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Does Prescribed Fire Facilitate Fire Ant Invasions in Coastal 
Prairies or Aid Management by Improving Mound Search 

Efforts?

Dirac Twidwell1,2,*, Jennifer M. Meza1, Charles J. Turney3, and William E. Rogers1

Abstract
coastal prairie to quantify (1) the proportion of Red Imported Fire Ant mounds that are likely 
to be missed by applicators of individual mound-based chemical treatments in prairie, based 
on the number of mounds found in unburned prairie compared to recently burned areas, and 
(2) to track changes in the densities of Red Imported Fire Ant and native Red Harvester Ant 

our data suggest insecticide applicators are likely to miss 48% of Red Imported Fire Ant 

treatments did not increase Red Imported Fire Ant or decrease Red Harvester Ant popula-

managers that does not increase densities of Red Imported Fire Ants, and maintains mound 
densities of Red Harvester Ants, while enhancing the ability of insecticide applicators to 
locate and treat individual Red Imported Fire Ant mounds.

Introduction

1998), and it is being reintroduced as one of the preferred restoration and man-
agement strategies for landowners and conservationists seeking to reduce further 
degradation of these grassland ecosystems (Tidwell et al. 2013a, Van Auken 
2000). However, many land managers are concerned that it will have unforeseen, 
potentially negative, consequences (Kreuter et al. 2008, Tidwell et al. 2012). Of 

Solenopsis invicta Buren (Red Imported Fire Ant), which poses a serious threat to 

Fire Ant is one of the most economically important non-native species in the United 
States (Pimentel et al. 2000), and it causes an estimated $5 million (US) per year in 
livestock losses, $16 million (US) per year in control costs, and $75 million (US) 

are a major concern for conservation and wildlife programs because the Red Im-

faunal guild (Allen et al. 1994, Eubanks 2001, Porter and Savignano 1990, Stuble 
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species in coastal prairie habitats, including Tympanuchus cupido
Phrynosoma cornutum (Harlan) 

 Understanding the factors that make Red Imported Fire Ants successful invad-
ers is important to coastal prairie managers. Two prevailing hypotheses that seek 

-
clude the superior aggressor/competitor hypothesis and the ecosystem transition/
disturbance hypothesis. The superior aggressor/competitor hypothesis states that 

and a corresponding decline of native species abundances (Porter and Savig-
nano 1990, Wojcik 1994). Alternatively, the ecosystem transition/disturbance 
hypothesis proposes that Red Imported Fire Ants and native species are primarily 
passengers that increase and decrease as a result of contemporary disturbance re-
gimes and widespread shifts in plant community composition and structure (King 

2005). This is a plausible hypothesis in coastal prairies because increases in Red 
Imported Fire Ants and decreases in native species have coincided with a shift 
from prairie to shrubland vegetation throughout the ecoregion. However, this 

is currently not known how Red Imported Fire Ants respond to restoration activi-
ties that use fire as a disturbance. Will using fire in restoration activities decrease 
Red Imported Fire Ant populations and increase those of native species as a result 
of changing the trajectory of the system from shrubland back toward prairie (i.e., 
passengers of ecosystem transitions hypothesis)? Or, will using prescribed fire in 
coastal prairie increase Red Imported Fire Ant populations because fire is a dis-
turbance (i.e., disturbance-mediated invasion hypothesis)? If the latter is correct, 
then it may force managers to choose between using fire to control woody en-

of fire in an ecosystem dependent upon it.
 Based on the superior aggressor/competitor and disturbance-mediated inva-
sion hypotheses, Red Imported Fire Ant management strategies would ideally 
involve direct control treatments applied over large acreages, typically with 
broadcast baits or individual mound-based insecticides. In non-urban areas of 

and follow with chemical treatment of individual mounds (Drees et al. 1998, 
2008), while also encouraging population growth of native ant species with the 
hope of further suppressing Red Imported Fire Ant numbers through competition 
(Drees et al. 1998, 2000). However, applying broadcast baits is not feasible in 
areas heavily invaded by woody plants because many locations are inaccessible. 
This consideration places a premium on the efficacy of individual mound-based 
treatments in ecosystems like the shrubland-dominated coastal prairie. Yet, 
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applying such treatments can be difficult due to the arduous task of locating 
Red Imported Fire Ants mounds across large, densely vegetated areas (Vogt 
and Wallet 2008). The presence of thick, taller vegetation is an important dif-
ference between mowed, well-groomed urban areas and wildland areas, such as 
prairies, savannas and shrublands. Wildland vegetation may impede insecticide 

individual mound-based treatments.

to coastal prairie in order to test management questions related to Red Imported Fire 
Ant invasion. First, if chemical control using individual mound-based treatments 

and treat nearly all Red Imported Fire Ant mounds in a given area. A prescribed-

estimate the rate at which Red Imported Fire Ant mounds are not found by applica-
tors, and therefore, not treated, by comparing the number of mounds observed in 
an unburned, densely vegetated unit relative to the number of mounds found in a 
burned area where the herbaceous material that potentially hides Red Imported Fire 
Ant mounds has been completely removed. Second, in contrast to the other prevail-
ing hypotheses, the passengers of ecosystem transitions hypothesis would cause 
managers to place greater emphasis on the restoration of the plant communities and 
disturbance dynamics that occurred prior to Red Imported Fire Ant invasion than 
chemical control techniques. If the passengers of ecosystem transitions hypothesis 

-
tive ant mounds, such as those of Pogonomyrmex barbatus Smith (Red Harvester 
Ants), should increase as a result of restoration. In contrast, if the disturbance-
mediated invasion hypothesis drives management, Red Imported Fire Ant mound 
densities should increase, and mound densities of native harvester ants, which have 

-
menter 1998), should either remain constant or increase in abundance.

Study Site

 We conducted this study on the Coastal Bend ecoregion at the Rob and Bessie 
Welder Wildlife Refuge. Welder Wildlife Refuge (28°06'47.75''N, 97°25'01.0''W) is 
a 3160-ha wildlife reserve located 71 km north of Corpus Christi, TX (Hirth 1977). 
Vegetation at the Welder Wildlife Refuge was consistent with the composition, 
structure, and long-term patterns of change of the non-agricultural plant communi-
ties in the region. Historically, the vegetation at Welder and in the southern portion 
of the Coastal Bend ecoregion consisted of an interspersion of tallgrass prairie and 
Quercus (oak) woodland (Drawe et al. 1978). Over time, prairie sites have transi-
tioned to a thorn-scrub shrubland with high densities of Prosopis glandulosa Torr. 
(Honey Mesquite), Acacia farnesiana  ), and other invasive 
woody plants (Drawe et al. 1978). Mean annual precipitation at the site is 915 mm 
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(Welder Wildlife Refuge 1956–2010 records, unpub. data), with a sporadic rainfall 
pattern and hurricane season in August and September leading to variable pre-

normally ranging from 23.9–34.2 °C in the summer months (mean = 29.1 °C in 
August) to 8.2–19.2 °C (mean = 13.7 °C in January) (data summarized from NOAA 

of the Victoria clay series (USDA 2010), with dense clay to clay-loam soils in the 
bottomland and well-drained sandy soils in the upland.

Methods

-

Welder Wildlife Refuge within a 60-ha area dominated by Honey Mesquite and 

-

treatment in the plots assigned the burned-repeatedly treatment in August 2009. We 
randomly assigned one of the following herbicide treatments to each of three 20-m 

 We designed a systematic sampling approach to estimate the number of Red 
Imported Fire Ant mounds in each plot and to limit inconsistencies associated with 
observer bias and sampling effort. We established 9 parallel belt-transects (3 per 
subplot) at equidistant intervals of 3 m to provide systematic detection and tally-
ing of Red Imported Fire Ant mounds in each plot (Fig. 1). To sample, we visually 
searched for Red Imported Fire Ant mounds within each belt transect, and upon de-
tection, we differentiated active and inactive mounds by slightly agitating each one 
to stimulate ant activity. We included only active Red Imported Fire Ant mounds in 
this analysis. To estimate the number of Red Imported Fire Ant mounds that were 
not detected in unburned plots at the beginning of the study, we sampled burned 
(n = 12) and unburned (n = 6) plots within 24 hours of conducting the initial burn 
treatments in 2008. We analyzed data using an independent samples t-test with un-
equal sample sizes and met assumptions of equal variance and normal distribution. 
To test for differences in the number of Red Imported Fire Ant and Red Harvester 
Ant mounds among treatments over time, we sampled transects within 24 hours of 
burning in 2008 and 2009, and we sampled all plots on the same day in 2010. In 
plots that were not burned, we adjusted the data to represent the number of Red 

for sampling errors associated with visually obstructed mounds that we failed to 
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locate in searches of the unburned plots relative to burned plots at the beginning of 

them to meet assumptions of equal variance and normal distribution. We made post-

Results

 Tests for differences in the number of Red Imported Fire Ant and Red Har-
vester Ant mounds as a result of herbicide application on woody plants showed no 

differences occurring solely as a function of the burned treatments.

prairie environments (t = 4.06, df = 16, P = 0.001). Despite our systematic sampling 
efforts, comparisons of burned and unburned areas within 24 hours of treatment 
showed that 48% of the Red Imported Fire Ant mounds were unaccounted for in 
unburned areas at the Welder Wildlife Refuge (Fig. 2), Our inability to locate many 
Red Imported Fire Ant mounds was most likely due to the presence of numerous 
small mounds that were well hidden in unburned coastal prairie habitat (Fig. 3a). 
In general, such small mounds became visible only after burning removed all her-
baceous vegetation (Fig. 3b), whereas large Red Imported Fire Ant mounds were 
easier to detect even within dense vegetation in unburned areas (Fig. 3c).
 Failure to correct for the proportion of mounds not located in unburned environ-
ments would considerably alter the observed responses of Red Imported Fire Ants 

design used to sample Red Imported Fire Ant and Red harvester Ants at the Welder Wildlife 
Refuge. Within each plot, 9 parallel belt transects were established (represented as dashed 
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Figure 2. The number of Red Im-
ported Fire Ant mounds (mean + 
SE) found in burned (black) and 
unburned plots (white and gray) 
within 24 hours of conducting 
the initial burn treatments. Data 
were collected to estimate the 
number of mounds researchers 
failed to locate in unburned ar-
eas. The stacked columns in the 
unburned treatment represent 
the number of Red Imported 
Fire Ant mounds found in the 

mounds that were predicted to 

correcting for sampling error in unburned plots relative to burned plots (light grey). * indi-
P < 0.05 compared to the burned treatments.

Imported Fire Ant mounds in unburned coastal tallgrass prairie. Many small Red Imported 
Fire Ant mounds were completely concealed by herbaceous vegetation in unburned plots 
(a), causing a large proportion of mounds to go undetected in unburned areas compared to 
burned plots (b). However, herbaceous vegetation does not conceal most large mounds, 
making them readily detectable in both unburned (c) and burned (d) areas in this study. 
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to burn treatments. Under the assumption that sampling error was equal among 
burned and unburned treatments, we would have incorrectly concluded that Red 

(F4,53 = 19.0, P = 0.006), and that Red Imported Fire Ant mounds nearly doubled 
within 24 hours of burning in 2008 in burned-repeatedly and burned-once plots 
(P = 0.01 and 0.01, respectively, compared to unburned treatment; Fig. 4). In con-
trast, correcting for sampling error showed that the number of Red Imported Fire 

F2,53 = 41.8, P < 0.001), but not as a 
function of the treatments (F2,53 = 1.2, P = 0.30) or as a function of time–treatment 
interaction (F4,53 = 1.5, P = 0.22).

Red Imported Fire Ant and Red Harvester Ant response
 When we analyzed data corrected for our inability to locate Red Imported Fire 

differ among burned-repeatedly, burned-once, and unburned treatments in any year 
(P

P < 0.001), but numbers rebounded and 
did not differ from pre-treatment levels in 2010 (P = 0.15). Similarly, the number 
of Red Harvester Ant mounds did not differ among burned and unburned treatments 
(F2,53 = 3.1, P
number of Red Harvester Ant mounds was relatively constant over the timeline 
of this study (F2,53 = 0.2, P 

burned once (Fig. 5). However, this change in the burned-once treatments was not 
P = 0.73) or unburned treatments 

(P = 0.31).

Figure 4. The number of Red 
Imported Fire Ant mounds (mean 
± SE) found in burned repeatedly 
(black), burned once (dark grey), 
and unburned (white) treatments. 
The stacked columns represent 
the number of Red Imported Fire 
Ant mounds that were predicted 
to have occurred in the field 
(light grey) after correcting for 
sampling error in unburned plots 
relative to burned plots at the 

uncorrected data are shown but 
were not incorporated into the 
statistical model. Different letters 
indicate significant differences 
between treatments (P < 0.05). 
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Discussion

 Our failure to locate nearly one-half of Red Imported Fire Ant mounds in un-
burned areas has important implications for the control and management of this 
species in coastal prairies. Insecticides are the most common means of treating 
Red Imported Fire Ant infestations (Drees et al. 1998, Myers et al. 1998, Williams 

applications are restricted is largely dependent on the ability of a pesticide applica-
tor to locate and treat individual mounds. Clearly, the ability to successfully locate 
and treat individual mounds is reduced in prairie environments with high levels of 

-

eradicate Red Imported Fire Ant populations in unburned coastal grasslands. These 
-

ported Fire Ant in non-urban areas, even when insecticides are widely used as part 
of a control plan (Kemp et al. 2000). Red Imported Fire Ant control efforts in areas 
like the coastal plain prairie may be more effective if pesticide applicators apply 

vegetation that obscures mounds has been completely removed. 

rather, they indicate that the use of prescribed fire does not result in an increase 
in Red Imported Fire Ant abundances in coastal prairie ecosystems. This suggests 
that Red Imported Fire Ants respond differently to fire than they do to many other 
ecological perturbations. Red Imported Fire Ant populations have been shown to 
increase in areas disturbed by mowing (King and Tshinkel 2008), plowing (King 
and Tshinkel 2008), grazing (Hill et al. 2008, Tucker et al. 2010), and other hu-
man-driven activities (Forys et al. 2002, King et al. 2009, Stiles and Jones 1998, 

herbaceous vegetation. Red Imported Fire Ant abundances are typically higher 
in areas with less vegetation because the ants prefer sites with sufficient sunlight 

Figure 5. The number of Red Har-
vester Ant mounds (mean ± SE) 
found in burned repeatedly (black), 
burned once (dark grey), and un-
burned (white) treatments. No Red 
Harvester Ant mounds were located 
in the unburned treatment in any year. 

differences between treatments (P < 
0.05).
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to allow brood thermoregulation (Plowes et al. 2007, Porter and Tschinkel 1993, 
Sternberg et al. 2006). The differential responses of Red Imported Fire Ants to 
fire relative to other disturbances suggest the disturbance-mediated invasion hy-
pothesis should be refined to account for differences in the intensity, duration, 
frequency, or severity of different disturbances. Such a distinction is important 
because mechanical equipment used to manage woody plants in coastal prairie 
creates a disturbance similar to plowing or mowing and is likely to cause similar 
increases in Red Imported Fire Ant abundances. Fire may, therefore, be the best 
option available for preventing the establishment of woody plants in coastal prai-
ries invaded by Red Imported Fire Ants.

are conducted during periods of average or above-average precipitation. We car-

Red Imported Fire Ants are negatively affected by drought (Hung and Vinson 

Fire Ant populations did not increase as a result of burning in this study may be 

 The number of Red Imported Fire Ant and Red Harvester Ant mounds did not 

do not support the passengers of ecosystem transitions hypothesis. It is important 

document colony turnover and displacement dynamics. In addition, even though 

structure of the woody plant community (Twidwell 2012), the ecosystem has not 
been fully restored to coastal tallgrass prairie. As a result, it is likely too early to 
determine whether restoration treatments are having a long-term effect on Imported 
Red Fire Ant and Red Harvester Ant abundances. Moreover, using alternate sam-
pling techniques, such as pitfall traps, would provide a more precise measure of 
how populations of Red Imported Fire Ant and Red Harvester Ant are responding 
to the initial restoration treatments (Schlick-Steiner et al. 2006).
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