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ANTS AS GEOMORPHOLOGICAL AGENTS: A GLOBAL ASSESSMENT 21 

Abstract 22 

Ants are abundant in most of the world’s terrestrial environments. They are energetic, strong 23 

for their size, numerous, and socially cooperative. They play many geomorphologically 24 

important roles. In particular, they construct mounds and subterranean galleries, create 25 

patterned ground, play a role in bioturbation, affect vegetation cover and soil properties (such 26 

as infiltration rate) and influence runoff and erosion. They also play roles in biogeochemical 27 

cycling and rock and mineral weathering. Here, we review and reanalyse data collected from 28 

over 80 studies on ant contributions to geomorphology from around the world. The clearest 29 

manifestation of the geomorphological role of ants is found in their various constructions, 30 

such as mounds. There can be hundreds or thousands of mounds per hectare, with a median 31 

density of 125 ha-1 recorded in the studies reviewed. The longevity of these features varies 32 

and some are stable while others are highly erodible. The construction of mounds and 33 

galleries causes bioturbation (pedoturbation), a role which ants share with termites, worms 34 

and many mammals. A median rate of 1.5 tonnes ha-1 a-1 is derived from the studies 35 

reviewed. Ants also produce patterned ground through their effects on vegetation. The 36 

relationships between ant activity and runoff and erosion are complex and not consistent. 37 

Bioturbation of soil, tunnelling activity, the construction of underground chambers, galleries 38 

and macro-pores, the removal and/or accumulation of organic material, and changes in 39 

vegetation cover, are all mechanisms by which ants might modify soil infiltration 40 

characteristics. Because of their effect on soil infiltration rates, sediment provision and on 41 

vegetation cover, ants can have a profound influence on runoff and soil movement on slopes.  42 

Only a modest amount of work has been done to investigate the role that ants play in rock 43 

weathering. Ants are greatly affected by human activities (especially land cover changes), 44 
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and some geomorphologically-active species have proved to be highly invasive. The response 45 

of ants to future climate changes needs further investigation. 46 

 47 

Key words: Mounds, bioturbation, patterned ground, infiltration, runoff, sediment yield 48 

 49 

1. Introduction 50 

Ants, which first appeared in the Cretaceous period (Wilson et al. 1967), and then became 51 

increasingly numerous in the Palaeogene and Neogene (Smith et al. 2011; LaPolla et al. 52 

2013), are classified in a single family, the Formicidae, within the order Hymenoptera. There 53 

are around 15,000 known living species, though this figure is inexact and much debated. The 54 

actual number of extant species may well be two or three times this. We are far from having a 55 

complete inventory at the species level: Numerous ant species remain undiscovered and/or 56 

undescribed, especially from the tropics (Ward 2014; Lach et al. 2010). As Whitford and 57 

Eldridge (2013, p. 282) explained, ‘Ants are abundant in most of the world’s terrestrial 58 

environments from the tropics to the subarctic and from arid to extremely mesic areas.’ They 59 

are, however, absent from Iceland, Greenland and Antarctica (Folgarait 1998; King 2016). 60 

Overall, species diversity of ants is greatest in the tropics (Economo et al. 2018) (Fig. 1). 61 

There are clear regional patterns of ant genera known to have geomorphological impacts, 62 

with Lasius, for example, being concentrated in the Northern Hemisphere, Pogonomyrmex 63 

restricted to North and South America, Atta only found in central and South America, 64 

Formica absent from South America and Australia and largely missing from Africa and 65 

South Asia.  66 
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 67 

Fig. 1. a. Map of global ant species richness (SR). b. Ant species richness plotted against 68 

latitude (Source: Economo et al., 2018, figure 2). 69 

 70 

One of the first people to recognise the geomorphological importance of ants was the Irish 71 

geologist, G.H. Kinahan (1869).  He stated (p.348) that although they were so small, and, 72 

‘therefore, compared with the earth-worms, less capable, individually, of work’, he saw that 73 

‘they are so numerous and energetic, that in the special places to which they resort, their 74 

yearly work is much more conspicuous than the annual worm-work; but the animals operate 75 

in different places, for while the earth-worm luxuriates in rich highly cultivated land, the hill-76 

building-ant loves a dry, sandy or peaty soil’. Another early observer of the 77 

geomorphological importance of ants was the American geologist J.C. Branner (1910) who 78 

worked in Minas Geraes, Brazil, and noted that that the ‘ant hills’ were so dense, ‘that the 79 

country looks like a field of gigantic potato hills’ Branner (1900, p. 151) 80 

Although they are small in size, with even so-called ‘giant ants’ such as Dinoponera and 81 

Myrmecia being no more than 30-50 mm in length, ants produce very large structures relative 82 

to their size. Whereas the size ratio of humans to the Great Pyramid of Giza is 1: 69 million, 83 

the ratio is 1: 5800 million for ants and in relation to the largest of their mounds. Equally 84 

their subterranean galleries require efforts ‘which in magnitude may well be compared with 85 

those which excavated the catacombs of Rome’ (McCook 1877, p. 271-272). McCook (1909) 86 
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further noted the ability of ants to move pebbles vastly bigger and heavier than themselves. 87 

Individual ants can carry objects much greater than their own body weight (Andrews 1932), 88 

but even more significantly, and rarely in the animal world where only ants and humans seem 89 

to have this ability, they are capable of cooperative transport (i.e. they work together to move 90 

objects) (Czaczkes and Ratnieks 2013; Feinerman et al. 2018; Alma et al. 2020). Their efforts 91 

are matched by their numbers, for up to 1015 ants are estimated to live on Earth (Whitchurch 92 

2014). Some ant species may occur in huge communities called super-colonies (Burchill and 93 

Moreau, 2016). A prime example is the Argentine ant Linepithema humile (formerly 94 

Iridomyrmex humilis) (Giraud et al., 2002).  95 

The total global biomass of all ants may be broadly similar in magnitude to that of humans 96 

and termites, but less than that of earthworms, though accurate figures are hard to produce 97 

(see figures in https://en.wikipedia.org/wiki/Biomass_(ecology)).  Tuma et al (2020) produce 98 

global estimates in terms of dry biomass (measured in Mtonnes of carbon), showing that ants 99 

account for 70, termites 50, all other terrestrial arthropods 80, Livestock 100, Humans 60, 100 

and wild terrestrial vertebrates 9. 101 

Schultz (2000) suggested that on average, ants account for 15–20% of the terrestrial animal 102 

biomass, and in tropical regions where they are especially abundant, they account for 25% or 103 

more. Wilson and Hölldobler (2005) averred that although ant species make up 2% of the 104 

known global insect species, they compose at least one-third of its biomass, and that in the 105 

Brazilian Amazon, the biomass of ants is approximately four times greater than that of all of 106 

the land vertebrates (mammals, birds, reptiles, and amphibians) combined. From studies in 107 

the eastern USA King et al. (2013) drew similar conclusions.  108 

Non-arboreal, soil-dwelling ants play many geomorphologically important roles. In 109 

particular, they construct mounds (Scott 1951) and subterranean galleries, create patterned 110 

https://en.wikipedia.org/wiki/Biomass_(ecology)
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ground, play a role in bioturbation, affect vegetation cover and soil properties (such as 111 

infiltration rate) and influence runoff and erosion. They also play roles in biogeochemical 112 

cycling and rock and mineral weathering. Not all ant species engage equally with these 113 

activities, for example many ants produce subsurface galleries and scatter the excavated 114 

material on the surface or within underground galleries rather than building mounds.  Fig. 2 115 

provides a conceptualisation of the interrelationships of the most important of these different 116 

geomorphological roles, which are caused by ant behaviours such as nesting, pupating, egg 117 

laying, sheltering, feeding, predation and fungus gardening. As well as these direct 118 

geomorphological impacts, ants have many indirect effects on geomorphological processes 119 

through the many other ecological impacts they have, such as acting as agents of biological 120 

control in agricultural systems (Drummond and Choate, 2011).  121 

 122 

 123 

Fig.2. Conceptual diagram illustrating the main geomorphological consequences of non-124 

arboreal ants and how they are interrelated. 125 

 126 

When considering the relative importance of earth movement by humans in the Anthropocene 127 

compared to that achieved by natural processes, the role of small but numerous organisms 128 

such as ants, has often been ignored. Cooper et al. (2018), for example, estimate that human 129 
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activities produced  316 Gt of sediment in 2015, whilst Syvitski and Kettner (2011) estimate 130 

that   river-borne sediment delivery to oceans amounted to 15.1 Gt pa (pre-human influence) 131 

and 12.8 Gt pa (post-human influence). If each individual ant moved only 10 g of material 132 

each year, and assuming a global population of c. 1015 ants, c 10 Gt  of sediment could be 133 

produced by ants a year. The aim of this paper is to provide a global view of the 134 

geomorphological importance of ants, based on a review and reanalysis of published data 135 

with some additional newly collected data and informed by the Global Ant Biodiversity 136 

Informatics (GABI) geographical database (Guénard et al. 2017). In particular, we focus on 137 

collating information on the sizes and densities of ant mounds, the depths of underground ant 138 

nests, and the rates of bioturbation caused by the production of these features.  139 

2. Materials and methods 140 

Following a detailed review of published literature, a spreadsheet of data was produced, with 141 

each row representing a set of data on a particular species in a particular geographical 142 

location (see Supplementary Information). Comparable information on height and diameter 143 

of mounds (in cm), density of mounds (ha-1), depth of underground nest galleries (in cm), and 144 

amount of soil moved in bioturbation/ mounding (t ha-1 a-1) was extracted directly from the 145 

reviewed literature or, where necessary, calculated from the original data. Additional data 146 

was collected in the field and using remotely sensed imagery for a further 9 sites within the 147 

UK. Each site was geolocated as accurately as possible (latitude and longitude), and the 148 

relevant literature reference added. Where possible, the number of measurements taken from 149 

which the summary information was extracted was added (some studies only report on the 150 

dimensions of one single mound, whereas others have measured 100s of mounds, for 151 

example). For the main ant genera in the spreadsheet, the current known global diversity map 152 

was recorded using the interactive mapping tool on https://antmaps.org/  which allows 153 

visualisations of the GABI database (see Supplementary Information). 154 

https://antmaps.org/
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3. Results 155 

Our database (see Supplementary Information) contains 117 georeferenced sets of 156 

quantitative data on the geomorphological roles of 62 individual species (as well as a few 157 

species only identified to genus level, and two mixed ant communities). The datasets come 158 

from more than 80 empirical studies, some of which studied multiple sites and/or ant species. 159 

The 62 species come from 21 genera, with 16 species of Formica, 6 each of Atta, 160 

Camponotus and Pogonomyrmex, 5 of Messor and 4 of Aphaenogaster and Lasius. As shown 161 

in fig. 3, records in the database come from studies carried out in a wide range of sites across 162 

the world, with gaps in northern Eurasia, Southern Asia and much of Africa. 163 

 164 

Fig. 3. Location of studies used to compile the ant geomorphology impacts database. 165 

3.1 Mounds 166 

The clearest manifestation of the geomorphological role of non-arboreal ants is found in their 167 

various constructions, such as mounds (often called hills), galleries (Thorp 1949), craters 168 

(Wheeler and Wheeler 1983; Franks et al. 2004; Genise 2017) and turrets (Cosarinsky et al. 169 
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2020).  These create what Kovář et al. (2001) called ‘antscapes’ and Betard (2020) called 170 

‘moundscapes’. Where closely spaced they produce hummock and hollow topography, as in 171 

Montana, USA (Lesica and Kannowski 1998). The composition and shape of mounds varies 172 

between species (Wheeler and Wheeler 1983).  Paton et al (1995) classify ant mounds into 173 

type 1 and type 2 categories, and type 2 can be further split into 2a and 2b.  Type I consists of 174 

small, crater-shaped forms, rather like common earthworm casts, where soil material is 175 

deposited at the surface, and are susceptible to rapid erosion. The funnel-shaped mounds of 176 

Aphaenogaster ants are an example of this type (Richards 2009). Type II mounds are often 177 

larger features that are covered in vegetation and are more persistent through time. The latter 178 

type may be further subdivided into those largely composed of soil material (type IIa) such as 179 

those produced by ants from the genus Lasius, and those largely formed from organic 180 

material (e.g. pine needles, twigs, resin, bark, rabbit droppings), which are called type IIb 181 

mounds (Jurgensen et al. 2008). Organic mounds are often associated with the genus 182 

Formica. Both soil and organic material-dominated mounds are of geomorphological and 183 

pedological importance, albeit in different ways. Many mounds are composed of fine 184 

inorganic sediment (such as the 2-5 cm high and 10-40 cm diameter, easily erodible and often 185 

irregular-shaped mounds produced by Mycocepurus species (Rabeling et al. 2007), and others 186 

may be composed of coarser materials, such as granules, pebbles and the like. Harvester ants 187 

(e.g. Pogonomyrmex sp.) take coarse material (including human artefacts) to their mounds 188 

from many metres away (Spangler and Rettenmeyer 1966; Schoville et al. 2009).  189 

Type 1 mounds are usually small and transient features, whereas type 2 mounds are usually 190 

larger and more permanent. Mounds vary hugely in shape from simple small conical or dome 191 

shapes to large complex forms topped by turrets for ventilation, as is the case with the leaf 192 

cutter Atta vollenweideri in the Chaco of Argentina (Cosarinsky and Roces 2012) and 193 

elsewhere (Halboth and Roces 2017). 194 
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Fig. 4 summarises the frequency distributions of mound sizes in the database. Fig. 4a depicts 195 

a skewed distribution of mound heights found in 45 sets of measurements on 28 species 196 

(mean = 36 cm, median = 29 cm), with only two of 100 cm or greater – those produced by 197 

Atta vollenweideri and Solenopsis richteri (both recorded from Argentina). Fig. 4b illustrates 198 

a highly skewed distribution of mound diameters as reported in 52 sets of measurements on 199 

33 species and one mixed community (mean = 136 cm, median = 64 cm) with few examples 200 

over 500 cm in diameter which are all produced by species from the genus Atta. Fig. 4c 201 

illustrates that the largest mounds are all found in South America. In summary, ant mounds 202 

can be as high as c 1.5 m and over 10 m in diameter, but are seldom more than 40 cm in 203 

height or 250 cm in diameter, so they are much less prominent features than the mounds 204 

constructed by termites, which on occasion can exceed 9 m in height (Goudie 1988). 205 

 206 

 207 

a. 

b. 
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 208 

Fig.4 a. Histogram of ant mound heights (cm) b. Histogram of ant mound diameters (cm) c. 209 

Map showing the locations of the data used in a. and b. (scaled according to diameter). 210 

 211 

The mounds of some species are recorded as persisting for 50-100 years (e.g. those of 212 

Formica ulkeri as reported by Dreyer 1942; and those of Iridiomyrmex purpureus as studied 213 

by Cowan et al., 1985), although  mounds can be abandoned by ants after much shorter 214 

periods. In England some Lasius flavus mounds have probably been occupied continuously 215 

for over 150 years (King 1981a). Cowan et al. (1985) suggested that the longevity of 216 

Iridomyrmex purpureus nests in New South Wales is around 100 years, while Dreyer (1942) 217 

suggested that Formica ulkei mounds in Illinois, USA had an average life span of 20-25 218 

years. Henderson et al. (1989) found that Formica montana mounds were actively occupied 219 

for some decades. The mean life of harvester ant (Pogonomyrmex owyheei) nests in Idaho 220 

was c 17 years (Porter and Jorgensen, 1988). Tschinkel (2015) indicated that colonies of 221 

Pogonomyrmex badius excavated a new nest once a year on average. However, the longevity 222 

c. 
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of some mounds is much less, and in South America Solenopsis richteri move their mounds 223 

on average every 3 months, on average 3 m away, and so might be able to affect 100% of the 224 

ground surface in a given landscape in 100 years (Green et al. 1999). Different nest turnover 225 

rates have been found in different studies. Swanson et al. (2019), for example, recorded nest 226 

turnover in Atta species as ranging from 11-27% per year, whilst Klimetsek (1981) found that 227 

31-38% Formica rufa nests were abandoned per year between 1966 and 1978 in a 1640 ha 228 

area in the Black Forest, Germany, while over the same period annual rates of founding of 229 

new F. rufa  nests varied between 32 and 60%. Long-lived mounds can have significant 230 

impacts on sediment storage within geomorphological systems (Lobry de Bruyn and 231 

Conacher 1990), whilst ant species with high nest turnover rates can contribute greatly to 232 

sediment movement. 233 

Mounds can occur in great profusion in certain environments. In a pioneering attempt at 234 

quantification, Scott (1951) reviewed the distribution of ant mounds in the western USA and 235 

noted that they are abundant across Wyoming, Utah, Colorado, Arizona, New Mexico, 236 

northwestern Texas, and the western portions of Nebraska, Kansas, and Oklahoma. He 237 

estimated that at least 3,000 square miles (c 7770 km2) of the Wind River Basin, Wyoming, 238 

consists of flat upland benches or terraces which provide favourable habitats for the mound-239 

building ants, and that a conservative estimate of three mounds per acre (approximately 7.5 240 

mounds per hectare) resulted in an approximate total of 6 million mounds in this one basin. 241 

He suggested (p. 173) that they are the most active animal, other than humans, engaged in the 242 

transportation of soil in the semiarid regions of portions of the western USA. 243 

Such initial estimates are confirmed by the density data from our database as shown in fig. 5. 244 

While many studies report mound densities, there are limitations with the data as different 245 

studies use different methods and calculate density over a very wide range of sampling area 246 

dimensions (ranging from a few m2 to several hectares). However, broad trends can be 247 
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identified and as shown in fig. 5, in some  locations there can be hundreds or thousands of 248 

mounds per hectare – with high densities in fig 5b in Europe and Australia. The values for 249 

Lasius flavus (the yellow meadow ant) are particularly high, averaging 3933 ha-1 for the 250 

sixteen sites for which we have data. 251 

 252 

253 

b 254 

a. 

b. 
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Fig.5. a. Ant mound densities  (log scale) from 77 sets of measurements (mean density = 255 

1511 ha-1, median = 125 ha-1, min = 0.08 and max = 17100 ha-1). b. Location of 77 sets of 256 

measurements, circles scaled by density. 257 

 258 

Building on information on mound sizes and densities, several authors have made first order 259 

estimates of the percentage of land surface area affected. Cammeraat et al. (2002), for 260 

example, estimated that in Almeria, Spain, Messor bouvieri mounds cover c. 0.33% of the 261 

ground surface within a 48 x 28 m plot. In comparison, Moutinho et al (2002) mapped all 262 

Atta sexdens nests within a 25 ha plot in a regrowth forest in Brazil and calculated from 263 

density and size data that they covered 2% of the ground surface. More extensive coverage 264 

was recorded by  Dostal et al (2005) who found Lasius flavus mounds to cover c. 13% of the 265 

ground surface within grasslands they sampled in a mountainous area in Slovakia. From these 266 

fragmentary estimates, ant mounds in densely covered areas appear to cover in the order of 267 

0.5 and 15% of the ground surface. 268 

Some ant species appear to be particularly important and widespread mound-builders. In the 269 

United Kingdom the prime mound builder is Lasius flavus, which is common on old chalk 270 

grasslands and elsewhere and creates type IIa mounds (Fig. 6). In Northamptonshire, central 271 

England, Pitt (1809) noted that on old grazing lands ‘ant-hills were so abundant that it is 272 

possible to walk over many acres, step by step, from one ant-hill to another, without ever 273 

coming upon the level ground’. In the Gower peninsula of South Wales, mounds of this 274 

species are very widespread on acidic grasslands associated with the Old Red Sandstone 275 

(King 1981b). In south east England, at Silwood Park, mounds have developed on the Eocene 276 

beds (Waloff and Blackith 1962).  This species also produces prominent mounds in 277 

Michigan, USA (Barton et al. 2009) and in central Germany (Bierbass et al. 2015). In the 278 
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eastern USA an important mound builder is Formica exsectoides (Bristow et al. 1992), and 279 

Andrews (1925) reported a mound built by this species that contained more than a ton of 280 

earth. Other species are also capable of relocating large amounts of soil. Autori (1947, quoted 281 

in Costa-Milanez et al. 2017) estimated that Atta sexdens nests, constructed over an area of c 282 

100 m2, can contain almost 40 tonnes of soil, whilst Folgarait (1998) calculated that 283 

Camponotus punctulatus can relocate 2.1 tonnes of soil per hectare during mound 284 

construction.  285 

 286 

 287 

Fig. 6. Ant mounds built by Lasius flavus a. In the graveyard of St George’s Church, 288 

Portland, Dorset, England, b In the grounds of Sherborne Castle, Dorset, England 289 

 290 

a. 

b. 
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Mound densities can vary greatly over small areas in response to differences in 291 

geomorphological situation. For example, in the Halle region of Germany, the density of 292 

mounds was (in mounds per ha), 3 for hilltops, 8 for valley bottoms, 78 for south-facing 293 

slopes and 101 for north-facing slopes (Dean et al. 1997). In the Chihuahuan Desert of the 294 

USA, Dugas (2001)  found that Pogonomyrmex rugosa mounds occurred in greater densities 295 

close to arroyo edges rather than on the desert surfaces into which the arroyos were incised. 296 

Mound morphology varies according to soil composition, with mounds tending to be taller on 297 

clayey soils than on sandy ones (Green et al. 1999). Tall mounds may also be an important 298 

adaptation of ants to seasonally flooded or inundated soils (Whitford and Eldridge 2013) and 299 

mounds have even been observed on inter-tidal marsh surfaces (Jonathan Phillips, pers 300 

comm). In the boreal forest of Finland, Kilpelӓinen et al. (2008) found that the density of ant 301 

mounds produced by Formica rufa group species varied with vegetation type, being highest 302 

under spruce and birch dominated forests, more frequent in old rather than young forests, and 303 

having the highest densities on fine sandy soils. They also found that the density declined 304 

towards the north of the country.  Land use is another important control, and mounds tend to 305 

occur in low densities or not at all on frequently grazed or ploughed surfaces, whereas on 306 

ancient lightly grazed grasslands they can be very numerous.  In southern England King 307 

(1981a) established that Lasius flavus mounds only started to develop when ploughing had 308 

ceased and that the largest hills occurred in the oldest grasslands.  The unploughed grasslands 309 

of Richmond Park in south west London have over 400,000 Lasius flavus mounds, which 310 

have been built over the last four centuries since the area was created as a deer park by 311 

Charles 1. (http://www.timjking.co.uk/richmond-park.html) (accessed 26th September 2019) 312 

(Fig. 7).  313 

http://www.timjking.co.uk/richmond-park.html
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 314 

 315 

Fig. 7. a. Lasius flavus anthills in Richmond Park, London. Their density exceeds 400 per ha. 316 

Courtesy of ©Google Earth. Scale bar 40 m. b. Lasius flavus mounds in Bushy Park, London. 317 

Courtesy of ©Google Earth. Scale bar 40 m. 318 

 319 

In arid areas, mound or nest density tends to be greater at higher elevations and lowest at the 320 

bottom of slopes that are prone to episodic flooding from upland runoff (Whitford and 321 

Eldridge 2013, p. 283), while in North Carolina, Phillips (1999) found that specialized 322 

a. 

b. 
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habitats at some forest-open-space boundaries resulted in concentrations of mound-building 323 

ants. 324 

3.2 Underground nests – galleries and tunnels. 325 

Many soil-dwelling ant species excavate impressively large and complex systems of galleries 326 

and tunnels. The construction of underground nests provides ants with protection against 327 

predators and unfavourable climatic conditions. Most ant species excavate nests and form a 328 

subterranean network of tunnels that connect several chambers. Such underground chambers 329 

are used to raise a brood, store seeds, grow fungus or accumulate litter and corpses. They 330 

may sometimes be used as resting places in which dense congregations of workers can be 331 

found. The tunnels ensure the connection of the underground parts of the nest to the soil 332 

surface (Gautrais et al. 2014). 333 

Subterranean nests can be large and exhibit complex architecture, with many galleries and  334 

interconnecting tunnels.  Several studies have carried out destructive sampling, using 335 

excavation and casting methods, to investigate these underground structures. For example, 336 

Moser (2006) excavated one Atta texana nest in northern Louisiana, and found 169 galleries, 337 

mainly less than 2 m below the soil surface, of which 97 were used for fungus gardens and 45 338 

for storing detritus. Total nest volumes of 70-765 cm3 over depths of 15-66 cm have been 339 

recorded through casting studies of Camponotus socius nests in Florida (Tschinkel 2005). 340 

Casting studies on 25 Formica pallidefulva nests revealed shallow (30-45 cm deep) nests, 341 

with a very top heavy distribution of vertical shafts and chambers, and a strong correlation 342 

between nest volume and numbers of worker ants (Mikheyev and Tschinkel, 2004). 343 

Excavations of 33 nests of Pogonomyrmex badius revealed similar top heavy architectures, 344 

with helical shafts 4-6 cm in diameter, and chambers c 1 cm in height to a depth of 2-3 m. 345 

Nests contained between 5 and 150 chambers (Tschinkel, 2004). Three dimensional 346 
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complexity in subterranean nests has been demonstrated by the study of Drager et al (2016) 347 

who took detailed casts of two nests of Formica subserica in Kansas, illustrating  multiple 348 

galleries down to c 70 cm below the surface, and extending up to 1 m away from the centre of 349 

the nest. A recent study by Pimentel-Farias et al (2020) recorded many characteristics of  Atta 350 

bisphaerica ant colonies of different age, including external surface area, number of entrance 351 

holds, number and volume of chmabers, and numbers of worker ants. Over 4.5 years  rapid 352 

expansion in dimensions and colony size was found (as summarised in table 1).  353 

Table 1: Summary data on Atta bisphaerica subterranean nest dimensions at 2, 8 and 56 354 

months (adapted from Pimentel-Farias et al (2020) 355 

Age 

(months) 

Number of 

nests 

External 

surface area 

(m2)/ number 

of entrance 

holes 

Depth (m) Chamber 

volume (L) 

and number 

Number of 

worker ants 

2 3 0.02 (1) 0.018 0.16 (1) 120 

8 4 0.036 (1) 0.90 0.7 (2) 700 

56 1 42 (132) 3.4 290 (104) 450,000 

 356 

Ants can burrow to depths as much as several metres depending on species, with rare 357 

examples known where depths extend to 32 m (e.g. Atta texana in Texas) (Moser 2006). Fig. 358 

8 summarises data on nest depths from 24 sets of measurements invoving 22 species, mainly 359 

in North and South America. The maximum depth recorded was 700 cm, the minimum was 6 360 

cm, with a mean of 198 cm and a median of 146 cm.   361 



20 | P a g e  
 

 362 

 363 

Fig. 8. a. Ant nest depths (cm) from 24 sets of measurements. b. Locations of the 364 

measurements used in a, scaled by depth. 365 

 366 

3.3. Bioturbation 367 

The construction of mounds and galleries causes bioturbation, a role which ants share with 368 

termites, worms and many mammals (Shaler 1892, pp. 277-281; Gabet et al. 2003; Blume 369 

2014; Genise 2017).  Many soils and surface regolith layers are biomantles (Johnson, 1990), 370 

created and maintained by the biomechanical effects of fauna and flora (Phillips 1999; 371 

a. 

b. 
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Tschinkel and Seal 2016). However, as Richards (2009) pointed out, not all species of ant 372 

contribute to bioturbation, and the propensity to build mounds and mix soil varies 373 

enormously amongst those that do. Among the consequences of ant bioturbation are the 374 

vertical movement of artefacts (e.g. Balek 2002; Robins and Robins 2011; Araujo 2013), the 375 

sorting of sediment to produce stone (desert) pavements and stone lines (Leonard 2001), and 376 

the disruption of depositional structures in dunes (Ahlbrandt et al. 1978).  One implication of 377 

such bioturbation is that it can affect the accuracy and appropriateness of OSL dating (Rink et 378 

al. 2013).  379 

The presence of mounds has been used as a basis for calculating the amount of ant 380 

bioturbation, but this leads to an underestimation of ant bioturbation activity. As Paton et al. 381 

(1995, p. 41) have pointed out, ‘The difficulty with this is that ants do not invariably produce 382 

mounds, for by far the greatest number of ants’ nests are excavated in soil under stones and 383 

logs without any recognizable superstructure.’ Furthermore, species which move much soil 384 

material up the soil profile do not always deposit it on the surface in a mound – it can be 385 

stored within the underground nest. 386 

Several different methods have been used to calculate mounding rates and bioturbation, and 387 

fig. 9a summarises data from 25 sets of measurements on 17 species (and two mixed ant 388 

communities) from our database. The data are highly skewed (mean rate = 8.3, median = 1.5, 389 

min = 0.05, max = 68.38 t ha-1 a-1). Two rates of over 60 t ha-1 a-1 were recorded, one from 390 

Aphaenogaster in Australia, and one from Pogonomyrmex in Florida, USA. Data were 391 

collected from a relatively wide array of genera, with a preponderance of studies in the USA, 392 

Europe and Australia (see fig. 9b). 393 

 394 

a. 



22 | P a g e  
 

 395 

 396 

Fig. 9. a. Mounding/ bioturbation rates (tonnes ha-1 a-1) from 25 sites (log scale), b. Locations 397 

of the sites coloured by genus and scaled by rate. 398 

Data on bioturbation and mounding rates can be used to assess soil turnover times. For 399 

example, Richards et al. (2011) suggested that for soils up to 30 cm deep, turnover times in 400 

b. 
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south east Australia range from 300-100,000 years on different types of hill slope, with 401 

mounding rates for ants being almost as great as the rates achieved by vertebrates such as 402 

wombats.   In North Carolina, USA, total mounding rates for Formica exsectoides in the edge 403 

zone between forest and non-forested areas amounted to 6.9 t ha-1 yr-1 for the edge zone, 404 

which implies a soil turnover time for the upper 30 cm of soil of about 600 years (Phillips 405 

1999). Lyford (1963), working on brown podzolic soils in New England, USA, found that a 406 

layer of soil material as much as 25 to 45 cm thick could be returned to the surface by ants in 407 

3000-4000 years. Johnson and Johnson (2010), working in the mid west of the USA,  408 

estimated that two common ant species Lasius neoniger and Tetramorium caespitum alone  409 

contribute significantly to producing soil biomantle thicknesses of at least 90 cm/1000 years 410 

(equivalent to 9 mm per year).  411 

Eight studies in our database use bioturbation and mounding rate data from 7 different 412 

species and one mixed ant community to calculate the depth of soil added across the surface 413 

(in mm a-1), producing a mean of 0.28, median of 0.09, and a max of 0.86. Five of the studies 414 

were carried out in the USA, two in Australia and one in Argentina. The maximum value 415 

came from a study of Lasius niger in Michigan, USA (Talbot, 1953 quoted in Paton et al. 416 

1995).  417 

There has long been discussion about whether rates of ant bioturbation are especially high 418 

and of greater relative importance in the tropics. This was the view of Branner (1900, p. 152) 419 

who wrote: ‘The impression one gets from the work of ants along the line of the Bahia and 420 

Minas railway – and for that matter in other parts of the tropics – is that they are vastly more 421 

important geologic agents than the earthworms of temperate regions’. Earthworm biomass 422 

seems to be at its highest in regions such as the Eurasian steppes (Phillips et al. 2019), so it is 423 

perhaps not surprising that Taylor et al (2019) found that they were more important agents of 424 
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bioturbation than ants in cold-temperate ecosystems. Tschinkel (2015) confirmed that 425 

historically in the north temperate zone, ant bioturbation was regarded as achieving less than 426 

that achieved by worms, but he suggested that this was not necessarily the case in lower 427 

latitudes, where earthworm biomass tends to be lower. In Florida he indicated that 428 

Trachmyrmex septentionalis was the major bioturbator, depositing 0.5-1.5 t ha-1 yr-1 on the 429 

ground surface. After a detailed review of bioturbation by a range of organisms, Wilkinson et 430 

al. (2009) made the following generalisations: (1) Ants are active mound builders in both 431 

moist and dry settings but their activity is generally considered to be much lower than that of 432 

earthworms. Most studies of ant bioturbation record 1–5 t ha-1 yr-1 with a few studies 433 

recording 5–10 t ha-1 yr-1 (2) Termites mostly exhibit maximum mounding rates of 1–5 t ha-1 434 

yr-1, i.e. similar to those of ants. (3) Rates of mounding by vertebrates are commonly 1–5 t ha-435 

1 yr-1 (i.e. similar to those of ants and termites), though the most prodigious fossorial 436 

mammals such as pocket gophers and moles may mound at rates of 10–20 t ha-1 yr-1. 437 

The database provides only limited support for these suggestions that ants are particularly 438 

important in the tropics. The highest mounds and the deepest underground nests come from 439 

tropical and subtropical areas (figures 4 and 8), but mound densities appear particularly high 440 

in temperate regions (figure 5). Lack of data makes it impossible to draw any conclsuions 441 

about any climatic control on bioturbation/mounding rates (figure 9). Currently, there is not 442 

enough data available from a wide enough range of climatic zones to make clear statements 443 

about whether climate influences the geomorphological contribution of ants. 444 

3.4. Patterned ground – vegetation clearance 445 

Patterned ground can be produced from dense patterns of ant mounds, but ants can also 446 

produce patterned ground through their effects on vegetation. Several mound-building ant 447 

species clear vegetation at some distance around their nests, such as species from the genera 448 
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Formica and Pogonomyrmex. Some ant species clear a large amount of vegetation from the 449 

land surface by grazing, and some kill vegetation by injecting formic acid into plants near the 450 

mound. For example, harvester ants (Pogonomyrmex) clear vegetation in dry regions (Soulé 451 

and Knapp 1996) and their mounds are surrounded by large ‘denuded discs’ (Carlson and 452 

Whitford 1991). MacMahon et al. (2000) found that in the USA some areas, such as 453 

sagebrush communities in Oregon, had been cleared of up to nearly 20% of their cover. 454 

Porter and Jorgensen (1988), working in Idaho, and confirming the earlier observations by 455 

Sharp and Barr (1960), found that these same ants had cleared about 4% of the area. 456 

However, in moister areas, where the vegetation cover is more complete, this role of ants is 457 

likely to be less significant.  Pogonomyrmex owyheei produces gravel-armoured nests set 458 

within cleared vegetation discs. Soule and Knapp (1996) studied 30 Pogonomyrmex owyheei 459 

mounds in central Oregon and found cleared vegetation circle diameters of 2.75 m (mean) 460 

with a maximum of 5.92 m. Sneva (1979) recorded cleared vegetation discs from the same 461 

species in eastern Oregon of between 0.9 and 9 m2 which, assuming they are roughly circular, 462 

gives diameters of c 1 – 3 m.  In the saltsage (Atriplex) rangelands of Idaho, Sharp and Barr 463 

(1960) described circular clearings of vegetation produced by Pogonomyrmex occidentalis 464 

and noted that they covered up to 8% of the surface area.   Similar features, also produced by 465 

Pogonomyrmex occidentalis, were illustrated from Wyoming by Dibner et al. (2015) (Fig. 466 

10a). In comparison, Sparavigna (2016a, b) found ‘polka-dot’ patterned ground (Fig. 10b) 467 

close to the Grand Canyon in Arizona that had been produced by Pogonomyrmex, and 468 

likened these to the fairy circles of Namibia (Fig. 10c). The Namibian circles have been the 469 

subject of great debate, and many hypotheses have been invoked to explain their origin 470 

(Getzin et al. 2019), including competitive plant interactions and the role of termites, but 471 

Picker et al. (2012) found a close association between colonies of the ant Anoplotepsis 472 

steingroveri, elevated levels of alkanes and alkenes in the soil, and circle development. In the 473 
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savannas of Kenya, Darlington (2007) likened the ‘arena nests’ produced by Messor 474 

cephalotes to the Namibian fairy circles. A final type of patterned ground that may be related 475 

to ants are charcoal-filled pits developed in sandy soils in Belgium which may be the remains 476 

of burnt-out organic mounds produced by Formica ants (Crombe et al. 2015). 477 

 478 

 479 

a. 

b. 
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 480 

c 481 

Fig. 10. a. Polka-dot features from near Riverton, Wyoming. Scale bar 80 m. ©Courtesy of 482 

Google Earth, b. Polka-dot patterned ground close to the Grand Canyon, Arizona, that has 483 

been produced by Pogonomyrmex. Scale bar 80 m. Location: c W113.072, N36.2916. 484 

Courtesy of ©Google Earth, c. Fairy circle in Sossus Vlei, Namibia. 485 

3.5. Infiltration capacity  486 

Cammeraat and Risch (2008) found that most studies in their review had reported increased 487 

infiltration rates where ant burrows or mounds were present. Such increases have been 488 

observed in Iran (Ghobadi et al. 2016), the Cape Province of South Africa (Dean and Yeaton 489 

1993), in eastern Australia, and in the loess plateau of China (Li et al. 2017; 2019). The 490 

relationships between ant activity, infiltration and runoff and erosion are complex and not 491 

consistent (Fig. 11). The bioturbation of soil, tunnelling activity (Buhl et al. 2006), the 492 

construction of underground chambers, galleries and macro-pores, the removal and/or 493 

c. 
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accumulation of organic material, and changes in vegetation cover, are all mechanisms by 494 

which ants might modify soil infiltration characteristics.  495 

 496 

Fig.11. Factors affecting runoff and sediment movement in terrain with ants 497 

 498 

Eldridge (1993) found that the funnel entrances of Aphaenogaster barbigula in an aeolian 499 

soil in New South Wales had steady state water infiltration rates that were 4 times those on 500 

entrance-free soils. In the Chihuahuan Desert of New Mexico, James et al. (2008) also found 501 

increased infiltration occurred due to the macropores in ant nests. Cammeraat et al. (2002), 502 

recognised that in SE Spain, Messor bouvieri could affect infiltration characteristics by 503 

modifying water repellency, for nest mounds were found to be more repellent than 504 

surrounding areas. On the other hand, another process can work in the opposite direction in 505 
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some localities and for some species (see, for example, the work of Leite et al. (2018) in the 506 

Caatinga of NE Brazil), because the baring of the soil by ant grazing of vegetation can cause 507 

crusting to occur, which reduces infiltration rates (Cerda and Doerr 2010). Conversely, Li et 508 

al. (2014) found that in the Tengger Desert of China ants markedly enhanced infiltration by 509 

weakening biological crusts. Ant impacts on infiltration have consequences for soil profile 510 

development. Phillips (2007) notes that in some soils with argillic horizons ants facilitate 511 

vertical clay translocation (lessivage) by maintaining vertical water flow pathways that would 512 

otherwise be plugged by clay accumulation. The preferential transport of finer materials to 513 

the surface by ants also contributes to the eventual concentration of fines in the B horizon. 514 

3.6. Runoff and soil erosion 515 

Because of their effect on soil infiltration rates and on vegetation cover, ants can also have a 516 

profound influence on runoff and soil movement on slopes (Fig. 11).  As discussed above, 517 

several ant species can clear large circles of vegetation around their nests, which will 518 

encourage surface runoff and soil erosion. However, in areas already cleared for cultivation, 519 

the role of ants in soil loss appears to be negligible (Aalders et al. 1989). Some ants produce a 520 

large amount of material at the ground surface that is easily moved by rainsplash and 521 

overland flow, thus promoting erosion, particularly in areas with sparse vegetation (Jia et al. 522 

2019).  They may also move their nest entrances with great frequency. This is a characteristic 523 

of the Aphaenogaster funnel ants of Australia. This species produces abundant friable nest 524 

entrances – as many as 88,000 per hectare in one plot in eastern Australia (Richards 2009) 525 

and their rates of mounding amount to 0.28 – 8.41 t ha-1 yr-1. 526 

Rainfall simulation experiments in Spain by Cerda and Jurgensen (2008) showed that runoff 527 

coefficients under areas with ants were much higher than those in control areas.  Cerda et al. 528 

(2009) reported rainfall simulation experiments in eastern Spain which showed that  sediment 529 
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concentrations in runoff for ant mound plots were 300% higher than those for control plots, 530 

and that average soil erosion rates were 41 kg ha-1 hour-1 on ant mound plots and 13 kg ha-1 531 

hour-1 on control plots. However, the presence of active Pogonomyrmex rugosus colonies in 532 

the Larrea tridentata (creosote bush)  areas of Nevada, USA, appears to have a protective 533 

influence on the soil by fostering more infiltration and less runoff of  surface water (Lei, 534 

2000). Conversely, while higher water infiltration rates usually result in lower erosion rates, 535 

new soil brought to the surface by ant activity could increase the amounts of sediment 536 

available for splash and slopewash erosion (Cerda and Doerr 2010; Cerda and Jurgensen 537 

2011). In the Blue Mountains of eastern Australia, runoff plot experiments showed that 538 

erosion of ant mounds was the major cause of sediment transport (Dragovich and Morris 539 

2002). Rainfall simulation experiments in eastern Spain by Cerda and Jurgensen (2011) 540 

established that there was a rainfall intensity threshold when surface runoff is greater than the 541 

infiltration capacity of the ant macro-pores. Then the presence of ants will increase erosion 542 

rates.  Schmidt et al. (2014) found that in Panama, stream suspended sediment loads were 543 

high even in a tropical rainforest where they might have been expected to be low. They 544 

attributed this to the demolition of ant mounds (produced by Ectatomma ruidum, 545 

Trachymyrmex cornetzi and Strumigenys marginiventris) by heavy rainstorms. Ants may 546 

contribute to biogenic soil creep (see, for example, Pawlik and Šamonil, 2018; Wilkinson et 547 

al., 2009; Hiemsath et al., 2002) though there is as yet little hard data to back up this 548 

supposition.   549 

 550 

3.7. Weathering of soil minerals 551 

Only a modest amount of work has been done to investigate the role that ants play in rock and 552 

mineral weathering, though ants are known to affect such weathering-related phenomena as 553 
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soil pH, water flow, organic matter accumulation and dispersal, and nutrient cycling.  Their 554 

role depends on their type. Sanford et al (2009) divided ants into three types: aerator ants, 555 

decomposer ants, and compiler ants. They suggested that the aerators build complex 556 

subterranean tunnel networks that provide for soil aeration, water infiltration, and energy 557 

redistribution. The decomposers build tunnel networks in woody debris and facilitate 558 

decomposition and nutrient release by allowing bacteria, fungi, and water to penetrate wood.  559 

The compilers build thatch mounds on the ground that serve to increase soil nutrient 560 

availability and contribute to patchiness in vegetation. Soils near compiler ant nests often 561 

have higher mineralization rates of nitrogen and organic matter, even years after nest 562 

abandonment.  563 

An early publication to approach this matter was by Merrill (1904, p. 204), who believed that 564 

weathering would be promoted by the organic acids from decomposing material taken into 565 

the ground by ants. He also invoked a second mechanism, whereby the underground channels 566 

excavated by ants, ‘…through affording easy access of air and surface waters with all their 567 

absorbed gases or alkaline salts, may serve indirectly a geological purpose scarcely inferior to 568 

that of the joints in massive rock’. Branner (1895) believed that these channels and galleries, 569 

sometimes up to 4 m deep, could play a role in the decomposition of rock in tropical Brazil. 570 

Dorn (2014) placed grains of plagioclase and olivine from Hawaiian basalts in ant nests in 571 

Arizona and Texas, and found ants to be one of the most powerful biotic weathering agents 572 

yet recognized. Dissolution rates c 60-330 times more than control rates were found in ant 573 

nests of 8 species, in comparison with c. 10-19 times for grains placed in termite mounds.  574 

Some ants are also important sources of formic acid (CH2O2) (Graedel and Eisner 1988), a 575 

potential agent of rock weathering. It is estimated that about 30% of the world’s ants are 576 

formicine ants. They are thus among the most numerous of the world's ants and they have 577 

large sacs containing high concentrations of formic acid. This acid functions both as a 578 
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defence when sprayed and as an alarm pheromone when it is secreted. It is also used in 579 

combination with tree resins to produce an antibiotic in their nests (Brütsch et al. 2017). 580 

There is evidence that the amount of formic acid in proximity to ant nests is sufficient to 581 

cause metal corrosion (Bastidas et al., 2006). Ants may also play a role in weathering through 582 

the accumulation of soil material in cracks and joints within rocks exposed at the surface, 583 

which may influence physical weathering through ‘dirt cracking’ and other mechanisms 584 

(Ollier 1965, Dorn 2011). 585 

Given the sheer mass of ant colonies that exist on Earth, improved understanding of the 586 

interactions between ants, silicate minerals and carbon cycling is a potentially highly 587 

important research area (Whitchurch 2014). In this connection, ants are particularly important 588 

in carbon cycling in boreal forests, which occupy 11% of the Earth's terrestrial surface and 589 

store more C than any other forest biome (Wardle et al. 2011).  590 

8. Discussion and conclusions 591 

Although much research has probably been conducted in areas where the activities of ants are 592 

prominent, and so tends to lead to an exaggeration of their role, it is clear from the many 593 

studies which have been reviewed here, that many ants are important ecosystem engineers 594 

capable of influencing landforms and land-forming processes in a variety of ways. As we 595 

document in this paper, much data has been collected from Europe, North and South America 596 

and Australia in particular. Ant mounds built by a range of species in a broad range of 597 

environments are characteristically around 30 cm high and 60 cm in diameter (based on 598 

median values in our dataset), and ant nest depths (mainly measured in North and South 599 

America) are characteristically around 150 cm (based on the median value on our dataset). 600 

Densities of around ant mounds 125 ha-1 are common, with maximum densities of several 601 

thousand per hectare found for species from the genus Lasius in Europe, and the genus 602 
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Aphaenogaster in Australia. Whilst Lasius mounds are generally large and persistent, those of 603 

Aphaenogaster are small and short-lived, meaning that their net impacts on bioturbation and 604 

sediment movements are likely very different. Mound-building Lasius species are found 605 

widely across North America and Europe, whilst mound-building Aphaenogaster species are 606 

only found in Australia. From a relatively small number (25) of sets of measurements, largely 607 

from Australia, USA and Europe we find a median mounding/bioturbation rate of 1.5 tonnes 608 

ha-1 a-1, with very high rates (over 60 tonnes ha-1 a-1) recorded from Aphaenogaster longiceps 609 

in Australia and Pogonomyrmex badius in Florida, USA. Both species have narrow 610 

geographical distributions – A. longiceps found only in Australia, and P. badius only in south 611 

eastern USA. As a first order global estimate, given a median rate of ant 612 

mounding/bioturbation of 1.5 tonnes ha-1 a-1 and assuming that this is spread across 50 613 

million km2 (roughly the area of the globe covered by grassland and distrurbed forests, where 614 

ant action is particularly noticeable) ants may cause some 7.5 Gt movement of sediment per 615 

year. Such a rate should be taken into account by future studies investigating the relative 616 

importance of earth movement by humans in the Anthropocene compared to that achieved by 617 

natural processes. 618 

Whilst much quantification has already been done, there has been little attempt so far to 619 

collect field data that allows a full analysis of how the activities of ants compare with other 620 

organisms such as earthworms and termites in, for example, bioturbation. The role of ants in 621 

some geomorphological processes is very hard to assess, because of the range and complexity 622 

of impacts involved. For example, through their influence on vegetation cover ants may 623 

create patterned ground phenomena, especially in drylands, though it is not always easy, as in 624 

the case of fairy circles, to determine their role in comparison with other organisms.  Ants 625 

also have an influence on soil infiltration rates, but when it comes to assessing their influence 626 

on runoff, sediment transport and soil erosion, the situation appears to be complex, and many 627 
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factors are involved (Fig. 11). Through changes to soil chemistry in and around their nests, 628 

ants may affect rates of weathering, and this is an area where a great deal more research 629 

needs to be done, particularly if we are to understand their role in global biogeochemical 630 

cycling.  631 

Finally, as Folgarait (1998), Philpott et al. (2010) and Anderson (2019) have demonstrated, 632 

the role of ants has been modified by human activities during the Anthropocene, such as land 633 

clearance and canopy thinning (Stuhler and Orrock 2016), excavation of quarries (Pereda-634 

Gomez et al. 2020), re-afforestation (Kilpeläinen et al. 2008), fire (Day et al. 2018), the 635 

conversion of savanna to rangeland (Mauda et al. 2018), grazing pressures (Nash et al. 2001; 636 

Radnan and Eldridge 2018), feral horses (Bever and Herrick 2006), the expansion of forest 637 

into grassland (Dauber et al. 2006), shrub encroachment (McAllister et al. 2014), dune 638 

stabilisation (Liu et al. 2009), disruption of biological soil crusts (Li et al. 2011) or the 639 

introduction of exotic plants (French and Major 2001). Agricultural practices such as heavy 640 

grazing, irrigation, drainage, fertilization, mowing, conventional tillage, ploughing, and 641 

reseeding, reduce ant biodiversity and/or biomass, and colony densities. Fig. 12 shows the 642 

role of land use in determining mound distribution in Oxfordshire, England.  643 

 644 
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Fig. 12. The fenced field on the right, where grazing has been excluded to permit the 645 

establishment of a newly planted copse, has extensive Lasius flavus mound development, 646 

whereas the grazed area to the left does not. The location is Wootton (near Woodstock), 647 

Oxfordshire. UK. The mounds developed in just over a decade after c 2007. By November 648 

2019 they had largely disappeared. 649 

In general it has been shown that ants exhibit a greater resistance to pollutants in comparison 650 

to other invertebrates, especially to radioactivity. Some ants have been introduced to new 651 

areas by humans and have proved to be highly invasive. Owing to their small size, they can 652 

be easily transported by accident on plants, fresh products, timber, shipment containers or 653 

personal items (Bertelsmeier et al. 2016) (e.g. Myrmica rubra in New England) (Chen and 654 

Adams 2018), and the Argentinian ant Linepithema humile in the Mediterranean region 655 

(Roura-Pascual et al. 2004).   Some, such as Solenopsis invicta (the fire ant) in the USA, have 656 

spread widely (Fig. 13) and have been shown to have negative impacts on native ant, 657 

invertebrate and vertebrate communities (Gotelli and Arnett 2000). Solenopsis invicta builds 658 

large mounds. 659 

 660 

Fig.13. Global distribution of Solenopsis invicta, showing invasions (in red/brown) beyond 661 

its original range (in green) (source: AntMaps). 662 
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Given this multiplicity of human impacts it is very difficult to assess how the current 663 

geomorphological activities of ants compare to those when landscapes were less impacted 664 

upon by humans.  Ants may also be susceptible to future climate changes (Jenkins et al. 2011; 665 

Fitzpatrick et al. 2011; Gibb et al. 2015; Wills and Landis 2018), as a result of changes in 666 

rainfall, temperatures, fire, and vegetation zonation (Botes et al. 2006), though there is some 667 

evidence that they can be tolerant of increasing drought (Hoback et al. 2020). 668 

In conclusion, data collected from more than empirical studies on ant impacts on 669 

geomorphology from a wide array of locations around the world can be used in combination 670 

with information on the global distribution of ant species to illustrate the global impacts of 671 

ants on geomorphology. With the growth in biodiversity informatics tools such as the GABI 672 

database, further global quantification of the geomorphological roles of a wide range of 673 

species should be increasingly possible. 674 
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