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ABSTRACT 
Livestock grazing is a major driver of ecosystem functions in drylands 
and would be expected to influence soil biota such as termites. 
We examined changes in soil chemistry and plant community 
composition on mounds constructed by the subterranean termite 
Anacanthotermes ahngerianus along a gradient in grazing intensity in 
an arid steppe in north-eastern Iran. The grazing gradient was 
represented by increasing distance from an area used by resting 
livestock, and plant and soil attributes measured within three adjacent 
microsites (termite mounds, non-mound controls, intervening annular 
zone surrounding the mounds). Values of soil EC; pH; exchangeable 
Ca, Mg, and Na; and total nitrogen and organic carbon were greatest 
in mound soils and declined from mounds to control microsites. 
Mounds were completely devoid of plants. Annular zones had three- 
times less cover than the control sites, but there were no differences in 
diversity or evenness. Electrical conductivity values were ten-times 
greater on mounds than controls close to resting sites, but the 
difference diminished rapidly with distance from resting sites. For all 
other soil and plant variables, differences between microsites were 
consistent across the grazing gradient. Increased grazing intensity was 
associated with increasing soil pH, EC and sand content, and reduced 
plant cover. Overall our study shows that the effects of termites on soil 
chemistry and plant cover varied little across the grazing gradient. Our 
results suggest that termite mounds may sustain their role as sites of 
enhanced soil nutrients under even high levels of grazing. 
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Introduction 

Livestock grazing is a major disturbance in drylands (arid, semi-arid and dry subhumid 
environments), which occupy almost 40% of Earth’s land surface and support a similar 
percentage of its human population. Globally, livestock grazing provides many cultures 
with meat, milk, and transport, yet overgrazing has resulted in extreme poverty and hard-
ship and substantial negative effects on ecosystems (Steinfeld et al. 2006). In drylands 
the effects of grazing are most strongly felt around watering points and resting areas 
where livestock congregate and where their densities are greatest (Jankju Borzelabad 
2008). Gradients in grazing become apparent where livestock move from watering points 
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and resting areas to graze distant pastures. The grazing effect emanating from water is 
termed the piosphere effect (Lange 1969), and studies along piospheres indicate sharp 
reductions in livestock utilization with increasing distance from water (Landsberg et al. 
2003). A similar phenomenon occurs in areas where livestock are corralled (Reid and Ellis 
1995). 

High levels of livestock grazing have been shown to influence soil physical and chemical 
properties. Specifically, increases in livestock intensity are known to reduce plant compo-
sition (Milchunas and Lauenroth 1993) and have marked effects on soil cations and anions 
and soil fertility (Eldridge et al. 2016). Perhaps the greatest effect of livestock grazing is 
herbivory, the removal and consumption of plant biomass (Eldridge et al. 2016). However, 
herbivory by invertebrates may also be substantial. Termites, for example, consume sub-
stantial quantities of plant material and are considered one of the most important insect 
taxa in drylands because they are both herbivores and detritivores (Coventry, Holt, and 
Sinclair 1988). Although termites could be seen as competing directly with livestock for 
plant biomass, they could also indirectly enhance plant growth for vertebrate herbivores 
through their positive effects on surface soils (Brody et al. 2010). Termites have been shown 
to have profound positive impacts on ecosystem structure, composition, and function. 
They enhance soil physical and chemical properties (Holt 1987; Holt and Lepage 2000), 
increase soil porosity and therefore infiltration by constructing large macropores in the soil 
(James et al. 2008), influence soil organic matter and nutrient cycling (Whitford and 
Eldridge 2013), and are important prey items for reptiles small mammals (Redford and 
Dorea 1984). Dramatic effects of livestock on vegetation and soil, particularly close to water 
or livestock resting sites, would also be expected to influence other herbivores such as 
termites. 

We examined the effects of subterranean termites along a gradient in livestock grazing 
intensity to ask whether termite effects on plants and soils differ across gradients in livestock 
grazing. We used distance from livestock resting points as our surrogate for grazing inten-
sity, examining plants and soils on and off the mounds of subterranean termites at increas-
ing distance from resting points in an arid steppe rangeland in north-eastern Iran that is 
under intense livestock grazing pressure. This rangeland is extensively colonized by the 
subterranean termite Anacanthotermes ahngerianus Jacobson (Isoptera: Hodotermitidae), 
which builds large surface pavements up to 3 m in diameter that generally support less 
vegetation than the surrounding areas. The presence of these relatively large vegetation-free 
patches suggests that termites are contributing to large-scale degradation through their 
effects on surface soils. Our aim was twofold: to determine (1) the effects of termite mounds 
on plants and soils and (2) whether these effects changed in relation to increasing grazing 
pressure. This is important because livestock and termites are assumed to be the main 
causes of land degradation and desertification in the Shorlogh rangelands, yet the combined 
effects of livestock and termites on plants and soils have rarely been considered. 

Methods 

The study area 

This research was conducted in the Shorlogh rangelands in northeastern Iran (36.32°N, 
60.65E) about 578 m above sea level. The climate is cold arid and dry, the average 
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annual temperature is 14.4°C, and average annual rainfall 202 mm (Ghayorifar and 
Khalily 2005). The vegetation is dominated by ephemeral species such as Poa bulbosa 
L. and Bromus tectorum L. during late winter and early spring. These species are 
replaced by perennial forbs such as Diarthron vesiculosum Jaub. and Spach., Peganum 
harmala L., Alhagi maurorum Medic. and Sophora secundiflora (Ortega) DC) during 
summer. Soils are classified as aridisols, with their texture being sandy clay loam. 
Soil depth varies from 80 to 120 cm and is limited by a calcareous hardpan (Beheshti 
2015). 

Soil, vegetation and termite sampling 

At one livestock resting point we established three transects extending up to 720 m in 
north-south, west-east, and northeast-northwesterly directions. All mounds constructed 
by the subterranean termite Anacanthotermes ahngerianus within 5 m of each transect 
were identified, and ten in each transect randomly selected for detailed plant and soil 
measurements. At each of these thirty termite mounds we collected soil from the top 
10 cm of the profile within three microsites: (1) termite mounds (hereafter ‘mound’), 
(2) the zone immediately surrounding the mounds (hereafter “annular zone”) and (3) a 
control, non-mound area that was located about 2–5 m from the edge of the mound away 
from any influence of termites (hereafter “control”). The annular zone is the area immedi-
ately surrounding the mound, which has been shown to have higher levels of soil nutrients 
and infiltration than the non-mound control areas (Eldridge 1994). Soil texture was 
measured using the hydrometer method (Gee and Bauder 1985), and Na, Mg, Ca, P, 
and K assessed using atomic absorption spectrophotometry. Total nitrogen (N) and carbon 
(C) were measured using the Kjeldahl and Walkley-Black methods. Electrical conductivity 
(EC) and pH were measured on a 1:5 soil:water extract with an electrical conductivity 
meter. 

In June 2014 we sampled plants within 2 m � 1.5 m quadrats at a total of ten positions 
on the three transects (3–4 mounds per transect) at distances ranging from 300 m to 720 m 
from the livestock resting point. At each position, one quadrat was sampled in the annular 
zone and the other in the control, resulting in a total of twenty quadrats. Sampling was 
carried out when the dominant perennial plants (e.g., Diarthron vesiculosum, Peganum 
harmala and Sophora secundiflora were at the flowering stage. We assessed total vegetation 
cover and density of each plant species. We then calculated plant diversity (Shannon’s 
Diversity Index), plant richness (Menhinick Index) and plant evenness (Smith and Wilson 
Index; Ejtehadi, Sepehri, and Akkafi 2009). 

Statistical analyses 

One-way ANOVA was used to examine potential differences in exchangeable Na, K, Mg, 
Ca, P, total N, electrical conductivity (EC), pH, and organic carbon (OC) among the three 
microsites (mound, annular zone, control) and plant attributes between the annular zone 
and control, and Tukey post-hoc tests used to determine which microsite differed signifi-
cantly. We then used regression analyses to test for the effects of livestock grazing intensity 
on EC, pH, sand, silt, clay content, vegetation cover, plant richness, diversity, and evenness 
using distance from livestock resting point as a proxy for grazing intensity. Analyses were 
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conducted for annular zone and control microsites only. To test for potential interactions 
between grazing intensity and microsite, for annular zone and control microsites, differ-
ences in slopes and intercepts for mound and control microsites were compared using F 
statistics. 

Results 

Effects of termite activity on soil and vegetation 

Values of soil EC, pH, Ca, Mg, Na, and total N and OC were greatest in mound soils and 
declined with distance from the mounds, i.e., from termite mound out to the control 
microsites (Table 1, P < 0.05). Termite mounds had finer textures (more silt and clay) than 
the other two microsites but there were no changes in soil P (P > 0.05). Termite mounds 
were always completely bare. Plant cover was three-times greater on the control microsites 
than the annular zone around the mounds (P < 0.001) and richness greater on the control 
microsites (P ¼ 0.05; Table 1). There were no differences, however, in diversity or evenness 
(P > 0.09). 

Effects of livestock grazing intensity on soil and vegetation 

Soil pH declined along the gradient at both the annular zones and control microsites 
(Figure 1a). However, this decline was significant only on the control microsites (P ¼ 0.045, 
Table 2). Livestock grazing intensity had the greatest impact on soil EC, for both annular 
zone and control microsites (P < 0.001; Figure 1b, Table 2). Values of EC were 10-times 
greater on termite mounds (4.98 dS m� 1) than the controls (0.47 dS m� 1), but this differ-
ence rapidly diminished rapidly with declining grazing intensity, i.e., with increasing 
distance from livestock resting points (Microsite x Distance interaction: P < 0.001; 
Figure 1b). For the control microsites, however, EC remained relatively low but did 
increase significantly with declining grazing intensity (P < 0.001). 

Table 1. Mean (�SE) values of soil physical and chemical properties, and plant community structure 
within three microsites associated with termite mounds. Within a row, different letters indicate a 
significant difference at P < 0.05; mounds were always devoid of plant cover. 

Attribute 

Termite mound Annual zone Control 

Mean SE Mean SE Mean SE  

EC (dS m-1) 6.2a  0.039 2.7b  0.006 0.96c  0.005 
pH 8.12a  0.028 7.83b  0.028 7.39c  0.027 
Ca (ppm) 859.4a  9.80 792.5b  2.55 494.4c  9.46 
Mg (ppm) 120.6a  9.80 97.1b  1.09 91.6b  0.79 
Na (ppm) 21.1a  0.46 8.3b  0.053 2.4c  0.31 
K (ppm) 16.5a  0.24 12.4b  0.32 10.6b  1.92 
N (ppm) 0.12a  0.002 0.09b  0.002 0.04c  0.002 
P (ppm) 4.5a  0.07 4.6a  0.0 4.4a  0.105 
OC (%) 1.2a  0.04 0.70b  0.39 0.90c  0.21 
Sand (%) 53.7a  1.02 66.8b  1.25 73.1c  0.76 
Silt (%) 19.0a  0.17 11.0b  3.33 8.9c  1.10 
Clay (%) 27.3a  1.45 23.0b  1.19 17.1c  1.19 
Plant cover (%) 0  0 20.2a  3.54 57.6b  5.16 
Richness 0  0 0.37a  0.04 0.54b  0.07 
Diversity 0  0 0.59a  0.12 0.84a  0.07 
Evenness 0  0 0.62a  0.14 0.93a  0.12 

Note: Data indicated by different alphabetic letters (a, b, c) are statistically significant at p < 0.05.   
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The percentage of sand declined (Figure 1c), and clay increased, with increasing grazing 
intensity, for both annular zone and control microsites (Table 2). Silt content increased 
with increasing grazing intensity, but only on the annular zones (P < 0.001; Figure 1d; 
Table 2). Plant cover increased with declining grazing intensity (increasing distance from 
resting points) for both annular zone (P < 0.001) and control (P ¼ 0.03) microsites 
(Figure 1h, Table 2) and this effect was strongest in the annular zone (R2 ¼ 0.89) than 
control sites (R2 ¼ 0.47). There were no effects of increasing grazing intensity on plant 
richness, diversity or evenness (P > 0.10). 

Figure 1. Trends in soil pH, electrical conductivity (EC), sand and silt contents, and plant richness, 
diversity, evenness and cover on the annular zone of termite mounds and the control microsites 
in relation to distance from livestock watering points. Linear models are presented for significant 
relationships only.  
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Discussion 

In our study termites had marked effects on soil physical and chemical properties. Mounds 
created by termites had greater levels of soil properties than soils in the annular zone sur-
rounding the nests, or the non-mound (control) interspaces. Specifically, termite mound soils 
had greater pH and EC, lower levels of exchangeable cations and anions, finer surface textures, 
and higher concentrations of soil organic carbon than the non-mound control surfaces. These 
values were also frequently greater than the annular zone surrounding the mounds. Apart 
from electrical conductivity, where values for mound and control converged at long distances 
from livestock resting areas, the effects were generally consistent across the grazing gradient. 

Termite mounds are higher in fine material and organic matter 

In our study we found higher levels of fine soil particles (silt and clay) on the mounds, 
consistent with the literature (e.g., Rajagopal 1983; Whitford and Eldridge 2013). This is 

Table 2. Regression relationships for the effects of increasing grazing intensity (proximity to livestock 
resting points) on soil chemical and physical properties, and vegetation. For each parameter, the 
relationship was tested for Annular and Control microsites separately. Slopes and intercepts were 
compared between the regression lines. R2 values are presented only for significant effects. 

Parameter Source DF F P-value R2  

EC Control 1  33.26  <0.001  0.81 
Annular 1  41.33  <0.001  0.84 
Slope 1  49.90  <0.001  
Intercept 1  55.34  <0.001  

pH Control 1  5.61  0.045  0.41 
Annular 1  0.71  0.425  
Slope 1  0.06  0.810  
Intercept 1  392.62  <0.001  

Sand Control 1  27.05  <0.001  0.77 
Annular 1  12.31  0.008  60.6 
Slope 1  2.06  0.170  
Intercept 1  811.07  <0.001  

Silt Control 1  0.10  0.763  
Annular 1  24.66  0.001  0.76 
Slope 1  1.52  0.235  
Intercept 1  2915.25  <0.001  

Clay Control 1  9.17  0.016  0.53 
Annular 1  13.91  0.006  0.64 
Slope 1  0.77  0.393  
Intercept 1  75.37  <0.001  

Plant cover Control 1  6.89  0.030  0.47 
Annular 1  64.55  <0.001  0.89 
Slopes 1  0.00  0.946  
Intercept 1  87.29  <0.001  

Plant richness Control 1  3.53  0.100  
Annular 1  2.50  0.153  
Slopes 1  0.44  0.520  
Intercept 1  5.56  0.031  

Plant diversity Control 1  1.19  0.310  
Annular 1  0.87  0.378  
Slopes 1  0.06  0.820  
Intercept 1  3.44  0.081  

Plant evenness Control 1  1.97  0.198  
Annular 1  0.78  0.400  
Slopes 1  0.03  0.800  
Intercept 1  2.95  0.104    
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attributed to the fact that termites use fine particles (clay) and saliva to form the structure 
of their nests (Lee and Wood 1971; Lal 1987; Hulugalle and Ndi 1993; Sarcinelli et al. 2009). 
The proportion of silt and clay in the mounds may depend on the ability of worker termites 
to transport specific-sized soil particles (Lee and Wood 1971). Termites then use their sali-
vary secretions to bind transported organic matter and clay materials. 

As central place foragers, the greatest effect of termites is to collect organic material 
from the area surrounding the mounds, increasing mound soil organic matter content 
(Whitford and Eldridge 2013). Levels of organic matter in some termite mounds have been 
shown to be five-times greater than those on adjacent nonmound soils (Decaëns, Galvis, 
and Amézquita 2001). In arid, semi-arid and some tropical ecosystems, more than half 
of the potential inputs to the soil organic pool are consumed by termites (Whitford, 
Ludwig, and Noble 1992). Nitrogen is highly associated with carbon, so it was not unex-
pected that our mounds also contained high levels of total nitrogen, consistent with global 
studies (Brossard et al. 2007; Abdus-Salam and Itiola 2012). Higher soil temperature and 
moisture in the mounds may also enhance the mineralization of N from stored organic 
matter (San Jose et al. 1989). 

We found higher levels of soil pH and exchangeable cations and anions in mound soils 
than in the control soils. Greater levels of fine sediments and soil organic matter in termite 
mounds (Whitford and Eldridge 2013) also enhance soluble and exchangeable cations that 
are adsorbed onto these clay-rich particles (Rajagopal 1983; Mermut, Arshad, and St 
Arnaud 1984; Sarcinelli et al. 2009; Abdus-Salam and Itiola 2012). This effect has been 
widely reported from a range of environments (e.g., de Bruyn and Conacher 1990). Greater 
levels of soil Ca in termite mounds has been attributed to the breakdown of carotenes in 
plant tissue by termites (Lee and Wood 1971), leading to higher mound pH levels. Simi-
larly, greater levels of P and exchangeable Mg on the mounds can be attributed to the 
digestion and degradation of plant tissues by termites (López-Hernández et al. 1989). 
The foraging behavior of termites can also lead to increasing mound concentrations of soil 
P (López-Hernández 2001), due to exposure of P-rich subsoil. In our study, however, 
exchangeable P did not differ significantly among the three microsites. This may be 
due to the patchy distribution of P and its lower mobility through the profile, which 
makes it highly dependent upon depth and location of soil sampling (López-Hernández 
et al. 1989). 

Termite effects are largely consistent across a grazing gradient 

Apart from changes in EC, the effects of termites were consistent across a grazing gradient, 
i.e., we observed similar trends for mound and control microsites with increasing distance 
from livestock resting points (Figure 1). This suggests to us that termites are largely insen-
sitive to changes in livestock intensity, consistent with observations that mounds of the 
subterranean termite Drepanotermes tamminensis (Hill) were more abundant in grazed 
than ungrazed plots in semi-arid rangelands in Australia (Abensperg-Traun 1992). Of 
particular interest was the observation that EC values were extremely high close to, but 
declined markedly with increasing distance away from, livestock resting points, with values 
converging at 720 m from the resting areas (Figure 1b). Finer and more compacted soil sur-
faces under high intensity grazing could reduce soil moisture and consequently increase 
soil EC (Eskandari 1995). Conversely, greater cover of vegetation under low grazing 
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intensity (Figure 1h) could reduce soil evapotranspiration and hence soil EC 
(Kashizenoozi, Saadat, and Namdar 2011). 

We recorded greater vegetation cover under lower grazing intensity, i.e., with increasing 
distance from livestock resting points, and the trends were consistent for both the annular 
and control microsites. There were, however, no differences in diversity or richness. 
Reductions in plant cover with increasing grazing intensity are widely reported in the litera-
ture, but there have been few studies of potential interactions between termites and grazing 
(though see Abensperg-Traun 1992). Suppression of vegetation on the mounds by termites is 
known from drylands, where termite removal resulted in increased total plant canopy cover 
up to 20% (Bodine and Ueckert 1975). Lower levels of plant cover due to high grazing levels 
would be expected to reduce potential resources for grass harvesting termites; thus, the strong 
alignment between the models for plant cover on mounds and control sites (Figure 1h). 

Concluding remarks 

Our observations of greater organic matter, fine sediments on termite mounds is consistent 
with the notion that mounds act as fertile islands, and that this fertile island effect persists 
under even high levels of grazing i.e., close to livestock resting points. The degree to which 
mounds might act as fertile islands, however, is probably highly termite species-specific, 
and this would likely relate to mound structure (Hulugalle and Ndi 1993) i.e., whether they 
shed or retain water and nutrients (convex cf. concave surfaces; see Eldridge 1994). Studies 
from temperate areas have demonstrated greater vegetation cover and richness on mounds 
(Levick et al. 2010), but in arid and semiarid areas, vegetation is often suppressed on the 
mounds themselves but enhanced in the annular zone immediately surrounding the 
mound. Active removal of plants from the surface of the mounds by termites would 
reinforce this shedding of water to the area around the mounds, potentially leading to 
zones of fertile soil around the mounds. Overall therefore, the effect of termite activity 
was to concentrate resources around their mounds, leading to an increase in spatial hetero-
geneity, which is important for the functioning of arid systems. We showed that this effect 
was generally consistent across our grazing gradient. Predicted increases in aridity during 
the next century would likely result in greater livestock induced-degradation in drylands. 
The extent to which the positive effect of termites might be offset by high levels of grazing 
with increased levels of aridity is largely unknown. 

References 

Abdus-Salam, N., and A. D. Itiola. 2012. Potential application of termite mound for adsorption and 
removal of Pb (II) from aqueous solutions. Journal of the Iranian Chemical Society 9:373–82. 
doi:10.1007/s13738-011-0047-2 

Abensperg-Traun, M. 1992. The effects of sheep-grazing on the subterranean termite fauna 
(Isoptera) of the Western Australian wheatbelt. Australian Journal of Ecology 17:425–32. 
doi:10.1111/j.1442-9993.1992.tb00825.x 

Beheshti, G. A. 2015. Effects of soil physiochemical parameters on formation of gully erosions; case 
study Shorlogh, Sarakhs, Iran. MSc Dissertation, Department of Geography, Ferdowsi University 
of Mashhad, Iran. 

Bodine, M. C., and D. N. Ueckert. 1975. Effect of desert termites on herbage and litter in a shortgrass 
ecosystem in west Texas. Journal of Range Management Archives 28:353–58. doi:10.2307/3897490 

8 M. FALLAH ET AL. 

http://dx.doi.org/10.1007/s13738-011-0047-2
http://dx.doi.org/10.1111/j.1442-9993.1992.tb00825.x
http://dx.doi.org/10.2307/3897490


Brody, A. K., T. M. Palmer, K. Fox-Dobbs, and D. F. Doak. 2010. Termites, vertebrate herbivores, 
and the fruiting success of Acacia drepanolobium. Ecology 91:399–407. doi:10.1890/09-0004.1 

Brossard, M., D. López-Hernández, M. Lepage, and J. C. Leprun. 2007. Nutrient storage in soils and 
nests of mound-building Trinervitermes termites in Central Burkina Faso: consequences for soil 
fertility. Biology and Fertility of Soils 43:437–47. doi:10.1007/s00374-006-0121-6 

Coventry, R. J., J. A. Holt, and D. F. Sinclair. 1988. Nutrient cycling by mound building termites in 
low fertility soils of semi-arid tropical Australia. Soil Research 26:375–90. doi:10.1071/sr9880375 

de Bruyn, L. A., and A. J. Conacher. 1990. The role of termites and ants in soil modification: A 
review. Australian Journal of Soil Research 28:55–93. doi:10.1071/sr9900055 

Decaëns, T., J. H. Galvis, and E. Amézquita. 2001. Propriétés des structures produites par les 
ingénieures écologiques á la surface du sol d’une savane colombienne. Comptes Rendus Academie 
Sciences Paris, Sciences de la vie 324:465–478. doi:10.1016/s0764-4469(01)01313-0 

Ejtehadi, H., A. Sepehri, and H. R. Akkafi. 2009. Methods of measuring biodiversity. Mashhad, Iran: 
Ferdowsi University of Mashhad Publication. 

Eldridge, D. J. 1994. Nests of ants and termites influence infiltration in a semiarid woodland. 
Pedobiologia 38:481–92. 

Eldridge, D. J., A. G. B. Poore, M. Ruiz-Colmenero, M. Letnic, and S. Soliveres. 2016. Ecosystem 
structure, function, and composition in rangelands are negatively affected by livestock grazing. 
Ecological Applications 26:1273–83. doi:10.1890/15-1234 

Eskandari, Z. 1995. The effect of irregular grazing on soil physical properties and Zagros summer 
ranges at Isfahan province. In S. M. Sadeghi (Ed.), First national seminar of erosion and sedimen-
tation (1–7). Iranian Society for Watershed Management, Noor, Mazandaran, Iran. 

Gee, G. W., and J. W. Bauder. 1985. Particle-size analysis. In Methods of soil analysis, part 1. Physical 
and mineralogical methods. Agronomy monograph No. 9, ed. A. Klute, 2nd ed., 383–411. Madison, 
WI: American Society of Agronomy and Soil Science of America. 

Ghayorifar, R., and A. Khalily. 2005. Bioclimatological study on termite fauna of Iran. Iranian 
Journal of Plant Pests and Diseases 71:121–39. 

Holt, J. A. 1987. Carbon mineralization in semi-arid northeastern Australia: The role of termites. 
Journal of Tropical Ecology 3:255–63. doi:10.1017/s0266467400002121 

Holt, J. A., and M. Lepage. 2000. Termites and soil properties. In Termites: Evolution, sociality, 
symbioses, ecology, 389–407). Dordrecht, The Netherlands: Springer Netherlands. 

Hulugalle, N. R., and J. N. Ndi. 1993. Soil properties of termite mounds under different land uses in a 
typical Kandiudult of southern Cameroon. Agriculture, Ecosystems and Environment 43:69–78. 
doi:10.1016/0167-8809(93)90006-b 

James, A. I., D. J. Eldridge, T. B. Koen, and W. G. Whitford. 2008. Landscape position moderates 
how ant nests affect hydrology and soil chemistry across a Chihuahuan desert watershed. 
Landscape Ecology 23:961–75. doi:10.1007/s10980-008-9251-6 

Jankju Borzelabad M. 2008. Individual performances and interaction between aridland plants 
affected by the growth season water pulses. Journal of Arid Land Research and Management 
22:123–133. doi:10.1080/15324980801957986 

Kashizenoozi, L., H. Saadat, and M. Namdar. 2011. Investigating of vegetation distribution relation-
ship with soil EC in arid and semi-arid zones (case study: Marand watershed). Seventh National 
Conference of Science and Watershed Engineering of Iran, 67–75. Isfahan Technology University. 

Lal, R. 1987. Tropical ecology and physical edaphology, 744. Chichester, UK: Wiley. ISBN 0-471- 
90815-0. 

Landsberg, J., C. D. James, S. R. Morton, W. J. Müller, and J. Stol. 2003. Abundance and composition 
of plant species along grazing gradients in Australian rangelands. Journal of Applied Ecology 
40:1008–24. doi:10.1111/j.1365-2664.2003.00862.x 

Lange, R. T. 1969. The piosphere: Sheep track and dung patterns. Journal of Range Management 
22:369–400. doi:10.2307/3895849 

Lee, K. E., and T. G. Wood. 1971. Termites and soils. London, UK: Academic Press. 
Levick, S. R., G. P. Asner, T. Kennedy-Bowdoin, and D. E. Knapp. 2010. The spatial extent of termite 

influences on herbivore browsing in an African savanna. Biological Conservation 143:2462–67. 
doi:10.1016/j.biocon.2010.06.012 

ARID LAND RESEARCH AND MANAGEMENT 9 

http://dx.doi.org/10.1890/09-0004.1
http://dx.doi.org/10.1007/s00374-006-0121-6
http://dx.doi.org/10.1071/sr9880375
http://dx.doi.org/10.1071/sr9900055
http://dx.doi.org/10.1016/s0764-4469(01)01313-0
http://dx.doi.org/10.1890/15-1234
http://dx.doi.org/10.1017/s0266467400002121
http://dx.doi.org/10.1016/0167-8809(93)90006-b
http://dx.doi.org/10.1007/s10980-008-9251-6
http://dx.doi.org/10.1080/15324980801957986
http://dx.doi.org/10.1111/j.1365-2664.2003.00862.x
http://dx.doi.org/10.2307/3895849
http://dx.doi.org/10.1016/j.biocon.2010.06.012


López-Hernández, D. 2001. Nutrient dynamics (C, N and P) in termite mounds of Nasutitermes 
ephratae from savannas of the Orinoco Llanos (Venezuela). Soil Biology and Biochemistry 
33:747–53. doi:10.1016/s0038-0717(00)00220-0 

López-Hernández, D., J. C. Fardeau, M. Nino, P. Nannipieri, and P. Chacón. 1989. Phosphorus 
accumulation in savanna termite mound in Venezuela. Journal of Soil Science 40:635–40. 
doi:10.1111/j.1365-2389.1989.tb01304.x 

Mermut, A. R., M. A. Arshad, and R. J. St Arnaud. 1984. Micropedological study of termite mounds 
of three species of Macrotermes in Kenya. Soil Science Society of America Journal 48:613–20. 
doi:10.2136/sssaj1984.03615995004800030029x 

Milchunas, D. G., and Lauenroth, W. K. 1993. Quantitative effects of grazing on vegetation and soils 
over a global range of environments. Ecological Monographs 63:327–66. doi:10.2307/2937150 

Rajagopal, D. 1983. Effect of termite mound soil on plant growth. Tropical Pest Management 29:194– 
95. doi:10.1080/09670878309370798 

Redford, K. H., and J. G. Dorea. 1984. The nutritional value of invertebrates with emphasis on ants 
and termites as food for mammals. Journal of Zoology 203:385–95. doi:10.1111/j.1469-7998.1984. 
tb02339.x 

Reid, R. S., and J. E. Ellis. 1995. Impacts of pastoralists on woodlands in South Turkana, Kenya: 
livestock-mediated tree recruitment. Ecological Applications 5:978–92. doi:10.2307/2269349 

San Jose, J. J., R. Montes, P. A. Stansly, and B. L. Bentley. 1989. Environmental factors related to the 
occurrence of mound-building Nasute termites in Trachypogon savannas of the Orinoco Llanos. 
Biotropica 21:353–58. doi:10.2307/2388286 

Sarcinelli, T. S., C. E. G. Schaefer, L. de Souza Lynch, H. D. Arato, J. H. M. Viana, M. R. de 
Albuquerque Filho, and T. T. Gonçalves. 2009. Chemical, physical and micromorphological 
properties of termite mounds and adjacent soils along a toposequence in Zona da Mata, Minas 
Gerais State, Brazil. Catena 76:107–13. doi:10.1016/j.catena.2008.10.001 

Steinfeld, H., P. Gerber, T. Wassenaar, V. Castel, M. Rosales, and C. de Haan. 2006. Livestock’s long 
shadow. Environmental issues and options. Rome, Italy: FAO. 

Whitford, W. G., and D. J. Eldridge. 2013. Effects of ants and termites on soil and geomorphological 
processes. In Treatise on Geomorphology, ed. J. Shroder (Editor in Chief), D. R. Butler, and C. R. 
Hupp, Vol. 12, 281–292. San Diego, CA: Academic Press. Ecogeomorphology. 

Whitford, W. G., J. A. Ludwig, and J. C. Noble. 1992. The importance of subterranean termites in 
semi-arid ecosystems in south-eastern Australia. Journal of Arid Environments 22:87–92.  

10 M. FALLAH ET AL. 

http://dx.doi.org/10.1016/s0038-0717(00)00220-0
http://dx.doi.org/10.1111/j.1365-2389.1989.tb01304.x
http://dx.doi.org/10.2136/sssaj1984.03615995004800030029x
http://dx.doi.org/10.2307/2937150
http://dx.doi.org/10.1080/09670878309370798
http://dx.doi.org/10.1111/j.1469-7998.1984.tb02339.x
http://dx.doi.org/10.1111/j.1469-7998.1984.tb02339.x
http://dx.doi.org/10.2307/2269349
http://dx.doi.org/10.2307/2388286
http://dx.doi.org/10.1016/j.catena.2008.10.001

	Introduction
	Methods
	The study area
	Soil, vegetation and termite sampling
	Statistical analyses

	Results
	Effects of termite activity on soil and vegetation
	Effects of livestock grazing intensity on soil and vegetation

	Discussion
	Termite mounds are higher in fine material and organic matter
	Termite effects are largely consistent across a grazing gradient
	Concluding remarks

	References

