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ABSTRACT

Red imported fire ants, Solenopsis invicta (Buren) (Hymenoptera: Formicidae), are abun-
dant in many agroecosystems in the southern United States and can affect the abundance
of arthropods in these systems. We determined the effects of red imported fire ants on the
abundance of aphids, other herbivorous insects, and beneficial arthropods in Alabama to-
mato (Lycopersicon esculentum) by manipulating the density of red imported fire ants in
plots of tomato plants and by sampling fresh market tomato farms for two years (2003 and
2004). In both years of our study, aphid abundance was significantly greater in tomato plots
with high densities of fire ants than in plots where fire ant densities were suppressed. Fur-
ther, the abundance of fire ants was positively correlated with the abundance of aphids on
intensely managed tomato farms in both years. These aphids included many species that are
the primary vectors of economically-important plant viruses of tomato and other vegetable
crops. The positive effect of fire ants on aphid abundance was likely due to facultative fire
ant—aphid mutualisms. Other studies have demonstrated that fire ants protect honeydew-
producing insects from natural enemies, and we found that fire ants reduced the abundance
of beneficial arthropods in the second year of our field experiment. However, red imported
fire ants did not significantly reduce the abundance of non-aphid herbivores in either year
of our field experiment, suggesting that fire ants are not important biological control agents
of these insects in tomato. Fire ants may disrupt biological control of aphids in tomato fields
and suppression of fire ants on tomato farms may decrease the abundance of aphids.

Key Words: Solenopsis invicta, red imported fire ant, biological control, intraguild predation,
Lycopersicon esculentum, tomato, ant-aphid mutualism

RESUMEN

La hormiga de fuego roja importada, Solenopsis invicta Buren (Hymenoptera: Formicidae),
es abundante en varios ecosistemas agricolas en el sur de los Estados Unidos y puede afectar
la abundancia de artrépodos en estos sistemas. Nosotros determinamos los efectos de 1a hor-
miga de fuego roja importada sobre la abundancia de afidos, otros insectos herbivoros, y ar-
tréopodos benéficos en tomate (Lycopersicon esculentum) en el estado de Alabama por medio
del manejo de la densidad de la hormiga de fuego roja importada en parcelas de plantas de
tomate y por el muestreo de fincas que producen tomate fresco para el mercado por 2 afios
(2003 y 2004). En ambos afios de nuestro estudio, la abundancia de 4fidos fue significativa-
mente mayor en las parcelas de tomate con densidades altas de la hormiga de fuego que en
las parcelas donde la densidad de 1a hormiga de fuego fue suprimida. Ademas, la abundancia
de la hormiga de fuego fue correlacionado positivamente con la abundancia de 4fidos en fin-
cas de tomate bajo el manejo intensivo para ambos anos. Estos afidos incluyeron muchas de
las principales especies que son vectores de virus econémicamente importantes en plantas
de tomate y de otros cultivos de hortalizas. El efecto positivo de la hormiga de fuego sobre la
abundancia de afidos probablemente fue debido al mutualismo facultativo entre la hormiga
de fuego y los afidos. Otros estudios han demonstrado que la hormiga de fuego proteje insec-
tos que producen substancias azucaradas de sus enemigos naturales, y encontramos que la
hormiga de fuego redujo la abundancia de artrépodos benéficos en el segundo afio de nuestro
estudio de campo. Sin embargo, la hormiga de fuego roja importada no redujo significativa-
mente la abundancia de herbivoros que no son afidos en ninguno de los anos de nuestro ex-
perimento, ello indica que las hormigas de fuego no son agentes de control biolégico
importantes de insectos en tomate. La hormiga de fuego puede interrumpir el control biol6-
gico de afidos en campos de tomate y la supresién de la hormiga de fuego en estos campos de
tomate puede reducir la abundancia de afidos.
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INTRODUCTION

Tomatoes (Lycopersicon esculentum) are the
second most important vegetable crop in the
United States with over 8 million tons produced
annually in the U.S. (Brunke et al. 2003). The eco-
nomic viability of tomatoes is threatened by nu-
merous insect pests, including lepidopteran lar-
vae, thrips (Thysanoptera: Thripidae), stinkbugs
(Hemiptera: Pentatomidae), whiteflies (Hemip-
tera: Aleyrodidae) and aphids (Hemiptera: Aphid-
idae) (Nault & Speese 2002; Kemble et al. 2004).
Aphids can be particularly serious pests of tomato
because aphid feeding reduces the yield and fruit
quality of tomatoes and, more importantly, aphids
are the primary vectors for plant viruses that can
devastate tomato production (Tomlinson 1987).
For example, epidemics of Cucumber mosaic virus
(CMV) have significantly reduced tomato produc-
tion in the southeastern U.S. and in China,
France, Italy, and Spain (Jorda et al. 1992; Kaper
et al. 1990; Sikora et al. 1998). Plant viruses like
CMYV are often difficult to manage because they
may have extremely large host ranges (Edward-
son & Christie 1991) and can be transmitted by
dozens of species of aphid species in a nonpersis-
tent manner (Palukaitis et al. 1992). Viruses
transmitted by aphids in a nonpersistent manner
are acquired in seconds by the aphid while prob-
ing an infected epidermal cell and are retained on
the tip of the aphid’s stylet. The virus can then be
immediately transmitted in the same general pro-
cess, i.e., a quick probe of a plant’s epidermal cell
by the aphid. Because virus transmission of non-
persistent viruses like CMV by aphids is rapid,
chemical pesticides are ineffective because aphids
transmit the virus before they are intoxicated. Ad-
ditionally, some pesticides actually enhance the
spread of plant viruses by increasing aphid prob-
ing and movement among plants (Lowery & Boi-
teau 1988; Perring et al. 1999). Because aphids
are the primary vectors of most plant viruses, any
factor that increases aphid abundance is likely to
increase the spread of the virus and the potential
for a virus epidemic (Madden et al. 2000; Hull
2002; Jeger et al. 2004). For example, the abun-
dance of alate aphids is positively correlated with
the incidence of Beet mosaic virus in sugar beet,
Beta vulgaris (L.) (Dusi et al. 2000), with the inci-
dence of Barley yellow dwarf virus in cereals
(Power et al. 1991; Chapin et al. 2001; Fabre et al.
2003), and with the incidence of Potato virus Y and
Potato leafroll virus in potato, Solanum tubero-
sum (Basky 2002).

Our work in southeastern agricultural systems
has identified an important ecological interaction
that may alter the abundance of virus vectors: fire
ant—aphid mutualisms. Red imported fire ants,
Solenopsis invicta (Buren) are widespread, inva-
sive ants that are notoriously aggressive and vora-
cious (Vinson 1997; Holway et al. 2002). They were
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originally introduced through the port of Mobile,
Alabama, in the early 1900s, spread across the
southern United States from North Carolina to
Arizona, and have recently invaded California
(MacKay & Fagerlund 1997; Vinson 1997). Fire
ants, like many ant species, readily form faculta-
tive mutualisms with honeydew-producing insects
such as aphids, scales, and whiteflies (Reilly &
Sterling 1983a, 1983b; Vinson 1997; Helms & Vin-
son 2002). Fire ants are attracted to plants in-
fested with aphids and are effective at protecting
aphids from predators. Fire ants, for example,
preferentially forage on aphid-infested cotton
plants compared with aphid-free cotton plants,
and fire ant and cotton aphid abundances are pos-
itively correlated in the field (Kaplan & Eubanks
2002, 2005). Fire ant predation of lady beetle lar-
vae is twice as high on aphid-infested plants as on
aphid-free plants (Kaplan & Eubanks 2002) and
predator larvae are more abundant in cotton fields
with suppressed densities of fire ants than in con-
trol fields with large fire ant populations (Kaplan
& Eubanks 2002, 2005; Diaz et al. 2004).

The positive effect of ants on aphid population
density may affect the movement of aphids. Un-
der low density conditions, developing aphids do
not produce wings when they molt and become
apterous or wingless adults. When crowded, how-
ever, nymphs develop wings as they molt and be-
come alate or winged adults (Dixon 1977; Muller
et al. 2001). Dispersing aphids typically search for
new host plants with no or few aphids (Dixon
1977; Hodgson 1991). If fire ant protection of
aphids results in a 3 to 5-fold increase in aphid
population density (i.e., Kaplan & Eubanks 2002,
2005), then it is likely that fire ant protection will
result in a 3 to 5-fold increase in the number of
alates. This could result in an increase in the
movement of aphids among different plant spe-
cies and ultimately increase virus spread and
incidence.

The effect of fire ants in agroecosystems is not
always negative. For example, fire ants have been
reported as predators of a wide variety of insect
pests including the velvetbean caterpillar, Antic-
arsia gemmatalis Hitbner (Lee et al. 1990), red-
necked peanutworm, Stegasta bosqueella (Cham-
bers) (Vogt et al. 2001), horn fly, Haematobia irri-
tans (L.), boll weevil, Anthonomus grandis (Ster-
ling 1978; Jones & Sterling 1979), cotton
bollworm, Helocoverpa zea (Diaz et al. 2004); beet
armyworm, Spodoptera exigua (Hubner) (Diaz et
al. 2004), and the sugarcane borer, Diatraea sac-
charalis (Zehntner) (Adams et al. 1981; Fuller &
Reagan 1988; Bessin & Reagan 1993). Thus, the
suppression of fire ants in tomato may result in
reduced aphid densities, but could increase the
abundance of other insect pests of tomato.

Our primary objective was to determine if fire
ants increase the abundance of aphids in tomato.
If fire ants do increase the abundance of aphids in
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tomato fields, then the suppression of fire ants in
and around tomato fields may reduce the abun-
dance of aphids and potentially alter the spread of
aphid-vectored viruses. A secondary objective of
this study was to document the effect of fire ant
suppression on the abundance of other insect
pests in tomato so that any changes in pest abun-
dance could be included in future decisions re-
garding the suppression of fire ants in tomato.

MATERIALS AND METHODS

Field experiments were conducted at the E.V.
Smith Research Center in Macon County, Ala-
bama, during 2003 and 2004. For both field sea-
sons, tomatoes (Lycopersicon esculentum variety:
Floralina) were grown from seeds in the green-
house for 1 month or until they reached 20 cm in
height. They were then placed outdoors for one
week of acclimatization, and then transplanted
into field plots. In 2003, twelve plots of tomato
plants, separated by at least 10 m, were estab-
lished on bare ground. Each plot consisted of 30
plants, spaced 45 cm apart and organized into
three rows separated by 75 cm each. In 2004, to-
matoes were transplanted into raised (15 cm)
beds of white plastic mulch, following fresh mar-
ket tomato production standards (Kemble et al.
2004). Twelve plots of tomato plants were estab-
lished during 2004 with the same plant and row
spacing as in 2003.

Plots were randomly divided into 2 treat-
ments: natural or high fire ant density (control) or
suppressed fire ant density. Suppression treat-
ments were established with Amdro®, a commer-
cially available, ant-specific bait. Foraging fire
ant workers pick up the bait and return it to the
colony. The active ingredient of Amdro® is hy-
dramethylnon which blocks the production of ATP
and kills ants by inhibiting energy production
(Valles & Koehler 1997). Amdro® has very mini-
mal effects on non-target arthropods (Hu & Frank
1996; Eubanks et al. 2002), and has been success-
fully used to suppress fire ants in similar sized
and spaced plots in other studies (e.g., Harvey &
Eubanks 2004; 2005). Amdro® was applied
weekly to plots assigned to the fire ant suppres-
sion treatment, beginning 1 week prior to sam-
pling, and fire ants were allowed to naturally col-
onize control (high fire ant) plots. Fire ant abun-
dance was quantified weekly within each plot
with traps consisted of a 2.5-cm piece of “hotdog”
placed in a 50-ml plastic tube. One trap was
placed in the center of each plot for =~ 45 minutes,
after which they were collected, sealed, returned
to the laboratory, and stored in a freezer until
ants were counted. All plants within each plot
were visually searched each week for aphids, fire
ants, and other arthropods. All abundance data
were log (n+1) transformed prior to analysis. Dif-
ferences in the abundance of fire ants, aphids,
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non-aphid herbivores, and natural enemies were
compared between treatments with repeated
measures ANOVA (SAS Proc Mixed with repeated
statement; Khattree & Naik 1999). To avoid
pseudo-replication (i.e., counting each plant
within each plot as a replicate), data for each plot
were averaged to obtain mean plot values for
analysis.

In 2004, tomato plants in 4 fresh market to-
mato fields were sampled in Blount Co., Alabama
for the presence of fire ants and other arthropods.
Fields ranged from 5 to 7 acres and approxi-
mately 20 tomato plants per acre were visually
searched for aphids, fire ants, and other arthro-
pods weekly for 7 weeks. Additionally, “hotdog”
traps were used to quantify the relative abun-
dance of fire ants (1 trap per acre of tomato). In
2005 the same sampling procedures were re-
peated on 5 fresh market tomato fields in the
same area of Blount County. We found very few
non-aphid herbivores and natural enemies on to-
mato plants on the farms and, consequently, lim-
ited our analysis to a correlation of aphid abun-
dance and fire ant abundance in commercial to-
mato fields with seasonal averages.

RESULTS

In both 2003 and 2004 the abundance of fire
ants foraging on the ground in tomato plots was
significantly reduced by the application of Am-
dro®, although fire ant suppression was better in
2003 (2003: 290.67 + 48.13 fire ants per trap ver-
sus 39.1 + 27.88 fire ants per trap, control versus
Amdro® treated plots, respectively, F',,, = 27.51;
P = <0.0001; 2004: 355.83 + 61.28 fire ants per
trap versus 200.33 + 31.41 fire ants per trap, con-
trol versus Amdro® treated plots, respectively,
F,,=4.63;P=0.04).

We identified at least 6 different aphid species
on tomato plants in our plots, including Aphis gos-
sypii, A. fabae, Aulacorthum solani, Macrosiphum
euphorbae, Myzus persicae, and Uroleucon spp. In
2003, aphid abundance was significantly different
between treatments for apterous aphids (F,,, =
9.82; P = 0.004) and for total aphids (apterous +
alate) (F,, = 8.57; P = 0.01) (Fig. 1A). The abun-
dance of alate aphids, however, was not statisti-
cally different between treatments (&', ,, = 1.76; P
= 0.19). In 2004, however, the abundance of alate
aphids (F,, = 26.4; P < 0.0001) and total aphids
(F,, = 27.2; P < 0.0001) were significantly differ-
ent between the two treatments (Fig. 1B). In con-
trast to 2003, alate aphids made up over 95% of
total aphids in both control and suppression plots
in 2004. Likewise, during our survey of fresh mar-
ket tomato fields, the abundance of fire ants and
aphids was positively correlated in 2004 (one-
tailed test; r = 0.09; P = 0.04; n = 4) and during
2005 (one-tailed test;r = 0.91; P =0.02; n = 5) and
greater than 95% of these aphids were alates.
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Fig. 1. The number of aphids per tomato plant in
high fire ant plots and in low fire ant plots in 2003 (A)
and 2004 (B). Means =+ one standard error plotted.

In 2003 and 2004, several non-aphid herbi-
vores were found feeding on tomato plants (Table
1), although their overall densities were quite low,
especially in 2004. Non-aphid herbivore abun-
dance, however, was not significantly different be-
tween treatments in both 2003 (2.25 + 0.2 per
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plant versus 2.26 + 0.2 per plant, control versus
Amdro® treated plots, respectively) (F,, = 3.89;
P =0.06) and 2004 (0.32 + 0.06 per plant versus
0.4 = 0.05 per plant, control versus Amdro®
treated plots, respectively) (', ,, = 0.00; P = 0.96).

Several natural enemies also were present on
tomato plants in our experimental tomato plots in
2003 and 2004 (Table 2). In 2003, the most abun-
dant natural enemies were spiders and coccinel-
lid larvae (Coccinellidae). Natural enemy abun-
dance, however, was not significantly different be-
tween the 2 treatments (0.10 = 0.02 per plant ver-
sus 0.09 = 0.03 per plant, control versus Amdro®
treated plots, respectively) (' ,, = 0.01; P = 0.93).
In 2004, the most abundant natural enemies were
damsel bugs (Nabidae) followed by spiders and
minute pirate bugs (Anthocoridae). There was a
significant difference (¥, ,, = 4.31; P = 0.04) in nat-
ural enemy abundance between suppressed fire
ant plots and control plots with significantly more
natural enemies on tomato plants in fire ant sup-
pressed plots (0.13 + 0.03 per plant versus 0.20 +
0.03 per plant, control versus Amdro® treated
plots, respectively).

DiscussioN

Total aphid abundance in both 2003 and 2004
was significantly greater in tomato plots with
high densities of fire ants (control plots) than in
plots with suppressed fire ant densities. In 2004
alate aphids were more than twice as abundant in
high fire ant plots as in low fire ant plots and
there was a positive correlation between the
abundance of fire ants and alate aphids in com-
mercial tomato fields in 2004 and 2005. Taken to-
gether, these results suggest that fire ants in-
crease the abundance of important aphid pests of
tomato. These results are consistent with studies
conducted in other agricultural crops indicating
that fire ants often increase aphid abundance. For
example, fire ant ‘tending’ of aphids increases the

TABLE 1. MEAN NUMBER (= ONE STANDARD ERROR) OF NON-APHID HERBIVORES FOUND PER TOMATO PLANT IN CON-
TROL PLOTS (HIGH FIRE ANT PLOTS) AND AMDRO® TREATED PLOTS (LOW FIRE ANT PLOTS) IN 2003 AND 2004.

2003 2004

Herbivore Taxa High fireant SE Low fire ant SE High fireant SE Low fire ant SE
Aleyrodidae 2.25 0.20 2.24 0.20 0.027 0.013 0.038 0.01
Miridae 0.004 0.003 0.002 0.002 0.007 0.007 0.002 0.002
Coreidae 0.002 0.002 0 0 0 0 0 0
Lepidoptera larvae 0 0 0.007 0.007 0.17 0.03 0.23 0.04
Chrysomelidae 0 0 0 0 0.09 0.02 0.1 0.01
Gryllidae 0 0 0 0 0 0 0.002 0.002
Acrididae 0 0 0 0 0.007 0.007 0.008 0.004
Cercopidae 0 0 0 0 0 0 0.002 0.002
Pentatomidae 0 0 0 0 0 0 0.002 0.002
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TABLE 2. MEAN NUMBER (+ ONE STANDARD ERROR) OF NATURAL ENEMIES FOUND PER TOMATO PLANT IN CONTROL
PLOTS (HIGH FIRE ANT PLOTS) AND AMDRO® TREATED PLOTS (LOW FIRE ANT PLOTS) IN 2003 AND 2004.

2003

2004

Natural enemy Taxa High fireant SE

Low fire ant

SE Highfireant SE  Low fireant SE

Spiders 0.09 0.004 0.09
Coccinellidae adults 0 0 0
Coccinellidae larvae 0.004 0.01 0
Reduviidae 0 0 0
Nabidae 0 0 0
Chrysopidae larvae 0 0 0
Anthocoridae 0 0 0
Hymenoptera 0 0 0
Lygaeidae 0 0 0

0.03 0.05 0.03 0.09 0.01
0 0 0 0.005 0.005
0 0 0 0 0

0 0.01 0.009 0.01 0.005
0 0.06 0.02 0.03 0.01
0 0.007 0.07 0.03 0.01
0 0.04 0.02 0.02 0.007
0 0.007 0.007 0.008 0.004
0 0.007 0.007 0.005 0.003

abundance of cotton aphids (Aphis gossypii) in
cotton (Kaplan & Eubanks 2002, 2005; Diaz et al.
2004) and brown citrus aphids (Toxoptera citri-
cida) in citrus (Michaud & Browning 1999). By es-
sentially doubling aphid abundance in tomato,
fire ants may significantly reduce tomato yield
and fruit quality, especially if these aphids are
carrying plant viruses that infect tomato. All of
the aphids that we identified in our field experi-
ment (A. gossypii, A. fabae, A. solani, M. euphor-
bae, M. persicae, and Uroleucon spp.) have been
identified as vectors of CMV and other plant vi-
ruses that can devastate tomato production
(Sikora et al. 1998; Palukaitis et al. 1992). Our re-
sults suggest that suppression of fire ants in and
around agricultural fields will significantly re-
duce the abundance of aphids and may reduce the
spread of aphid-vectored plant viruses. We plan to
test this hypothesis in the near future.

We found limited evidence that fire ants af-
fected the abundance of non-aphid herbivores in
tomato. This is surprising because many previous
studies conducted in other crops have found that
fire ants suppress herbivores (Eubanks, 2001;
Vogt et al. 2001; Diaz et al. 2004; Harvey & Eu-
banks 2004). For example, Eubanks (2001) found
that densities of S. invicta workers were nega-
tively associated with densities of several herbi-
vores in both cotton and soybean. Likewise, Diaz
et al. (2004) found that fire ants destroyed signifi-
cant numbers of bollworm (Helicoverpa zea) and
beat armyworm eggs (Spodoptera exigua (Hub-
ner)) in cotton. Additionally, Vogt et al. (2001)
found that fire ants forage on many herbivores in
peanut fields, suggesting that fire ants may have
negative effects on many herbivorous taxa. One
reason for the difference in our findings from other
studies could be the composition of herbivores
present or their relative abundance. The non-
aphid herbivores in tomatoes were dominated by
whiteflies and lepidopteran larvae (Table 1). Like
aphids, whiteflies produce honeydew and are
sometimes tended by fire ants (Queiroz & Oliveria

2001), so it is unlikely that fire ants are significant
predators of whiteflies in tomato. In 2004 the most
abundant herbivores were first and second instar
lepidopteran larvae, but they were present at rel-
atively low densities. Predation of caterpillars by
fire ants has been shown to be density-dependent
and to some extent size-dependent in other crops
(e.g., collards (Harvey & Eubanks 2004) and soy-
bean (Styrsky et al. 2006)) and their low densities
in tomato may have resulted in low fire ant preda-
tion during our plot experiments.

The number of natural enemies was not signif-
icantly different between treatments in 2003.
These results are inconsistent with results pub-
lished by Bugg & Dutcher (1989), Eubanks et al.
(2002), Kaplan & Eubanks (2002), and Vogt et al.
(2001). The conflicting results may be attributed
to the low density of natural enemies present and
the behavior of the natural enemies. In 2003, only
2 kinds of natural enemies, spiders and lady bee-
tle larvae (Coccinellidae), were found during vi-
sual searches and spiders were much more abun-
dant than lady beetle larvae. Some spiders can
avoid predation by foraging fire ants by rapidly
moving to other parts of the plant, dropping off of
the plant on silk lines, or stretching to reduce con-
tact with the plant surface (Eubanks et al. 2002).
In 2004, however, fire ants did negatively affect
the abundance of natural enemies. A greater
diversity of natural enemies was found during
visual searches in 2004 than in 2003. Other stud-
ies have shown that damsel bugs and minute pi-
rate bugs, the first and third most abundant nat-
ural enemies in our tomato plots in 2004, were
much more susceptible to fire ants than spiders
(Eubanks 2001; Eubanks et al. 2002). Thus, the
difference in natural enemies among the 2 years
of the study may explain the greater impact of fire
ants on beneficial insects in 2004.

In conclusion, fire ants had strong, positive ef-
fects on aphid abundance and insignificant effects
on non-aphid herbivores. Taken together, the re-
sults of this study suggest that fire ants may dis-
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rupt biological control of aphids in this crop and
the suppression of fire ants will decrease aphid
populations in tomato.
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