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Abstract 
We examined the relationship between seasonal livestock grazing (late sum-
mer and late winter) and the abundance of two ant species, Dorymyrmex in-
sana and Forelius pruniosus, on three types of plants (mesquite shrubs, 
snakeweed sub-shrubs, and mixed grasses) dominated by black grama (Bou-
teloua eriopoda). Stocking rates were adjusted to remove 75% of the available 
forage. Since Chihuahuan Desert grasslands are not in transition to shrub-
lands, the grasses and some herbaceous plants are the only available forage. 
We hypothesized that neither rainfall nor cattle grazing would affect the ab-
undance of these ants on mesquite (Prosipis glandulosa) or snakeweed (Gu-
tierrezia sarothrae). Linear regressions of monsoon rainfall on mesquite 
(Prosopis glandulosa) produced an r2 nearly equal to that with the annual 
precipitation. Monsoon rainfall on the evergreen sub-shrub, Gutierrezia sa-
rothrae, resulted in June-July rainfall accounting for 47% - 83% of the varia-
tion in densities of D. insana on snakeweed. The number of D. insana was 
more than double the number of F. pruinosus on grasses, mesquite, and 
snakeweed. There were significant reductions in the abundance of F. pruino-
sus on the grass in the grazed plots; each year the plots were grazed. There 
were no significant effects of grazing on the abundance of either of the ant 
species sampled from G. sarothrae canopies. There were significantly fewer D. 
insana on mesquite in summer grazed plots than on P. glandulosa in winter 
grazed and ungrazed plots in the second and third years of grazing. 
Pre-grazing effects were compromised by the high annual (more than double) 
precipitation.  
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1. Introduction 

Selected species of ants recruit rapidly to a rich food source and may reduce the 
abundance of other species at that source [1] [2]. For example, the dolichoderine 
ant Forelius pruniosus usually displaces the formicine honey-pot ants (Myrme-
cocystus spp.) at food baits [3]. Interference competition should be high where 
densities of ant colonies are high. Two species of the dolichoderine ant, Dory-
myrmex insana and Forelius pruinosus, are the most abundant species in most 
plant communities in the northern Chihuahuan Desert [4]. Both species are 
widely distributed in the southern Chihuahuan Desert and south into Mexico 
[5]. Both Dorymyrmex and Forelius are absent or occur at low colony abun-
dance in the Great Basin. Liquid feeding ants are not abundant in winter preci-
pitation areas where snowfall is prevalent and much of the precipitation is in the 
form of snow. The effects of livestock grazing on vegetation and soils have been 
well documented [4] [6] [7]. In Nash et al.’s (2004) [8] study in the Mojave 
Desert, with winter rainfall, both D. insana and F. pruinosus were abundant and 
affected by livestock grazing, especially at the most heavily grazed sites. Specifi-
cally, D. insana was found at each of the six sites sampled, whereas F. pruinosus 
was found only at four. The ant species similarity index decreased from 68% to 
53% with distance from a water source [8]. 

On grazed sites in southeastern Arizona grasslands, beetle communities were 
more rich, flies more diverse, and Hymenoptera (including ants) were more rich 
and diverse when compared to grazed sites [9]. That result is very different from 
the one obtained in grasslands within the historic range of bison. Studies in the 
historic range of bison reported little response of the insect community to lives-
tock grazing [10] [11]. In those studies, grasshoppers and other insects were ei-
ther positively influenced or not affected by livestock grazing. DeBano (2006) [9] 
hypothesized that the effect of livestock grazing on insects would be the greatest 
where grasslands had evolved without large herbivores. In Chihuahuan Desert 
grasslands, there were few, if any, bison. The grasslands are composed of 
warm-season grasses like Bouteloua eriopoda (black grama), Sporobolus spp. 
(dropseeds), and Aristida spp. (three awns), whereas the grasslands with large 
herds of bison were primarily limited to the short grass prairies and mid-height 
and tall grasses of the plains of North America. We hypothesized that liquid 
feeding ants would respond to livestock grazing because the flora and fauna had 
not evolved with large herbivores.  

Two of the most abundant and spatially widespread ant species in the north-
ern Chihuahuan Desert are Dorymyrmex (Conomyrma) insana and Forelius 
pruinosus [12]. D. insana nests were found to be concentrated around the base 
of mesquite (Prosopis glandulosa) shrubs, while the spatial distribution of F. 
pruinosus nests was random [13] [14]. These two species forage in the plant ca-
nopies for liquids (homopteran honeydew and plant exudates) and insect car-
rion. D. insana is an interference competitor with F. pruinosus on particularly 
rich food sources [2]. The quality of plant canopies as habitat for homopterans 
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and/or as sources of exudates varies with soil water and nutrients [15] [16]. Fire 
has the effect of increasing soil erosion and run-off [17]. As part of an experi-
ment designed to examine the effects of multiple stressors on a desert grassland 
ecosystem, we examined variations in the abundance of D. insana and F. prui-
nosus on three different plant types: perennial grasses, evergreen sub-shrubs 
(Gutierrezia sarothrae), and winter deciduous mesquite (P. glandulosa) shrubs. 
We hypothesized that the abundance of these ants on grasses would decrease as 
plant quality declined with drought and/or livestock grazing.  

2. Methods 

The study was conducted at an experimental site (elevation 1300 m) located 8 
km west of the USDA-ARS Jornada Experimental Range Headquarters (32.45˚N, 
106.49˚W) approximately 58 km NNE of Las Cruces, New Mexico. Eighteen, 
0.5-hectare plots enclosed by three-strand barbed wire fencing were established 
in 1993 on an ecotone between black grama (Bouteloua eriopoda) grassland and 
mesquite (Prosopis glandulosa) coppice dunes. There were no spaces between 
fences and the sampling was conducted in the center of the plots. Six plots were 
grazed in winter (February), six plots were grazed in summer (August), and six 
plots were not grazed. Mesquite shrubs were removed from 3 plots of each graz-
ing treatment, and re-sprouts were treated with RoundupTM for the duration of 
the study. There were nine plots with mesquite shrubs from which P. glandulosa 
were sampled for the two species of ants. Plots were grazed for three consecutive 
years. Stocking rates were adjusted to achieve removal of approximately 75% of 
the available forage. Plots were stocked with between 20 to 40 yearling cows for 
24 to 30 hours, resulting in the removal of between 65% and 80% of the esti-
mated available forage. Ants foraging in the foliage were sampled in grasses (12 
plots—summer grazed and winter grazed). We also selected snakeweed, Gutier-
rezia sarothrae, an evergreen sub-shrub that is not eaten by livestock. 

Each plot was subdivided into 102 subplots. Fifteen subplots were selected at 
random for each plot for sampling ants foraging in the foliage. Ants on mesquite 
shrubs were collected by placing a net below the canopy and beating the foliage 
above the net three times with a rod to dislodge the ants. Two sides of each 
mesquite shrub were sampled on each subplot. Five snakeweed plants, G. sa-
rothrae, were sampled in each subplot by a single sweep of the net through the 
canopy. Grasses were sampled by taking ten sweeps through the grass canopies 
while walking on a diagonal across the selected subplots. The ants and other in-
sects were transferred from the net into plastic ziplock bags and stored in a 
freezer in the laboratory. Ants were separated from the other insects using an 
Olympus zoom stereomicroscope and identified to species. Data on abundance 
of ant species in the foliage among years and treatments were subjected to a 
three-way factorial analysis of variance with the Duncan test used for multiple 
pairwise comparisons of treatment effects using the StatView statistical package. 
Normality of data sets was checked with the Kolmogorov-Smirnov test. The ab-
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undance of each ant species foraging in the canopy foliage in relationship to 
rainfall was examined by linear regression as a function of monsoon precipita-
tion (July through September). Precipitation was recorded at a rain gauge on the 
watershed that terminates in a large dry lake, one rain gauge near the mesquite 
coppice dunes, and rain gauges at the Jornada tobosa dry lake and the most dis-
tant grassland [18]. 

3. Results 

The relationship between annual precipitation and monsoon (July-September) 
precipitation was compromised by the high precipitation of the year before set-
ting up the grazing experiment and removal of mesquite from half the plots. The 
total precipitation in the prior year was 404.5 mm, while the monsoon rainfall 
was 89.4 mm. That annual precipitation was nearly double the average annual 
precipitation of 220 mm. The effect of extremely large precipitation on the Chi-
huahuan Desert grasslands affects the following year’s productivity by increasing 
the biomass of the grasses. That increase in biomass of grasses leads to legacies 
in terms of plant biomass and soil moisture. Legacies in arid regions are a func-
tion of three variables: 1) the magnitude of the historical phenomenon, 2) the 
time elapsed since the occurrence of the phenomenon, and 3) the sensitivity of 
the ecological-soil-geomorphic system to change.  

The regressions of Dorymyrmex insana numbers on mesquite (Prosopis 
glandulosa) were almost equal in terms of r2 for both annual rainfall and mon-
soon rainfall, with the monsoon rainfall r2 slightly larger than the r2 for annual 
rainfall: annual rainfall r2 summer grazed—0.09, winter grazed—0.63, and not 
grazed, control—0.38 (Figure 1). The pattern was very different on snakeweed 
(Gutierrezia sarothrae): regressions with the monsoon rainfall yielded r2 less 
than the r2 recorded for annual rainfall. The r2 for annual rainfall and D. insana 
were: summer grazed—0.47, winter grazed—0.83, and not grazed—0.61. The r2 for 
annual rainfall and F. pruinosus were: summer grazed—0.30, winter grazed—0.25, 
and not grazed—0.10 (Figure 2). 

The pattern of D. insana and F. pruinosus on grasses was similar to the pattern 
on snakeweed. The r2 of the regressions of annual rainfall and numbers of ants were: 
D. insana—summer grazed—0.82, winter grazed—0.73, and not grazed—0.78. The 
r2 of the regressions relating annual rainfall to the numbers of F. pruinosus were: 
summer grazed—0.21, winter grazed—0.47, and not grazed—0.012. Because there 
were no effects of shrub removal on the abundance of ants foraging in the vege-
tation foliage, shrub removal was eliminated as a variable affecting the behavior 
of these ants (Figure 3).  

There was a significant relationship between June-July rainfall and the densi-
ties of D. insana on grass foliage in grazed and ungrazed plots (Figure 2). There 
was little or no relationship between June-July rainfall and densities of F. prui-
nosus foraging in grass foliage or snakeweed canopies (Figure 2 & Figure 3). 
There was no relationship between June-July rainfall and abundance of D. insa-
na on snakeweed foliage or mesquite foliage. June-July rainfall accounted for  
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Figure 1. Linear regressions of monsoon (July through September) precipitation and 
numbers of Dorymyrmex insana (Dorins) and Forelius pruinosus (Forpru) on mesquite: 
black grama grass (Bouteloua eriopoda), Sporobolus spp., and Aristida spp.  
 

 

Figure 2. Linear regressions of monsoon (July through September) precipitation and 
numbers of Dorymyrmex insana (Dorins) and Forelius pruinosus (Forpru) on snakeweed: 
black grama grass (Bouteloua eriopoda), Sporobolus spp., and Aristida spp.  
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Figure 3. Linear regressions of monsoon (July through September) precipitation and 
numbers of Dorymyrmex insana (Dorins) and Forelius pruinosus (Forpru) on grass: 
black grama grass (Bouteloua eriopoda), Sporobolus spp., and Aristida spp.  
 
between 47% and 83% of the variation in densities of D. insana foraging in 
snakeweed canopies. There was no relationship between June-July rainfall and 
the abundance of F. pruinosus in grass, mesquite, or snakeweed foliage. 

There was a marginally significant reduction in the abundance of D. insana on 
grass (F2,15 = 3.2, p < 0.06) on grazed plots in the second year of grazing but no 
significant effects of shrub removal or grazing in any of the other years. There 
were significant reductions in the abundance of F. pruinosus on grass on the 
grazed plots each year the plots were grazed (Table 1, Figure 4). There were no 
significant effects of grazing on the abundance of either of the ant species sam-
pled from G. sarothrae canopies. There were significantly fewer D. insana on 
mesquite in summer grazed plots than on P. glandulosa in winter grazed and 
ungrazed plots in the second and third years of grazing (Table 2, Figure 4). 

When large numbers of cattle grazed in order to remove 75% of the available 
forage, the biomass of grasses and some forbs was reduced. However, that was 
not the only effect of grazing. Grazing by cattle results in the loss of microtopo-
graphy associated with mounds around the base of grass tussocks [19]. Not only 
did the action of the hoofs of livestock compact the soil but also the changes in 
microtopography affected water infiltration spatially. Despite these changes, the 
only difference in the effects of grazing on the ants was recorded in the second 
year of grazing. 
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Figure 4. Total amount of goliage (Kg/ha) at the Dorymyrmex insana and Forelius prui-
nosus ants nests at mesquite, snakeweed, and mesquite sites between 1993-1997. 
 
Table 1. Analysis of variance on the effects of livestock grazing on the abundance of Fo-
relius pruinosus on grass foliage. 

Year F2,15 p 

Grazed Year 1 6.6 <0.01 

Grazed Year 2 7.0 <0.01 

Grazed Year 3 4.0 <0.04 

 
Table 2. Average numbers of Dorymyrmex insana (D. insana) and Forelius pruinosus 
(For. pru.) ± standard deviation with the results of the analysis of variance indicated by a 
and b. Numbers followed by the same letter are not significantly different at the p < 0.05 
level. 

Plants summer winter control summer winter control 

Sampled D. insana D. insana D. insana F. pruinosus. F. pruinosus F. pruinosus. 

Grasses 50.0 ± 46.4a 66.0 ± 68.0a 56.0 ± 55.1a 16.6 ± 15.9a 10.0 ± 3.1a 29.8 ± 17.8a 

Mesquite 56.3 ± 30.4a 130.0 ± 72.6a 77.0 ± 28.7a 16.0 ± 1.4a 6.3 ± 9.5b 41.3 ± 16.5a 

Snakeweed 24.2 ± 18.5a 17.0 ± 12.6a 20.0 ± 14.3a 11.0 ± 13.6a 8.6 ± 9.2a 8.8 ± 6.5a 

4. Discussion 

A study in the Great Basin in Idaho reported that rangeland sites in poor condi-
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tion had lower ant species richness. Range condition is the status of arid rangel-
ands determined by the cover of forage and patches of bare soil. In Idaho, spe-
cies richness and relative abundances of several groups of ant species were sig-
nificantly related to bare patch size and parameters for cover or species richness 
for several vegetation types [14]. However, there were no significant differences 
with liquid feeding ants and/or homopteran tenders in Idaho or Utah. The Great 
Basin does not support many species of liquid feeding ants, while in the Chihu-
ahuan Desert, the two species studied here are the most numerous colonies of 
ants. This may account for the differences reported between the Great Basin and 
the Chihuahuan Desert [14]. 

Medium-legacies of years to decades in length include the negative effect of 
drought, even after the drought is over, or the positive effect of an extremely 
large rain event after the event has occurred. For example, in grasses, tiller den-
sity is determined by the precipitation and production of the previous year 
which in turn affects a desert grasslands’ ability to utilize available water [20]. 
However, mean annual precipitation is not a good predictor of temporal varia-
bility in grass productivity. One large component of the temporal variability is 
rainfall legacy. Legacies occur when there are lags in the response of ecosystems 
to changes in water availability. Legacies are the effect of drought after the 
drought has subsided, or the effect of an extremely wet period after it has oc-
curred [21]. A legacy may be quantified as the difference between the observed 
annual productivity and the expected annual productivity, which is estimated 
using the actual precipitation and temporal precipitation-productivity relation-
ships for a site. The legacy of 404.5 mm of precipitation the year before the expe-
riment was set up resulted in high grass production and large numbers of liq-
uid-feeding ants on the grasses. The number of D. insana in the first year before 
grazing was 810 compared to 218 during the second year before grazing. The 
number of F. pruinosus on the grasses in the first year before grazing was 272 
compared to 67 in the second year before grazing. The differences in numbers of 
liquid-feeding ants (Table 3) on the grasses are a function of the legacy effect of 
the high precipitation the year before the experiment was set up. 

Some grasses are taken by grazers only when green, while other grasses are 
consumed either as green forage or as senescent material [22]. Most plant spe-
cies that are grazed are negatively impacted by grazing [23]. In our study, both 
ant species were affected by the remaining grasses after either summer or winter 
grazing. The numbers of D. insana were (3 - 5)× larger than the numbers of F. 
pruinosus on grasses, supporting the conclusion of Van Zee et al. (1997) that 
there is a competition between these species with the smaller F. pruinosus dom-
inated by interference competition by the larger D. insana. 

In one study, the abundances of F. pruinosus and D. insana were higher in 
grazed grassland than in ungrazed grassland [13]. In our study, intense, 
short-duration grazing by cattle resulted in a reduction in the numbers of F. 
pruinosus foraging in grass foliage but had little effect on the numbers of D. in-
sana foraging in grass foliage. Livestock grazing can have an effect on the quality  

https://doi.org/10.4236/oje.2021.111005


Y. Steinberger, W. G. Whitford 
 

 

DOI: 10.4236/oje.2021.111005 60 Open Journal of Ecology 
 

Table 3. Mean numbers of the two studied liquid-feeding ants on the three plant species 
that dominate the ecotone between grassland and Mesquite dunes with Duncan grouping 
indicated by letters a and b. Means with the same letter are not significantly different.  

Plant Species—season of grazing Mean Number of Samples 

Mesquite Control 50.13a 8 

Grass Control 42.9a, b 10 

Snakeweed Control 14.4b 10 

Mesquite Winter 68.13a 10 

Grass Winter 38.1a, b 10 

Snakeweed Winter 12.8a 10 

Mesquite Summer 36.13a 8 

Grass Summer 33.3a 10 

Snakeweed Summer 17.6a 10 

 
of grass foliage and also on the abundance and diversity of homopterans living 
on the foliage [24]. Since both ant species tend Homoptera and collect ho-
ney-dew from these insects, the differences in the responses of D. insana and F. 
pruinosus to livestock grazing may result from an indirect effect of livestock 
grazing on the abundance and species composition of the Homoptera on the 
grass foliage 

Intensive grazing by cattle not only reduces the available forage by 75% but 
also results in leveling of the microtopography of the grass tussocks that accu-
mulate soil around the base of the grass [19]. There were similar densities of 
both of the species of liquid-feeding ants during the first two years after grazing 
[13] [25]. Changes in microtopography did not seem to affect the distribution of 
the ant colonies.  

Monsoon rains for almost two months allowed the recovery of winter grazed 
grasses to the biomass and quality of the grasses somewhat close to the 
pre-grazing condition. Insects were sampled after the summer grazed plots had 
been grazed by livestock, resulting in the removal of most of the biomass of 
grasses. Neither mesquite nor snakeweed is consumed by livestock. Differences 
in abundances of D. insana and F. pruinosus on grasses can be attributed to in-
terference competition.  

One surprising result was the effect of winter grazing on the liquid-feeding 
ants on P. glandulosa, in which the abundance of D. insana on mesquite was 
more than 20× the numbers of F. pruinosus on those shrubs. It is apparent that 
the effect of winter grazing when mesquite is fully leafed supports sufficient 
populations of homopterans for liquid-feeding ants. That combination of liq-
uid-feeding ants led to intense displacement competition of F. pruinosus by D. 
insana, which confirms the conclusion that these species compete for rich re-
sources [2]. Mesquite was sampled at the same time as the grasses and snake-
weed. However, on snakeweed, there were no differences in abundance between 
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D. insana and F. pruinosus. Since snakeweed is toxic to livestock, we did not ex-
pect any differences between these species of liquid-feeding ants with winter or 
summer grazing on Gutierrezia sarothrae.  

Since Chihuahuan Desert grasslands and southeastern Arizona grasslands 
were isolated from herds of large herbivores (bison), we predicted that there 
would be large differences in grazed and ungrazed grasslands. In a summer 
rainfall desert, many of the grasses and shrubs were flowering when sampled in 
late August. There are many insects including homopterans that are attracted to 
flowers and that may be one reason for differences in the grazing effects on the 
ants.  

5. Conclusion 

We can conclude from this study that the differences among grazing treatments 
for liquid feeding ants were the greatest on grasses that were grazed, and the 
season of grazing had essentially no effect on the ants. However, the sites with 
winter grazing on mesquite had higher numbers of D. insana than of F. pruino-
sus, indicating the competitive exclusion of the smaller F. pruinosus. The regres-
sions demonstrate that there was an interaction between annual and monsoon 
precipitation and the numbers of both species of ants on the plant species in this 
study. The Great Plains were populated by huge numbers of bison that were a 
feature of that region for millennia, and grazing had a positive effect on some 
insects [22]. There were few, if any, bison in the Chihuahuan Desert. The ant 
communities in the Chihuahuan Desert and Mojave Desert evolved in the ab-
sence of large herbivores, which probably accounts for the effects of livestock 
grazing on liquid-feeding ants.  
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