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Abstract

Harvester ants (Latreille) (Formicidae: Hymenoptera) have traditionally been labeled as pests within their na-
tive ranges from perceived effects on crop production and rangeland productivity. Yet, modern research casts 
doubt on many of these perceived detrimental effects and instead suggests that harvester ants act as keystone 
species that largely benefit both ecosystems and human activities. Through nest engineering and trophic inter-
actions (such as seed harvesting and predation), harvester ants have considerable direct and indirect effects 
on community structure and ecosystem functioning. Here we summarize the ecological roles of harvester ants 
and review their services and disservices to ecosystems and human activities. In doing so, we help clarify per-
ceived keystone and pest roles of harvester ants and their implications for rangeland management. We find 
the numerous keystone roles of harvester ants to be well-supported compared to perceived pest roles. We also 
highlight areas where further research into their roles in natural and managed systems is needed.
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Understanding and managing conflicts between humans and bio-
diversity are critical to the conservation of natural systems (McShane 
et al. 2011). Many of these conflicts result from confusion regarding 
the ecological services or disservices a species performs (e.g., Miller 
et  al. 2007). Some species, especially non-natives, are considered 
‘pests’ by posing threats to native ecosystems and human activ-
ities on landscapes (Deguine et al. 2021). Yet many native species 
have traditionally also been considered pests and persecuted as such 
within their native ecosystems (Hale and Koprowski 2018).

Some native species have pest perceptions that are not well-
supported (e.g., Delibes-Mateos et al. 2011), but do have rigorous 
support as keystone species and ecosystem engineers that perform 
key functions in their ecological systems (e.g., European rabbits 
(Oryctolagus cuniculus; Debiles-Mateos et  al. 2008), plateau 
pikas (Ochotona curzoniae; Smith and Foggin 2014) prairie 
dogs (Cynomys spp.; Miller et  al. 2007), and bark beetles (Ips 
typographus; Müller et  al. 2008)). Keystone species have dispro-
portionately large (relative to their biomass) effects on community 
and/or ecosystem functions (Power et  al. 1996), while ecosystem 
engineers modify habitats by modulating resource availability for 

other species (Jones et al. 1994). Both terms can be related, as some 
ecosystem engineers are also considered keystone species (e.g., 
Whitford and Steinberger 2010). These species are often the most 
important to conservation (e.g., Johnson et  al. 2017). Therefore, 
considering keystone species as pests can create conflicts between 
conservation and other management goals (e.g., Miller et al. 2007, 
Delibes-Mateos et  al. 2011, Smith and Foggin 2014, Hale and 
Koprowski 2018).

Many species of harvester ants (Latreille)  (Formicidae: 
Hymenoptera) have long been considered pests of range- and crop-
lands within their native ranges (e.g., Cole 1968, Prins et al. 1990, 
Taber 1999). However, recent research reveals that harvester ants 
have numerous positive interactions that benefit ecological stability, 
and potentially human activities within their ecosystems, while also 
casting doubts on perceived pest roles. Here we review research that 
demonstrates the ecological importance of harvester ants affirming 
their roles as keystone species and clarifying their roles as pests. 
We focus on situational differences that led to harvester ants either 
acting as keystone species or pests, while also providing a summary 
of their effects on ecosystems and human activities.
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Harvester Ants

The term ‘harvester ant’ can refer to any ant species which har-
vest and consume seeds but is most commonly applied to ants in 
the genera Pogonomyrmex Mayr, Veromessor Forel, and Messor 
Forel. One hundred twenty-six species of Messor occur in the Old 
World, eleven species of Veromessor occur in the New World, and 
68 species of Pogonomyrmex occur in the New World (Bolton 
2021). Pogonomyrmex evolved roughly 55 million years ago in the 
Neotropics, later expanding to the Nearctic (Ward et al. 2015). The 
genus Messor has recently undergone significant taxonomic revision; 
and New World species are now placed in Veromessor while Old 
World species are kept in Messor, both genera also diverging from 
other ants roughly 55 million years ago (Ward et al. 2015).

Harvester ant diets consist primarily of seeds from a wide range 
of plants, generally preferring small-seeded annuals such as grasses 
and forbs (MacMahon et al. 2000). Most harvester ant species also 
consume arthropods, carrion, and scavenge when given the chance 
(Cole 1968, Whitford 1978, Whitford and Jackson 2007). In gen-
eral, harvester ants are most prevalent in arid grasslands and de-
serts, though some species inhabit tropical forests or high-elevation 
tundra (Bolton 2021). The ecological influence of harvester ants 
is most apparent from nest clearings, which for some species can 
reach over 10 m in diameter and 8 m deep (Fig. 1; Taber 1999). The 
roughly circular areas, termed ‘nest-disks’, on the ground surface are 
cleared of vegetation by the ants and maintained for the colony’s 
lifespan, which span decades for some species (e.g., Keeler 1993; 
Gordon and Kulig 1996, 1998; Keller 1998; Sanders and Gordon 
2004). Densities of nests in the landscape commonly exceed 100 col-
onies per hectare (e.g., Holbrook et al. 2016, Baraibar et al. 2019), 

accounting for over 20% of total land surface area in extreme cases 
(Willard and Crowell 1965).

From an ecological perspective, harvester ants are one of the 
most intensively studied groups of ants. The majority of ecological 
literature focuses on a minority of highly abundant harvester ant 
species which form large, influential colonies in arid climates, 
mainly Pogonomyrmex in the western United States (reviewed by 
MacMahon et al. 2000). Recent studies also highlight similar eco-
logical importance to Central and South American Pogonomyrmex, 
as well as Mediterranean/Arabian/African Messor. We focus on lit-
erature from the last two decades, building off of MacMahon et al.’s 
(2000) review of Pogonomyrmex and including ecologically similar 
Old World harvester ants (Messor) and New World Veromessor 
where possible.

Harvester Ants as Keystone Species

Keystone species perform essential ecological functions (hereafter 
‘keystone roles’) and are most broadly defined as species that main-
tain the organization, stability, and function of their communities, 
with disproportionately large inimitable impacts on their ecosys-
tems (Power et al. 1996, Kotliar 2000, Hale and Koprowski 2018). 
Common ‘keystone roles’ occur through ecological engineering (e.g., 
kangaroo rats (Dipodomys spp.), prairie dogs (Cynomys spp.), and 
trophic regulation (e.g., gray wolves (Canis lupus)). Keystone roles 
often facilitate ecosystem stability by enhancing resilience and re-
covery after disturbances (Mouquet et al. 2013).

There is strong evidence supporting harvester ants as keystone 
species through trophic interactions and ecological engineering (e.g., 

Fig. 1. Harvester ant (P. occidentalis) nests in high-density habitat from northern Arizona, southwestern United States. (A) Aerial (drone) view showing regular 
spacing of nests, (B) aerial view showing nest-clearing and nest-rim vegetation, (C) alternative aerial view of nests including tree and road for scale, and (D) 
angled view of nest.
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Milton and Hoffman 1994, Soule and Knapp 1996). Through these 
roles, harvester ants directly or indirectly affect many ecosystem pro-
cesses such as food-web dynamics, soil-modification, nutrient/energy 
flows, and disturbance regimes (MacMahon et al. 2000). By engin-
eering nests, harvester ants structure plant and animal communities 
creating hotspots for nutrients and biodiversity (e.g., Wagner and 
Jones 2004, 2006; Whitford et al. 2007; De Almeida et al. 2020). 
Plant growth is often increased along nest-rims which promotes 
plant recovery following disturbances, thereby enhancing ecosystem 
stability (e.g., Nicolai et al. 2008, Mor-Mussery and Budovsky 2017, 
Nicolai 2019). By selectively harvesting seeds, ants can depress 
common plant species, thereby increasing community diversity (e.g., 
Nicolai and Boeken 2012). Harvester ants have a variety of direct 
trophic interactions with other animals including preying on other 
arthropods (e.g., Whitford 1978, Whitford and Jackson 2007), being 
preyed upon by insectivores (e.g., McIntyre 2003, Hojati et al. 2014, 
Sullivan et  al. 2014, Mouhoub-Sayah et  al. 2018) and stinging to 
defend nests against seed-eating vertebrates (Wiernasz et al. 2014). 
Below we summarize the ecological effects of harvester ants to high-
light the various roles they play within their ecosystems.

Direct Effects of Harvester Ants on Ecosystems
Prey for—and Competition With—Vertebrates (pathway #1, Fig. 2)
Many insectivorous birds and lizards prey on harvester ants; some 
are obligate predators including several horned lizards that are spe-
cies of concern for conservation (McIntyre 2003, Schmidt 2019; 
Fig. 2). Pogonomyrmex occidentalis (Cresson) is an important prey 
item for the endangered sage-grouse (Centrocercus urophasianus, 
Carlisle et al. 2017). Messor and Veromessor are common in the diets 
of many vertebrate insectivores (e.g., hedgehogs (Atelerix algirus) 
Mouhoub-Sayah et al. 2018, geckos (Teratoscincus bedriagai) Hojati 

et al. 2014). Promoting a healthy population of harvester ants is also 
considered conservation goals for increasing populations of some 
threatened insectivorous species such as horned lizards (McIntyre 
2003, Sullivan et al. 2014).

Ants may compete with or facilitate granivorous rodents in com-
plex interactions. Brown and Davidson (1977) called attention to the 
importance of competition of ants and rodents and found the removal 
of harvester ants (Pogonomyrmex rugosus (Emery), P. desertorum 
(Wheeler),  and Pheidole xerophila  (Wheeler)) increase kangaroo 
rat (Dipodomys spectabilis) populations and vice versa in southern 
Arizona. However, later papers suggest these results were not sig-
nificant, and long-term data from the same experiment showed no 
effect of ant removal on rodents (Valone et al. 1994). Studies exam-
ining relationships with granivorous rodents are lacking in Messor 
and Veromessor; however, it is easy to speculate that competition 
for seeds with rodents is possible when seed preferences overlap. 
Competitive interactions with ants may be compensated for by bene-
ficial interactions for rodents. For example, rodents can be klepto-
parasites of harvester ants, raiding ant seed-caches (e.g., Clark and 
Clark 1989), and robbing foragers (Kline et al. 2018). Harvester ant 
seed-caches may be important seed-sources to rodents during times 
of resource-scarcity (e.g., Wiernasz et al. 2014).

Unique in the New World, Pogonomyrmex are armed with 
the most toxic insect venom known (Schmidt 2016), which likely 
evolved in response to rodents raiding seed-caches (Schmidt and 
Snelling 2009). Many species of Pogonomyrmex aggressively defend 
their nests against vertebrate intruders (Wiernasz et al. 2014). The 
nest area is also defended against other ant species, conspecifics, and 
arthropods (Wiernasz et al. 2014). While not intensively studied, it 
is likely that harvester ants compete for physical space with other 
fossorial animals.

Fig. 2. Conceptual diagram of the main ecological effects (#1–10) of harvester ants on soils and communities. Effects of harvester ants on ecological communities 
can be direct (#1, 2, and 4); or indirect through soil properties (#3, 5, and 6); or indirect through community interactions (#7 and 8). Pathways are described in 
detail in text.
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Seed-Harvesting and Nest-Clearing Effects on Vegetation 
(pathway #2, Fig. 2)
Harvester ants directly affect vegetation by selectively taking seeds from 
a variety of plant species and also through nest building. Some harvester 
ants clear ‘nest-disks’ (areas denuded of vegetation by worker ants) that 
can reach over 10 m in diameter (e.g., Pogonomyrmex occidentalis and 
P. salinus (Olsen), Soule and Knapp 1996). These nest clearings can oc-
cupy significant portions of vegetation across landscapes, usually 1–5% 
of land area in suitable habitats (MacMahon et al. 2000) but sometimes 
exceeding 15% (e.g., Willard and Crowell 1965, Holbrook et al. 2016). 
Nest building has large indirect effects on vegetation and animal com-
munities (discussed below as an indirect effect).

Harvester ants are large-scale collectors and consumers of plant 
seeds having direct effects on plant communities. Plants may benefit 
from these relationships by having seeds dispersed (i.e., synzoochory, 
Gómez et al. 2019). Ants disperse seeds over short distances (<100 
m) by accidentally dropping them (i.e., dyszoochory, Mull 2003, 
Sanchez et  al. 2006) or disposing of them in refuse piles (Bulot 
et al. 2016). Relationships can be mutualistic, as some plants have 
evolved nutritious seed appendages (eliasomes) that ants remove, 
discarding the seed embryos (i.e., myrmecochory; e.g., Anjos et al. 
2020). Lengyel et  al. (2010) estimate myrmecochory is associated 
with 4.5% (~11,000 species) of angiosperms, highlighting the evolu-
tionary advantage of dispersal from harvester ants.

Seed harvesting by ants for most plant species, however, is an antag-
onistic relationship, as seeds are eaten by ants (Whitford 1978). Most 
harvester ants have mass-recruitment strategies, where foraging ants 
return to search for food in the same general area where it was found 
before with foragers traveling over 20 m from nests (e.g., Beverly et al. 
2009, Flanagan et al. 2012). Seed preferences and foraging intensity 
of ants shift in response to many factors such as seed availability (e.g., 
Pirk et al. 2009, Pol et al. 2011), seed traits such as energy content 
and morphology, resource distance, biotic factors such as neighboring 
colonies or predation, and weather (e.g., Crist and MacMahon 1991, 
1992; Gordon and Kulig 1996; Gordon et al. 2013). Harvesting effects 
change over the year as ants have unimodal foraging in cooler months, 
bimodal foraging in warmer months (MacKay and MacKay 1989), 
and can be dormant in winter months (Kwapich and Tschinkel 2013). 
Harvester ants tend to select seeds that balance high nutrient content 
with an energetic trade-off for handling time (i.e., high-nutrient seeds 
with simple, easy-to-handle morphologies are preferred, particularly 
small-seed annuals (MacMahon et al. 2000)).

Foraging behaviors of harvester ants can cause compositional 
changes in seed banks (e.g., Crist and MacMahon 1992, DeFalco 
et  al. 2009, Luna et  al. 2018) and vegetation composition (e.g., 
Peters et al. 2005, Baraibar et al. 2011, Brown and Robertson 2020). 
However, harvester ant effects on vegetation composition through 
seed harvesting may be weaker than the effect of granivorous rodents 
(e.g., Valone et al. 1994, Anderson and MacMahon 2001). Gordon 
(1993) found no relation between vegetation currently growing 
in foraging areas and seed species collected by ants. Instead, ants 
mostly collected seeds distributed by wind and flooding. Harvester 
ants recruit to seed resources quickly, having larger effects on vul-
nerable seeds (i.e., seeds on the ground surface or ‘seed-rain’, Nicolai 
and Boeken 2012). The preferences of harvester ants for certain 
seeds can create filters that work against the establishment and seed 
survivorship of some plant species (e.g., Sánchez et al. 2006, Brown 
and Robertson 2020, Robertson and Robertson 2020).

Nest Digging Effects on Soil Properties (pathway #3, Fig. 2)
Harvester ant nests can extend many meters underground (e.g., 
Tschinkel 2014, 2015). Nest construction involves large-scale soil 

excavations, for example, 280  kg of soil material per hectare per 
year for P. occidentalis (Carlson and Whitford 1991); and 640 kg 
of material per hectare per year for P. badius (Tschinkel 2015). Ants 
transport food (e.g., seeds and insects) into nests and deposit trash 
middens of detritus on top of nests, while also clearing vegetation 
off nest-disks. These activities cause soils in nests to have a coarser 
texture, lower bulk density, higher water content, higher soil temper-
atures, increased nutrients (e.g., available nitrogen, phosphorus, po-
tassium, magnesium), and higher organic matter (Wagner et al. 1997; 
Lei 2000; Wagner and Jones 2004, 2006; Jones and Wagner 2006; 
Whitford et al. 2007). Ant tunneling also aerates soil and changes 
soil hydrology (Lei 2000), increasing microbial respiration and de-
composition (Jones and Wagner 2006). Through these changes to 
soil, ant nests become ‘islands of fertility’ or ‘hotspots’ supporting 
increased growth of vegetation along nest-rims (Wagner and Jones 
2004, Gosselin et al. 2016). These effects may be magnified in the 
arid, nutrient-poor regions which harvester ants typically occur in.

Predation, Facilitation, and Prey for Arthropods and Microbes 
(pathway #4, Fig. 2)
Harvester ants provide trophic regulation of arthropods by facilitation 
of soil biota (both invertebrates and microbes) through habitat engin-
eering and predation/prey relationships. Harvester ants are important 
prey for numerous arthropod species such as spiders (Cushing 2012) 
and may provide trophic control on other arthropods through their 
own predation (discussed below as indirect effect). Many myrmecoph-
ilous species (e.g., springtails, silverfish, crickets, cockroaches, beetles, 
mites, spiders, etc., aka ‘houseguests’) are highly adapted to life in har-
vester ant nests (e.g., MacKay 1983, Cushing 2012, Parmentier et al. 
2020). These myrmecophiles can mimic ant nest-mate recognition cues 
such as pheromones or behaviors, with some specializing on consuming 
resources in ant waste-dumps or on ants themselves (Kronauer and 
Pierce 2011). Nest construction also facilitates soil microbes and other 
biota (e.g., bacteria, mycorrhizae, microarthropods such as springtails 
and mites, protozoa, and nematodes, Wagner et al. 1997, Snyder et al. 
2002), which increase in biomass and activity (measured by respir-
ation) in ant nest soil (Wagner and Jones 2004, 2006; Whitford and 
Jackson 2007). Harvester ant nests, therefore, host unique soil commu-
nities creating biodiversity hotspots.

Indirect Effects of Harvester Ants on Ecosystems
Effects of Harvester Ants on Soil Biota Functions (pathway #5, Fig. 
2)
Harvester ants can positively impact soil chemistry and enhance 
decomposition processes through the facilitation of important 
soil biota such as nitrogen fixing bacteria (e.g., Wagner and Jones 
2004, Jones and Wagner 2006, Boulton and Amberman 2006; 
Fig. 2). Enhanced microbial biomass in nest soils is documented 
for Pogonomyrmex rugosus (Wagner and Jones 2004, 2006), 
P. barbatus (Emery) (Wagner et al. 1997), Messor spp. (Ginzburg 
et al. 2008), and Veromessor andrei (Mayr) (Boulton et al. 2003, 
Boulton and Amberman 2006). Other major groups of soil biota 
are more diverse and abundant in harvester ant nest soils than 
background soils. These soil biota include protozoa, nematodes, 
and a variety of microarthropods (Wagner et  al. 1997, Boulton 
et al. 2003, Wagner and Jones 2004). Experimental evidence sug-
gests that the addition of food in the form of detritus discarded by 
ants is responsible for increases in the diversity and abundance of 
soil biota (Boulton and Amberman 2006). This evidence allows for 
the hypothesis that plant nutrient availability (and by extension 
plant growth and abundance) is increased in ant nest soils through 
soil biota facilitation (Wagner and Jones 2004).
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Effects of Harvester Ants on Vegetation Through Soil (pathway 
#6, Fig. 2)
Harvester ant nest soil is a nutrient rich microhabitat that promotes 
plant growth on nest-rims, altering plant biomass and compos-
ition across entire landscapes (MacMahon et  al. 2000). The nest-
rim disk creates a niche preferred by certain plant species. Texas 
filaree (Erodium texanum), for example, grows abundantly around 
the edge of Pogonomyrmex rugosus nests (Whitford and DiMarco 
1995). Plant species richness and productivity also increases along 
the nest-rims of many harvester ant species (e.g., Peters et al. 2005, 
Nicolai et al. 2008, Brown et al. 2012, Gosselin et al. 2016, Mor-
Mussery and Budovsky 2017, Nicolai 2019, De Almeida et al. 2020, 
Pirk et al. 2020). Plants grow better in ant nest soil (Pirk et al. 2020), 
and plants on nest-rims benefit from having potential competitors 
cleared by ants. These nest-rim habitats can serve as refugia during 
disturbances, enhancing vegetation recovery following overgrazing 
(Mor-Mussery and Budovsky 2017), drought (Nicolai et al. 2008), 
and fire (Nicolai 2019). The greatest contribution of harvester 
ants to grassland ecosystems may be enhancing ecosystem stability 
through the creation of these specialized nest-rim habitats.

Effects of Harvester Ant Predation on Herbivores (pathway #7, 
Fig. 2)
Harvester ants are opportunistic predators of many arthropods, 
including some herbivorous pest species (Whitford 1978). While some 
consider harvester ants poor predators, they can be significant ‘pulse’ 
predators reducing arthropod populations close to nests (Whitford 
1978, Nay and Perring 2005, Whitford and Jackson 2007). For ex-
ample, Pogonomyrmex californicus (Buckley) can reduce carob moth 
(Ectomyelois ceratoniae) larvae on date palms (Phoenix dactylifera), 
providing some natural pest control (Nay and Perring 2005). Large 
portions of harvester ant arthropod prey consist of herbivorous spe-
cies such as grasshoppers and Lepidoptera larvae (Whitford et  al. 
1976); but few studies have examined the significance of harvester ant 
predation in reducing herbivores or other pests.

Effects of Harvester Ants on Forage (pathway #8, Fig. 2)
Through their influences on vegetation, harvester ants impact forage 
quality and resource availability for vertebrates, especially grazers. 
Nest clearing of vegetation is usually compensated for by the enhanced 
growth found along nest-rims (Wight and Nichols 1966), increasing 
plant richness and productivity in many habitats (e.g., Peters et  al. 
2005, Nicolai et al. 2008, Brown et al. 2012, Gosselin et al. 2016, Mor-
Mussery and Budovsky 2017, Nicolai 2019, De Almeida et al. 2020, 
Pirk et al. 2020). Harvester ant nest-rims, therefore, provide valuable 
forage for ungulates. For example, pronghorn antelope (Antilocapra 
americana, Whitford et  al. 1995) and Persian gazelles (Gazella 
subgutturosa, Esmaeili and Hemami 2013) are known to preferably 
graze around nest-disks. As previously discussed, nest-rim habitat may 
help vegetation recover from disturbances (Nicolai et al. 2008, Nicolai 
2019) including overgrazing (Mor-Mussery and Budovsky 2017), 
increasing forage availability and stability. The overall effects of har-
vester ants on forage seem positive, but few studies explicitly link har-
vester ant effects on vegetation to forage quality.

Harvester Ants as Cultural Keystone Species
Similar to the ecological concept of keystone species, ethnobotan-
ists refer to culturally important species as ‘cultural keystone spe-
cies’ (Gaoue et al. 2017). These species contribute in a major way 
to the cultural identity of a people, often with fundamental roles 
in medicine, materials, diets, and/or spiritual practices (Cristancho 
and Vining 2004). Harvester ants hold cultural importance to many 

indigenous peoples, most documented in the southwestern United 
States. For example, ritual and therapeutic use of harvester ants 
were common among some indigenous groups (e.g., Kitanemuk, 
Tübatulabal, and Chumash) of southern California before the 
mid-19th century. Groark (2001) summarizes accounts of young 
men ingesting hundreds of live Pogonomyrmex californicus to in-
duce visionary quests during initiation ceremonies. Stings were used 
in medicine for conditions such as arthritis, paralysis, and during 
childbirth (Groark 1996, 2001). Harvester ants are important in the 
mythology of the Diné (Navajo), which avoid disturbing ant nests 
(Wyman and Bailey 1964, Capinera 1993). Aztecs believed harvester 
ants (likely Pogonomyrmex barbatus) brought the gift of corn, their 
most important crop, to the world (Taber 1999).

Which species are important to a culture can change over time 
(Garibaldi and Turner 2004), and it is difficult to correctly identify 
those species after cultural traditions are lost or changed. Coe and 
Gaoue (2020) highlight that identifying cultural keystone species 
requires robust cultural information which is currently lacking for 
many harvester ant species and indigenous peoples. This is poten-
tially because traditions involving harvester ants were lost before 
being physically documented (e.g., Groark 1996). Harvester ants 
may be, or may have been, cultural keystone species and we en-
courage future studies to explore cultural relationships humans may 
share with harvester ants.

Harvester Ants as Pests

Through the early to mid-twentieth century scientists, land-
managers, and farmers considered harvester ants to be pests through 
perceived negative impacts on rangelands and seed-crops. Messor 
have been associated as pests of seed-crops from which they har-
vest (e.g., Turaki et al. 2006, 2012), while Pogonomyrmex nest clear-
ings are associated with decreases in forage for cattle on rangelands 
(Sharp and Barr 1960). Yet most of these perceived pest roles are 
only found in older literature and in some cases rigorous modern 
evidence supersedes previous pest conceptions.

Seed-Harvesting Effects on Agriculture
Harvester ants seem to pose an obvious threat to seed-crops, but 
the literature is surprisingly scarce on the subject. Perhaps be-
cause harvester ants prefer small-seeded annuals, mostly grasses 
(MacMahon et  al. 2000) that are less agriculturally important, 
or because harvester ants often concentrate on foraging seeds on 
the ground surface rather than directly off the vegetation (e.g., 
Gordon 1993). Harvester ants also have low tolerance for soil 
disturbance and flooding, which reduces their numbers on tilled 
or flood-irrigated fields (Díaz 1992; Baraibar et al. 2009, 2019). 
References to seed-crop damage by Pogonomyrmex are rare, out-
dated, and mostly anecdotal (e.g., alfalfa (Barnes and Nerney 
1957); clovers, small grains, grasses, and sunflowers (Randolph 
and Fuller 1953), red spring wheat (Borth et al. 1982)); it seems 
likely that harvester ants pose little threat to crops in the New 
World. However, some suggest Messor galla (Mayr) may be a seed-
crop pest in Nigeria, taking seeds from crops such as cereal grains, 
sorghum, wheat, and rice (Turaki et al. 2006, 2012; Degri et al. 
2013). Yet Baraibar et al. (2011) estimated M. barbarus take less 
than 1% of annual cereal crop yields in Spain and many studies 
suggest that M.  barbarus prefer weedy species as seed sources, 
thereby improving, rather than harming, crop yields by reducing 
weeds (Baraibar et al. 2009, 2019; Westerman et al. 2012; Comas 
et al. 2016; Torra et al. 2016). Overall, there is little support that 
harvester ants are major pests to agricultural activities, but more 
explicit studies are needed.
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Seed-Harvesting Effects on Invasion and 
Restoration Dynamics
The role of seed harvesting by ants in natural settings can be variable 
based on harvester ant preferences for desirable or undesirable plant 
species. Harvester ants can be detrimental to rare native plants in 
which loss of seeds can have a disproportionate effect on populations 
(e.g., P.  salinus harvesting Lepidium papilliferum, Schmasow and 
Robertson 2016, Brown and Robertson 2020). In situations where 
harvester ants prefer native over exotic plant species, they may fa-
cilitate invading plants by reducing competition from native plants. 
For example, Pogonomyrmex occidentalis and P.  salinus avoid 
harvesting invasive cheatgrass seed, preferring native seed sources 
(Ostoja et al. 2009, Schmasow and Robertson 2016, Robertson and 
Robertson 2020). The preference for native over exotic seeds is also 
seen by P. carbonarius in Argentina (Aput et al. 2019).

Restoration may be negatively impacted when ants select against 
native plant seeds. Broadcast seeding efforts in particular may be af-
fected, as ants are efficient predators of seeds on the ground surface 
(Gordon 1993, Nicolai and Boeken 2012) and may prefer many of 
the seed species commonly used in restoration. For example, Paolini 
et al. (2020) show P.  salinus can greatly reduce native seeds (e.g., 
Indian ricegrass (Achnatherum hymenoides) and saltbrush (Atriplex 
canescens)) commonly used by the Bureau of Land Management to 
restore habitats degraded by cheatgrass (Paolini et  al. 2020). This 
is especially concerning given that P.  salinus and P.  occidentalis 
nest densities have been positively correlated with cheatgrass 
cover (Holbrook et al. 2016, Robertson and Robertson 2020), and 
P.  occidentalis workers found to be more prevalent in cheatgrass 
versus native habitats (Ostoja et al. 2009).

Harvester ants can also work against invasion dynamics when 
they exhibit a dietary preference for exotic seeds. For example, 
Pogonomyrmex rugosus in the coastal sage scrub of California prefer 
exotic seeds of Erodium cicutarium and Brassica tournefortii over 
native species, which may help prevent the establishment of these 
non-native plants (Briggs and Redak 2016). Pheidole bergi (Pearson 
et al. 2014) and P. carbonarius (Pirk et al. 2017) in Argentina may 
also create filters on non-native seeds. Explicit tests of preferences 
between native and exotic seed sources are lacking for most har-
vester ant species and plant combinations in most habitats. These 
specifics may help inform localized invasion dynamics and be im-
portant to consider for broadcast seeding efforts where harvester 
ants exist.

Nest-Clearing Effects on Forage in Rangelands
The perception that Pogonomyrmex denuded rangeland by clearing 
vegetation was prevalent in the first half of the twentieth century in 
the United States driving their original pest perceptions (Hull and 
Killough 1951, Sharp and Barr 1960). Considering ant nest clear-
ings can account for up to 20% of land surface area in extreme 
cases (Willard and Crowell 1965), it is understandable why ranchers 
were concerned. Furthermore, increases in harvester ant densities in 
overgrazed pastures was reported as early as 1862 (Lincecum 1862), 
implicating these ants in degrading range condition. However, data 
eventually showed that harvester ants are symptoms of overgrazing, 
and not primary causes of poor-ranges (Sharp and Barr 1960). 
Still, perceived reductions in vegetation drove the elimination of 
Pogonomyrmex populations within their native ranges to increase 
cattle-forage (Sharp and Barr 1960, Crowell 1963). Later evidence 
showed reductions by nest clearing are in-fact compensated for by 
enhanced vegetation growth around nest-disks (Wight and Nichols 
1966, Soule and Knapp 1996). Moreover, recent studies have 

revealed keystone roles of harvester ants aid in supporting vegetation 
community stability (e.g., Nicolai et al. 2008, Nicolai 2019), casting 
doubt on perceived pest roles of harvester ants on rangelands. The 
paradigm of harvester ants being rangeland pests is mostly found 
in literature from the 1930s–1960s (e.g., Hull and Killough 1951, 
Crowell 1963) and is noticeably absent from recent literature.

Nest Effects on Human Infrastructure
Ants are commonly considered pests for their ability to infiltrate 
buildings and/or cause damage to structures through nesting activ-
ities (e.g., Field et al. 2007). Unlike other ant species, harvester ant 
incursions into buildings are rare as they prefer to nest and forage 
in the open (Klotz et al. 2005b). Harvester ants often prefer to nest 
alongside roads, presumably because bare-patches of soil are where 
alate queens prefer to initiate nests (DeMers 1993, Itzhak 2008). 
There are accounts of nesting activities of Pogonomyrmex damaging 
soil stability under structures like roads (Fritz and Vickers 1942) and 
airport runways (Gordon 1943). Yet the lack of modern, data-based 
evidence suggests that cases of damage to human infrastructure from 
harvester ants are rare or unfounded and do not constitute a strong 
pest role.

Stinging Effects on Humans
Among the most recent references concerning pest roles of har-
vester ants in the literature, as well as pest-company websites, are 
the potential health risks from their stings (Pinnas 1977; Klotz et al. 
2005a, b; Field et al. 2007). While Messor pose little threat to hu-
mans, some Pogonomyrmex viciously defend nests (Cole 1968) with 
stings that are both painful and potentially lethal to those allergic 
to their venom (Schmidt 2016). This powerful sting is thought to 
have evolved as a particularly effective measure against rodents 
raiding seed-caches (Schmidt and Snelling 2009), and therefore is 
potent against most vertebrates, including humans. While not all 
Pogonomyrmex possess powerful stings, many of the large-nested 
and geographically widespread species most likely to interact with 
humans do. Pogonomyrmex maricopa (Wheeler) has the most po-
tent of the known insect venoms (LD50 = 0.12 mg/kg, equating to 
roughly 12 stings to kill a 2 kg rodent) and some Pogonomyrmex 
species are ranked among the most painful insect stings in North 
America (Schmidt 2016). The vast majority of sting cases for hu-
mans are not life-threatening; extrapolating the estimated lethal dose 
of P. maricopa venom in mice to an average 62 kg human equates 
to hundreds of stings. However, in rare cases anaphylactic shock 
brought on by stings requires hospitalization and may cause death 
(Pinnas 1977; Klotz et  al. 2005a, b). Even a single sting can be a 
painful experience with discomfort lasting 18–72 hr (Schmidt 2016). 
The largest danger comes from mass-stinging when colonies are dis-
turbed, especially when victims are unable to remove themselves 
from nest areas (e.g., Klotz et al. 2005a, b). Yet, the ability to remove 
oneself from the nest area without fear of pursuit makes harvester 
ants much less dangerous than other stinging hymenopterans which 
can fly (e.g., honey bees (Apis spp.) or yellowjackets (Vespula spp.)).

Factors Affecting Harvester Ant Distributions 
and Colony Densities

Habitat associations and local population densities of species 
can influence perceived keystone and pest roles (Delibes-Mateos 
et  al. 2011). For example, plateau pikas are often considered 
pests at high densities by landowners in Asia where they com-
pete with livestock, but are generally tolerated at moderate or low 
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densities (e.g., Jiang and Xia 1985, 1987). Ironically, pikas are 
found at their highest densities on overgrazed land (Zhang et al. 
2003), potentially symptoms of degraded rangelands (Holzner 
and Kriechbaum 2001). Harvester ants show similar density-
dependent relationships, and their habitat preferences and local 
population densities have driven many of the perceived beneficial/
detrimental roles. Below we review factors affecting harvester ant 
site occupation and nest density to help inform situations that 
create high densities of harvester ant nests that may influence per-
ceived keystone or pest roles.

Site Occupation
The most prevalent mechanisms driving site occupation by harvester 
ants are abiotic factors such as soil type (Johnson 2001), precipita-
tion (e.g., Dibner et al. 2015), temperature; and biotic factors such 
as competition (both inter- and intraspecific) and available seed re-
sources (Johnson 2001). Other influencing factors include—the avail-
able species pool, demographic factors (such as birth/death rates of 
colonies, which tend to be low for most harvester ant species), local 
predators/parasites/diseases, and stochastic factors such as order of 
species at locale and distance to source populations (Wiernasz and 
Cole 1995, Johnson 2001). In general, most harvester ants 1) prefer 
small-seeded annual grasses and forbs, 2) rely on precipitation events 
for timing nuptial flights and founding new nests, 3) are limited to 

warmer climates, and 4) specialize in soil type (typically either sand 
or clay) (Johnson 2001).

The most abundant harvester ant species prefer arid grass-
lands with individual niches refined to specific soils, vegetation, 
and climates for different species (Cole 1968, Taber 1999). For ex-
ample, Pogonomyrmex occidentalis on the Colorado Plateau in the 
southwestern United States can be found up to ~2,200 m in elevation 
in open-spaces of woodlands or shrub-dominated habitats with clay 
to sandy soils; and P. rugosus is generally found below ~1,900 m in 
elevation in open-grassland habitats with clay to limestone soils, with 
some mid-elevational habitats where both species occur (e.g., Uhey 
et al. 2020a,b, 2021a). Elevational limits indicate a strong role of cli-
mate in determining harvester ant ranges. These large-scale factors 
cause broad-scale clumping patterns in harvester ant distributions 
around preferred habitats (Crist and Wiens 1996, Schooley and Wiens 
2003). On a fine-scale, harvester ant nest densities can vary mark-
edly with changes in soil texture, vegetation, disturbance regimes, 
and interactions with other community members (Table 1). Under fa-
vorable conditions, colony densities of some species reach well over 
100 colonies/hectare with regular spacing among colonies caused by 
intraspecific competition for territories around nests (Fig. 1; Table 1). 
Johnson (2001) reviews the biogeographic and community structure 
of harvester ant species assemblages; here we focus on factors that 
affect the colony densities of species that can dominate landscapes.

Table 1. Studies that estimate harvester ant nest densities and percent of total barren area caused by ant-clearings

Citation Location Ant species
Nest density 
range (ha−1)

Av. area 
% barren

Sharp and Barr (1960) Idaho, United States Pogonomyrmex salinusa 9–40 0.21
Willard and Crowell (1965) Oregon, United States Pogonomyrmex salinusa 49–74 13.84
Kirkham and Fisser (1972) Wyoming, United States Pogonomyrmex salinusa 0–10 2.43
Rogers and Lavigne (1974) Colorado, United States Pogonomyrmex occidentalis 3–31 0.28
Clark and Comanor (1975) Nevada, United States Pogonomyrmex occidentalis 30–43 3.34
Sneva (1979) Oregon, United States Pogonomyrmex salinusa 32.4–80.1 2.2
Crist and Wiens (1996) Colorado, United States Pogonomyrmex occidentalis 0–50 nr
Soule and Knapp (1996) Oregon, United States Pogonomyrmex salinusa 40 0.08
Kretzer and Cully (2001) Kansas, United States Pogonomyrmex rugosus 36–64 nr

Pogonomyrmex barbatus 9–53 nr
Pogonomyrmex occidentalis 1–20 nr

Usnick and Hart (2002) Colorado, United States Pogonomyrmex occidentalis 3.2–97 nr
Azcárate and Peco (2003 Spain Messor barbarus (Linneaus) 200–300 nr

Messor bouvieri (Bondroit) 0–130 nr
Schooley and Wiens (2003) New Mexico, United States Pogonomyrmex rugosus 10–41 0.14
Wagner and Jones (2004) Nevada, United States Pogonomyrmex rugosus 28.3–70.9 0.5
Beever and Herrick (2006) Nevada, United States Pogonomyrmex spp. 1.3–14.6 nr
Baraibar et al. (2009) Spain Messor barbarus 181–643 nr
Nicolai et al. (2010) Texas, United States Pogonomyrmex barbatus nr 0.06
Baraibar et al. (2011) Spain Messor barbarus 140–1168 8.89
Edelman (2012) New Mexico, United States Pogonomyrmex rugosus 13–24 nr
Esmaeili and Hemami (2013) Iran Messor spp. nr 0.29
Blanco-Moreno et al. 2014) Spain Messor barbarus 60–724 nr
Dibner et al. (2015) Wyoming, United States Pogonomyrmex occidentalis 6–60 nr
Gosselin et al. (2016) Idaho, United States Pogonomyrmex salinusa 30–39 0.12
Holbrook et al. (2016) Idaho and Wyoming, United States Pogonomyrmex salinusa and 

P. occidentalis
0–140 nr

Comas et al. (2016) Spain Messor barbarus 948 nr
Baraibar et al. (2019) Spain Messor barbarus 188–948 nr
Robertson and Robertson (2020) Idaho, United States Pogonomyrmex salinusa 11.97–13.57 nr

When not explicitly provided in the citation, percent barren area was calculated (when possible) using average nest-disk size. Some values were not reported 
(nr) in citations.

aPreviously P. owyheei.
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Habitat Quality
Cole (1932a, b) first noticed harvester ants are dependent on seeds 
from plants near nests, necessitating an abundance of preferred vege-
tation for colonies to thrive. Colony densities are often higher in 
areas with preferred seed resources (e.g., Kirkham and Fisser 1972, 
Pirk et  al. 2009, Pol et  al. 2011). Cole (1932a, b) also observed 
that most harvester ant species preferred certain soil conditions. 
Measurements of soil texture such as percent sand, silt, and clay, are 
strong predictors for colony densities for many harvester ant species 
(see Kirkham and Fisser 1972, Johnson 2000, Baraibar et al. 2019). 
Soil moisture is particularly important for colony founding, larval/
pupal development, and storing seeds (Johnson 2000, Gordon et al. 
2013), and soils differ in water retention driving ant preference for 
certain soils. Accordingly, precipitation is also a strong driver of har-
vester ant nest densities. For example, in surveys across 155 km2 in 
Wyoming, United States, the strongest predictor for P. occidentalis 
nest densities was precipitation (Dibner et al. 2015), and nest densities 
of P. barbatus were reduced following drought years in New Mexico 
(Sanders and Gordon 2004). Cole (1932a, b) also noted that most 
harvester ants were seldom found in canopied habitats or shaded 
topography. Altitude, slope, and orientation towards the sun influ-
ence soil temperature with low temperatures decreasing nest survival 
probability (Crist and Williams 1999). Thus, both topography and 
temperature also determine nest densities (Crist and Wiens 1996). 
Foraging efficiency, and the risk foraging poses to ant workers, is dir-
ectly impacted by temperature and humidity (MacKay and MacKay 
1989, Crist and MacMahon 1991, Azcárate et al. 2007) and ultim-
ately affects colony fitness (Gordon 2013). The highest densities of 
harvester ants are found in congruence with optimal temperature 
profiles of warm, dry climates (Dibner et al. 2015, Holbrook et al. 
2016, Uhey et al. 2020a).

Disturbances
Both natural and anthropogenic disturbances affect harvester ant 
colony densities, although the latter is more represented in the lit-
erature. Roads, hiking trails, airport runways, and other similar 
human modifications that reduce vegetation cover (DeMers 1993, 
Terranella et al. 1999, Itzhak 2008, Uhey et al. 2021b), along with 
fires (Holbrook et al. 2016, Day et al. 2018) and grazing (Table 2) 
can increase harvester ant nest densities. Oppositely, nest densities 
may be decreased in areas surrounded by high-urbanization (De 
Jong 2015) and from tillage on farms (Díaz 1992; Baraibar et  al. 
2009, 2019). Disturbances that increase colony densities of harvester 
ants share similarities in opening habitats by reducing vegetation. 
These changes may also facilitate nest-founding of harvester ants 
which prefer bare ground to initiate nests and growth of their pre-
ferred seed-sources. Disturbances that decrease harvester ant nest 

densities are similar in that they reduce soil stability and increase 
shading, thereby destabilizing nesting conditions.

Grazing
Increases in harvester ant nest densities are especially associated 
with cattle grazing in the western United States (Cole 1968). Cattle 
grazing impacts spatial patterns of ant nests (Schooley and Wiens 
2003) which is likely caused by alteration of soil and vegetation 
characteristics by grazers. Explicit tests between harvester ant nest 
densities and grazing are rare and confined to Pogonomyrmex in 
the western U.S. (Table 2). In most cases, grazed plots had higher 
nest densities than control plots. Grazing reduces vegetation cover, 
which could facilitate nesting of harvester ants. Grazing may also in-
crease preferred seed resources for ants. However, too much grazing 
seems to lower ant nest densities, as high-intensity grazed plots tend 
to have low nest densities. Usnick and Hart (2002) hypothesize too 
many cattle disrupt nest construction and foraging through hoof-
traffic. In general, moderate (not heavy) grazing seems to be benefi-
cial to harvester ants.

Intraspecific Competition
Intraspecific competition is generally considered the predominant 
factor structuring harvester ant communities (Johnson 2001). 
In areas with preferable conditions, harvester ant colonies can 
occur in high densities that are regularly spaced through intra-
specific competition with other colonies (Fig. 1; Wiernasz and 
Cole 1995, Crist and Wiens 1996, Schooley and Wiens 2003, 
Dibner et al. 2015). Foraging ants may travel as far as 50 m from 
their nest which inevitably leads to interactions with other col-
onies (e.g., Hölldobler 1976, Gordon and Kulig 1996). Foraging 
territories are established through forager interactions (usually 
nonviolent) which divide available habitat among different col-
onies (Hölldobler 1976, Gordon 2013, Lubertazzi et  al. 2013). 
These territorial interactions limit nest density by preventing new 
colonies from establishing and producing over-dispersed (regular) 
patterns on fine-scales (Dibner et al. 2015).

Interspecific Interactions
Harvester ants compete with other ant species for space and scaven-
ging resources (e.g., Sanders and Gordon 2004). Interspecific com-
petition for seeds with other harvester ant species is probably rare, 
as co-occurring species usually partition seed resources or habitats 
(e.g., Solida et al. 2011, Saar et al. 2018). However, other ant genera, 
especially non-native ants can have detrimental effects on harvester 
ants. For example, Argentine (Linepithema humile) and fire ants 
(Solenopsis invicta) directly reduce harvester ant populations by 
raiding nests (Porter and Savignano 1990, Zee and Holway 2006).

Table 2. Studies comparing harvester ant nest densities across grazing-treatments show patterns of (↑) increases with grazing, (↓) de-
creases with grazing, (↑↓) increases with light- and/or moderate-grazing but decreases under heavy-grazing, and null/no pattern

Citation Location Ant species Treatments
Colony density rela-
tionship with grazing

Kirkham and Fisser (1972) Wyoming, United States Pogonomyrmex salinusa 4 grazing intensities null
Rogers et al. (1972) Colorado, United States Pogonomyrmex occidentalis 4 grazing intensities ↑ moderate, ↓ heavy
Crist and Wiens (1996) Colorado, United States Pogonomyrmex occidentalis light vs moderate vs heavy ↓
Usnick and Hart (2002) Colorado, United States Pogonomyrmex occidentalis light vs moderate vs heavy ↑ moderate, ↓ heavy
Schooley and Wiens (2003) New Mexico, United States Pogonomyrmex rugosus grazed vs ungrazed ↑
Beever and Herrick (2006) Nevada, United States Pogonomyrmex spp. grazed vs ungrazed ↓

Note some studies only compare grazed/ungrazed treatments, while others compare multiple grazing intensities.
aPreviously P. owyheei.
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In some cases, harvester ant nest densities are lower in areas with 
high densities of burrowing rodents which potentially disrupt ant 
nest construction (Sanders and Gordon 2004) and also pose the 
threat of raiding ant seed-caches. Sometimes rodents kleptoparasitize 
harvester ants (e.g., Clark and Clark 1989, Wiernasz et  al. 2014, 
Kline et al. 2018). However, long-term removal experiments exam-
ining the interaction between granivorous rodents and ants showed 
only equivocal results with no constant patterns (Valone et  al. 
1994). Interspecific competition is probably less important than 
intraspecific competition and abiotic factors (reviewed by Johnson 
2001). On the other hand, there is evidence of facilitative relation-
ships with rodents that burrow. For example, nesting banner-tailed 
kangaroo rats (Dipodomys spectabilis) create ideal soil conditions 
for founding-queens of P. rugosus and increase the growth of pre-
ferred plant species by enhancing seed resources (Edelman 2012). 
Harvester ant queens near kangaroo rat nests have higher survival 
rates, and the nests of both ants and kangaroo rats across landscapes 
are spatially associated (Edelman 2012). Increased colony densities 
have been reported for P. occidentalis on abandoned pocket gopher 
(Thomomys talpoides) mounds (Hopton 2001) and P.  rugosus on 
prairie dog (Cynomys ludovicianus) mounds (Kretzer and Culley 
2001). However, in the same study Kretzer and Culley (2001) found 
no increase on prairie dog mounds for P. occidentalis or P. barbatus, 
and Alba-Lynn and Detling (2008) found no spatial relationships 
between prairie dog mounds and P. occidentalis nests. Relationships 
between harvester ants and burrowing rodents may be variable, and 
only noticeable once rodents have abandoned burrows, creating 
ideal nesting locations (i.e., bare ground) for ants.

Clarifying Keystone and Pest Roles in 
Management

Compared to pest roles, keystone roles for harvester ants are thor-
oughly documented in the literature. The distribution of keystone 
species can impose spatial structure on landscapes, influencing eco-
system function and stability (Hastings et  al. 2007). Termites, for 
example, impart substrate heterogeneity through nest construction, 
enhancing plant growth and increasing the robustness of landscapes 
to desertification (Bonachela et al. 2015). Harvester ant nests seem 
to play similar keystone roles within their ecosystems (Nicolai et al. 
2008, 2019). Still, harvester ants can play both keystone and pest 
roles depending on the human-perceived context. Here we clarify 
these roles and give management recommendations.

Harvester ant activities can be viewed as having pest- or keystone 
roles depending on circumstance, but keystone roles are far better 
supported (Supp Table 1 [online only]; Fig. 3). When ants harvest 
seeds that are undesirable, such as weeds or invasive species, they 
may be beneficial to agriculture and/or restoration. However, when 
ants harvest desirable native or crop species, they may be considered 
detrimental. Overall, the pest role from seed harvesting in agricul-
ture is likely negligible, however, there is more support for negative 
effects to broadcast seeding restoration. Nest building creates bene-
ficial microhabitats for vegetation and other biodiversity, but may 
be detrimental depending on location and density in rare instances. 
Specifically, nests may cause damage when located under anthropo-
genic structures like roads and airport runways, although there is 
no recent evidence for this. Nests may also affect productivity on 

Fig. 3. Clarification of the pest- and keystone roles of harvester ants. Black boxes contain ant activities that can be viewed as pest- or keystone roles. Top arrows 
represent keystone roles, while lower arrows represent pest roles. Perceived roles can switch from pest to keystone for some ant activities depending on 
circumstance and have different levels of literature support represented by arrow fill. ‘Weak support’ is assigned in cases where literature is scarce or outdated, 
‘mixed support’ when literature is either contradictory or requires more investigation, or ‘strong support’ when the literature is recent and conclusive (Supp 
Table 1 [online only]). See online version for color figure.
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rangelands when at extremely high densities, although recent evi-
dence points towards harvester ants exhibiting positive roles on pri-
mary productivity in rangelands, essentially negating the historical 
rangeland pest paradigm. Stinging in Pogonomyrmex can be viewed 
as culturally important, although further study is needed for this 
keystone role, or as a human health risk. Trophic relationships of 
ants with other insectivores and arthropod prey are beneficial in sup-
porting native biodiversity, with no reported pest roles associated 
with it.

Control Recommendations
Large-scale control of harvester ant populations seems unlikely to 
benefit rangeland conditions or most seed-crops, but the practical 
danger from stings suggests targeted elimination may sometimes 
be necessary for areas of concentrated human habitation. Poisoned 
baits are effective at eliminating individual harvester ant nests 
(Crowell 1963, Race 1964, Lavigne 1966, Borth et al. 1982, Salas-
Araiza et al. 2020) but can have detrimental effects on nontarget or-
ganisms. Mechanical control of harvester ants by shading (e.g., Bucy 
and Breed 2006, Tschinikel 2014), flooding, or tilling (Baraibar et al. 
2011, 2019) nest areas may provide an alternative to pesticides but 
have yet to be tested systematically. We propose that in general, con-
trol is rarely needed and only necessary where harvester ants pose 
immediate health risks (e.g., playgrounds, small backyards).

Bioindicators for Conservation Management
Harvester ants may be important to monitor and potentially facili-
tate for conservation-based management of their habitats. Several 
studies suggest that healthy populations of harvester ants should 
be a part of restoration and/or conservation goals (Carlisle et  al. 
2017, De Almeida et  al. 2020) because of their beneficial roles in 
aiding vegetation recovery. In some cases, facilitating harvester ant 
colonization by either directly adding queens from other areas or 
managing conditions to be favorable for harvester ant establishment 
may yield direct restoration tools, as suggested for Mediterranean 
Messor (De Almeida et  al. 2020). Harvester ants are abundant, 
easily sampled, responsive to disturbances, and have long-lived col-
onies (MacMahon et  al. 2000) making them ideal surrogates for 
quantifying ecological health. Entire ant communities are recognized 
and used as bioindicators for ecological health (e.g., Andersen et al. 
2002), but harvester ants on their own may also be just as useful. 
Pogonomyrmex rugosus, for example, bioaccumulates heavy metals 
suggesting its use in monitoring mining restoration success (Del 
Toro et  al. 2010). Pogonomyrmex barbatus foraging performance 
decreases with forest regeneration suggesting its use in monitoring 
forest restoration (Hernandez-Flores et  al. 2016). Pogonomyrmex 
occidentalis nest densities correlate positively with sage-grouse popu-
lations (Carlisle et al. 2017) and other harvester ants are necessary 
prey items for threatened horned lizards (McIntyre 2003, Schmidt 
2019), showing their importance for the conservation of endemic 
insectivores. The links of harvester ant nest densities with grazing 
intensity (Rogers et al. 1972, Crist and Wiens 1996, Usnick and Hart 
2002, Schooley and Wiens 2003, Beever and Herrick 2006), inva-
sive grass species (Holbrook et al. 2016), and climate (Dibner et al. 
2015), along with the ease of aerial/satellite detection of their nests, 
suggest strong potential for use in remote sensing.

Considerations for Vegetation Restoration in 
Harvester Ant Habitats
Restoration plans in areas with high densities of harvester ants 
should consider ant effects on vegetation and ant preference for 

vegetation when planting and seeding. Harvester ants can select na-
tive (co-evolved) dominant grasses (e.g., Robertson and Robertson 
2020), the same species common to broadcast seeding restoration 
(Paolini et  al. 2020). Harvester ants can be beneficial to restor-
ation, however, only when they prefer and suppress non-native seeds 
(Briggs and Redak 2016). Seeding efforts near nests may find more 
success by using plant species not preferred by ants, applying seeds 
when ant activity is low during colder times of the year, sowing seeds 
into the soil, or distancing seed-application from nests where pos-
sible. Restoration efforts that directly plant seedlings should also 
consider that ants will clear vegetation planted too close to nests, al-
though they are less able to remove woody vegetation (Taber 1999).

Research Needs

The effects of harvester ants on vegetation are numerous, 
context-dependent, and many aspects of their influences on ecosys-
tems are still unknown. Our knowledge is heavily skewed towards 
a small number of Pogonomyrmex species from just a few habitat 
types in the western United States; and baseline information is 
needed for many regions and harvester ant species. The relationship 
between harvester ants with plant communities should be of par-
ticular concern for future studies. Some questions to consider: How 
important are harvester ant nest-rim habitats to vegetation recovery 
following disturbances such as drought and fire? Are harvester ants 
facilitators or simply beneficiaries of non-native invasions such as 
cheatgrass (e.g., Holbrook et al. 2016)? In which scenarios do har-
vester ants prefer native (e.g., Paolini et al. 2020) or invasive seeds 
(e.g., Briggs and Redak 2016), and does their preference alter local 
invasion dynamics or seed restoration? And finally, can harvester ant 
nest densities be used as indicators for rangeland quality or invasive 
species monitoring? Answers to these questions are likely to change 
from system to system, but a baseline knowledge of these specifics 
will likely improve restoration of grass and rangelands where har-
vester ants are present.

Conclusions
Harvester ants are important regulators of plant and animal com-
munity structure, shaping landscape patterns and contributing to 
the ecosystem stability of most arid grasslands. In healthy grassland 
systems, harvester ants play keystone roles by enhancing plant diver-
sity and creating landscape heterogeneity. Yet their roles in invasion 
dynamics can switch from beneficial to determinantal depending on 
seed preferences. Furthermore, relationships between harvester ants 
and cattle grazing, and their collective impacts on vegetation remain 
unclear. In general, the perception of harvester ants as pests is unsup-
ported. We hope that the recognition and knowledge of the keystone 
roles of harvester ants in grassland communities can help reduce 
human conflicts with these native ants.

Supplementary Data
Supplementary data are available at Annals of the Entomological Society of 
America online.

Acknowledgments
We thank Sneha Vissa, Dr. Karen Haubensak, Dr. Catherine Gehring, Dr. 
Margret Moore, and Dr. Stephanie Stephens for editorial assistance. We also 
thank two anonymous reviewers whose comments helped improve our manu-
script. Our appreciation to the many researchers who have devoted themselves 
to the study of harvester ants.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/aesa/advance-article/doi/10.1093/aesa/saab046/6427367 by guest on 18 N

ovem
ber 2021



11Annals of the Entomological Society of America, 2021, Vol. XX, No. XX

References Cited
Alba-Lynn,  C., and J.  K.  Detling. 2008. Interactive disturbance effects of 

two disparate ecosystem engineers in North American shortgrass steppe. 
Oecologia. 157: 269–278.

Andersen, A. N., B. D. Hoffmann, W.  J. Müller, and A. D. Griffiths. 2002. 
Using ants as bioindicators in land management: simplifying assessment 
of ant community responses. J. Appl. Ecol. 39: 8–17.

Anderson, C. J., and J. A. MacMahon. 2001. Granivores, exclosures, and seed 
banks: harvester ants and rodents in sagebrush-steppe. J. Arid Environ. 
49: 343–355.

Anjos, D. V., A. N. Andersen, R. L. Carvalho, R. M. Sousa, and K. Del-Claro. 
2020. Switching roles from antagonist to mutualist: a harvester ant as 
a key seed disperser of a myrmecochorous plant. Ecol. Entomol. 45: 
1063–1070.

Aput, L. M., A. G. Farji-Brener, and G.  I. Pirk. 2019. Effects of introduced 
plants on diet and seed preferences of Pogonomyrmex carbonarius 
(Hymenoptera: Formicidae) in the Patagonian Steppe. Environ. Entomol. 
48: 567–572.

Azcárate, F. M., and B. Peco. 2003. Spatial patterns of seed predation by har-
vester ants (Messor Forel) in Mediterranean grassland and scrubland. 
Insect Soc. 50: 120–126.

Azcárate, F. M., E. Kovacs, and B. Peco. 2007. Microclimatic conditions regu-
late surface activity in harvester ants Messor barbarus. J. Insect Behav. 20: 
315–329.

Baraibar, B., P. R. Westerman, E. Carrión, and J. Recasens. 2009. Effects of 
tillage and irrigation in cereal fields on weed seed removal by seed pred-
ators. J. Appl. Ecol. 46: 380–387.

Baraibar, B., R. Ledesma, A. Royo-Esnal, and P. R. Westerman. 2011. Assessing 
yield losses caused by the harvester ant Messor barbarus (L.) in winter cer-
eals. Crop Prot. 30: 1144–1148.

Baraibar,  B., J.  Torra, A.  Royo-Esnal, J.  Recasens, and C.  Comas. 2019. 
Harvester ant nest distribution depends on soil disturbance regime. Biol. 
Control. 128: 1–5.

Barnes,  O.  L., and N.  J.  Nerney. 1957. The red harvester ant and how to 
subdue it. USDA Farmer’s Bull. 1668: 11.

Beever, E. A., and J. E. Herrick. 2006. Effects of feral horses in Great Basin 
landscapes on soils and ants: direct and indirect mechanisms. J. Arid 
Environ. 66: 96–112.

Beverly, B. D., H. McLendon, S. Nacu, S. Holmes, and D. M. Gordon. 2009. 
How site fidelity leads to individual differences in the foraging activity of 
harvester ants. Behav. Ecol. 20: 633–638.

Blanco-Moreno, J. M., P. R. Westerman, V. Atanackovic, and J. Torra. 2014. 
The spatial distribution of nests of the harvester ant Messor barbarus in 
dryland cereals. Insect. Sociaux. 61: 145–152.

Bolton, B. 2021. An online catalog of the ants of the world. Available from 
https://antcat.org (accessed 19 January 2021).

Bonachela,  J.  A., R.  M.  Pringle, E.  Sheffer, T.  C.  Coverdale, J.  A.  Guyton, 
K. K. Caylor, S. A. Levin, and C. E. Tarnita. 2015. Ecological feedbacks. 
Termite mounds can increase the robustness of dryland ecosystems to cli-
matic change. Science. 347: 651–655.

Borth,  P. W., B. R. Tickes, and G. D.  Johnson. 1982. A preliminary evalu-
ation of Amdro for control of a harvester ant (Pogonomyrmex maricopa 
Wheeler) in hard red spring wheat. Forage Grain. 1: 39–41.

Boulton, A. M., and K. D. Amberman. 2006. How ant nests increase soil biota rich-
ness and abundance: a field experiment, pp. 55–68. In D. L. Hawksworth and 
A. T. Bull (eds.), Arthropod diversity and conservation. Springer, Dordrecht.

Boulton, A. M., B. A. Jaffee, and K. M. Scow. 2003. Effects of a common har-
vester ant (Messor andrei) on richness and abundance of soil biota. Appl. 
Soil Ecol. 23: 257–265.

Briggs, C. M., and R. A. Redak. 2016. Seed selection by the harvester ant 
Pogonomyrmex rugosus (Hymenoptera: Formicidae) in coastal sage scrub: 
interactions with invasive plant species. Environ. Entomol. 45: 983–990.

Brown, J. H., and D. W. Davidson. 1977. Competition between seed-eating 
rodents and ants in desert ecosystems. Science. 196: 880–882.

Brown, J. A., and I. C. Robertson. 2020. Harvester ants reduce seed survivor-
ship in slickspot peppergrass, a rare mustard endemic to Idaho. West. 
N. Am. Nat. 80: 483–491.

Brown, G., C. Scherber, P. Ramos, Jr., and E. K. Ebrahim. 2012. The effects of 
harvester ant (Messor ebeninus Forel) nests on vegetation and soil prop-
erties in a desert dwarf shrub community in north-eastern Arabia. Flora-
Morph. Distr. Funct. Ecol. Plants. 207: 503–511.

Bucy, A. M., and M. D. Breed. 2006. Thermoregulatory trade-offs result from 
vegetation removal by a harvester ant. Ecol. Entomol. 31: 423–429.

Bulot, A., E. Provost, and T. Dutoit. 2016. Refuse pile turnover by harvester 
ants (Hymenoptera: Formicidae) increases seed density and seedling spe-
cies richness in dry grasslands. Myrmecol. News. 23: 91–100.

Capinera, J. L. 1993. Insects in art and religion: the American southwest. Am. 
Entomol. 39: 221–230.

Carlisle, J. D., D. R. Stewart, and A. D. Chalfoun. 2017. An invertebrate eco-
system engineer under the umbrella of sage-grouse conservation. West. 
N. Am. Nat. 77: 450–464.

Carlson, S. R., and W. G. Whitford. 1991. Ant mound influence on vegetation 
and soils in a semiarid mountain ecosystem. Am. Midl. Nat. 126: 125–39

Clark,  W.  H., and C.  J.  Clark. 1989. White-tailed prairie dog (Cynomys 
leucurus Merriam) diggings in western harvester ant, Pogonomyrmex 
occidentalis (Cresson), mounds. Great Basin Nat. 49: 3.

Clark, W. H., and P. L. Comanor. 1975. Removal of annual plants from the 
desert ecosystem by western harvester ants, Pogonomyrmex occidentalis. 
Environ. Entomol. 4: 52–56.

Coe, M. A., and O. G. Gaoue. 2020. Cultural keystone species revisited: are 
we asking the right questions? J. Ethnobiol. Ethnomed. 16: 70.

Cole, A. C. 1932a. The relation of the ant, Pogonomyrmex occidentalis Cr., to 
its habitat. Ohio State Univ. Press. 2: 133–146.

Cole, A. C. 1932b. The ant, Pogonomyrmex occidentalis, Cr., associated with 
plant communities. Ohio State Univ. Press. 1: 10–20.

Cole,  A.  C. 1968. Pogonomyrmex harvester ants. University of Tennessee, 
Knoxville, TN.

Comas, C., A., Royo-Esnal, J. Recasens, and J. Torra. 2016. Analysing spatial 
correlation of weeds and harvester ants in cereal fields using point pro-
cesses. Arthropod Plant Interact. 10: 197–205.

Crist, T. O., and J. A. MacMahon. 1991. Foraging patterns of Pogonomyrmex 
occidentalis (Hymenoptera: Formicidae) in a shrub–steppe ecosystem: the 
roles of temperature, trunk trails, and seed resources. Environ. Entomol. 
20: 265–275.

Crist, T. O., and J. A. MacMahon. 1992. Harvester ant foraging and shrub-
steppe seeds: interactions of seed resources and seed use. Ecology. 73: 
1768–1779.

Crist,  T.  O., and J.  A.  Wiens. 1996. The distribution of ant colonies in a 
semiarid landscape: implications for community and ecosystem processes. 
Oikos. 76: 301–311.

Crist, T. O., and J. A. Williams. 1999. Simulation of topographic and daily 
variation in colony activity of Pogonomyrmex occidentalis (Hymenoptera: 
Formicidae) using a soil temperature model. Environ. Entomol. 28: 
659–668.

Cristancho, S., and J. Vining. 2004. Culturally defined keystone species. Hum. 
Ecol. Rev. 1: 153–164.

Crowell, H. H. 1963. Control of the western harvester ant, Pogonomyrmex 
occidentalis, with poisoned baits. J. Econ. Entomol. 56: 295–298.

Cushing,  P.  E. 2012. Spider-ant associations: an updated review of 
myrmecomorphy, myrmecophily, and myrmecophagy in spiders. Psyche. 
2012: 1–23.

Day, J. D., T. B. Bishop, and S. B. St. Clair. 2018. Fire and plant invasion, but 
not rodents, alter ant community abundance and diversity in a semi-arid 
desert. Ecosphere. 9: e02344.

De Almeida, T., O. Blight, F. Mesléard, A. Bulot, E. Provost, and T. Dutoit. 
2020. Harvester ants as ecological engineers for Mediterranean grass-
land restoration: impacts on soil and vegetation. Biol. Conserv. 245: 
108547.

DeFalco, L. A., T. C. Esque, J. M. Kane, and M. B. Nicklas. 2009. Seed banks 
in a degraded desert shrubland: influence of soil surface condition and 
harvester ant activity on seed abundance. J. Arid Environ. 73: 885–893.

Degri, M., H.  Sharah, Y. Maina, and H.  S. Musa. 2013. The effect of har-
vester ants (Messor spp.) nests on farmers’ productivity in semi-arid zone 
of Maiduguri, Nigeria. J. Environ. Iss. Agric. Develop. Count. 5: 34.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/aesa/advance-article/doi/10.1093/aesa/saab046/6427367 by guest on 18 N

ovem
ber 2021

https://antcat.org


12 Annals of the Entomological Society of America, 2021, Vol. XX, No. XX

Deguine, J. P., J. N. Aubertot, R. J. Flor, F. Lescourret, K. A. Wyckhuys, and 
A. Ratnadass. 2021. Integrated pest management: good intentions, hard 
realities. A review. Agron. Sust. Develop. 41: 1–35.

De  Jong,  G.  D. 2015. Density of nests of the western harvester ant, 
Pogonomyrmex occidentalis (Hymenoptera: Formicidae) in suburban and 
urban environments of metropolitan Denver, Colorado. Urban Naturalist. 
7: 1–4.

Delibes-Mateos,  M., M.  Debiles, P.  Ferreras, and R.  Villafuerte. 2008. The 
key role of European rabbits in the western Mediterranean Basin hotspot. 
Conserv. Biol. 22: 1106–1117.

Delibes-Mateos,  M., A.  T.  Smith, C.  N.  Slobodchikoff, and J.  E.  Swenson. 
2011. The paradox of keystone persecuted as pests: a call for the conser-
vation of abundant small mammals in their native range. Biol. Conserv. 
144: 1335–1346.

Del  Toro,  I., K.  Floyd, J.  Gardea-Torresdey, and D.  Borrok. 2010. Heavy 
metal distribution and bioaccumulation in Chihuahuan desert rough har-
vester ant (Pogonomyrmex rugosus) populations. Environ. Pollut. 158: 
1281–1287.

DeMers, M. N. 1993. Roadside ditches as corridors for range expansion of 
the western harvester ant (Pogonomyrmex occidentalis Cresson). Landsc. 
Ecol. 8: 93–102.

Díaz, M. 1992. Spatial patterns of granivorous ant nest abundance and nest 
site selection in agricultural landscapes of Central Spain. Insect. Soc. 38: 
351–363.

Dibner, R. R., D. F. Doak, and E. M. Lombardi. 2015. An ecological engineer 
maintains consistent spatial patterning, with implications for community-
wide effects. Ecosphere. 6: 1–17.

Edelman, A.  J. 2012. Positive interactions between desert granivores: local-
ized facilitation of harvester ants by kangaroo rats. PLoS One. 7: e30914.

Esmaeili, S., and M. R. Hemami. 2013. Utilization of harvester ant nest sites 
by Persian goitered gazelle in steppes of central Iran. BAAE. 14: 702–711.

Field, H. C., W. E. Evans Sr, R. Hartley, L. D. Hansen, and J. H. Klotz. 2007. 
A survey of structural ant pests in the southwestern USA (Hymenoptera: 
Formicidae). Sociobiology. 49: 151–164.

Flanagan, T. P., K. Letendre, W. R. Burnside, G. M. Fricke, and M. E. Moses. 
2012. Quantifying the effect of colony size and food distribution on har-
vester ant foraging. PLoS One. 7: e39427.

Fritz, R. F., and W. A. Vickers. 1942. Damage to highways by the mound-
building prairie ant. J. Econ. Entomol. 35: 725–727.

Gaoue, O. G., M. A. Coe, M. Bond, G. Hart, B. C. Seyler, and H. McMillen. 
2017. Theories and major hypotheses in ethnobotany. Econ. Bot. 71: 
269–287.

Garibaldi, A., and N. Turner. 2004. Cultural keystone species implications for 
ecological conservation and restoration. Ecol. Soc. 9: 1.

Ginzburg, O., W. G. Whitford, and Y. Steinberger. 2008. Effects of harvester 
ant (Messor spp.) activity on soil properties and microbial communities in 
a Negev desert ecosystem. Biol. Fertil. Soils. 45: 165–173.

Gómez,  J.  M., E.  W.  Schupp, and P.  Jordano. 2019. Synzoochory: the eco-
logical and evolutionary relevance of a dual interaction. Biol. Rev. Camb. 
Philos. Soc. 94: 874–902.

Gosselin,  E.  N., J.  D.  Holbrook, K.  Huggler, E.  Brown, K.  T.  Vierling, 
R. S. Arkle, and D. S. Pilliod. 2016. Ecosystem engineering of harvester 
ants: effects on vegetation in a sagebrush-steppe ecosystem. West. N. Am. 
Nat. 76: 82–89.

Gordon, W. M. 1943. Airplane runways damaged by ants. J. Econ. Entomol. 
36: 354.

Gordon, D. M. 1993. The spatial scale of seed collection by harvester ants. 
Oecologia. 95: 479–487.

Gordon, D. M. 2013. The rewards of restraint in the collective regulation of 
foraging by harvester ant colonies. Nature. 498: 91–93.

Gordon,  D.  M., and A.  W.  Kulig. 1996. Founding, foraging, and fighting: 
colony size and the spatial distribution of harvester ant nests. Ecology. 
77: 2393–2409.

Gordon, D. M., and A. W. Kulig. 1998. The effect of neighbours on the mor-
tality of harvester ant colonies. J. Anim. Ecol. 67: 141–148.

Gordon, D. M., K. N. Dektar, and N. Pinter-Wollman. 2013. Harvester ant 
colony variation in foraging activity and response to humidity. PLoS One. 
8: e63363.

Groark, K. P. 1996. Ritual and therapeutic use of “hallucinogenic” harvester 
ants (Pogonomyrmex) in native south-central California. J. Ethnobiol. 16: 
1–30.

Groark,  K.  P. 2001. Taxonomic identity of “hallucinogenic” harvester ant 
(Pogonomyrmex californicus) confirmed. J. Ethnobiol. 21: 133-144.

Hale, S. L., and J. L. Koprowski. 2018. Ecosystem-level effects of keystone spe-
cies reintroduction: a literature review. Restor. Ecol. 26: 439–445.

Hastings,  A., J.  E.  Byers, J.  A.  Crooks, K.  Cuddington, C.  G.  Jones, 
J. G. Lambrinos, T. S. Talley, and W. G. Wilson. 2007. Ecosystem engin-
eering in space and time. Ecol. Lett. 10: 153–164.

Hernández-Flores,  J., M.  Osorio-Beristain, and C.  Martínez-Garza. 2016. 
Ant foraging as an indicator of tropical dry forest restoration. Environ. 
Entomol. 45: 991–994.

Hojati, V., F. Mojibi, and N. Jahed Haghshenas. 2014. A preliminary study on 
the biology of the Bedriaga’s plate-tailed gecko, Teratoscincus bedriagai in 
Iran. J Entomol. Zool. Stud. 2: 71–76.

Holbrook, J. D., D. S. Pilliod, R. S. Arkle, J. L. Rachlow, K. T. Vierling, and 
M. M. Wiest. 2016. Transition of vegetation states positively affects har-
vester ants in the Great Basin, United States. Rangel. Ecol. Manag. 69: 
449–456.

Hölldobler, B. 1976. Recruitment behavior, home range orientation and ter-
ritoriality in harvester ants, Pogonomyrmex. Behav. Ecol. Sociobiol. 1: 
3–44.

Holzner, W., and M. Kriechbaum. 2001. Pastures in south and central Tibet 
(China), probable cause of pasture degradation. Die Bodenkuktur. 51: 
37–44.

Hopton,  M.  E. 2001. Harvester ants (Pogonomyrmex occidentalis) and 
pocket gopher (Thomomys talpoides) mounds on a shortgrass steppe in 
Colorado. Southwest. Nat. 46: 209–213.

Hull,  A.  C., and J.  R.  Killough. 1951. Ants are consuming big horn basin 
ranges. Annual Livestock Review, Herdsman Edition, Sec. 2 in the Western 
Farm Life. 53: 70.

Itzhak, M. J.  J. 2008. Seed harvester and scavenger ants along roadsides in 
Northern Israel. Zool. Middle East. 44: 75–82.

Jiang, Z., and W. Xia. 1985. Utilization of food resources by plateau pikas. 
Acta Ther. Sin. 5: 251–262.

Jiang, Z., and W. Xia. 1987. The niches of yaks, Tibetan sheep, and plateau 
pikas in the alpine meadow ecosystem. Acta Biol. Plat. Sin. 6: 115–146.

Johnson, R. A. 2000. Habitat segregation based on soil texture and body size 
in the seed-harvester ants Pogonomyrmex rugosus and P. barbatus. Ecol. 
Entomol. 25: 403–412.

Johnson,  R.  A. 2001. Biogeography and community structure of North 
American seed-harvester ants. Annu. Rev. Entomol. 46: 1–29.

Johnson, S. A., H. K. Ober, and D. C. Adams. 2017. Are keystone species ef-
fective umbrellas for habitat conservation? A spatially explicit approach. 
J. Nat. Conserv. 37: 47–55.

Jones, J. B., and D. Wagner. 2006. Microhabitat-specific controls on soil res-
piration and denitrification in the Mojave Desert: the role of harvester ant 
nests and vegetation. West. N. Am. Nat. 66: 426–433.

Jones, C. G., J. H. Lawton, and M. Shachak. 1994. Organisms as ecosystem 
engineers. Oikos. 69: 373–386. 

Keeler,  K.  H. 1993. Fifteen years of colony dynamics in Pogonomyrmex 
occidentalis, the western harvester ant, in western Nebraska. Southwest. 
Nat. 38: 286–289.

Keller, L. 1998. Queen lifespan and colony characteristics in ants and termites. 
Insect. Soc. 45: 235–246.

Kirkham, D. R., and H. G. Fisser. 1972. Rangeland relations and harvester 
ants in northcentral Wyoming. J. Range Manag. 25: 55–60.

Kline, M. P., J. A. Alvarez, and N. Parizeau. 2018. Kleptoparasitism of har-
vester ants by the giant kangaroo rat (Dipodomys ingens) in the Carrizo 
Plain, California. West. N. Am. Nat. 78: 208–211.

Klotz,  J.  H., R.  D.  deShazo, J.  L.  Pinnas, A.  M.  Frishman, J.  O.  Schmidt, 
D. R.  Suiter, G. W. Price, and S. A. Klotz. 2005a. Adverse reactions to 
ants other than imported fire ants. Ann. Allergy Asthma Immunol. 95: 
418–425.

Klotz, J. H., J. O. Schmidt, and J. L. Pinnas. 2005b. Consequences of harvester 
ant incursion into urbanized areas: a case history of sting anaphylaxis. 
Sociobiology. 45: 1–10.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/aesa/advance-article/doi/10.1093/aesa/saab046/6427367 by guest on 18 N

ovem
ber 2021



13Annals of the Entomological Society of America, 2021, Vol. XX, No. XX

Kretzer, J. E., and J. F. Cully. 2001. Prairie dog effects on harvester ant species 
diversity and density. Rangel. Ecol. Manag. 54: 11–14.

Kronauer,  D.  J., and N.  E.  Pierce. 2011. Myrmecophiles. Curr. Biol. 21: 
R208–R209.

Kotliar, N. B. 2000. Application of the new keystone-species concept to prairie 
dogs: how well does it work? Conserv. Biol. 14: 1715–1721.

Kwapich,  C.  L., and W.  R.  Tschinkel. 2013. Demography, demand, death, 
and the seasonal allocation of labor in the Florida harvester ant 
(Pogonomyrmex badius). Behav. Ecol. Sociobiol. 67: 2011–2027.

Lavigne, R. J. 1966. Individual mound treatments for control of the western 
harvester ant, Pogonomyrmex occidentalis, in Wyoming. J. Econ. Entomol. 
59: 525–532.

Lei, S. A. 2000. Ecological impacts of seed harvester ants on soil attributes in a 
Larrea-dominated shrubland. West. N. Am. Nat. 60: 439–444.

Lengyel, S., A. D. Gove, A. M. Latimer, J. D. Majer, and R. R. Dunn. 2010. 
Convergent evolution of seed dispersal by ants, and phylogeny and bio-
geography in flowering plants: a global survey. Perspect. Plant Ecol. Evol. 
Syst. 12: 43–55.

Lincecum, G. 1862. Notice on the habits of the “agricultural ant” of Texas 
[“stinging ant” or “mound-making ant,” Myrmica (Atta) malefaciens, 
Buckley]. J. Proc. Linn. Soc. Lon. Zool. 6: 21–31.

Lubertazzi, D., B. J. Cole, and D. C. Wiernasz. 2013. Competitive advantages 
of earlier onset of foraging in Pogonomyrmex occidentalis (Hymenoptera: 
Formicidae). Ann. Entomol. Soc. 106: 72–78.

Luna,  P., J.  H.  García-Chávez, and W.  Dáttilo. 2018. Complex foraging 
ecology of the red harvester ant and its effect on the soil seed bank. Acta 
Oecol. 86: 57–65.

MacKay, W. P. 1983. Beetles associated with the harvester ants, Pogonomyrmex 
montanus, P.  subnitidus and P.  rugosus (Hymenoptera: Formicidae). 
Coleopter. Bull. 37: 239–246.

MacKay,  W.  P., and E.  E.  MacKay. 1989. Diurnal foraging patterns of 
Pogonomyrmex harvester ants (Hymenoptera: Formicidae). Southwest. 
Nat. 34: 213–218.

MacMahon,  J.  A., J.  F.  Mull, and T.  O.  Crist. 2000. Harvester ants 
(Pogonomyrmex spp.): their community and ecosystem influences. Annu. 
Rev. Ecol. 31: 265–295.

McIntyre, N. E. 2003. Effects of conservation reserve program seeding regime 
on harvester ants (Pogonomyrmex) with implications for the threatened 
Texas horned lizard (Phrynosoma cornutum). Southwest. Entomol. 48: 
274–277.

McShane,  T.  O., P.  D.  Hirsch, T.  C.  Trung, A.  N.  Songorwa, A.  Kinzig, 
B. Monteferri, D. Mutekanga, H. Van Thang, J. L. Dammert, M. Pulgar-
Vidal, and M. Welch-Devine. 2011. Hard choices: making trade-offs be-
tween biodiversity conservation and human well-being. Biol. Conserv. 
144: 966–972.

Miller,  B.  J., R.  P.  Reading, D.  E.  Biggins, J.  K.  Detling, S.  C.  Forrest, 
J.  L.  Hoogland, J.  Javersak, S.  D.  Miller, J.  Proctor, J.  Truett, and 
D.  W.  Uresk. 2007. Prairie dogs: an ecological review and current 
biopolitics. J. Wildl. Manag. 71: 2801–2810.

Milton, S. J., and M. T. Hoffman. 1994. The application of state-and-transition 
models to rangeland research and management in arid succulent and semi-
arid grassy Karoo, South Africa. Afr. J. Range Forag. Sci. 11: 18–26.

Mor-Mussery, A., and A. Budovsky. 2017. Ecological and microtopographical 
impact of Messor ebeninus and Messor arenarius ants on arid loess 
rangelands of the northern Negrev. Geogr. Environ. Sustain. 10: 57–73.

Mouhoub-Sayah,  C., H.  Djoudad-Kadji, F.  Kletty, A.  Malan, J.  P.  Robin, 
M. Saboureau, and C. Habold. 2018. Seasonal variations in the diet and 
food selection of the Algerian hedgehog Atelerix algirus. Afr. Zool. 53: 
1–10.

Mouquet,  N., D.  Gravel, F.  Massol, and V.  Calcagno. 2013. Extending the 
concept of keystone species to communities and ecosystems. Ecol. Lett. 
16: 1–8.

Mull, J. F. 2003. Dispersal of sagebrush-steppe seeds by the western harvester 
ant (Pogonomyrmex occidentalis). West. N. Am. Nat. 63: 9.

Müller,  J., H.  Bußler, M.  Goßner, T.  Rettelbach, and P.  Duelli. 2008. The 
European spruce bark beetle Ips typographus in a national park: from 
pest to keystone species. Biodivers. Conserv. 17: 2979–3001.

Nay,  J.  E., and T.  M.  Perring. 2005. Impact of ant predation and heat on 
carob moth (Lepidoptera: Pyralidae) mortality in California date gardens. 
J. Econ. Entomol. 98: 725–731.

Nicolai, N. 2019. Ecological engineers’ nests benefit plant recovery following 
fire in a semiarid grassland, New Mexico, USA. J. Veg. Sci. 30: 709–719.

Nicolai, N., and B. R. Boeken. 2012. Harvester ants modify seed rain using 
nest vegetation and granivory. Ecol. Entomol. 37: 24–32.

Nicolai, N., F. E. Smeins, and J. L. Cook. 2008. Harvester ant nests improve 
recovery performance of drought impacted vegetation in grazing regimes 
of semiarid savanna, Texas. Am. Midl. Nat. 160: 29–40.

Nicolai, N., R. A. Feagin, and F. E.  Smeins. 2010. Spatial patterns of grass 
seedling recruitment imply predation and facilitation by harvester ants. 
Envir. Entomol. 39: 127–133.

Ostoja, S. M., E. W. Schupp, and K. Sivy. 2009. Ant assemblages in intact big 
sagebrush and converted cheatgrass-dominated habitats in Tooele County, 
Utah. West. N. Am. Nat. 69: 223–234.

Paolini, K. E., M. Modlin, A. A. Suazo, D. S. Pilliod, R. S. Arkle, K. T. Vierling, 
and J.  D.  Holbrook. 2020. Harvester ant seed removal in an invaded 
sagebrush ecosystem: implications for restoration. Ecol. Evol. 10: 
13731–13741.

Parmentier, T., M. Gaju-Ricart, T. Wenseleers, and R. Molero-Baltanás. 2020. 
Strategies of the beetle Oochrotus unicolor (Tenebrionidae) thriving in the 
waste dumps of seed-harvesting Messor ants (Formicidae). Ecol. Entomol. 
45: 583–593.

Pearson, D. E., N. S. Icasatti, J. L. Hierro, and B. J. Bird. 2014. Are local filters 
blind to provenance? Ant seed predation suppresses exotic plants more 
than natives. PLoS One. 9: e103824.

Peters, H. A., N. R. Chiariello, H. A. Mooney, S. A. Levin, and A. E. Hartley. 
2005. Native harvester ants threatened with widespread displacement 
exert localized effects on serpentine grassland plant community compos-
ition. Oikos. 109: 351–359.

Pinnas, J. L., R. C. Strunk, T. M. Wang, and H. C. Thompson. 1977. Harvester 
ant sensitivity: in vitro and in vivo studies using whole body extracts and 
venom. J. Allergy Clin. Immunol. 59: 10–16.

Pirk,  G.  I., and J.  L.  De  Casenave. 2017. Ant interactions with native and 
exotic seeds in the Patagonian steppe: influence of seed traits, disturbance 
levels and ant assemblage. Plant Ecol. 218: 1255–1268.

Pirk, G. I., J. L. De Casenave, R. G. Pol, L. Marone, and F. A. Milesi. 2009. 
Influence of temporal fluctuations in seed abundance on the diet of har-
vester ants (Pogonomyrmex spp.) in the central Monte desert, Argentina. 
Austral. Ecol. 34: 908–919.

Pirk, G. I., L. Elizalde, M. N. Lescano, and V. Werenkraut. 2020. Essential but 
invisible: non-apparent but widespread ant nests favour soil nutrients and 
plant growth in semi-arid areas. Ecol. Entomol. 45: 1408–1417.

Pol, R. G., J. Lopez de Casenave, and G. I. Pirk. 2011. Influence of temporal 
fluctuations in seed abundance on the foraging behaviour of harvester ants 
(Pogonomyrmex spp.) in the central Monte desert, Argentina. Austral. 
Ecol. 36: 320–328.

Porter,  S.  D., and D.  A.  Savignano. 1990. Invasion of polygyne fire ants 
decimates native ants and disrupts arthropod community. Ecology. 71: 
2095–2106.

Power, M. E., D. Tilman, J. A. Estes, B. A. Menge, W. J. Bond, L. S. Mills, 
G. Daily, J. C. Castilla, J. Lubchenco, and R. T. Paine. 1996. Challenges 
in the quest for keystones: identifying keystone species is difficult—but 
essential to understanding how loss of species will affect ecosystems. 
BioScience. 46: 609–620.

Prins, A. J., H. G. Robertson, and A. Prins. 1990. Pest ants in urban and agri-
cultural areas of southern Africa, pp. 25–33. Westview Press, Boulder, CO.

Race,  S.  R. 1964. Individual colony control of the western harvester ant, 
Pogonomyrmex occidentalis. J. Econ. Entomol. 57: 860–864.

Randolph,  N.  M., and F.  M.  Fuller. 1953. How to control the Texas har-
vester ant. Texas A. & M. College System, Agricultural Extension Service, 
College Station, TX.

Robertson,  I.  C., and W.  G.  Robertson. 2020. Colony dynamics and plant 
community associations of the Harvester ant, Pogonomyrmex salinus 
(Hymenoptera: Formicidae) in sagebrush-steppe habitat. Environ. 
Entomol. 49: 983–992.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/aesa/advance-article/doi/10.1093/aesa/saab046/6427367 by guest on 18 N

ovem
ber 2021



14 Annals of the Entomological Society of America, 2021, Vol. XX, No. XX

Rogers,  L.  E., and R.  J.  Lavigne. 1974. Environmental effects of western 
harvester ants on the shortgrass plains ecosystem. Environ. Entomol. 3: 
994–997.

Rogers, L., R. Lavigne, and J. L. Miller. 1972. Bioenergetics of the western 
harvester ant in the shortgrass plains ecosystem. Environ. Entomol. 1: 
763–768.

Saar,  M., A.  Subach, I.  Reato, T.  Liber, J.  N.  Pruitt, and I.  Scharf. 2018. 
Consistent differences in foraging behavior in 2 sympatric harvester ant 
species may facilitate coexistence. Curr. Zool. 64: 653–661.

Salas-Araiza, M. D., L. G. Lara-Álvarez, O. A. Martínez-Jaime, and J. A. Díaz-
García. 2020. Chemical control of Pogonomyrmex barbatus with corn 
attractants, in Irapuato, Guanajuato, Mexico. Agron. Mesoam. 31: 69–75.

Sanchez, A. M., F. M. Azcárate, and B. Peco. 2006. Effects of harvester ants on 
seed availability and dispersal of Lavandula stoechas subsp. pedunculata 
in a Mediterranean grassland-scrubland mosaic. Plant Ecol. 185: 49–56.

Sanders, N. J., and D. M. Gordon. 2004. The interactive effects of climate, life 
history, and interspecific neighbours on mortality in a population of seed 
harvester ants. Ecol. Entomol. 29: 632–637.

Schmasow,  M.  S., and I.  C.  Robertson. 2016. Selective foraging by 
Pogonomyrmex salinus (Hymenoptera: Formicidae) in semiarid grassland: 
implications for a rare plant. Environ. Entomol. 45: 952–960.

Schmidt, J. O. 2016. The sting of the wild. JHU Press.
Schmidt, J. O. 2019. Predator–prey battle of ecological icons: horned lizards 

(Phrynosoma spp.) and harvester ants (Pogonomyrmex spp.). Copeia. 
107: 404–410.

Schmidt, J. O., and G. C. Snelling. 2009. Pogonomyrmex anzensis Cole: does 
an unusual harvester ant species have an unusual venom. J. Hymenopt. 
Res. 18: 322–325.

Schooley, R. L., and J. A. Wiens. 2003. Spatial patterns, density dependence, 
and demography in the harvester ant, Pogonomyrmex rugosus in semi-arid 
grasslands. J. Arid Environ. 53: 183–196.

Sharp, L. A., and W. F. Barr. 1960. Preliminary investigations of harvester ants 
on southern Idaho ranges. Rangel. Ecol. Manag. 13: 131–134.

Smith, A. T., and J. M. Foggin. 2014. The plateau pike (Ochotona curzoniae) 
is a keystone species for biodiversity on the Tibetan Plateau. Anim. 
Conserv. 2: 235–240.

Sneva, F. A. 1979. The western harvester ants: their density and hill size in 
relation to herbaceous productivity and big sagebrush cover. Rangel. Ecol. 
Manag. 32: 46–47.

Snyder, S. R., T. O. Crist, and C. F. Friese. 2002. Variability in soil chemistry 
and arbuscular mycorrhizal fungi in harvester ant nests: the influence of 
topography, grazing and region. Biol. Fertil. Soils. 35: 406–413.

Solida, L., A. Celant, L. Luiselli, D. A. Grasso, A. Mori, and A. Fanfani. 2011. 
Competition for foraging resources and coexistence of two syntopic spe-
cies of Messor harvester ants in Mediterranean grassland. Ecol. Entomol. 
36: 409–416.

Soule,  P.  T., and P.  A.  Knapp. 1996. The influence of vegetation removal 
by western harvester ants (Pogonomyrmex owyheei) in a relict area of 
sagebrush-steppe in central Oregon. Am. Midl. Nat. 136: 336–345.

Sullivan,  B.  K., K.  O.  Sullivan, D.  Vardukyan, and T.  Suminski. 2014. 
Persistence of horned lizards (Phrynosoma spp.) in urban preserves of 
Central Arizona. Urban Ecosyst. 17: 707–717.

Taber, S. W. 1999. The world of the harvester ants. Texas A & M University 
Press.

Terranella, A. C., L. Ganz, and J.  J. Ebersole. 1999. Western harvester ants 
prefer nest sites near roads and trails. Southwest. Nat. 44: 382–384.

Torra,  J., V.  Atanackovic, J.  M.  Blanco-Moreno, A.  Royo-Esnal, and 
P. R. Westerman. 2016. Effect of patch size on seed removal by harvester 
ants. Weed Res. 56: 14–21.

Tschinkel, W. R. 2014. Nest relocation and excavation in the Florida harvester 
ant, Pogonomyrmex badius. PLoS One. 9: e112981.

Tschinkel,  W.  R. 2015. Biomantling and bioturbation by colonies of the 
Florida harvester ant, Pogonomyrmex badius. PLoS One. 10: e0120407.

Turaki, J. M., Z. G. S. Turaki, and M. K. Maidoki. 2006. Spacio-temporal be-
haviours of harvester ant (Messor galla Forel) in response to different food 
grains. Niger. J. Exp. Appl. Bio. 7: 199–204.

Turaki,  Z.  G.  S., J.  Z.  Turaki, J.  D.  Zira, and A.  B.  Abba-Masta. 2012. 
Estimation of haulage capacity and nest activity of different sizes of har-
vester ant (Messor galla Forel) for major small grain cereals in Nigeria. J. 
Stored Prod. Postharvest Res. 3: 83–86.

Uhey,  D.  A., R.  W.  Hofstetter, M.  Remke, S.  Vissa, and K.  A.  Haubensak. 
2020a. Climate and vegetation structure shape ant communities along ele-
vational gradients on the Colorado Plateau. Ecol. Evol. 10: 8313–8322.

Uhey, D. A., A. K. Rowe, and D. Kendall. 2020b. Tamarisk alters arthropod 
composition, but has little negative effect on richness and abundance in 
Southwestern Colorado. Southwest. Entomol. 45: 585–600.

Uhey, D., K. Haubensak, and R. Hofstetter. 2021a. Mid-elevational peaks in 
diversity of ground-dwelling arthropods with high species turnover on the 
Colorado Plateau. Environ. Entomol. 50: 337–347.

Uhey, D. A., G. C. Cummins, M. C. Rotter, L. S. Lassiter, and T. G. Whitham. 
2021b. Hiking trails increase abundance of harvester ant nests at West 
Clear Creek, Arizona. Southwest. Entomol. 46: 403–411.

Usnick, S., and R. Hart. 2002. Western harvester ants’ foraging success and 
nest densities in relation to grazing intensity. Great Plains Res. 1: 261–273.

Valone, T. J., J. H. Brown, and E. J. Heske. 1994. Interactions between rodents 
and ants in the Chihuahuan Desert: an update. Ecology. 75: 252–255.

Ward, P. S., S. G. Brady, B. L. Fisher, and T. R. Schultz. 2015. The evolution of 
myrmicine ants: phylogeny and biogeography of a hyperdiverse ant clade 
(Hymenoptera: Formicidae). Syst. Entomol. 40: 61–81.

Wagner, D., and J. B.  Jones. 2004. The contribution of harvester ant nests, 
Pogonomyrmex rugosus (Hymenoptera, Formicidae), to soil nutrient 
stocks and microbial biomass in the Mojave Desert. Environ. Entomol. 
33: 599–607.

Wagner, D., and J. B. Jones. 2006. The impact of harvester ants on decompos-
ition, N mineralization, litter quality, and the availability of N to plants in 
the Mojave Desert. Soil Biol. Biochem. 38: 2593–2601.

Wagner, D., M. J. Brown, and D. M. Gordon. 1997. Harvester ant nests, soil 
biota and soil chemistry. Oecologia. 112: 232–236.

Westerman,  P.  R., V.  Atanackovic, A.  Royo-Esnal, and J.  Torra. 2012. 
Differential weed seed removal in dryland cereals. Arthropod Plant 
Interact. 6: 591–599.

Whitford, W. G. 1978. Foraging in seed-harvester ants, Pogonomyrmex spp. 
Ecology. 59: 185–189.

Wiernasz, D. C., and B. J. Cole. 1995. Spatial distribution of Pogonomyrmex 
occidentalis: recruitment, mortality and overdispersion. J. Anim. Ecol. 1: 
519–527.

Whitford,  W.  G., and R.  DiMarco. 1995. Variability in soils and vegeta-
tion associated with harvester ant (Pogonomyrmex rugosus) nests on a 
Chihuahuan Desert watershed. Biol. Fertil. Soils. 20: 169–173.

Whitford, W. G., and E. Jackson. 2007. Seed harvester ants (Pogonomyrmex 
rugosus) as “pulse” predators. J. Arid Environ. 70: 549–552.

Whitford, W. G., and Y. Steinberger. 2010. Pack rats (Neotoma spp.): keystone 
ecological engineers?. J. Arid Environ. 74: 1450–1455.

Whitford, W. G., P. L. Johnson, and J. Ramirez. 1976. Comparative ecology of 
the harvester ants Pogonomyrmex barbatus (F. smith) and Pogonomyrmex 
rugosus (Emery). Insect. Soc. 23: 217–232.

Wiernasz, D. C., B. A. Cole, and B. J. Cole. 2014. Defending the nest: variation 
in the alarm aggression response and nest mound damage in the harvester 
ant Pogonomyrmex occidentalis. Insect. Soc. 61: 273–279.

Wight, J. R., and J. T. Nichols. 1966. Effects of harvester ants on production 
of a saltbush community. J. Range Manag. 19: 68–71.

Willard, J. R., and H. H. Crowell. 1965. Biological activities of the harvester 
ant, Pogonomyrmex owyheei, in central Oregon. J. Econ. Entomol. 58: 
484–489.

Wyman,  L.  C., and F.  L.  Bailey. 1964. Navaho Indian ethnoentomology. 
University of New Mexico Publications in Anthropology, no.  12. 
University of New Mexico Press, Albuquerque, NM.

Zee, J., and D. Holway. 2006. Nest raiding by the invasive Argentine ant on 
colonies of the harvester ant, Pogonomyrmex subnitidus. Insect. Soc. 53: 
161–167.

Zhang, Z., W. Zhong, and N. Fan. 2003. Rodent problems and management 
in the grasslands of China. ACIAR Monogr. 96: 316–319.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/aesa/advance-article/doi/10.1093/aesa/saab046/6427367 by guest on 18 N

ovem
ber 2021


