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The good side of the bad guys: predation of lepidopteran
pests by Solenopsis invicta Buren (Hymenoptera:
Formicidae) in the Florida Panhandle
Jessica Baldwin1, Silvana V. Paula-Moraes1,*, and Roberto Pereira2
Abstract
Solenopsis invicta Buren (Hymenoptera: Formicidae) is an aggressive invasive species in many parts of the world, including the southeastern USA.
The objectives of this study were to document S. invicta occurrence and predation potential of lepidopteran pests in peanut and cotton fields in the
Florida Panhandle. The predation potential of S. invicta on Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae) was evaluated in experimental areas
of peanut and cotton at the West Florida Research and Education Center, University of Florida/IFAS, Jay, Florida, USA, during 2 crop seasons. Overall,
we found a beneficial aspect of this invasive species in the agroecosystems of the Florida Panhandle.
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Resumo
Solenopsis invicta Buren (Hymenoptera: Formicidae) e uma espécie invasora em muitos países, incluindo a região sudoeste dos Estados Unidos. O
objetivo deste trabalho foi documentar a ocorrência de S. invicta e seu potencial de predação de ovos de Lepidoptera nas culturas do amendoim
e algodão na região da Florida Panhandle. O potencial de predação de Helicoverpa zea por S. invicta foi avaliado em áreas experimentais, durante
duas safras de amendoim e algodão na West Florida Research and Education Center, University of Florida/IFAS, Jay, Florida, USA. A ocorrência de S.
invicta foi maior na cultura de amendoim do que no algodão. A contribuição deste trabalho é documentar a função de inimigo natural de uma especie
invasora na região de Florida Panhandle.
Palavras Chave: formiga lava-pé; species invasoras; agroecossistema; Helicoverpa zea; predação de ovos

Solenopsis invicta Buren (Hymenoptera: Formicidae) is an invasive
species that originates from central South America (Allen et al. 1974;
Klotz et al. 2008; Ascunce et al. 2011). Members of this genus are
most often transported in soil or untreated wooden materials that are
shipped by ocean vessels, aircraft, and vehicles (Stanaway et al. 2001;
Belton 2002; Klotz et al. 2008). Presently, this species is established in
the southeastern USA, southern California, China, Australia, Mexico,
Hong Kong, Puerto Rico, and several Caribbean islands (Klotz et al.
2008; Ascunce et al. 2011). Economic impact caused by S. invicta in the
southern USA was estimated to be around $6 billion annually (Lard et
al. 2006), and causing serious injury to humans, crops, livestock, pets,
and wild animals (Klotz et al. 2008).
Solenopsis invicta may cause damage to some crops, such as potato
(Solanum tuberosum L.; Solanaceae) (Adams et al. 1988) and soybean
(Glycine max (L.) Merr.; Fabaceae) (Shatters & Vander Meer 2000). Injury
to potatoes often results in increased crop culls and grading time, as well
as damage to tubers (Adams et al. 1988). In soybean, the root (Shatters
& Vander Meer 2000) and foliage Smittle et al. 1983) of the early plant
stage may be damaged by S. invicta directly feeding on them. In addition,
some of the yield loss in soybean caused by this species may be associated with the difficulty of harvesting equipment to access fields due to the
presence of fire ant mounds (Adams et al. 1977; Lofgren & Adams 1981).

In Alabama, Georgia, and Texas, the predation potential of agronomic pests by S. invicta in agroecosystems has been reported especially on various stages of lepidopteran pests (Ruberson et al. 1994;
Diaz et al. 2004; Styrsky & Eubanks 2010; Wickings & Ruberson 2016).
Foraging individuals on plant canopies of cotton (Gossypium hirsutum L.; Malvaceae) and peanut (Arachis hypogaea L.; Fabaceae) have
played a role as predators by removing the eggs of Helicoverpa zea
(Boddie) (Lepidoptera: Noctuidae) (Diaz et al. 2004; Wickings & Ruberson 2016). A previous report by Diaz et al. (2004) also indicated
that early in the cotton season, S. invicta populations are attracted to
the honeydew produced by aphid populations. Later in the season, fire
ants become an important predator of lepidopteran pests by decreasing egg abundance (Styrsky & Eubanks 2010). These authors concluded
that the reduction of herbivores in cotton by S. invicta and its association with cotton aphids increased the production of cotton bolls by
16% compared with plants without aphids and S. invicta.
Two species of Solenopsis have been reported in Florida, S. invicta
and Solenopsis geminata (Fabricius) (Hymenoptera: Formicidae) (Collins & Scheffrahn 2016). However, there is a lack of information about
this genus in the Florida Panhandle. This region consists of forested
areas and field crops. Peanut and cotton are the prevalent crops with
approximately 150,000 and 100,000 acres (61,000 and 40,500 ha, re-
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spectively) produced in the region, respectively. (USDA-NASS 2019).
The objective of this study was to document Solenopsis spp. occurrence and predation potential of lepidopteran pests associated in cotton and peanut in the Florida Panhandle.

Materials and Methods
STUDY AREA
The occurrence and predation potential of S. invicta to H. zea was
evaluated in experimental areas of cotton and peanut under conventional tillage during the 2017 and 2018 crop seasons at the West
Florida Research and Education Center, UF/IFAS, Jay, Florida, USA
(30.7771389°N, 87.1414444°W). The experimental areas were planted
with Georgia 06G peanuts and non-Bt DP1441RF cotton (Delta and Pine
Land Company, Scott, Mississippi, USA). Cotton (Wright et al. 2017) and
peanut (Wright et al. 2016) were cultivated following the agronomic
recommendations of the above researchers for the Florida Panhandle,
and were conventionally tilled. The occurrence of insect pests in the
experimental areas were scouted during the crop season, where defoliation and feeding on young growth parts of plants by ants in each
commodity were not detected. The experimental areas did not receive
insecticide applications. In the 2017 crop season, irrigated cotton and
irrigated peanut were planted on 6 Jun whereas another field of each
crop, planted on 26 May, was cultivated under rain-fed conditions. In
the 2018 crop season, cotton under rain-fed conditions was planted on
17 May and peanut under rain-fed conditions was planted on 5 May.
In the 2017 crop season, the experimental areas of cotton and peanut
under irrigation and rain-fed conditions were replicated twice. Each
experimental area consisted of 8 rows of 100 feet, with cotton planted
at 2 seeds per foot, and peanut planted at 6 seeds per foot. In the 2018
crop season, experimental areas were cultivated only under rain-fed
conditions. The experimental areas for cotton and peanut had 8 replications. The experimental area consisted of 8 rows of 100 feet with cotton planted at 2 seeds per foot and peanut planted at 6 seeds per foot.

SOLENOPSIS INVICTA OCCURRENCE
Solenopsis invicta was sampled in the canopy and ground positions,
in cotton and peanut fields. Sampling consisted of baiting flip-top tubes
(50-mL plastic tube, SKS Science, Saratoga Springs, New York, USA)
with 5 grams of beef and pork hotdog (Oscar Mayer, Kraft Heinz Company, Glenview, Illinois, USA) (Wickings & Ruberson 2011). Tubes were
placed within the 3 central plot rows for a total of 30 bait stations per
plot. Samples were collected after 1 h. Contents were preserved in 80%
ethanol and transported to the entomology laboratory at West Florida
Research and Education Center, UF/IFAS, Jay, Florida, USA, for species
identification. Identification of S. invicta was based on the morphological characteristics as reported by Klotz et al. (2008). In the 2017 crop
season, abundance of S. invicta from samples were ranked on a scale
of 0, 1, 5, 10, 50, 100, and > 100 ants per sample. In the 2018 crop season, the actual number of S. invicta collected in each flip-top tube was
counted, and the associated crop phenological stage recorded.

69

adults. The paper towel was cut in pieces with 15 to 30 eggs per piece.
Artificial field egg infestation of plants was done by stapling pieces of
paper towel with eggs of H. zea to the underside of mid-canopy leaves
in cotton and peanut experimental areas. Eggs were monitored at 1
and 2 h for S. invicta presence. After 24 h, paper towels were collected
from the leaves and the number of remaining eggs recorded.

STATISTICAL ANALYSIS
Data from the 2017 and the 2018 crop seasons were analyzed separately. A Pearson’s Chi-squared test was performed to test the expected
values against the actual values for fire ant occurrence of the 2017 crop
season (R Core Team 2018). During this season, the factors of irrigation
and canopy position were evaluated. Egg predation and S. invicta abundance data in the 2018 crop season was subjected to ANOVA. Occurrence variables were compared considering canopy position and crop
phenological stage. For evaluation of egg predation in the 2018 crop
season, the number of eggs remaining after 24 h of exposure to fire ant
predation in cotton and peanut were compared between crops. Differences in all analyses were considered significant at P < 0.05.

Results
SOLENOPSIS INVICTA OCCURRENCE
Solenopsis invicta was the only species observed during the 2017 and
2018 crop seasons in both commodities. Occurrence of S. invicta in irrigated and rain-fed experimental areas was not significantly different in cotton (χ2 = 11.58; df = 6; P > 0.05) or in peanut (χ2 = 10.11; df = 5; P > 0.05).
However, a significant difference was observed between the occurrence
of S. invicta on canopy and ground for cotton (χ2 = 20.68; df = 6; P < 0.05)
and peanut (χ2 = 48.69; df = 5; P < 0.0001) with higher numbers of S. invicta
workers collected on the ground than the canopy (Figs. 1 & 2).
In the 2018 crop season there was no difference in the presence
of S. invicta during different cotton phenological stages (F = 2.879; df
= 2; P > 0.05). There was a significant difference between S. invicta
occurrence in different cotton canopy positions during flowering (F =
21.70; df = 1; P > 0.0001) and flowering-open boll (F = 19.28; df = 1; P >
0.0001) with more S. invicta occurring on the ground than the canopy
(Fig. 3). The same result was observed for peanut during different crop
phenological stages (F = 6.032; df = 2; P < 0.05), with an increase in ant
occurrence as the crop season progressed. Density of S. invicta in the
peanut canopy was significantly different at the pegging-mature pod

SOLENOPSIS INVICTA EGG PREDATION
Predation potential of S. invicta in cotton and peanut fields was
evaluated in the 2018 crop season. Evaluation was performed using
eggs of H. zea, previously obtained from a colony established in the
entomology laboratory in West Florida Research and Education Center,
UF/IFAS. Paper towel (Great Value™ Ultra-strong, Bentonville, Arkansas, USA) was used as an oviposition substrate in cages with H. zea
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Fig. 1. Occurrence of Solenopsis invicta in hotdog-baited flip-top tubes placed
on the ground and on the canopy of cotton fields during the 2017 crop season
(log scale). West Florida Research and Education Center, Jay, Florida, USA. Pvalues from Pearson’s Chi Square analysis (χ2 = 20.68; df = 6; P = 0.0021).
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Fig. 2. Occurrence of Solenopsis invicta in hotdog-baited flip-top tubes placed
on the ground and on the canopy of peanut fields during the 2017 crop season
(log scale). West Florida Research and Education Center, Jay, Florida, USA. Pvalues from Pearson’s Chi Square analysis (χ2 = 48.69; df = 5; P = 2.7 × 10−9).

stage (F = 10.55; df = 1; P < 0.05) with more S. invicta occurring on the
ground than the canopy (Fig. 4), but not during the peanut flowering
stage (F = 2.081; df = 1; P > 0.05).
Overall, S. invicta occurrence increased during reproductive stages
of cotton and peanut with the ants’ presence greater on the ground
than the canopy (Figs. 3 & 4).

SOLENOPSIS INVICTA EGG PREDATION
Predation of H. zea eggs was detected in cotton and peanut plant
canopies. The difference in H. zea egg predation between both commodities was significant (F = 32.97; df = 1; P > 0.0001). More eggs were
removed from peanut than cotton. Over half of the eggs placed within
either of the experimental areas were removed from the plant canopy
after 24 h (Table 1).

Discussion
In the agroecosystem, S. invicta can best be described as a generalist
predator, because this species is a predator of pest species and their natu-

Fig. 4. Occurrence of Solenopsis invicta in different peanut phenological stages
during the 2018 crop season. West Florida Research and Education Center, Jay,
Florida, USA. Means with different letters are significantly different P < 0.05
(Tukey’s mean separation test).

ral enemies, such as Syrphus sp. (Diptera: Syrphidae) and Hippodamia convergens Guérin-Méneville (Coleoptera: Coccinellidae) (Vinson & Scarborough 1989). The potential pest predation by S. invicta has been reported
in several agroecosystems. According to Olson and Ruberson (2012), the
most important predator of stink bug eggs in cotton was S. invicta. A field
study in corn (Knutson & Campos 2008) provided evidence that S. invicta
greatly reduced pre-pupa of H. zea when getting ready for pupation on
the ground, although this ant was not effective in reducing the population of larvae and eggs within the corn canopy. In our study, greater numbers of eggs were removed from the peanut than cotton field. Peanut is a
prostrate plant, so it spreads just above the ground, unlike cotton, where
the canopy is erect and away from the soil. The close proximity of peanut plants to the soil favors greater foraging access of S. invicta to H. zea
eggs. The greater than 50% predation of H. zea eggs in the canopy of all
sampled areas we observed is similar to the egg removal of lepidopteran
pests documented in Georgia and central Texas (Ruberson et al. 1994; Diaz
et al. 2004). Moreover, the position of S. invicta on a crop was reported to
be influenced by Aphis gossypii Glover (Hemiptera: Aphididae) infestation
(Kaplan & Eubanks 2002; Styrsky & Eubanks 2010), and potentially other
honeydew producing hemipterans. The foraging behavior of S. invicta on
the cotton plant canopy was reported to be more often on plants with A.
gossypii than plants without A. gossypii (Kaplan & Eubanks 2002; Styrsky
& Eubanks 2010). The infestation of aphids in the experimental areas of
the present study was inspected and was extremely low during both crop
seasons. Thus, the potential effect of aphids on S. invicta canopy presence
in peanut and cotton was unable to be evaluated.

Table 1. Predation of Helicoverpa zea eggs by Solenopsis invicta in cotton and
peanut fields. West Florida Research and Education Center, Jay, Florida, USA,
2018 crop season.

Fig. 3. Comparison of mean Solenopsis invicta between cotton canopy zones
during different phenological stages, 2018 crop season. West Florida Research
and Education Center, Jay, Florida, USA. Means with different letters are significantly different P < 0.05 (Tukey’s mean separation test).
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Field
Cotton
Peanut

Number of eggs
placed per field
80
79

Number of samples with presence of S. invicta
After 1 h

After 2 h

% Egg loss

15
34

34
67

60.0
96.2
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We found that S. invicta was the only ant species detected in samples collected during the 2017 and 2018 crop seasons. Previous studies
performed in cotton, peanut, and corn in the southeastern USA also
reported the occurrence of S. invicta associated with these agroecosystems (Ruberson et al. 1994; Diaz et al. 2004; Olson & Ruberson 2012).
The potential to decrease the abundance and diversity of other ant
species in systems where S. invicta is present has been documented
previously (Porter & Delores 1990). Porter and Delores (1990) reported
that the occurrence of S. invicta in natural areas caused a 70% decline
in native ant species.
Predation by S. invicta could play an important (but unrecognized)
role in the control of lepidopteran pests in the Florida Panhandle by decreasing the demand for insecticide applications in peanut and cotton.
Moreover, the suppression of pest populations targeted by Bt cotton
may consequently decrease the selection pressure for resistance in the
Florida Panhandle. More importantly, the actual extent of yield loss
due to S. invicta in the region has not been documented and reports
from farmers have not indicated any damage in cotton and peanut.
However, in areas where S. invicta has become established already,
the role and value of this invasive ant species as beneficial predators in
agroecosystems should be considered.
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