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Introduction
Western harvester ants (Pogonomyrmex occidentalis) and other earth-dwelling ants 
play a significant role in pedogenesis (Carlson 1991; Culver 1983; Czervinski 1971; 
Green 1998; Levan 1983; Lockaby 1985; Mandel 1982; Salem 1968; Wali 1975; 
Wiken 1976). Their principle role involves pedoturbation by translocating soil to the 
surface during mound construction (Mandel 1982). As they build chambers and 
channels and incorporate organic matter into their nest, they increase soil fertility, 
porosity, water-holding capacity, and thermal and hydraulic conductivity (Green 
1998; Petal 1978; Wheeler 1986). In semiarid grasslands of south-central Colorado, 
Mandel and Sorenson (1982) found that western harvesters concentrate carbonate-
rich gravel, sand, and nutrients on the surface, and they argued that these 
properties persist long after colonies are abandoned. As new colonies are 
established through time, the effect of formicarious pedons can extend to entire 
landscapes (Green 1998).

Unlike previous research on western harvesters, the present study focuses on the 
effect of western harvester ants on pedogenesis and soil productivity in a semiarid 
environment dominated by big sage (Artemesia tridentata). Analyses made at pedon
and microscopic scales were related to the broader landscape through observations 
of 73 ant colonies. Ant colony and vegetation associations were compared between 
contiguous uncultivated, fallow (or abandoned), and cultivated fields in the eastern 
part of the Zuni Indian Reservation, west-central New Mexico. Field work was 
conducted on an alluvial fan that lies in a canyon cut into Cretaceous sedimentary 
rocks (sandstone, siltstone, mudstone, and shale). Soils on the fan formed in 
stratified Quaternary alluvium, with sandy loams and loams overlying highly variable 
sequences of loams, clay loams, sandy clay loams, and sandy loams. Big sage 
brush (Artemesia tridentata) and various grasses are dominant in the uncultivated 
area, and a variety of weedy grasses and forbs grow in the fallow corn field. The 
uncultivated field has been used as a pasture for cattle and sheep grazing for many 
decades, and the fallow land was last cultivated about 10 years ago.
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Results and Discussion
The formicarious pedons associated with the ant mound and clearing are classified 
as Aridic Haplustalfs, and the fallow and uncultivated pedons as Aridic Argiustolls. 
The most characteristic morphological feature of the formicarious pedons is the 
network of chambers and tunnels, the walls of which are coated with organic 
matter. Such large, interconnected pores are significant pedogenically because 
they tend to remain open even when the soil is wet, thus serving as air and water 
conduits. The gravelly mound cover is effective at maintaining dry conditions in the 
mound by slowing capillary rise and shedding runoff. On average, the mound fill 
had higher sand (59% vs. 40%) and lower clay (13% vs. 18%) contents compared 
to the upper 40 cm of the submound soil. The surface soil of the clearing is marked 
by a platy structure, which is probably caused by frequent wetting and drying. 
Mound fill is slightly to moderately acid, unlike the neutral soils of the sage and 
fallow fields. Ant-affected soils have elevated levels of organic C, N, and available 
and total P, and the southeast quadrant of ant mounds, the zone where entryways 
are concentrated, have particularly high nutrient levels. 

In all, 62 active and 11 abandoned mounds were measured. Sixteen active and six 
abandoned colonies were found in the uncultivated area; 40 active and five 
abandoned colonies were noted in the fallow field; and six active colonies were 
observed in the cultivated field. Nearest neighbor analysis showed that colonies 
are more widely spaced in the uncultivated field compared to agricultural contexts. 
Mounds are spaced an average of 20 m in the sage field, and 13 m and 15 m in the 
fallow and cultivated fields, respectively. The wider spacing in the uncultivated area 
is apparently due to reduced grass cover, the main food supply of the ants.

Even though mounds in the sage field tend to be larger than those of agricultural 
contexts, the latter’s relative youth means that mound construction activity, and 
thus the soil turnover rate, is actually much higher than for  mounds in the 
uncultivated field. The rate of soil turned over by western harvesters was estimated
at 590 m2/ha/y in the cultivated field, a rate nearly 17 times times that of the 
adjacent uncultivated field and about three times that of fallow field. Two 
assumptions were necessary in making these calculations: (1) mound fill is 
assumed to have been transported up from below surface rather than from the 
nearby surface; and (2) the total mound volume of the uncultivated field, omitting 
that of abandoned mounds, is assumed to represent 40 years of mound 
construction.

The entire surface of the landscape is expected to become modified by ant activity 
within 1300 to 2500 years, with the slowest rate associated with uncultivated area 
and the most rapid rate associated with the cultivated field. The high turnover rate 
for the cultivated field reflects the ant’s energetic response in relocating colonies in 
the year after plowing disturbed their mounds and upper nests. Such high turnover 
rates imply that nutrient cycling and soil mixing are much more rapid than in the 
uncultivated field. Vegetation clearings around mounds comprise 1.6% of the 
uncultivated field. Using this area as an instantaneous measure of the amount of 
soil influenced by ants, we projected that the entire surface of the uncultivated area 
will become ant-affected in 2500 years. This estimate assumes a mean colony age 
of 40 years, and that new clearings do not duplicate those of previous nests within 
the 2500-year period.
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BACKGROUND ON WESTERN HARVESTERS

Western harvesters are mainly graniverous, but they also scavenge and hunt other 
insects for food. They prefer to build their nests in semiarid grasslands with sandy 
loam, clay loam, or loam soil textures, mainly on gently sloping, south-facing terrain 
at elevations between 1400 and 2100 m in elevation (Taber 1998; Wheeler 1963). 
Population size in a colony ranges from about 400 to 9000, and the mean life 
expectancy of a colony of western harvesters was projected at 43.5 years in western 
Nebraska, which corresponds to the age of the queen (Keeler 1993). Mounds serve 
as both incubators for their brood and defensible positions against predators and 
floods. Mature mounds conoidal in shape, averaging about 1 m in diameter and 35 
cm in height (Scott 1951). Western harvesters build the largest and most complex 
nests of all harvesters, with nests up to 6 m deep. Their mounds are interstratified 
and covered with mulch of fine gravel, granules, plant material, and other debris. 
Oral secretions are used to waterproof the mound cover and to stabilize the walls of  
chambers and channels. Harvester ants are well adapted to excavate and transport 
dry sand, granules, gravel, and seeds. They use their mandibles and front feet to 
loosen the soil, and sandy soil is then packed with oral secretions in their
psammophore, or beard, to form a pellet as large or larger than their head(Taber 
1998; Wheeler 1963). Western harvesters clear the vegetation several meters 
around their mound.
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As a thinker and planner the ant is the equal of (a nyone).
Mark Twain (1835-1910), U.S. author In “What is Man?” section 6 (1906; 
reprint in Complete Essays, edited by Charles Neider, 1963)

Ubiquity values for vegetation associated with acti ve and abandoned colonies.
Vegetation Sage Flats Fallow Field Cultivated Field

Active Abandoned Active Abandoned Active

Big sagebrush Artemesia tridentata 100 100 5 17

Rabbitbrush Chrysothamnus nauseosus 44 50 57 33

Juniper Juniperus 13

Western wheat grass Agropyron 13 15

Blue gramma Bouteloua gracilis 25 33

Broom snakeweed Gutierezia sarothrae 13 67 3 17

Wand mullein Verbascum vergatum 19 65 33

Curlycup gumweed Grendelia aphanactis 63 50 33

Cheat grass Bromus tectorum 65 33 33

Squirrel tail Hordeum jubatum 10 33

Common morning glory Ipomoea purpurea 40 33 100

Miscellaneous grasses 81 67 23 50
* - Ubiquity values represent a percentage of colonies in each context with these plant associations.                                

Comparison of pH, nutrient concentrations, and phys ical      
soil properties for mound and off-mound samples.                     
Type of Sample pH C N Av P P C:N Bulk Den. Sand Silt Clay

 ---------------- (kg/m3) ------------------ Ratio (g/cm3) ------------- (%) ------------

Ant Mound, NE 1/4 6.1 15.2 0.78 0.047 0.50 19.6 1.37 60 27 13

Ant Mound, NW 1/4 6.5 17.1 0.84 0.024 0.44 20.5 1.36 62 28 11

Ant Mound, SW 1/4 6.5 12.6 1.00 0.045 0.51 12.6 1.42 58 29 14

Ant Mound, SE 1/4 6.0 16.3 1.78 0.189 1.27 9.2 1.65 57 29 14

Ant Mound, Center 5.9 17.1 1.39 0.077 0.60 12.3 1.60 57 30 13

Clearing Around Mound 7.5 10.0 0.69 0.009 0.29 14.4 1.49 58 24 18

Sage Flats 6.7 13.9 1.03 0.014 0.40 13.6 1.56 51 28 21

Fallow Field 6.9 9.2 0.82 0.009 0.33 11.2 1.46 62 24 15

* Values for clearing, sage flats, and fallow field represent a weighted mean by soil horizon to 1 m depth.

Ant mounds have a profound effect on 
soil water and temperature 
relationships (from Green et al. 1998).

Research Questions

• What are the chemical and physical properties of 
soils influenced by harvester ants in a semiarid 
sage flat, and how is soil fertility affected?

• What micromorphological properties are 
associated with ant-affected soils?

• How does colony spacing, mound and clearing 
properties, and vegetation associations vary 
between colonies in uncultivated sage, fallow, 
and cultivated fields?

• How does the rate of soil turnover vary between 
colonies in uncultivated areas, and fallow and 
cultivated fields?

• How long does it take for the entire landscape to 
become affected by ant activity?

Fallow Field

Uncultivated
Field

Ant Mound
Clearing

Cultivated
Field

1988 aerial photograph of the study 
area. Note the numerous small white 
spots marking ant mound clearings.

Uncultivated Field

Fallow Field
Cultivated Field

Oblique aerial view of the study area.

Field and Lab Methods
• Colony Descriptions : observations were made at 73 

colonies, including measuring the size of ant mounds and 
clearings, the number and location of nest entryways, and the 
spacing between adjacent mounds.

• Soil Pedon Descriptions : Four soil pedons were described, 
including ones associated with an ant mound and the 
surrounding clearing, and ones from the adjacent 
uncultivated and fallow fields.

• Soil Sampling : A very recently abandoned ant nest was 
selected for detailed soil analysis. A 1 m by 2 m pit was 
excavated across the mound and surrounding clearing to 
document the nest architecture and soil profile. Bulk soil 
samples were collected and analyzed, including ten samples 
from the mound fill and submound profile, eight from the 
profile in the clearing around the mound, nine samples from a 
profile in the nearby fallow field, eight from a profile in the 
uncultivated field, and five from different mound sectors.

• Soil Micromorphology :  Seven soil samples were collected 
for micromorphological analysis These were collected from 
the mound, clearing, A horizon under the mound, and from 
open and filled ant chambers. Analysis focused on scanning 
slides to search for soil features and other attributes 
associated with ant activity.

• Soil Analyses : Particle-size, bulk density, pH, organic 
carbon, nitrogen, and total and available phosphorus.  
Particle-size, bulk density, and pH analyses.

Typical vegetation of the uncultivated 
area (A), fallow field (B), and cultivated 
field (C).  Active ant mound (D), active 
mound and clearing (E), abandoned 
clearing with encroaching sage brush 
(F), abandoned mound (G), soil profile 
through ant mound (H), close-up of ant 
chambers (ca. 15-20 cm wide) (I), and 
close-up of ants remove corn seedlings 
(J).   
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Photomicrographs of ant chamber wall 
coated with organic matter, frame length = 7 
mm (A); chaff from brome seed incorporated 
in ant mound, frame length = 3.5 mm (B); 
platy structure of surface of clearing around 
mound, frame length = 3.5 mm (C); and 
chamber of undetermined species containing 
fecal material, adjacent to ant chamber, 
frame length = 1.75 mm (D).

Organic Matter Coating

Conclusions
• Western harvester ants increase the porosity, aeration, 

hydraulic conductivity, nutrient status, and tilth of the soil, 
especially near the surface where their burrowing activities are
concentrated.

• Compared to reference soils, ant mound soils generally have 
lower bulk densities, pH’s, and clay contents, and higher 
levels of organic carbon, nitrogen, and available and total 
phosphorus, sand, and gravel.

• Highly decomposed organic matter is strongly associated with 
the walls of ant chambers and tunnels.

• Ants expend more energy in burrowing and mound 
construction activities in cultivated and fallow fields and their 
colonies are more closely spaced in these locales, because of 
the concentrated available plant food supply in active and 
fallow agricultural land. 

• The soil turnover and nutrient cycling rates are accelerated in 
cultivated and fallow fields. The entire surface of the 
landscape is expected to become modified by ant activity 
within 1300 to 2500 years.

Selected Properties of Active and Abandoned Colonie s by Field Type.

Property Uncultivated Area Fallow Field Cult. Field
Active Abandoned Active Abandoned Active
(n=16) (n=6) (n=40) (n=5) (n=6)

Nearest Neighbor

Distance (m)  20.3 (5.4) * 13.3 (3.4) * 14.8 (2.6)

Entryways

Number  5.3 (3.5) * 10.3 (5.1) * 10.2 (6)

Aspect (deg)  129 (28) * 121 (29) * 112 (22)

Clearings

Area (m2)  8.8 (5.0) 7.9 (3.2) 6.1 (3.6) 3.7 (1.5) 6.7 (3.0)

Mounds

Area (m2)  1.0 (0.5) 1.1 (0.6) 0.5 (0.2) 0.4 (0.1) 0.5 (0.1)

Height (m)  0.25 (0.04) 0.13 (0.07) 0.20 (0.04) 0.06 (0.03) 0.17 (0.02)

Volume (m3)  0.08 (0.06) 0.05 (0.04) 0.04 (0.02) 0.007 (0.005) 0.02 (0.01)

Surface Cover (%)**  88 (10) 38 (10) 70 (16) 14 (11) 48 (24)

Note: standard deviations shown in parentheses.                                                  

* -  Distance to nearest neighbor was not measured and entryway properties was
      indeterminate for abandoned mounds.                                     
** - Surface cover includes fine gravel and/or granules.                                                

Maps showing the distributions of 
western harvester ants, and 
harvesters in general (Tabor 1998).


