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Impact of Grazing and Desertification in the Chihuahuan
Desert: Plant Communities, Granivores and Granivory

GRAHAM 1. H. KERLEY' anp WALTER G. WHITFORD?
Department of Biology, New Mexico State University, Las Cruces, 88003

ABSTRACT.—Livestock effects on plant communities through overgrazing (desertification)
should affect the structure and functioning of semarid rangeland communities. We measured
plant, granivorous ant and rodent communities and rates of seed removal by rodents and
ants in grazed (by livestock) and ungrazed desert grasslands as well as mesquite and creo-
sotebush shrublands to test hypotheses on the effects of grazing and desertification on eco-
system structure and functioning. In desert grasslands grazing reduced the cover of perennial
grasses, particularly the dominant Bouteloua eriopoda, but the cover of forbs and shrubs did
not differ between treatments. One species of perennial grass, Dasyochloa pulchellum, in-
creased in grazed grasslands compared with grassland exclosures. Detrended correspondence
analysis showed that grazing caused desert grasslands to shift in community structure towards
the shrublands. There were more seed harvesting ant and rodent species in the creosotebush
shrublands than in the grasslands and mesquite shrublands. Grazing had no effect on the

'diversity of ants or rodents within grasslands, and detrended correspondence analysis re-
vealed no clear trends in granivorous ant community structure in the grazed and ungrazed
grasslands or the mesquite and creosotebush shrublands. Ants removed more seeds than did
rodents in the grassland sites but rodents removed more seeds than did ants in the creoso-
tebush sites and seed removal rates by rodents and ants were the same in the mesquite sites.
Our data support the hypothesis that livestock grazing leads to a shift from grassland to
shrubland in the Chihuahuan Desert, with associated changes in the structure and function-
ing of faunal communities. Because grasslands support few species and low densities of ro-
dents, seed harvesting ants are the most important granivores in these desert grasslands. On
a larger scale, we therefore hypothesize that the observed dominance of rodents as seed
harvesters in the Chihuahuan desert is a function of the desertification of desert grasslands
to shrublands by livestock, and that associated feedback effects may complicate the regen-
eration of degraded communities.

INTRODUCTION -

Degradation of desert grasslands to less productive shrublands (desertification) has en-
compassed a large portion of the landscape in the Chihuahuan Desert over the past 150 y
and has been correlated with the introduction of domestic herbivores, chiefly cattle (Buf-
fington and Herbel, 1965; Bahre, 1995). While the rate of vegetation change has slowed
considerably, the shift from grassland to shrubland continues. Shrub dominated ecosystems
are very resistant to climate stress (drought) and to attempts to restore the shrublands to
grassland (Whitford et al,, 1995; Roundy and Beidenbinder, 1995).

Documentation of desertification of Chihuahuan Desert grasslands has focused on chang-
es in the composition and cover of the vegetation and on soil movement (Hennessy et al,
1983; Gibbens et al., 1983; 1992; Gibbens and Beck, 1988; Bahr, 1995). The consequences
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of the changes in vegetation and soils on other components and processes within the de-
sertified ecosystems have received little attention. The few studies that have examined
changes in the fauna attributable to livestock grazing have described changes in species
composition and abundances of rodents, ants or birds (Grant er al., 1982; Bock et al., 1984;
Heske and Campbell, 1991) with few attempts to investigate changes in ecological processes.
In addition, many of these studies suffer from either a lack of replication or pseudorepli-
cation, making interpretation of often contradictory findings difficult.

Granivory has been intensively studied in desert ecosystems as a range of taxa rely on
seeds as resources, and the consequences of granivory have been shown to affect both plant
communities and the coexistence of the granivorous taxa (Brown et al., 1979). Studies of
granivory have focused on competition among rodents and ants and the importance of
body size differences in structuring the granivorous ant and rodent communities (Brown
et al, 1979). In North American desert shrublands, seed removal experiments have shown
that rodents take more seeds than ants (Brown er al., 1975; Mares and Rosenzweig, 1978).
Long-term studies manipulating granivorous ants and rodents have shown that the exclusion
of these taxa results in changes in plant communities (Brown and Munger, 1985; Heske et
al., 1993), indicating that granivory is important in structuring desert plant communities.
Despite the large literature on granivory, few studies have examined the relative impacts of
seed-eating ants and rodents in desert grassland habitats or the implications of desertifica-
tion for this ecologically important process.

We investigated the effects of vegetation changes due to livestock grazing and effects of
historical changes in vegetation on the granivorous rodent and ant communities and on
the process of granivory. Our study focused on a set of grazed and ungrazed sites in an
area that is a desert grassland with relatively low cover of shrubs. We compared the data
from these sites to two different sets of shrubland sites which have been in the shrub-
dominated state for more than 50 y, but were historically grasslands (Buffington and Herbel,
1965). These shrub-dominated sites are considered to be alternate stable endpoints of de-
sertification of Chihuahuan Desert rangelands (Whitford, 1995).

We hypothesized that vegetation cover and composition changes would result in changes
in abundance and species composition of the granivorous rodent and ant communities. We
tested our prediction that this would change the rates of seed removal by ants and rodents
in the different habitats.

STUDY SITE

Study sites were located on the Chihuahuan Desert Rangeland Research Center and the
adjacent U.S. Department of Agriculture Jornada Experimental Range, 40 km north-west
of Las Cruces, NM. This region is part of the northern Chihuahuan Desert. Annual precip-
itation averages 210 *= 77 mm, mainly as summer convective storms (Houghton, 1972).

A total of 20 sites (each approximately 40 X 50 m) were sampled, representing ungrazed
(n = 5 exclosures) and grazed (n = 5) grasslands, creosotebush-dominated shrublands (n
= 5) and mesquite-dominated shrublands (n = 5). One of the exclosures in desert grass-
land was fenced to exclude livestock in 1939 and the remaining four were fenced in 1954
(R. E. Beck, pers. comm.). Each exclosure was paired with a randomly selected site at least
200 m away in the grazed grasslands to investigate the effects of grazing. These grassland
sites represent replicates as each exclosure is located within independent pastures, which
have been managed as such since at least 1954. Five sites were selected at random in both
typical creosotebush shrubland and mesquite shrubland habitats within 10 km of the grass-
land sites. The creosotebush shrubland sites were within an ungrazed pasture that was
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established in 1971 to accommodate studies of the International Biological Program's De-
sert Biome effort. The mesquite shrubland sites had not been grazed since 1934.

METHODS
PLANT COMMUNITIES

At each site canopy cover of perennial shrubs and basal cover of perennial grasses was
recorded over three 30 m randomly located line transects during October 1991. For each
plant encountered the species and cover (to the nearest 1 cm) was recorded (Mueller-
Dombois and Ellenberg, 1974). Cover of annual plants was similarly recorded on three 10
m transects (the middle 10 m of the perennial transects) at each site.

We calculated the cover and numbers of perennial grasses, forbs and shrubs as well as
annuals. Species richness was expressed as the number of species encountered on the tran-
sect separately for annuals and for perennials. Species diversity was calculated as the /n form
of the Shannon-Wiener index H' (Zar, 1984). For statistical analysis, the original data ex-
pressed as cm cover on the transects was used, but results are expressed as percentage cover
for ease of interpretation. Differences between the matched grazed and exclosure grassland
sites were tested using Student’s-¢ for paired samples. All sites were compared using ANOVA
(Zar, 1984). Perennial plant communities were analyzed using Detrended Canonical Anal-
ysis (DCA) with the program CANOCO for perennial cover data, in order to test whether
grazed grasslands were intermediate in plant species composition between ungrazed grass-
lands and shrublands.

GRANIVOROUS ANT COMMUNITIES

Ant species harvesting seed from each of 20 seed trays at each site (see ‘Granivory’ below)
were recorded after the trays had been available for at least 24 h during October 1991
(“"ants” therefore refers to “'granivorous ants” throughout). Ants were recorded to species,
with identifications confirmed from preserved specimens. We measured head width at the
mandibles for a sample (n = 7) of Pogonomyrmex desertorum and Solenopsis xyloni, collected
on the Jornada, to represent sizes of large and small ants, respectively. We calculated the
mean number of ant species per tray, the total number of species and the Shannon-Wiener
diversity (H') of granivorous ants (using species frequencies at the 20 trays as an index of
the abundance of that species) at each site. Variation in these parameters was investigated
using ANOVA. DCA was applied to the ant communities to test whether ant community
responses reflected those of the plant communities.

RODENT COMMUNITIES

We sampled rodent communities within one grassland exclosure and at one of the mes-
quite and one of the creosotebush shrubland sites for three consecutive nights with 50 traps
per site. Rodents were trapped in Longworth live traps baited with cracked milo (Sorghum
bicolor) set in 10 X 5 trap grids with 15 m trap spacing. Captured rodents were identified,
temporarily marked and released at the capture site, and the community taken as the total
number of individuals captured. We were unable to replicate this sampling, hence can only
use these data to illustrate the observed communities within the different habitats.

GRANIVORY

Seed harvesting by nocturnal vertebrates (rodents) and invertebrates (largely ants) was
measured (at each site) at 20 stations in a 4 X 5 grid, with stations set out 10 m apart,
during October 1991. Stations comprised two experimental seed trays differentially available
to each group. The ant trays were placed on the ground and covered with an inverted
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TABLE 1.—Summary (mean * SE, n = 5) of plant cover, diversity (/') and species richness (S) for
the grazed and ungrazed grassland sites and the shrubland (creosotebush and mesquite) sites

Grasslands Shrublands
Grazed Ungrazed Creosote Mesquite
Perennial cover % 346 £ 53 49.2 + 8.2 64.4 = 45 36375
Perennial grass cover % 159 * 4.6 351« 78 90 28 48 * 2.1
Perennial shrub cover % 103 = 2.7 75+ 217 529 * 6.3 313 = 68
Perennial forb cover % 84 * 3.1 66 x 22 25+ 06 0.2 +0.1
Annual cover % 6.0 1.4 76 x 22 24 * 06 9.4 + 3.7
Perennial H’ 1.8 0.2 1.3+ 0.2 09 = 0.2 0.7 £ 0.2
Perennial S 142 = 1.0 128 = 04 106 = 2.3 6.0 =08
Annual H’ 14 +0.2 1.7x 0.2 09 * 10.3 1.2 +0.2
Annual S 74 %15 78* 16 32+ 07 4.8 £ 0.9

plastic dish with 5 mm slits cut in the rim to allow access by ants but exclude rodents.
Rodent trays were covered during the day and open at night and were elevated 3 cm off
the ground on small platforms supported by large nails. The top cm of the nail was coated
with Tanglefoot™ to prevent access by ants. The seed trays were plastic petri dishes provi-
sioned with 20 g of commercial millet Panicum miliaceum with an additional 20 g of couch
grass Cynodon dactylon in the ant trays. Seed removal was measured over 3 d and trays were
checked at dawn and dusk and additional weighed amounts of seed added when necessary
to maintain seed resources. At the end of the sampling session the remaining seeds were
collected and weighed in the laboratory and the amount of seed removed calculated (Ker-
ley, 1991). For each treatment samples comprised the five sites, each being represented by
a mean (for the 20 stations) seed removal rate. Differences between matched grazed and
ungrazed grassland sites were investigated using a paired Student’s-¢ test.

For the shrubland (creosctebush and mesquite) sites, the location of stations in relation
to perennial shrubs (in the open or beneath shrubs) was recorded. Differences in seed
removal beneath shrubs and in the open were investigated for both taxa with ANOVA,
using the 100 stations in each shrubland type.

RESULTS
PLANT COMMUNITY STRUCTURE

Effects of grazing in grasslands.—Total (grasses, shrubs and forbs, Table 1) perennial cover
in grazed (34.6 = 5.3 %, mean * SE) and ungrazed grasslands (49.2 + 8.2 %) was not
significantly different (Student’s-t = 2.13, df = 4, P > 0.05). Perennial grass cover was
significantly lower in the grazed grasslands (15.8 * 4.6 %) than the ungrazed grasslands
(35.0 = 7.8 %, Student's-t = 2.29, df = 4, P < 0.05), but cover of forbs or shrubs did not
differ between treatments (Student’s-t < 0.65, df = 4, P > 0.05). The major perennial grass
to respond to grazing was black grama Bouteloua eriopoda which decreased significantly from
31.4 * 8.5 % in the ungrazed grasslands to 8.2 * 5.7 % in the grazed grasslands (Student’s-
t = 235, df = 4, P < 0.05). Not all perennial grasses responded similarly to grazing.
Fluffgrass Dasyochloa pulchella increased from 0.1 * 0.1 % in the ungrazed grasslands to
0.4 *+ 0.1 % in the grazed grasslands (Student's-t = 2.59, df = 4, P < 0.05). Fluffgrass cover
increased as the cover of other perennial grasses decreased, although this was not significant
(r = —0.595, n = 10, P = 0.0753).

There was no significant difference in annual plant cover between grazed (18.0 * 4.2 %)
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TABLE 2.—Mean percentage cover (n = 5) of dominant perennial species (four most abundant
species for each habitat, indicated in bold) for the grazed and ungrazed grassland sites and the shrub-
land (creosotebush and mesquite) sites

Grasslands Shrublands
Grazed Ungrazed Creosote Mesquite
Bouteloua eriopoda 8.2 314 0.1 0
Aristida purpurea 38 1 0.5 03
Croton potsii 4.7 5.4 0.2 0
Gutierrezia sarothrae 5.6 1.4 0.9 3.2
Sporobolus flexuosus 2.9 2.2 0 04
Larrea tridentata 0 0 . 48.6 0
Muhlenbergia porteri 0 0 72 0.2
Bahia absinthifolia 0 0 1.7 0
Prosopis glandulosa 2.3 4 1.7 28.1
Atriplex canescens 0 0 0 1.9
Dasyochloa pulchella 0.4 0.1 1.1 2.0

and ungrazed grasslands (22.9 + 6.6 %, Student's-¢ = 1.2, df = 4, P > 0.05). There was no
correlation between annual plant cover and perennial plant cover (or the cover of any of
the perennial growth forms) in the grasslands (r < 0.2, n = 10, P > 0.05). Correlation
analysis indicated no relationship between the cover of perennial forbs, shrubs or grasses
(r <02, n =10, P> 0.05) for the grassland sites. The cover of Bouteloua eriopoda was
negatively correlated with that of mesa dropseed Sporobolus flexuosus (r = ~0.673, n = 10,
P = 0.0331). The diversity and richness of perennials (Table 1, Student’s-t < 1.4, df = 4,
P > 0.05) and annuals (Table 1, Student’s-t < 0.4, df = 4, P > 0.05) were not significantly
different between ungrazed and grazed grasslands.

Grasslands vs shrublands.—Total (grasses, shrubs and forbs) perennial cover differed
significantly among habitats, being higher in shrubland habitats, particularly in the creo-
sotebush habitat, than the other habitats (Table 1, F = 4.61, df = 3,16, P = 0.017). Perennial
shrubs showed the biggest differences between treatments (F = 17.65, df = 3,16, P <
0.0001), and were significantly lower in the grassland habitats than either the mesquite or
creosotebush habitats, which also differed from each other according to Tukey’s range test.
In contrast, perennial grasses were significantly higher in the grassland habitats than the
shrublands (F = 7.63, df = 3,16, P = 0.0022), and the perennial forbs showed similar
differences (F = 3.95, df = 3,16, P = 0.0276, Table 1). Annual plant cover did not differ
significantly among habitats (Table 1, F = 1.69, df = 3,16, P = 0.21).

Perennial plant species richness and diversity differed significantly among habitats, being
lower in the shrubland habitats than the grasslands (Table 1, F = 7.42, df = 3,16, P =
0.0025 for richness, and F = 6.22, df = 3,16, P = 0.053 for H'). However, annual plant
richness and diversity did not differ between habitats (Table 1, F < 3.1, df = 3,16, P >
0.05). Grassland sites shared three of the four most dominant plant species between the
grazed and ungrazed sites, but only one (Gutierrezia sarothrae) of the dominant species was
shared between the grasslands and a shrubland site (Table 2).

Detrended Canonical Analysis separated the ungrazed grassland, creosotebush and mes-
quite shrublands sites, particulalrly along Axis 1 (Fig. 1). It also indicates a clear shift along
Axis 1 in the perennial plant community structure of all except one of the grazed grasslands
towards that of the shrublands compared to the ungrazed grasslands (Fig. 1).
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FIG. 1.—DCA analysis of plant community structure for sites in grazed (solid squares) and ungrazed
grasslands (open squares), mesquite shrublands (solid ovals) and creosotebush shrublands (solid tri-
angles). Arrows link matched ungrazed and grazed grassland sites (the curves are for graphic conve-
nience and do not imply any trajectory in change in community structure)

ANTS

A total of 12 ant species were recorded removing seeds from the seed trays in all the
habitats, with 9 species in the creosotebush shrublands, 9 in grazed grasslands, 7 in ungrazed
grasslands and 4 in mesquite shrublands (Table 3). Both granivorous ant diversity (H', F
= 537, df = 2,17, P = 0.016) and species richness (F = 4.96, df = 2,17, P = 0.02) differed
among habitats. Only one species, Solenopsis xyloni, was common to all habitats. The mean
number of ant species per tray, the number of ant species per site and the diversity of ants
did not differ between grazed and ungrazed grassland sites (Student’s-z < 0.85, df = 4, P
> 0.05). However Pheidole xerophila, and an unidentified Pogonomyrmex sp. were not re-
corded in ungrazed grasslands (Table 3). In contrast to the plant communities, DCA of the
ant communities showed no clear separation among the various habitats (Fig. 2). Ant com-
munities from the grazed and ungrazed grassland sites did tend to cluster to the left along
Axis 1, but were interspersed with the shrubland sites. Grazing of the grassland also pro-
duced no consistent shifts in ant community structure (Fig. 2).

RODENTS

The only species of rodent captured in the grassland grazing exclosure was Ord’s kan-
garoo rat, Dipodomys ordii (Table 4). The highest abundance and species richness (six spe-
cies) of rodents was in the creosotebush shrubland site (Table 4).

GRANIVORY

There were no differences in seed removal in grazed and exclosure grassland sites for
either rodents or ants (Table 5, Student’s-t = 0.94 and 0.87, respectively, df = 4, P > 0.05).
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TaBLE 3.—The frequency of granivorous ant species recorded in each habitat (summed for 100 trays),
with the mean number of species per tray, and ant richness and diversity per habitat (n = 5). Size
classes follow Chew and De Vita (1980)

Grasslands Shrublands
Ant species Size Grazed Exclosure Mesquite Creosote
Solenopsis xyloni Small 53 66 29 8
Pheidole militicida Small 17 14 0 6
Ph. rugulosa Small 2 1 0 9
Ph. xerophila Small 4 0 1 10
Ph. cerebrosior Small 0 0 2 5
Tetramorium spinosum Small 0 0 0 1
Aphenogaster cockerelli Large 3 2 0 11
Pogonomyrmex rugosus Large 2 3 0 0
P. desertorum Large 24 13 0 7
P imberbiculus Medium 1 1 0 5
P. maricopa Large 0 0 1 0
Pogonomyrmex sp. Large 1 0 0 0
Total ant species 9 7 4 9
Ant species per tray 1 1.07 0.33 0.62
Ant species per site 4.6 3.4 1.4 5
Ant diversity (H') 0.83 0.56 0.2 1.19

Seed removal by ants was significantly lower at the shrubland (mesquite and creosotebush)
sites than the grassland (grazed or exclosure) sites (F = 10.54, df = 3,16, P = 0.0005). Seed
removal by rodents was significantly higher at the creosotebush sites than the grasslands
(grazed and exclosure) and the mesquite sites, but did not differ between the mesquite
and grassland (grazed and exclosure) sites (F = 7.75, df = 3,16, P = 0.002, Tukey's range
test).

Seed removal by ants was higher than that by rodents (Table 5) in both the grazed (F =
211.41, df = 1,198, P < 0.0001) and ungrazed grassland sites (F = 100.94, df = 1,198, P
< 0.0001), but significantly lower in the creosotebush sites (F = 43.16, df = 1,198, P <
0.0001). Seed removal did not differ between ants and rodents in the mesquite sites (F =
0.43, df = 1,198, P = 0.518). Overall, ants removed significantly more of the smaller grass
seeds (38.1 g/tray/72 h) than millet seeds (2.1 g/tray/72 h, F = 445.23, df = 1, 398, P <
0.0001).

The location of stations in relation to shrubs (in the open or beneath a shrub) did not
significantly affect the removal of seeds by either ants or rodents in either the creosotebush
or mesquite shrubland sites (F < 1.05, df = 1,98, P > 0.05).

DiscussIoN
VEGETATION CHANGES

Grazing by domestic livestock changed the structure of the perennial plant community
in the desert grassland sites. This was characterized by a decrease of perennial grasses,
particularly the dominant black grama (Bouteloua eriopeda) although there was no detect-
able increase in the perennial shrubs. The decrease in perennial grass cover was not a
simple graminoid response, as there is some evidence for Sporobolus flexuosus increasing in
abundance as B. eriopoda decreased. Decrease in cover of B. eriopoda with increase in dom-
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Fic. 2.—DCA analysis of ant community structure for sites in grazed (solid squares) and ungrazed
grasslands (open squares), mesquite shrublands (solid ovals, including three overlapping sites on Axis
2) and creosotebush shrublands (solid triangles). Arrows link matched ungrazed and grazed grassland

sites (the curves are for graphic convenience and do not imply any trajectory in change in community
structure)

inance by S. flexuosus and Aristida spp. has been occurring in the black grama dominated
grasslands since 1915 (Gibbens and Beck, 1988). Their work shows that plots dominated by
S. flexuosus and Aristida spp. in 1915 were dominated by mesquite (Prosopis glandulosa)
over the following 65 y. This shift from long-lived perennial grass (black grama) to the short
lived grasses (Sporobolus and Aristida) has maintained the graminoid growth form in parts
of this landscape long after the dominant species disappeared. Their data also confirm that
in grazed pastures there was a trend from short-lived perennial grasses to shrub domination
(Gibbens and Beck, 1988). Our vegetation analysis supports the historical data showing the

TABLE 4.—Relative abundances of rodents (number captured per 150 trap nights) in an ungrazed
grassland, a creosotebush and a mesquite shrubland site

Species Grassland Mesquite Creosotebush
Chaetodipus penicillatus 0 0 1
Dipodomys merriami 0 2 16
D. ordii 2 4 1
Peromyscus maniculatus 0 0 1
P eremicus 0 0 1
Perognathus flavus 0 0 1
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TABLE 5.-—Seed removal (mean * SE) from experimental seed trays by rodents and ants in grasslands
(grazed and ungrazed) and mesquite and creosotebush shrubland sites. Differences between habitats
for each taxon are indicated by differing letters, according to Tukey's range test. Habitats are repre-
sented by five samples, each comprising the mean seed removal rates from 20 stations. Ant/rodent
comparisons are for 100 stations within each habitat

Comparisons between habitats

Ant seed Rodent seed
removal removal Ant/rodent
Habitat n (g/tray/12 h) (g/tray/12 h) comparisons n
Ungrazed grasslands 5 142 £ 23 A 41* 14 A P < 0.05 100
Grazed grasslands 5 125 x 15 A 21x10A P < 0.05 100
Mesquite shrublands 5 44+ 04B 40+ 14A P> 0.05 100
Creosotebush shrublands 5 52*14B 99+ 10B P «0.05 100

trend from black grama grassland (in the exclosures) to short-lived perennial tussock grasses
in the grazed grasslands and finally the sites that have changed to an alternate stable state:
the shrublands.

The shifts in the plant community composition of the grazed grasslands towards the
shrublands along Axis 1 within the DCA (Fig. 1) supports the contention that grazing by
domestic livestock converts desert grasslands to shrublands (Buffington and Herbel, 1965;
Grover and Musick, 1990). These data confirmed that our choice of sites were appropriate
for the investigation of the effects of cattle grazing and desertification on granivores and
granivory.

The fact that a single grassland site showed the opposite tendency along Axis 1 of the
DCA (Fig. 1) reinforces the need for appropriate experimental design if we are to under-
stand the dynamics of these complex systems. Many studies have failed to demonstrate
general responses to grazing of semiarid landscapes (e.g., Grant et al, 1982; Bock et al.,
1984; Heske and Campbell, 1991; Kelt and Valone, 1995), but the interpretation of these
findings is hampered by lack of replication. Lack of replication has hampered the recog-
nition of predictable responses to grazing by livestock (c¢f,, Brown and MacDonald, 1995),
and many authors have had to invoke local factors to explain their observations, rather
than contribute to the debate on the role of livestock in the degradation of rangelands.

FAUNAL RESPONSES

Rodents.—QOur rodent data, although lacking replication, confirm widely published ac-
counts of shifts in rodent communities associated with changes in vegetation structure. Thus
grasslands typically support few rodents (Wood, 1969; Pulliam and Brand, 1975), whereas
shrublands, with greater habitat heterogeneity, support more diverse rodent communities,
typically dominated by granivores (Rosenzweig and Winakur, 1969; Whitford, 1976) and a
much higher biomass of rodents (Wood, 1969). In a study comparing rodent communities
in grassland and mesquite coppice dune habitats (locations used in this study), Alberico
(1978) found that Dipodomys ordii was the most abundant species in both habitats. He
reported densities of mesquite shrubland heteromyids that were 2X to 3X higher than in
black grama grasslands. The increase in rodents in shrub habitats apparently reflect op-
portunities for coexistence through differential microhabitat use (Lemen and Rosenzweig,
1978; Price, 1978), resource dispersion (Harris, 1984; Price and Waser, 1985) or predator
avoidance (Kottler, 1984).
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The few studies that have documented the response of rodent communities to grazing
by livestock (Alberico, 1978; Grant er al., 1982; Bock et al., 1984; Brown and Heske, 1990;
Heske and Campbell, 1991) obtained conflicting responses (some increases, some decreases
in response to removal of grazing). Interpretation of these contradictory findings is con-
founded by the lack of replication in these studies. Well-designed field experiments are
needed to resolve this issue. Despite the documented shifts in rodent diversity, abundance
and biomass between desert grassland and shrubland habitats, there have been few attempts
to quantify the impacts of these shifts on ecosystem functioning.

Ants.—The absence of a pattern in the DCA (Fig. 2) of the composition of the seed
harvesting ant communities is similar to the result obtained by pitfall trap sampling of the
ant communities in many of these same habitats and grazing exclosures (Whitford et al.,
1999). The DCA pattern suggests that factors other than vegetation affect the structure of
seed harvesting ant communities. Kirkham and Fisser (1972) were unable to detect differ-
ences in harvester ant abundance and species composition in pastures subjected to different
grazing intensities 10 y after the initiation of a grazing study. They concluded that soil
texture was the most important factor influencing harvester ant abundances. The absence
of Pheidole militicida from the mesquite coppice dune area is probably the result of shallow
soils in the interdune spaces since this species appears to require deep soils for its nests
(Whitford et al., 1999). The virtual absence of Pogonomyrmex seed harvesters from the seed
trays in the mesquite coppice dunes reflects the lack of soil stability which reduces the
potential nest sites (Whitford and Ettershank, 1975; Whitford, 1978). The ant species that
dominated the seed trays in grassland habitats, Solertopsis xyloni, exhibited decreased fre-
quency at seed trays in the mesquite and creosotebush habitats that was proportional to the
decrease in seed removal by ants in those habitats. The S. xyloni nests that we found during
searches for ant nests were located in grass tussocks. The paucity of suitable grass tussocks
for nests in the mesquite and creosotebush habitats may be the primary factor affecting
this species and its role as a seed harvester.

GRANIVORY

The levels of seed removal by ants reported here are considerably higher than published
levels for North American semiarid landscapes (Brown et al., 1975; Mares and Rosenzweig,
1978, Parmenter et al., 1984). The highest rates of seed removal by ants previously reported
for North American deserts was approximately 11 g in 12 h (Mares and Rosenzweig, 1978).
The average seed removal rate by ants in our desert grassland sites was 14.2 g in 12 h. This
rate of seed removal by ants is the highest reported for any desert area in the world (Abram-
sky, 1983; Morton, 1985; Kerley, 1991; Lopez de Casenave et al., 1998). The ants that dom-
inated the seed trays were the small Solenopsis xyloni which recruit rapidly to dense food
sources. Solenopsis xyloni selectively harvested grass seeds and did not forage on the millet
seeds. Pogonomyrmex desertorum selectively harvested native millet seeds (pers. obs.). Most
seed tray studies have used seeds larger than 1 mm in diameter (Brown er al, 1975; Mares
and Rosenzweig, 1978). Pulliam and Brand (1978) pointed out that large smooth seeds
such as millet cannot be handled by some species of seed harvesting ants. More than 60%
of the seeds collected by seven species of harvester ants (Pogonomyrmex spp. and Pheidole
spp.) were smaller than 1 mm in diameter (Brown and Davidson, 1977). Seed tray studies
that offered only seeds greater than 1 mm in diameter therefore probably underestimated
the potential of seed harvesting ants to remove seeds.

We recorded five species of large seed harvesting ants, six species of small seed harvesters
and one intermediate sized species (Table 3, size classes from Chew and De Vita, 1980).
The most abundant, large, seed-harvesting ant in the Jornada basin is Pogorromyrmex deser-
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torum which has a head width at the mandibles of 1.6 + 0.06 mm (n = 7) and the most
abundant small seed harvester is Solenopsis xyloni which has a head width at the mandibles
of 0.7 = 0.05 mm (n = 7). These values are good indices of the maximum size of seeds
that can be carried by ants (Chew and De Vita, 1980). If we had offered only seeds larger
than 1 mm in diameter, S. xyloni would have been physically limited in removing the seeds
from the seed trays, supporting the above conclusion regarding the possible underestima-
tion of seed harvesting by seed removal studies.

In the grassland sites the small seed harvesting ants dominated the seed trays (occupying
76% and 81% of the seed trays, respectively). In mesquite coppice dune sites small seed
harvesting ants also dominated {97% of seed trays visited by ants) but overall, the number
of trays found by seed harvesting ants was significantly lower in the dune sites than in the
grassland sites. Small body size seed harvesters also dominated in the creosotebush sites
(41% of seed trays vs. 23% of seed trays with large body size harvesters). Thus, underesti-
mation of ant seed removal through using large seeds only in seed removal experiments
would vary between habitats.

Although livestock grazed grasslands generally trended toward degraded shrublands in
terms of seed removal, there was no measurable effect of grazing on seed removal by ants
or on the ant species composition harvesting the seeds. There were significant differences
in seed harvesting between the grassland sites and degraded shrubland sites with fewer
species of seed harvesters at the trays and considerably less seed removal in the degraded
shrubland sites. These patterns could not be predicted from responses of ant communities
to changes in vegetational cover and composition resulting from the conversion of grassland
to shrubland. When ant communities were sampled by pitfall trapping the differences in
structure of the ant communities in grazing exclosures, grazed grassland and shrublands
were small and inconsistent (Whitford et al., 1999). The seed tray experimental approach
may better represent the long-term effects of disturbance and degradation on the function-
ing of the ant community than species information provided by pitfall trap data.

Except for North America and Israel, ants are the dominant seed consumers in desert
ecosystems (Brown et al., 1975; Mares and Rosenzweig, 1978; Abramsky, 1983; Morton, 1985;
Kerley, 1991, Lopez de Casenave et al. 1998), based on seed tray experiments. The data
from this study shows that in Chihuahuan desert grasslands, ants remove significantly more
seeds than do rodents, rodents and ants have similar impact on seed in mesquite coppice
dune ecosystems, and in creosotebush ecosystems rodents remove significantly more seeds
than ants. Several factors that contribute to these results differ from those of Brown et al.,
(1975) and Mares and Rosenzweig (1978). The previous North American studies were con-
ducted in desert shrubland. Desert shrublands typically have higher abundances of heter-
omyid rodents than do desert grasslands as shown in this study and others (Wood, 1969;
Pulliam and Brand, 1975; Whitford, 1976; Alberico, 1978).

Desertification and granivory—Desertification of the Chihuahuan Desert grasslands has
obviously altered the process of granivory. One of the generally accepted features of the
North American deserts is the dominance of rodent granivory over ant granivory, which is
the reverse of the situation for deserts in other continents (Kerley and Whitford, 1994).
Numerous explanations have been put forward to explain the anomalous levels of rodent
granivory in North American deserts (Kerley and Whitford, 1994), ranging from Pleistocene
extinctions to climatic variability. The findings of the present study suggest that elevated
rodent granivory in North American deserts may be an anthropogenic effect brought about
by grazing by domestic livestock and subsequent desertification increasing the availability
of the preferred rodent habitat. This hypothesis should be tested in other desert ecosystems
where grasslands are being converted to shrublands.
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There is a need to further explore the implications of desertification on seed dynamics
and other ecosystems processes. The elevated levels of rodent granivory observed here may
influence the lack of recovery of degraded desert grasslands, with rodent granivory affecting
plant regeneration. This suggests that removal of grazing by domestic herbivores will not
lead to the spontaneous recovery of desertified landscapes and that other approaches need
to be identified to rehabilitate these areas. These could include management of seed dy-
namics.
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