizona for the same path row. The registration RMS error 

was less than 0.5 pixel for each scene. The scenes were then processed to reflectance data 

using gains, offsets, and ephemeris data and the model by Chander et al. (2007). 

Reflectance data were then atmospherically corrected with dark object subtraction based 

on TM band 1. 

During field surveys I recorded a point near the center of each study site with a 

hand-held GPS unit. Using these point data, I located and digitized each study site in 

Google Earth. These polygons were then overlaid onto the Landsat imagery and the 
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WorldClim climate surface to extract NDVI and precipitation data for each study site. 

The NDVI for each pixel was calculated as NDVI = (NIR, band 4 – Red, band 3) / (NIR, 

band 4 + Red, band 3). The mean NDVI of for each study site was calculated as the 

average of all pixels contained within a given site.  

 

Ant Sampling 

I collected quantitative data on species distributions by pitfall trapping. Pitfall 

traps integrate forager attributes and the colony dispersion patterns of individual species. 

Although pitfall traps have been shown to overestimate the abundance of some active 

species, they effectively represent relative forager abundance and species composition in 

open habitats such as deserts (Andersen 1991; Bestelmeyer et al. 2000). I used small 

plastic cups 4.25 centimeters in diameter partly filled with propylene glycol. Traps were 

arranged in 3 parallel line transects, each containing 12 traps spaced 15 meters apart. 

Transects were separated by a minimum of 100 meters. Traps in each pair of sites were 

operated simultaneously for a period of 72 hours in the late monsoon season. Ideally all 

pairs of sites would have been sampled during the same monsoon season because ant 

activity is influenced by variation in the timing and quantity of precipitation (Hoffman 

2003), but limitations of manpower required me to divide trapping over two monsoon 

seasons. I compared the abundance of ants in pitfall traps across years to test for a 

difference in ant activity that would have lead to a strong year effect. Neither the mean 

number of individual ants per site, which is a measure of foraging activity, nor the mean 

number of species occurrences per site differed across years (t = 1.90, df = 26, p = 0.07; t 

= 1.19, df = 26 , p = 0.25).  
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All ants were identified to genus and species or morphospecies. Morphospecies 

were designated with numbers and are referred to as species throughout this paper. 

Species occurrences were used to estimate abundance. A species occurrence was defined 

as the presence of one or more individuals of a given species in a given trap. The 

cumulative number of species occurrences within a site was used as a measure of colony 

abundance. Widely spacing traps reduced the likelihood that any two traps sampled 

individuals from the same colony, but workers from larger species that can have foraging 

ranges that extend to 40 meters (Gordon 1999) may have fallen into adjacent traps, 

biasing the estimates of colony abundance of larger species.  

 

Vegetation Sampling 

For a subset of 7 of the total 14 pairs of sites I collected data on the diversity and 

structure of vegetation. Perennial plant richness was sampled from a 300 X 300 m area 

centered on the pitfall trap transects with 10 randomly placed line transects of 100 m 

each. The identity, interval length, and height of each plant intersecting the transect were 

recorded. From these data I calculated the percent cover of trees, buffelgrass, litter and 

bare ground.   

I interviewed landowners to gather additional information about the land 

conversion process, primarily the year in which the pasture was created and the amount 

of vegetation that was spared during the clearing process. Legally, ranchers are required 

to spare 20% of the native vegetation during the land conversion process, but this law is 

not strictly enforced. Typically, landowners choose to spare the largest trees and 

columnar cacti. A similar proportion of existing vegetation had been spared across all 
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pastures. The mean time since conversion was 19 years and ranged from 5 to 30 years. 

Perennial plant richness was not related to time since conversion (F = 0.015, p = 0.90). 

 

Analyses 

First, I constructed individual-based species accumulation curves with EstimateS 8.0 

(Colwell 2006) for each site to assess the completeness of our samples of both ant and 

perennial plant richness species (Magurran 2004). These curves indicated that I had 

captured the large majority of perennial plant species present within each site. Therefore I 

used observed species richness values for plant communities rather than estimates 

derived from species richness estimators. In contrast, species accumulation curves for ant 

assemblages indicated varying degrees of completness. I examined the behavior of a 

variety of incidence-based estimators and selected the first-order Jackknife estimate of 

species richness for its stability across sample size and its known strengths against other 

richness estimators (King and Porter 2005, Hortal et al. 2006). All richness estimates 

were calculated with EstimateS 8.0 (Colwell 2006). Diversity was also examined at the 

point scale, estimated as the mean number of species per trap for a given site, which is 

referred to as point richness for the remainder of this paper. Paired t-tests were used to 

compare site richness and point richness of native rangeland sites and buffelgrass 

pastures.  

I also examined the alpha parameter of the log-series distribution (Fisher et al. 

1943), which incorporates both species richness and abundance (Magurran 2004). This 

measure of diversity is most sensitive to species of intermediate abundance and thus, is 

well suited to the spatially aggregated data characteristic of ant assemblages. It has been 
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found to perform better than non-parametric richness estimators for ants (Bestelmeyer 

and Wiens 1996; Leponce et al. 2004). 

To address the effects of land conversion on beta-diversity I used sample-based 

rarefaction curves to compare alpha (within-site), beta (among-site), and gamma (total 

site) diversity following the methods outlined by Crist and Veech (2006).  A sample-

based species rarefaction curve plots the number of observed species as a function of the 

number of samples. In our case, a sample is equivalent to a site (i.e. a native plant 

community or a buffelgrass pasture). The first point on this curve represents the average 

species richness for the habitat type (i.e. alpha diversity). The last point on this curve is 

the total species richness across all sites (i.e. gamma diversity). The difference in species 

richness between the first and last points represents beta diversity among sites. To further 

compare beta-diversity of buffelgrass sites and native rangeland sites I used the Morisita 

Horn similarity index. I compared the mean value of this index for all possible 

comparisons among 14 native rangeland sites (n = 91) with the mean value for all 

possible comparisons among 14 buffelgrass pastures (n = 91).   

To examine species composition of native rangeland sites and buffelgrass pastures 

I compared the abundance of individual species across habitat type with paired t-tests. I 

tested the prediction that buffelgrass pastures would be compositionally more similar to 

each other than to their paired native rangeland sites by comparing Morista Horn 

similarity index values among three groups of sites. The first group consisted of the 

original paired study sites (n = 14). The second and third groups were created by pairing 

each native rangeland site with its nearest native rangeland site neighbor (n = 13), and 

each buffelgrass pasture with its nearest buffelgrass pasture neighbor (n = 13).  Mean 
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Morisita Horn similarity index values were compared with a one-way analysis of 

variance. 

Standard least squares regression was the basic tool used to analyze the 

relationships between productivity, abundance and diversity. I tested for relationships 

between ant diversity and potential explanatory variables (habitat type, elevation, 

precipitation, NDVI, and all possible crosses and second order terms). Since elevation, 

precipitation, and NDVI were highly correlated, I first examined maximum R2 values and 

Akaike's information criteria (AIC) of the three models combining habitat type with each 

one of these three correlated variables independently (Johnson and Omland 2004). The 

model containing habitat type and NDVI produced both the highest R2 value and the 

lowest AIC value, thus I eliminated elevation and precipitation from further analysis. I 

then used forward and backward stepwise regression to examine the relationship between 

three measures of diversity (point richness, site richness and Fisher’s alpha), habitat type 

and NDVI. Variable entry and exit levels were set to p < 0.10. Next I examined the 

relationship between productivity and ant abundance. If productivity is not related to 

abundance, then species energy theory cannot account for variation in diversity. 

Furthermore, species energy theory predicts a stronger relationship between abundance 

and diversity than productivity and diversity.  

Finally, perennial plant diversity and the percent cover of trees, buffelgrass, litter, 

and bare ground for the subset of 14 sites for which I had collected these data were added 

as potential explanatory variables for ant diversity. Residuals were examined for the 

assumption of normality. Since tree cover and plant diversity were moderately correlated 

(r = 0.795), I examined the relationships of these variables on ant diversity independently 
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and added the variable that explained the larger proportion of variation to the pool of 

explanatory variables.  

I categorized ant species according to the functional group model of Andersen 

(1997) and tested for changes in functional group composition across productivity and 

habitat type (Table 1). I used the total number of species occurrences within a particular 

functional group as a measure of the abundance of each functional group within each site. 

For each site I calculated the percent of total species occurrences occupied by each 

functional group (i.e. the number of species occurrences within a functional group 

divided by the total number of species occurrences). I tested for differences in the 

abundance of functional groups and functional group composition between site pairs with 

paired t-tests. I examined the influence of productivity on the abundance of individual 

functional groups and functional group composition with standard least squares 

regression. In addition, I tested for associations between vegetation cover and the 

functional group composition of ant assemblages using the subset of 7 site pairs for 

which these data were available.  

 

Results 

Species Diversity and Composition 

43,998 individual ants and 4,543 species occurrences were recorded across all 

sites. The number of individual ants per site ranged from 300 to 5,865, and the number of 

species occurrences per site ranged from 63 to 220. Native rangeland sites registered 

23,574 individual ants and 2,133 occurrences, while buffelgrass pastures registered 

14,469 individual ants and 1,714 occurrences. Mean abundance of individuals (i.e. 

foraging activity) did not differ among pairs of native rangeland and buffelgrass sites 
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(mean difference = 650 individuals, t = 1.747, df = 13, p = 0.10), but the mean number of 

species occurrences (i.e. colony abundance) was greater in native rangeland sites (mean 

difference = 42 occurrences, t = 4.11, df = 13, p = 0.001). 

Across all sites 72 species from 22 genera were recorded (Table 2). 70 species 

were recorded in native rangeland sites and 56 species were recorded in pasture sites. The 

first order jackknife estimates of richness were 77 species for native rangeland sites and 

71 species for buffelgrass pastures. Thus land conversion resulted in a small loss of 

gamma diversity of only 6 species. Point richness (mean number of species per trap) 

varied from 1.8 to 6.2 species per trap, and site richness varied from 17 to 41 species. 

Point richness was significantly greater in native rangeland (4.5 species/trap) than 

buffelgrass pastures (3.3 species/trap) (t = 4.4, df = 13, p = 0.0007). Mean site species 

richness (alpha-diversity) was greater in native rangeland sites (30 species) than in 

buffelgrass pastures (25 species) (t = 2.52, df = 13, p = 0.03). The mean time since 

conversion was approximately 25 years and ranged from 5 to 30 years. Neither site 

richness nor point richness were related to time since conversion (F = 0.003, df = 13, p = 

0.96; F = 0.049, df = 13, p = 0.83). 

If all buffelgrass pastures contain a similar set of species, beta-diversity among 

buffelgrass pastures should be lower than among native rangeland sites, but comparison 

of sample-based rarefaction curves reveals that beta-diversity (among-site diversity) is 

similar among native rangeland and buffelgrass pastures (Fig. 2). Beta-diversity accounts 

for 47 species among native vegetation sites and 46 species among buffelgrass pastures. 

In addition, mean Morisita Horn similarity index values for all possible pairs of native 
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rangeland sites and all possible pairs of buffelgrass pastures did not differ (mean 

difference = 0.0268, t = 1.24, df = 174, p = 0.22). 

Of the total 75 species observed across all sites, 19% (13 species) were recorded 

only in native rangeland sites and 5% (4 species) only in buffelgrass pastures. All but one 

of these 17 species were rare, occurring at most in one or two sites, which suggests that 

their absence was a result of their overall rarity rather than an association with either 

habitat type. In addition, all but two of the ten most common species in native rangeland 

sites were also among the ten most common species in buffelgrass pastures. Nine species 

were more abundant in native rangeland than in buffelgrass pastures (Table 1 – species 

names bolded). No species were more abundant in buffelgrass pastures than native 

rangeland. The species that occur in buffelgrass pastures appear to be a subset of the 

species found in nearby native rangeland. The mean Morisita Horn similarity index for 

the 14 paired study sites was 70% (+ 3% SE), for the pairs of nearest native rangeland 

sites was 65% (+ 3% SE), and for the pairs of nearest buffelgrass pastures was 59% (+ 

3% SE). Means of the three groups were marginally different (F = 3.2, df = 39, p = 

0.052). Post hoc analysis revealed that similarity was greater in paired study sites than in 

pairs of buffelgrass pastures (mean difference = 11%, t = 2.53, df = 37, p = 0.016).  

 

Abundance, NDVI and Diversity 

Mean NDVI values ranged from 0.218 to 0.892. After excluding one pair of sites 

with an anomalous NDVI value, mean NDVI values were significantly greater in native 

rangeland sites than buffelgrass pastures (mean difference  = 0.062, t = 2.63, df = 12, p = 

0.02). Elevation, precipitation, and NDVI were highly correlated. Using maximum R2 
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values and lowest AIC value to select the best models explaining diversity at all scales, 

NDVI consistently emerged as a better predictor of diversity than elevation and 

precipitation. Stepwise regression models produced habitat type as the only significant 

explanatory variable of variation in point richness (F = 12.56, R2 = 0.33, p = 0.002, n = 

28), indicating that productivity was not associated with point diversity. Habitat type and 

NDVI combined to explain 26% of the variation in Jackknife richness estimates of 

species richness for each site (F = 4.45, R2 = 0.26, p = 0.02). NDVI alone explained 17% 

of the variation in Fisher’s alpha (F = 5.28, R2 = 0.17, p = 0.03) (Table 3). 

NDVI was not significantly related to abundance (F = 0.006, R2 = 0.0002, p = 

0.94), but abundance was significantly related to diversity. The ability of abundance to 

explain diversity decreased with increasing scale of diversity. Abundance explained 65% 

of the variation in the mean number of species per trap, 16% of the variation in Jackknife 

estimates of site richness and less than 1% of the variation in Fisher’s alpha (Table 3). 

The lack of a relationship between abundance and Fisher’s alpha indicates that the 

significant relationships between abundance and diversity were at least partly a result of 

sampling artifacts (Kaspari et al. 2003).  

 

Vegetation and Ant Diversity 

Mean percent tree cover of buffelgrass pastures was 5.14% + 1.34 SE, and was 

not significantly related to productivity (R2  = 0.18, P = 0.25), whereas mean percent tree 

cover of native vegetation was 21.83% + 4.24 SE, and was significantly related to 

productivity (R2  = 0.78, P = 0.0006). One outlier among buffelgrass pastures with an 

exceptionally high percent tree cover was noted. Combining trees and shrubs, the figures 
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are 38% (+ 7% SE) for native rangeland and 7% (+ 2% SE) for buffelgrass pastures. 

When tested independently, neither tree cover nor perennial plant diversity were 

significantly related to point richness (F = 3.68, R2 = 0.23, p = 0.08, n = 14; F = 2.71, R2 

= 0.18, p = 0.13, n = 14. From the remaining potential explanatory variables, only 

buffelgrass cover explained variation in point richness (F = 9.66, R2 = 0.45, p = 0.009, n 

= 14), which declined with increasing buffelgrass cover. Abundance declined in a similar 

manner with increasing buffelgrass cover (F = 8.75, R2 = 0.42, p = 0.012, n = 14). Thus 

the effects of buffelgrass on point richness may be partly due to the greater inefficienty of 

pitfall traps in areas of dense grass (Melbourne 1999).  

Tested independently, both tree cover and perennial plant richness explained a 

significant proportion of variation in the species richness of ants at the site scale (51% 

and 70% respectively). Based on a higher R2 value and lower AIC value, I used only 

perennial plant richness in subsequent stepwise regression models, and perennial plant 

richness emerged as the sole significant predictor of ant species richness at the site scale 

(F = 28.06, R2 = 0.70, p = 0.002, n = 14).  

 

Functional Groups 

The abundance of individual functional groups varied little across habitat type. 

The abundance of the Dominant Dolichoderinae and Opportunists declined in buffelgrass 

pastures (t = 2.48, df = 13, p = 0.028; t = 2.62, fd = 13, p = 0.021), which suggests that 

the overall decline in ant abundance observed in buffelgrass pastures is associated with a 

decline in species within these two groups. Although the absolute abundance of these 

groups varied across habitat type, the overall functional group composition of native 
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rangeland and buffelgrass pastures was very similar (Fig. 3). In addition, the relationship 

between the contributions of the Generalized Myrmecinae and Hot Climate Specialists to 

total ant abundance within an assemblage were negatively associated with each other 

(Fig. 4) (F = 22.06, R2 = 0.46, p < 0.0001). 

Functional group composition varied with productivity in native rangeland. The 

percentage of Dominant Dolichoderinae decreased as productivity increased (F = 17.89, 

R2 = 0.62, p = 0.001), and the percentage of Generalized Myrmecinae increased (F = 

10.33, R2 = 0.46, p = 0.007) (Fig 5). In contrast, no significant associations between 

productivity and the functional group composition of ant assemblages were observed in 

buffelgrass pastures. 

Functional group composition was also influenced by habitat structure. The 

percent of an assemblage accounted for by Generalized Myrmecines declined steeply 

with an increase in the amount of bare ground in a site (F = 32.70, R2 = 0.73, p < 0.0001) 

and increased with tree cover (F = 4.90, R2 = 0.29, p  = 0.047)(Fig. 6). The percent of an 

assemblage accounted for by Hot Climate Specialists decreased with increasing tree 

cover (F = 6.18, R2 = 0.34, p  = 0.029) and, excluding a single outlier, increased with the 

amount of bare ground in a site (F = 10.96, R2 = 0.50, p  = 0.007)(Fig. 6). Functional 

group composition was not affected by the cover of buffelgrass in a site.  

 

Discussion 

The estimates of local richness for ant assemblages of the southern Sonoran 

Desert presented here are among the highest reported for North America. Contrary to 

expectations, diversity was only weakly related to productivity. Although point and site 

richness were significantly associated with abundance, these relationships may largely be 
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driven by a sampling effect. The conversion of native desertscrub and thornscrub habitats 

to buffelgrass pastures reduced the abundance and richness of ant assemblages, but beta 

diversity was unchanged by land conversion. Of the 13 species absent from buffelgrass 

pastures and 4 species absent from native rangeland, all but one were rare. Their absence 

likely reflects overall rarity rather than an association with either habitat. Both native 

rangeland sites and buffelgrass pastures were dominated by Hot Climate Specialists and 

Generalized Myrmecinae. The structure of ant assemblages in Sonoran rangelands 

appears to be resistant to disturbance. Little change was observed across paired study 

sites, but functional group composition varied across productivity in native rangeland 

sites, but not in buffelgrass pastures.  

 

Diversity of Sonoran Ant Assemblages 

I know of only two studies that report on the species richness of entire ant 

assemblages within the Sonoran Desert (Bestelmeyer and Schooley 1999; Whitford et al. 

1999). First, from a single site in the southern Sonoran desert containing both desertscrub 

and thornscrub vegetation Bestelmeyer and Schooley (1999) recorded 35 species (first-

order jackknife estimate = 43 species) with a sampling design similar to that employed 

here. Considering that they sampled a larger area with a greater number of pitfall traps, 

the mean species richness of our native rangeland sites (first-order jackknife estimate = 

30 species) is comparable. In contrast, Whitford et al. (1999) reported much lower 

species richness values (mean observed species richness = 20 species) for two grassland 

sites in the northern Sonoran Desert.  



 113 

Local ant assemblages of the southern Sonoran Desert appear to be more diverse 

than those of other arid regions in North America, but less diverse than those of both 

tropical deciduous and evergreen forests of southern Mexico. Rojas and Fragoso (2000) 

recorded 32 species across 11 sites spanning a range of vegetation and soil types in the 

Chihuahuan Desert, and Wheeler and Wheeler (1973) recorded 27 species from a single 

site in the Mojave Desert. Across a land use gradient of pasture, secondary forest, and 

primary tropical deciduous forest in Veracruz, Mexico, Gove et al. (2005) recorded a 

total of 92 species, and from a single rainforest site and adjacent pasture also in Veracruz, 

Mexico, Quiroz-Robledo and Valenzuela-Gonzalez (1995) recorded 103 species.  

In large part, the high levels of richness of local ant assemblages in the southern 

Sonoran Desert are a result of the proximity of the Sonoran Desert to the neotropical 

deciduous forests of Central America. Species of tropical origin are well represented in 

the Sonoran fauna, and most find their northernmost limits either in Sonora or southern 

Arizona (eg. Pheidole spadonia). In addition, I encountered species that had previously 

only been recorded as far north as central Mexico, and some of these occurred in great 

abundance (eg. Pheidole polymorpha), indicating that the presence of many more tropical 

species remains to be discovered.  

 

Abundance-Diversity Relationships 

Few have examined the abundance of ants across productivity gradients. 

Davidson (1977) found a positive relationship between productivity and colony density 

of granivorous ants in the deserts of southwestern North America. Interestingly, Kaspari 

and Valone (2002) found a positive relationship between the abundance of granivorous 

ants (but not omnivorous ants) and rainfall in a long-term study site in the Chihuahuan 



 114 

Desert, suggesting that plant productivity may not be an ideal surrogate for the energy 

available to ant assmeblages. Across a global gradient of productivity, Kaspari et al. 

(2000) found that colony density increased with productivity and was a better predictor of 

species richness than productivity.  

Surprisingly, the abundance of ant assemblages across the longitudinal 

productivity gradient of central Sonora was not related to productivity. The most likely 

explanation for this result is that species occurrences do not perform well as a surrogate 

for colony counts. Although, species occurrence data from pitfall traps should be able to 

rank sites in terms of abundance when those sites are similar in habitat structure, a 

problem arises when the degree of habitat complexity varies across sites because pitfall 

traps become less efficient as the complexity of the ground layer increases (Melbourne 

1999). This bias may have been strong enough to obscure a positive relationship between 

productivity and abundance.   

 

Productivity-Diversity Relationships 

Although pitfall traps may provide poor estimates of colony abundance, they have 

been shown to produce accurate estimates of species richness in arid and semiarid 

environments. In particular, Andersen (1997a) used pitfall traps to sample ant 

assemblages along an elevation gradient in southwestern Arizona across which habitats 

varied from desertscrub to fir forest. These sites were well sampled in previous years by 

expert myrmecologists. Pitfall trap samples recorded nearly all species known from each 

site, including species previously unrecorded and locally uncommon. The proven ability 

of pitfall traps to produce accurate estimates of diversity across habitat types instills 
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greater confidence in the analysis of productivity-diversity relationships than of 

abundance-diversity relationships with the data presented here.  Species energy theory 

predicts a positive relationship between productivity and diversity. I found little evidence 

that productivity controls species diversity across the longitudinal productivity gradient in 

the southern Sonoran Desert. Neither point nor site richness were significantly associated 

with productivity, although a small proportion of the variation in Fisher’s alpha was 

explained by productivity. Fisher’s alpha may provide a more accurate picture of 

diversity across sites because it removes the effect of sample size on estimates of 

diversity (Rosenzweig 1995; Magurran 2004). Even so, only 17% of the variation in 

alpha was accounted for by productivity, providing little support for the species energy 

theory.   

Most studies of the relationships between productivity and ant diversity have been 

limited to granivorous ants. Davidson (1977), who studied assemblages of granivorous 

ants across 10 desert sites in North America, found an increase in both colony density and 

species richness with precipitation. In contrast, neither abundance nor species richness of 

granivorous ant assemblages varied with precipitation across a precipitation gradient in 

the Australian arid zone (Morton and Davidson 1988). Poor correlation between 

precipitation and plant productivity was discussed as a possible explanation for the lack 

of an association between precipitation and species richness. Similarly, the richness of 

granivorous ant assemblages was not associated with precipitation across a regional 

gradient in the deserts of South America (Medel 1995). When whole ant assemblages 

have been examined, the relationship between productivity and ant diversity has been 

found to vary with scale. Regionally, the richness of ant assemblages is closely associated 
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with temperature (Sanders et al. 2003; Sanders et al. 2007), while globally productivity is 

a strong predictor of both the abundance and richness of ant assemblages (Kaspari et al. 

2000). 

These results point to the co-limitation of ant diversity by both plant productivity, 

which forms the energy base of a community, and temperature, which determines the 

ability of ectotherms to acquire available energy (Kaspari and Valone 2002). The finding 

that productivity is a strong predictor of richness at a global scale, across which 

productivity varies several orders of magnitude (Kaspari et al. 2000), is consistent with 

the idea that plant productivity should ultimately limit the abundance of organisms at 

higher trophic levels (Hairston 1960). In contrast, at smaller scales, across which 

productivity varies substantially less, primary productivity may not be the best measure 

of energy availability to consumers because many factors can influence the ability of 

consumers to harvest productivity (Kaspari 2001). Mounting evidence suggests that 

temperature is the most important of these factors for ants (Bestelmeyer 2000; Kaspar 

2001; Sanders 2003). Most recently, Sanders et al. (2007) found that species richness of 

local ant assemblages was predicted by temperature, but not productivity, across a 

regional elevation gradient in a temperate deciduous forest biome.  

In the present study the richness of local ant assemblages was not related to 

productivity across a regional gradient over which minimum temperatures did not vary. 

Thus, temperature should not be a strong factor limiting the ability of ants to harvest 

productivity across this gradient. Given the wide range of site productivities, it is 

somewhat surprising that the richness of ant assemblages did not track productivity more 

closely. The least productive sites were nearly devoid of vegetation ( > 90% bare 
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ground), while the most productive sites were characterized by nearly continuous ground 

cover ( < 2% bare ground). Two possible explanations for these results are: 1) above-

ground plant productivity does not accurately reflect the amount of energy available to 

assemblages of ants in arid ecosystems or 2) assuming that productivity is a reasonable 

surrogate for energy availability, energy availability does not have a powerful influence 

on species richness at regional to local scales. The results presented here point towards 

the latter explanation. Plant diversity was a strong predictor of species richness. Others 

have found similarly strong relationships between plant and ant diversity (Morrison 

1988). Plant diversity, by itself, contributes to habitat heterogeneity, but it also reflects 

heterogeneity in other factors. The most important of these factors from the perspective 

of ants is edaphic variability. A growing body of evidence indicates that soil type is the 

primary determinant of the species composition of ant assemblages in the arid regions of 

North America (Whitford et al. 1999, Bestelmeyer and Wiens 2001). Similarly, the 

extreme edaphic variability of the Australian arid zone has been implicated as a causal 

factor in the spectacular richness of Australian ants (Andersen 1997a) and as a reason 

behind the lack of a relationship between productivity and ant diversity across the arid 

regions of the Australian continent (Morton and Davidson 1988). In fact, spatial 

autocorrelation in soil factors may partially explain why paired study sites appear to be 

more similar to each other than buffelgrass pastures are to each other.  

 

Structure of Sonoran Ant Assemblages 

When the Dominant Dolichoderinae are included as Hot Climate Specialists, ant 

species adapted to hot arid climates contribute nearly half of total ant abundance in native 
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rangeland sites. Bestelmeyer and Schooley (1999) categorized the two Sonoran Desert 

species within the genus Forelius as Hot Climate Specialists, whereas Andersen (1997) 

placed them in the Dominant Dolichoderinae. Clearly, the genus Forelius is thermophilic, 

but Bestelmeyer (2005) also found Forelius spp. to be behaviorally dominant at both 

relatively warm and cool temperatures in a study of ant assemblages in a mesquite 

shrubland in the Chihuahuan Desert. Given our current knowledge, the placement of 

Forelius into either group is somewhat arbitrary. The outcomes of analyses of functional 

group composition were not changed by combining the Dominant Dolichoderinae and 

Hot Climate Specialists into a single group or treating each as an independent group. 

The next most abundant functional group are the Generalized Myrmecinae, a 

group comprised mainly of small species in the genus Pheidole. I observed a strong 

negative relationship between the abundance of the Generalized Myrmecinae and Hot 

Climate Specialists that appears to be driven by habitat structure (Fig. 4). The proportion 

of an assemblage accounted for by Generalized Myrmecinae decreases with increasing 

bare ground and increases with increasing tree cover, whereas Hot Climate Specialists 

exhibit precisely the opposite relationships to bare ground and tree cover. As expected 

given the relationships of the Generalized Myrmecinae to habitat structure, the abundance 

of this group increases with productivity. These patterns are similar to those found by 

Andersen (1997) who found the abundance of Generalized Myrmecinae was higher in 

woodland sites than desert sites at the expense of Hot Climate Specialists across a 

bioclimatic gradient in the Chihuahuan Desert. Similarly, Davidson (1977) found that the 

increase in the abundance and diversity of granivorous ant species across a longitudinal 

productivity gradient in the southwestern U.S. was driven primarily by an increase in 
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abundance of small-bodied species of the genus Pheidole. Together, these data suggest 

that an increase in small, primarily seed harvesting ant species with an increase in 

productivity may be a widespread pattern in ant assemblages of the deserts of North 

America. 

 

The Effects of Land Conversion on Sonoran Ant Assemblages 

 The conversion of native habitats to buffelgrass pastures reduces both the 

abundance and diversity of ant assemblages. On average, abundance was reduced by 42 

species occurrences, but richness was reduced by only 5 species. Not a single species was 

more abundant in buffelgrass pastures than native rangeland, indicating that land 

conversion does not modify habitat conditions favorably for any of the species within the 

Sonoran ant fauna.   

 Land conversion likely affects the quantity and quality of food resources and 

nesting sites, both of which may limit local ant abundance (Davidson 1977; Nash et al. 

1998; Fonseca 1999). In areas where it has been introduced, buffelgrass has been 

associated with declines in the abundance of arthropods (Binks et al. 2005; Flanders et al. 

2006), which may translate into declines in the density of dead arthropods, which are an 

important component of most ant diets (Seastedt et al. 1981; Fellers and Fellers 1982; 

Bestelmeyer and Wiens 2003). The abundance and diversity of annual seeds, which form 

the bulk of the diet of the many seed harvesting ants in the Sonoran Desert, may  also be 

lower in buffelgrass pastures, as a result of disturbance to the topsoil caused by 

bulldozing. In addition, heavy machinery causes soil compaction, which may affect the 

abundance of soil invertebrates that are important food resource for ants (Fearnside and 
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Barbosa 1998; Niwranski et al. 2002; Eaton et al. 2004) Soil compaction has been 

associated with reductions in ant abundance in logged areas in tropical forests 

(Vasconcelos et al. 2000). Perhaps most importantly, the reduction in tree cover in 

buffelgrass pastures represents a reduction in both food resources and nesting sites. Trees 

and their associated homopterans provide nectar and other exudates, which comprise a 

significant proportion of the diets of many species and have been linked to the abundance 

of dominant species in the Chihuahuan Desert (Nash et al. 1998). The bases of trees are 

also the preferred nesting sites of many species (Bestelmeyer and Schooley 1999; K.A. 

Franklin personal observation). 

Although land conversion altered the relationship between functional group 

composition and productivity at a regional scale (Fig. 5), functional group composition 

was not significantly altered by land conversion at a local scale. The abundance of the 

Generalized Myrmecinae, a group positively associated with tree cover across the 

productivity gradient, was similar in both native rangeland sites and buffelgrass pastures 

despite the significantly lower levels of tree cover of the latter. It is possible that 

populations of species dependent on trees for nesting sites or food resources may be 

sustained by immigration from the surrounding matrix of native rangeland, but in a 

structurally similar semiarid rangeland environment affected by a much greater degree of 

land conversion, Debuse et al. (2007) showed that immigration played only a minor role 

in determining the composition of ant assemblages. Another possibility is that species 

substitutions create stability in functional group profiles across land use types (Andersen 

and Patel 1992; Bestelmeyer and Wiens 2001), but the high degree of similarity in 

species composition between paired study sites does not support this explanation. Most 
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likely tree cover in buffelgrass pastures has not been reduced below the levels necessary 

to sustain species dependent on the microhabitat conditions provided by trees. Others 

have also found that the Generalized Myrmecinae tend to be abundant and widespread in 

both sparsely vegetated desert habitats and more densely vegetated woodland habitats 

(Andersen 1997).  

Isolated pasture trees have been widely recognized for their conservation value 

(Harvey and Haber 1999). For example, Gove et al. (2005) found that isolated pasture 

trees conserved a large proportion of the ant fauna found in remnant tropical dry forest in 

southern Mexico. The future of trees in buffelgrass pastures is uncertain at best. Although 

current levels of tree cover may sustain a majority of ant species, further declines are 

likely to result in changes in functional group composition and larger losses of diversity.  

Despite significant changes in habitat conditions, few species appear unable to 

inhabit buffelgrass pastures. Many others have reported little change in ant richness in 

response to disturbance (Underwood and Fisher 2006). This result can often be attributed 

to the presence of naturally occurring habitats that resemble the disturbed habitats. For 

example, in the semiarid Argentine Chaco, Bestelmeyer and Wiens (1996) found high 

levels of ant species richness at both extremes of a gradient of grazing intensity, which 

they attributed the structural similarity of the most highly degraded site to the harsh 

desert habitats found within the region. A similar situation is observed here. The southern 

Sonoran Desert lies between some of the driest desert regions of North America and the 

northernmost limits of tropical deciduous forest. Thus the regional species pool is likely 

to contain species adapted to both extremes.  
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Ants as Indicators 

Land conversion resulted in only a small loss of diversity and little change in 

composition, adding support to a growing number of studies that have found that ant 

assemblages in arid environments are highly resistant to disturbance. These findings do 

not support the use of ants as indicators in arid regions. Furthermore, the lack of life 

history knowledge for the majority of ant species makes it difficult to interpret the 

responses of individual species and to place species into appropriate functional groups. 

Current placement of many species into functional groups largely relies on taxonomic 

rather than ecological criteria, which undermines the intended purpose of functional 

groups.  

These results also highlight an additional problem associated with using ants as 

indicators. Absolute characteristics of ant assemblages are not informative because they 

depend heavily on local habitat characteristics (Debuse et al. 2007). Thus the use of ants 

as indicators requires comparison to a reference site. In particular, the response of ant 

assemblages to disturbance is modified by soil characteristics, which are emerging as an 

important, if not the primary determinant of species composition of ant assemblages in 

the arid regions of both North America and Australia (Bestelmeyer and Wiens 2001; 

Hoffman 2003; Debuse et al. 2007).  

The concept of a biological indicator arose from the needs of land managers to 

monitor the effects of land management strategies on a wide variety of taxa and 

ecosystem processes with limited resources (Lindenmayer 2000). At the crux of the issue 

of ants as indicators is the question of whether it would not simply be easier to measure 

ecosystem processes directly rather than to decipher ecosystem conditions through the 
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complex responses of a highly diverse and often poorly known group of invertebrates. A 

more interesting question than whether or not ants make good indicators may be “What 

are the characteristics of the ants that enable them to resist what we perceive to be severe 

disturbance?”  Sociality may play a role. Worker polymorphism and the ability to 

regulate colony size and caste ratios may allow ants to track changing resources 

efficiently. The habit of nesting underground may also play a role in buffering ants from 

aboveground disturbance and chronic stress. Underground nests allow ants to store food 

that can sustain the colony in periods of relative scarcity, such as during the unpredictable 

droughts that characterize desert climates. In fact, many of the unique characteristics of 

ants hint at an exceptional ability to resist disturbance that casts doubt on their potential 

to serve as indicators. 

 

References 

Andersen, A.N. 1986. Patterns of ant community organization in mesic southeastern 
Australia. Australian Journal of Ecology 11:87-97. 
 
Andersen, A. 1991. Sampling communities of ground-foraging ants: Pitfall catches 
compared with quadrat counts in an Australian tropical savanna. Australian Journal of 
Ecology 16:273-279. 
 
Andersen A. 1995. A classification of Australian ant communities based on functional 
groups which parallel plant life-forms in relation to stress and disturbance. Journal of 
Biogeography 22:15-29. 
 
Andersen, A.N. 1997a. Functional groups and patterns of organization in North American 
ant communities: a comparison with Australia. Journal of Biogeography 24: 433–460. 
 
Andersen A.N. 1997b. Using ants as bioindicators: multisclae issues in ant community 
ecology. Conservation Ecology. [online] 1(1): 8. Available from the Internet. URL: 
http://www.consecol.org/vol1/iss1/art8/ 
 
Andersen, A.N., A. Fisher, B.D. Hoffman, J.L. Read, and R. Richards. 2004. Use of 
terrestrial invertebrates for biodiversity monitoring in Australian rangelands, with 
particular reference to ants. Australian Journal of Ecology 29:87-92.  



 124 

 
Andersen, A. and G. Sparling. 1997. Ants as Indicators of Restoration Success: 
Relationship with Soil Microbial Biomass in the Australian Seasonal Tropics. Restoration 
Ecology 5:109-114. 
  
Andersen A.N. and A.D. Patel. 1994. Meat ants as dominant members of Australian ant 
communities: an experimental test of their influence on the foraging success and forager 
abundance of other species. Oecologia 98:15-24. 
 
Anderson, G.L., J.D. Hanson, and R.H. Haas. 1993. Evaluating Landsat Thematic 
Mapper derived vegetation indices for estimating above-ground biomass on semi-arid 
rangelands. Remote Sensing of Environment 45:165-175. 
 
Baugh W.M., and D. P. Groeneveld. 2006. Broadband vegetation index performance 
evaluated for a low-cover environment. International Journal of Remote Sensing 27: 
4715-4730. 
 
Bestelmeyer, B. 2000. The trade-off between thermal tolerance and behavioral 
dominance in a subtropical Souther American ant community. Journal of Animal Ecology 
69:998-1009. 
 
Bestelmeyer, B. 2005. Does desertification diminish biodiversity? Enhancement of ant 
diversity by shrub invasion in southwestern USA. Diversity and Distributions 11:45-55. 
 
Bestelemeyer, B. and J. Wiens. 1996. The effects of land use on the structure of ground-
foraging ant communities in the argentine chaco. Ecological Applications 6:1225-1240. 
 
Bestelmeyer B. and R. Schooley. 1999. The ants of the southern Sonoran desert: 
community structure and the role of trees. Biodiversity and Conservation 8:643-657. 
 
Bestelmeyer, B., D. Agosti, L. Alonso, R. Brandao, W. Brown Jr., J. Delabie, and R. 
Silvestre. 2000. Field techniques for the study of ground-dwelling ants: an overview, 
description, and evaluation. In D. Agosti, L. Alonso, J. Majer and T. Schultz editors. 
Ants: Standard Methods for Measuring and Monitoring Biodiversity. Smithsonian 
Institute Press, Washington D.C.  
 
Bestelmeyer, B. and J. Wiens. 2001. Ant biodiversity in semiarid landscape mosaics: the 
consequences of grazing vs. natural heterogeneity. Ecological Applications 11:1123-
1140. 
 
Bestelmeyer  BT, Wiens  JA (2003) Scavenging ant foraging behavior and variation in 
the scale of nutrient redistribution among semi-arid grasslands. Journal of Arid 
Environments, 53, 373–386. 
 
Binks, R. A. Cann, and S. Perks, A, Silla, and M. Young. 2005. The effect of introduced 
buffel grass (Cenchrus ciliaris L.) on terrestrial invertebrate communities in the Pilbara 



 125 

region, Western Australia. Bachelor Thesis School of Animal Biology, University of 
Western Australia. 
 
Boulton AM, Davies KF, Ward PS. 2005 Species richness, abundance, and composition 
of ground-dwelling ants in northern California grasslands: Role of plants, soil, and 
grazing. Environmental Entomology 34:96-104 
 
Box, E.O., B.N. Holben and V. Kalb. 1989. Accuracy of the AVHRR vegetation index as 
a predictor of biomass, primary productivity and net CO2 flux. Vegetation 80: 71–89. 
 
Brown, D.E. 1994. Biotic Communities: Southwestern United States and Northwestern 
Mexico. University of Utah Press, Salt Lake City, UT. 
 
Burnham, K.P. & Anderson, D.R. (2002) Model selection and multimodel inference – a 
practical information-theoretic approach, 3rd edn. Springer, New York. 
 
Búrquez, A., and M. A. Quintana. 1994. Islands of diversity: Ironwood ecology and the 
richness of perennials in a Sonoran Desert biological reserve. G. P. Nabhan, and J. L. 
Carr, editors. Ironwood: An Ecological and Cultural Keystone of the Sonoran Desert. 
Conservation International, Washington, D.C. 
 
Búrquez, A. M.E. Miller, and A. Martínez-Yrizar . 1998. Mexican grasslands and the 
changing aridlands of Mexico: an overview and a case study in northwestern Mexico. 
Pages 21-44 in B. Tellman, D.M. Finch, C. Edminster, R. Hamre, editors. Proceedings: 
The Future of Arid Grasslands: Identifying Issues, Seeking Solutions, RMRS-P-3. US 
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Ft. 
Collins, CO, USA. 
 
Búrquez A., A. Martínez-Yrizar A., R.S. Felger and D. Yetman. 1999. Vegetation and 
habitat diversity at the southern edge of the Sonoran Desert. Pages 36-67 in R.H. 
Robichaux, editor. Ecology of Sonoran Desert Plants and Plant Communities. University 
of Arizona Press, Tucson, AZ.  
 
Búrquez, A.  and A. Martínez-Yrízar. 2007. Conservation and landscape transformation 
in northwestern Mexico. Pages 537-547 in R.S. Felger & B. Broyles editors. Dry 
Borders. University of Utah Press.  
 
Chander, G., B.L.. Markham, and J.A. Barsi. 2007. Revised Landsat-5 Thematic Mapper 
radiometric calibration. IEEE Geoscience and Remote Sensing Letters 4:490-494. 
 
Colwell, R. K. 2006. EstimateS, Version 8.0: Statistical Estimation of Species Richness 
and Shared Species from Samples (Software and User's Guide). 
 
Cox J.R., M.H. Martin-R, F.A. Ibarra-F, J.H. Fourie, N.F.G. Rethman, D.G. Wilcox. 
1988. The influence of climate and soils on the distribution of four African grasses. 
Journal of Range Management 41:127-139. 



 126 

 
Crawford C.S. 1988. Surface-active arthropods in a desert landscape: influences of 
microclimate, vegetation, and soil texture on assemblage structure. Pedobiologia 32:373–
385. 
 
Crist, T.O. and J.A. Veech. 2006. Additive partitioning of rarefaction curves and species–
area relationships: unifying α-, β- and γ-diversity with sample size and habitat area. 
Ecology Letters 9:923-932. 
 
Davidson, D. 1977. Species diversity and community organization in desert seed-eating 
ants. Ecology 58:711-724. 
 
Dauber, J., J. Bengston, and L. Lenoir. 2006. Evaluating effects of habitat loss and land-
use continuity on ant species richness in seminatural grassland remnants. Conservation 
Biology 20: 1150-1160. 
 
Debuse, V.J. and King, J. and House, A.P.N. (2007) Effect of fragmentation, habitat loss 
and within-patch habitat characteristics on ant assemblages in semi-arid woodlands of 
eastern Australia. Landscape Ecology 22:731-745. 
  
Dunn, R.R. 2004. Managing the tropical landscape: a comparison of the effects of 
logging and forest conversion to agriculture on ants, birds, and Lepidoptera. Forest 
Ecology and Management 191:215-224 
 
Eaton R.J., M. Barbercheck, M. Buford and W. Smith. 2004. Effects of organic matter 
removal, soil compaction, and vegetation control on Collembolan populations. 
Pedobiologia 48:121-128 
 
Fagan, K.C.  Fagan, R.F.  Pywell, J.M.  Bullock, and R.H.  Marrs. 2008. Are Ants Useful 
Indicators of Restoration Success in Temperate Grasslands? Restoration Ecology 
10.1111/j.1526-100X.2008.00452.x 
 
Farji-Brener, A.G., J.C. Corley, and J. Bettinelli. 2002. The effects of fire on ant 
communities in north-western Patagonia: the importance of habitat structure and regional 
context. Diversity and Distributions 8:235-243. 
 
Fellers G.M., and J.M. Fellers.1982. Scavenging rates of invertebrates in an eastern 
deciduous forest. American Midland Naturalist 107:389–392. 
 
Fearnside, P.M. and R.I. Barbosa. 1998. Soil carbon changes from conversion of forest to 
pasture in Brazilian Amazonia. Forest Ecology and Management 108:147-166. 
 
Fisher, R.A., A.S. Corbet, and C.B. Williams. 1943. The relation between the number of 
species and the number of individuals in a random sample of an animal population. 
Journal of Animal Ecology 12:42-58. 
 



 127 

Fittkau, E.J. and H. Klinge. 1973. On biomass and trophic structure of the central 
Amazonia rainforest ecosystem. Biotropica 5:2-14. 
 
Flanders, A.A., W.P. Kluvesky Jr., D. C. Ruthven III, R.E. Zaiglan, R.L. Bingham, T.E. 
Fulbright, F.Hernandez, and L.A. Brennan. 2006. Effects of Invasive Exotic Grasses on 
South Texas Rangeland Breeding Birds.The Auk 123: 171-182. 
 
Folgarait, P.J. 1998. Ant biodiversity and its relationship to ecosystem functioning: a 
review. Biodiversity Conservation 7:1221–1244  
 
Fonseca C.R.1999. Amazonian ant–plant interactions and the nesting space limitation 
hypothesis. Journal of Tropical Ecology. 15:807-825 
 
Frederickson M.E, M.J. Greene  &  D.M. Gordon. 2005. 'Devil's gardens' bedevilled by 
ants. Nature 437, 495-496. 
 
Gordon. D.M. 1999. Ants at Work: How an Insect Society is Organized. Free Press, 
Simon and Schuster.  
 
Gove, A.D., Majer, J.D. and Rico-Gray, V. 2005. Methods of conservation outside of 
reserve systems: The case of ants in the seasonally dry tropics of Veracruz, Mexico. 
Biological Conservation 126: 328-338. 
 
Grime  J. P. 1979. Plant Strategies and Vegetation Processes. John Wiley & Sons, New 
York. 
 
Hairston N.G., F.E. Smith, L.B. Slobodkin. 1960. Community structure, population 
control and competition. American Naturalist 94:421-425. 
 
Harvey, C.A. and W.A. Haber.1999. Remnant trees and the conservation of biodiversity 
in Costa Rican pastures. Agroforestry Systems 44:37–68. 
 
Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis. 2005. Very high 
resolution interpolated climate surfaces for global land areas. International Journal of 
Climatology 25: 1965-1978. 
 
Hoffman, B.D. 2000. Changes in ant species composition and community organisation 
along grazing gradients in semi-arid rangelands of the Northern Territory. The Rangeland 
Journal 22:171 – 189. 
 
Hoffman B.D. 2003. Responses of ant communities to experimental fire regimes on 
rangelands in the Victoria River District of the Northern Territory. Austral Ecology 
28:182 – 195. 
 
Hoffman B.D. and A.N. Andersen. 2003. Responses of ants to disturbance in Australia 
with particular reference to functional groups. Austral Ecology 28: 444-464. 



 128 

 
Holldobler, B. & E.O. Wilson. 1990. The Ants. The Belknap Press of Harvard University 
Press, Cambridge, MA. 
 
Hortal, J., P.A.V. Borges and C. Gaspar. 2006. Evaluating the performance of species 
richness estimators: Sensitivity to sample grain size. Journal of Animal Ecology 75:274-
287. 
 
Johnson, R. 1992. Soil texture as an influence on the distribution of the desert seed-
harvester ants Pogonomyrmex rugosus and Messor pergandei. Oecologia 89:118-124. 
 
Johnson, J.B. and K.S. Omland. 2004. Model selection in ecology and evolution. Trends 
in Ecology & Evolution 19:101-108 
 
Kaspari, M. 2001. Taxonomic level, trophic biology and the regulation of local 
abundance. Global Ecology and Biogeography. 10:229-244. 
 
Kaspari, M., S. O'Donnell, and J.R. Kercher. 2000. Energy, density, and constraints to 
species richness: Ant assemblages along a productivity gradient. American Naturalist 
155:280-293. 
 
Kaspari M, and T. Valone. 2002. Seasonal resource availability and the abundance of 
ectotherms. Ecology 83:2991-2996. 
 
Kaspari, M., M. Yuan, and L. Alonso. 2003. Spatial grain and the causes of regional 
diversity gradients in ants. American Naturalis 161:459-477. 
 
Keane, R.M. and M.J. Crawley. 2002. Exotic plant invasions and the enemy release 
hypothesis. Trends in Ecology and Evolution 17:164-170. 
 
Kemp, P.R. 1989. Seed banks and vegetation processes in deserts. Pages 257-280 in M.A. 
Lecker, V.T. Parker, and R.L. Simpson, editors. Ecology of Soil Seed Banks. Academic 
Press, Sandiego, CA. 
 
King , J .R . & S.D. Porter. 2005. Evaluation of sampling methods and species richness 
estimators for ants in upland ecosystems in Florida. Environmental Entomology. 
54:1566-1578. 
 
Lassau, S.A. and D.F. Hochuli. 2004. Effects of habitat complexity on ant assemblages. 
Ecography 27: 157-164. 
 
Lawton, J. H., et al. 1998. Biodiversity inventories, indicator taxa and effects of habitat 
modification in tropical forest. Nature 391:72-76. 
 
Legendre, P. and L. Legendre. Numerical ecology 2nd ed.1998. Elsevier. Amsterdam, 
The Netherlands. 



 129 

 
Leponce, M. L. Theunis, J.H. Delabie, and Y. Roisin. 2004. Scale dependence of 
diversity measures in a leaf-litter ant assemblage. Ecography 27:253-267. 
 
Lindenmayer, D.B., .R. Margules, and D.B. Botkin. 2000. Indicators of Biodiversity for 
Ecologically Sustainable Forest Management. Conservation Biology 14:941-950. 
 
Luque G.M., J. Reyes-Lopez and J. Fernandez-Haeger. 2007. Recovery of ground ant 
(Hymenoptera : Formicidae) communities six years after a major environmental disaster. 
Environmental Entomology 36:337-347. 
 
MacMahon, J. A., J. F. Mull, and T. O. Crist. 2000. Harvester ants (Pogonomyrmex spp.): 
their community and ecosystem influences. Annual Review Ecology and Systematics 31: 
265-291.  
 
Majer, J. 1983. Ants: bioindicators of mine site rehabilitation, land use and land 
conservation. Environmental Management 7:375-383. 
 
Majer, J. D., and O. G. Nichols. 1998. Long-term recolonization patterns of ants in 
Western Australian rehabilitated bauxite mines with reference to their use as indicators of 
restoration success. Journal of Applied Ecology 35:161–182.  
 
Majer, J.D. and G. Beeston. 1996. The biodiversity integrity index: an illustration using 
ants in western Australia. Conservation Biology 10:65-73.  
 
Magurran, A. 2004. Measuring Biological Diversity. Blackwell Publishing, Oxford. 
 
Medel, R. G. 1995. Convergence and historical effects in harvester ant assemblages of 
Australia, North America, and South America. Biological Journal of the Linnean Society 
55:29-44. 
 
Melbourne, B.A. 1999. Bias in the effect of habitat structure on pitfall traps : An 
experimental evaluation Australian Journal of Ecology 24:228-239. 
 
Molina-Freaner F, R.C. Gamez, C. Tinoco-Ojanguren, and A.E. Castellanos. 2004. Vine 
species diversity across environmental gradients in northwestern Mexico. Biodiversity 
and Conservation 13:1853-1874. 
  
Morrison, L.W. 1988. The spatiotemporal dynamics of insular ant metapopulations. 
Ecology 79: 1135-1146 
 
Morrison, L.W. 2004. Spatiotemporal variation in antlion (Neuroptera: Myrmeleontidae) 
density and impacts on ants (Hymenoptera: Formicidae) and generalized arthropod 
foraging. Annals of the Entomological Society of America 97: 913-922. 
 



 130 

Morton, S.R. and D.W. Davidson 1988. Comparative structure of harvester ant 
communities in arid Australia and North America. Ecological Monographs 58:19-38. 
 
Nash, M.S., W.G. Whitford, J. Van Zee, and K. Havstad. 1998. Monitoring changes in 
stressed ecosystems using spatial patterns of ant communities. Environmental Monitoring 
and Assessment 51:201-210. 
 
Nash, M.S., Bradford, D.F., Franson, S.E., Neale, A.C., Whitford, W.G., Heggem, D.T. 
2004. Livestock grazing effects on ant communities in the eastern Mojave Desert, USA. 
Journal of Ecological Indicators. 4:199-213. 
 
Niwranski K, P.G. Kevan, and A. Fjellberg. 2002. Effects of vehicle disturbance and soil 
compaction on Arctic collembolan abundance and diversity on Igloolik Island, Nunavut, 
Canada. European Journal of Soil Biology 38: 193-196. 
 
Olden J.D., N. LeRoy Poff, M.R. Douglas, M.E. Douglas, and K.D. Fausch. Ecological 
and evolutionary consequences of biotic homogenization. 2004. Trends in Ecology and 
Evolution. 19:18-24. 
 
Peck, S.L.,  B. McQuaid, and C.L. Campbell. 1998. Using ant species (Hymenoptera: 
Formicidae) as a biological indicator of agroecosystem condition. Community and 
Ecosystem Ecology. 27:1102-1110. 
 
Perez Lopez, E. 1992. La ganaderia bovina sonorense: cambios productivos y deterios del 
medio ambiente. Pages 197-216 in  J. Moreno editor. Ecologia, recursos naturals y medio 
ambiente en Sonora, El Colegio de Sonora, Hermosillo, Sonora, Mexico.  
 
Pisarski B. 1978. Comparison of various biomes. Pages 326–331 in M.E. Brian editor. 
Production Ecology of Ants and Termites. Cambridge. University Press, Cambridge. 
 
Pywell, R.F., P. D. Putwain and N. R. Webb. 1997. The decline of heathland seed 
populations following conversion to agriculture. The Journal of Applied Ecology 34:949-
960 
 
Quiroz-Robledo, L., and J. Valenzuela-González. 1995. A comparison of ground ant 
communities in a tropical rainforest and adjacent grassland in Los Tuxtlas, Veracruz, 
Mexico. Southwestern Entomologist 20:203–213. 
  
Rissing, S. 1986. Indirect effects of granivory by harvester ants: plant species 
composition and reproductive increase near ant nests Oecologia 68: 231-234. 
 
Rissing, S. 1988. Seed-harvester ant association with shrubs: competition for water in the 
Mojave Desert? Ecology 69:809-813. 
 
Rojas P, and C. Fragoso. 2000. Composition, diversity, and distribution of a Chihuahuan 
desert ant community (Mapimı, México). Journal of Arid Environments 44:213–227. 



 131 

 
Rosenzweig, M. 1995. Species diversity in space and time. Cambridge University Press, 
Cambridge. 
 
Rowe RJ and Lidgard S, 2009. Elevational gradients and species richness: do methods 
change pattern perception? Global Ecology and Biogeography 18:163-177. 
 
Rundel, P.W. and A.C. Gibson. 1996. Ecological Communities and Processes in a 
Mojave Desert Ecosystem: Rock Valley, Nevada. Cambridge, Cambridge University 
Press. pp. 214-255. 
 
Sánchez Piñero, F. and J.M. Avila. 2004.Dung-insect community composition in arid 
zones of south-eastern Spain. Journal of Arid Environments 56:303-327 
 
Sanders, N.J. J. Moss and D. Wagner. 2003. Patterns of ant species richness along 
elevational gradients in an arid ecosystem. Global Ecology & Biogeography 12:93-102. 
 
Sanders, N.J., J.P. Lessard, M.C. Fitzpatrick, and R.R. Dunn. 2007. Temperature, but not 
productivity or geometry, predicts elevational diversity gradients in ants across spatial 
grains. Global Ecology and Biogeography 16:640–649.  
 
Schultz. T. 2000. In search of ant ancestors. Proceedings of the National Academy of 
Sciences 97:14028-14029. 
 
Seastedt T.R., L. Mameli  and K. Gridley.1981. Arthropod use of invertebrate carrion. 
American Midland Naturalist 105:124–129. 
 
Tews, J., U. Brose, V. Grimm, K. Tielbörger, M. C. Wichmann, M. Schwager and 
F. Jeltsch. 2004. Animal species diversity driven by habitat heterogeneity/diversity: the 
importance of keystone structures. Journal of Biogeography 31:79-92. 
 
Tigar, B.J. and P.E. Osborne. 1997. Temporal and spatial variation in the invertebrate 
populations of Abu Dhabi's deserts. Ecography 20: 550-558 
 
Underwood, E.C. and B.L. Fisher. 2006. The role of ants in conservation monitoring: If, 
when, and how. Biological Conservation 132:166-182. 
  
Vasconcelos H.L., J.M.S. Vilhena and G.J.A. Caliri 2000. Responses of ants to selective 
logging of a central Amazonian forest. Journal of Applied Ecology 37(3):508-514. 
 
Wagner, E., M.J.F. Brown, and D.M. Gordon. 1997. Harvester ant nests, soil biota and 
soil chemistry. Oecologia. 112: 232-236. 
 
Wheeler, G.C. and J. Wheeler.1973. Ants of Deep Canyon, Deep Canyon Desert 
Research Center, University of California, Riverside, CA, 
 



 132 

Whitford, W.G. 2002. Ecology of Desert Systems. Academic Press, San Diego, CA. 
 
Whitford, W. G., and R. DiMarco. 1995. Variability in soils and vegetation associated 
with harvester ant (Pogonomyrmex rugosus) nests on a Chihuahuan Desert watershed. 
Biology and Fertility of Soils. 20:169-173. 
 
Whitford W. G., J. van Zee , M.S. Nash, W.E. Smith  and J.E. Herrick. 1999. Ants as 
indicators of exposure to environmental stressors in North American desert grasslands. 
Environmental Monitoring and Assessment 54:143–71. 
 
Whitford, W.G. and B.T. Bestelmeyer. 2006. Chihuahuan desert fauna: Effects on 
ecosystem properties and processes. Pages 247-255 in K.M. Havstad, L.F. Huenneke, 
W.H. Schlesinger editors. Structure and Function of a Chihuahuan Desert Ecosystem: the 
Jornada Basin Long-Term Ecological Research Site. Oxford, NY: Oxford University 
Press. 
 
Wright, D.H. 1983. Species-energy theory: An extension of species-area theory.  Oikos. 
41: 496-506. 
 
Wright, J.P. and C.G. Jones. 2006. The concept of organisms as ecosystem engineers ten 
years on: Progress, limitations, and challenges. BioScience. 56:203-209. 
 



 133 

Table 1. Summary of functional groups from Andersen (1997). 
 

Functional Group Characteristics 

Dominant Dolichoderinae Abundant, highly active, and aggressive species that 
favor hot open climates 

Subordinate Camponotini Behaviorally submissive to Dominant Dolichoderinae; 
nocturnal 

Hot Climate Specialists 
Arid-adapted taxa with morphological, physiological 
or behavioral specializations that limit interaction with 
Dominant Dolichoderinae 

Tropical Climate 
Specialist 

Distribution centered on the humid tropics; Occur 
where Dominant Dolichoderinae are not abundant 

Opportunists Unspecialized species characteristic of disturbed sites 

Generalized Myrmecinae 
Cosmopolitan genera occurring in most habitats; rapid 
recruitment to and successful defense of clumped food 
resources 

Cryptic Species Forage primarily within the soil and litter 
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Table 2. Species and number of occurrences across all study sites. Species are listed by 

functional group. recorded across all sites. Numbers in bold are the total number of 

species occurrences within each functional group. Note that bolded species names 

indicate that the species is more abundant in native rangeland (p < 0.05). 

 
Functional Group and 

Species Native Rangeland Buffelgrass 

Dominant Dolichoderinae   

Forelius mcooki 158 83 

Forelius pruinosus 265 219 

 423 302 

   

Subordinate Camponotini   

Camponotus atriceps 19 3 

Camponotus festinatus 13 0 

Camponotus fragilis 39 36 

Camponotus sp.1 0 1 

Camponotus sp. 2 1 0 

 72 40 

   

Hot Climate Specialists   

Messor pergandei 7 12 

Myrmecocystus flaviceps 42 72 

Myrmecocystus mimicus 43 3 

Myrmecocystus nequazcatl 26 32 

Pogonomyrmex apache 1 3 

Pogonomyrmex barbatus 0 2 

Pogonomyrmex bicolor 70 75 

Pogonomyrmex californicus 31 0 

Pogonomyrmex desertorum 1 3 

Pogonomyrmex imberbiculus 6 27 

Pogonomyrmex maricopa 1 2 
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Pogonomyrmex pima 81 85 

Pogonomyrmex rugosus 27 20 

Solenopsis amblychila 0 1 

Solenopsis aurea 112 84 

Solenopsis xyloni 126 71 

 574 492 

   

Opportunists   

Aphaenogaster albisetosa 33 1 

Aphaenogaster cockerelli 53 60 

Dorymyrmex n. sp. 85 66 

Dorymyrmex flavus 29 5 

Dorymyrmex insanus 8 8 

Odonotomachus clarus 29 29 

Odontomachus sp. 1 1 0 

Paratrechina terricola 13 4 

Tetramorium hispidum 217 171 

 468 344 

   

Generalized Myrmecinae   

Crematogaster dentinodus 54 21 

Crematogaster depilis 26 20 

Crematogaster sp. 1 1 0 

Monomorium sp. 1 54 4 

Monomorium sp.2 1 0 

Pheidole diversipilosa 2 0 

Pheidole gilvescens 9 21 

Pheidole hyatti 4 13 

Pheidole marcidula 21 9 

Pheidole micula 25 36 

Pheidole polymorpha 87 84 

Pheidole sciophila 46 12 

Pheidole sp. 1 4 15 

Pheidole sp. 2 43 3 
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Pheidole sp. 3 6 2 

Pheidole sp. 4 4 0 

Pheidole sp. 5 32 8 

Pheidole sp. 6 4 0 

Pheidole sp. 8 1 0 

Pheidole sp. 9 7 1 

Pheidole sp. 10 0 1 

Pheidole sp. 12 1 0 

Pheidole sp. 14 0 1 

Pheidole spadonia 91 77 

Pheidole titanis 9 14 

Pheidole vistana 47 22 

Pheidole xerophila 64 77 

 642 441 

   

Tropical Climate Specialists   

Acromyrmex versicolor 6 0 

Atta mexicana 4 1 

Cyphomyrmex flavidus 3 6 

Cyphomyrmex wheeleri 7 7 

Pseudomyrmex major 4 1 

Rogeria foreli 2 1 

Trachymyrmex carinatus 2 3 

Trachymyrmex sp. 1 1 0 

 29 19 

   

Cryptic Species & Others   

Solenopsis sp. 1 0 2 

Solenopsis sp. 2 1 1 

Temnothorax n. sp. 2 0 

Temnothorax pergandei 16 2 

Temnothorax silvestrii 2 0 

 21 5 

 



 137 

 
 
 
Table 3. Results of stepwise multiple regression examining the effects of Habitat Type, 

NDVI, NDVI2 and Habitat Type*NDVI on three measures of diversity. 

 

Variable Parameter Partial 
R2 

Model 
R2 

F Probability 

Point Richness      

Habitat Type -0.595  0.33 12.56 0.002 

Site Richness      

Habitat Type -2.39 0.16 0.26 4.51 0.044 

NDVI 11.54 0.10  3.38 0.078 

log(Fisher’s 
alpha)      

NDVI 4.67  0.17 5.28 0.029 
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Table 4. Results of standard least squares regression examining the relationship between 

abundance and three measures of diversity.  

 

Variable Parameter Model R2 F Probability 

Point richness 0.22 0.65 48.47 <0.0001 

Site richness 0.69 0.16 5.00 0.03 

log (Fisher’s 
alpha) 0.001 0.01 0.22 0.65 
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List of Figures 
 
 
Figure 1. Location of study sites along a longitudinal transect that lies on productivity 

gradient on the Pacific Slope of Mexico in central Sonora. Arrow shows direction of 

increasing productivity. 

 

Figure 2. Sample-based species accumulation curves for native rangeland sites (open 

circles) and buffelgrass pastures (filled circles). Species richness values are first order 

jackknife estimates. Vertical lines at each point are 95% confidence limits. The first point 

of each curve represents the alpha diversity for each habitat type. The difference between 

the first and last points of each curve represents the beta-diversity among all sites within 

each habitat type. 

 

Figure 3. Pie chart showing the relative abundance of functional groups of native 

rangeland sites (outside circle) and buffelgrass pastures (inside circle). 

 

Figure 4. Relationship between the contributions to total ant abundance (%) of Hot 

Climate Specialists and Generalized Myrmicinae. 

 

Figure 5. Relationships between functional group composition and productivity within 

native rangeland sites. The contribution of Dominant Dolichoderinae to total ant 

abundance decreases with productivity. The contribution of Generalized Myrmecinae 

increases with productivity. 
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Figure 6. Relationships between the contributions of Generalized Myrmecinae and Hot 

Climate Specialists to total ant abundance and percent tree cover (a) and percent bare 

ground (b). 
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