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Nashville, Nashville, Tennessee.  The 2012 annual conference was organized by Tennessee State 
University, College of Agriculture, Human, and Natural Sciences, Nashville, TN; The University 
of Tennessee, Agricultural Extension Service, Plant and Pest Diagnostic Center, 5201 Marchant 
Drive, Nashville, TN; and Tennessee Department of Agriculture, Division of Regulatory 
Services – Plant Certification Section, Ellington Agricultural Center, P.O. Box 40627 Nashville, 
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Remarks from the Conference Chairman 
 

Greeting from Tennessee to the imported fire ant and invasive ant participants, 
 

 I want to thank you for attending the 2012 Imported Fire Ant Conference held at the Holiday Inn 
Express Downtown, Nashville, Tennessee.  I hope everyone had a great time in Music City Tennessee, 
and the conference provided valuable information and enlightenment on imported fire ants and other 
important invasive ants.  The final tally for meeting attendance was 65.    
 The conference began with a Monday evening reception that doubled as a poster viewing and 
corporate sponsor exhibit area in the Entertainment District reception room.  The research conference 
began Tuesday morning with a welcome from the Tennessee Commissioner of Agriculture, Julius 
Johnson.  Mr. Johnson provided compliments to our group for working to manage such a serious pest 
issue for citizens in Tennessee, the southern and western United States, and globally.  Next, the Dean 
and Director of Research / Administrator of Extension from the Tennessee State University (TSU) College 
of Agriculture, Human, and Natural Sciences, Dr. Chandra Reddy, provided a welcome to conference 
participants from TSU and our co-hosting institutions.  Dr. Reddy also conveyed a welcome from the 
President of TSU, Dr. Portia Shields, and Interim Provost and Executive Vice President for Academic 
Affairs, Dr. Millicent Lownes-Jackson.  Dr. Reddy especially expressed the honor TSU had in co-hosting 
the Imported Fire Ant Conference this year because TSU was celebrating its Centennial Celebration 
during the same week as the Imported Fire Ant Conference, as well as TSU Ag Week.  

Following the opening Welcome Session, this year’s meeting featured a special session on 
Invasive Ants, which included Dr. Pat Zungoli (Clemson University) speaking on Asian needle ant, Dr. 
David Oi (USDA-ARS Center for Medical, Agricultural, and Veterinary Entomology) speaking on invasive 
crazy ants, and Dr. Karen Vail (The University of Tennessee) speaking on other invasive ants.  We were 
also fortunate to have three contributed talks this year on other invasive ants like little fire ants, 
European red ant, and crazy ants, which immediately followed the special Invasive Ant session.  Due to 
the increased significance of other invasive ants besides imported fire ants, meeting participants 
decided during the business meeting to formally change the conference name to the “Imported Fire Ant 
and Invasive Ant Conference”.  In addition to the three special session invasive ant presentations, this 
year’s conference had 17 oral papers and 9 posters on topics pertaining to invasive ants, ecology, 
genetics, behavior and physiology, management, biological control, fire ant identification, morphology, 
and extension.  The conference concluded with the eXtension Imported Fire Ant Community of Practice 
workshop held Wednesday afternoon and Thursday morning.     
 The 2012 conference would not have been possible without the dedication, commitment, and 
hard-work of our conference committee:  Dr. Alicia Bray (co-chair), Nadeer Youssef (co-chair), Dr. Nick 
Gawel, Holly Hodges, Dr. Frank Hale, Walker Haun, and Steve Powell.  I am especially appreciative to 
Alicia and Nadeer, who worked many hours on meeting planning, gift bags, registration, and program 
development.   
 I hope to see all of you at next year’s conference in Virginia Beach.  Please be on the lookout for 
emails from Dr. Peter Schultz (Virginia Tech, Hampton Roads Agricultural Research and Extension 
Center) with details on the 2013 Imported Fire Ant and Invasive Ant Conference.  
 
Jason B. Oliver, Chairman, 2012 Imported Fire Ant and Invasive Ant Conference 
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Raves & Rants About Invasive Crazy Ants 
 

David H. Oi 
USDA-ARS, Center for Medical, Agricultural, & Veterinary Entomology,  

Gainesville, FL 
 

The name “crazy ants” often refers to various species of formicine ants that are 
characterized by erratic running when disturbed.  Some species can develop extremely large 
populations that can dominate landscapes.  Two of these species, the yellow crazy ant and the 
Caribbean, or Rasberry [sic], crazy ant with their extremely large numbers and scurrying 
behavior are spectacular to watch until they start to crawl all over you.  

The yellow crazy ant, Anoplolepis gracilipes, formerly known as Anoplolepis longipes, is 
thought to be from Africa or tropical Asia.  It thrives in moist tropical lowlands and has invaded 
many South Pacific islands.  Successful eradication of this invasive ant has been reported from 
several sites in Australia.  Another eradication project is being conducted under the auspices of 
the U.S. Fish and Wildlife Service (USFWS) on Johnston Atoll National Wildlife Refuge, which 
is located about 825 miles west-southwest of Honolulu, Hawaii.  The refuge provides critical, 
rat-free habitat for central Pacific sea bird populations.  While designated a wildlife refuge in 
1926, the atoll was also a military installation since 1934, being used for submarine and aircraft 
refueling, nuclear weapons testing, and chemical weapons storage and disposal.  By 2005, 
virtually all buildings were razed and military personnel removed.  In 2010, a 90 acre yellow 
crazy ant infestation was found on one (Johnston Island) of the four islands that make up the 
atoll.  By 2011 the contiguous infestation had increased to 120 acres and a 0.2 acre satellite 
infestation was also discovered.  The USFWS has been sending teams of four or five volunteers 
to try to eradicate the ants.  Because of the remote location logistical support is challenging, with 
teams and supplies being transported by ship (3 day one-way trip) approximately every six 
months, and communication to Honolulu is limited.  Current attempts to control the yellow crazy 
ant include using ant bait consisting of canned cat food and dinotefuran, an EPA “reduced-risk 
insecticide”.  In January of 2012 less than 1% of the sampling sites had yellow crazy ants.  It was 
observed that nest initiation by the ground nesting red-tailed tropicbird had increased with the 
decline in yellow crazy ants.  However in April, yellow crazy ants were found at 11% of the 
sampling locations, thus monitoring and treatment will continue.   

The Caribbean crazy ant, Nylanderia cf. pubens, and the Rasberry crazy ant, Nylanderia 
near pubens, have inundated landscapes in parts of Florida and Texas, respectively.  They also 
have been found in Louisiana and Mississippi.  Recent taxonomic and genetic studies indicate 
that Caribbean and Rasberry crazy ants are the same pest species.  Monthly sampling of nests in 
Gainesville, Florida revealed that the presence of male alates was most prevalent from October 
to February.  High numbers of female dealates and queens were easily observed in January to 
March, while brood was not consistently evident during that time period.  Bait evaluations on 
laboratory colonies of the Caribbean crazy ant showed consistent colony death with gel bait 
containing imidacloprid (MaxForce® Quantum) diluted in sucrose solution, and granular baits 
containing hydramethylnon (MaxForce® Complete) and abamectin (Advance® Carpenter Ant 
Bait).  Various bait formulations containing the insect growth regulators pyriproxyfen or (S)-
methoprene caused average reductions in brood of over 80%.  However reductions were not 
consistent across colonies and thus not significantly different from controls.  In the search for 
biological control agents, RNA sequences from Caribbean crazy ants collected from various 
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regions of Florida were surveyed for pathogens.  Three replicating sequences of viral origin were 
detected indicating potential virus infections in the crazy ants and the need for further 
characterization (Valles et al. 2012). 

 
References Cited 
Valles, S. M., D. H. Oi, F. Yu, X.-X. Tan, and E. A. Buss. 2012. Metatranscriptomics and 
     pyrosequencing facilitate discovery of potential viral natural enemies of the invasive  
     Caribbean crazy ant, Nylanderia pubens. PloS ONE 7(2): e31828. 
     doi:10.1371/journal.pone.0031828. 
 
Disclaimer 
Mention of trade names or commercial products in this report is solely for the purpose of 
providing specific information and does not imply recommendation or endorsement by the U.S. 
Department of Agriculture. 
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Overview of the APHIS Imported Fire Ant Program – 2012 
 

Anne-Marie Callcott,1 Charles Brown,2 Katherine Hough,3 Ronald Weeks4 

1USDA, APHIS, PPQ-CPHST, Gulfport, MS 
2USDA, APHIS, PPQ-EDP, Riverdale, MD 

3USDA, APHIS, PPQ-WR, Fort Collins, CO 
4USDA, APHIS, PPQ-ER, Raleigh, NC 

 
The Federal Imported Fire Ant Quarantine was implemented in 1958 and is cited in the 

Code of Federal Regulations, Title 7, part 301.81 (7CFR301.81).  The goal of the present day 
quarantine is to prevent the artificial spread of imported fire ants.  Regulated items include 
nursery stock, grass sod, hay, soil and other items that can transport IFA.  The current regulated 
area includes all or part of 14 states and Puerto Rico (AL, AR, CA, FL, GA, LA, MS, NC, NM, 
OK, SC, TN, TX, VA) and approximately 366 million acres.  Numerous models indicate the 
potential range of the IFA is greater areas than those currently infested with IFA, primarily in the 
western states (OK, TX, NM, AZ and CA). 

Since the late 1980’s, the federal IFA quarantine program has been implemented by the 
states.  States are responsible for inspecting nurseries, issuing compliance agreements, surveys, 
and conducting blitzes w/ USDA.  Oversight of the program is by USDA-APHIS-PPQ and 
includes development of quarantine treatments, transfer of information to states and 
enforcement, including investigations and fines associated with violations.   

Oversight and management of federal IFA quarantine program is a team effort of PPQ led 
by the National Program Manager (PPQ-EDP), with team members from PPQ-ER, PPQ-WR and 
PPQ-CPHST.  The PPQ-CPHST Lab in Gulfport MS is responsible for the development of 
methods and tools used in the IFA Quarantine for survey, detection, regulation and control.  The 
group oversees the APHIS Phorid fly (Pseudacteon spp.) rearing and release program (biological 
control of IFA).  Florida Department of Agriculture, Division of Plant Industries (FL-DPI) mass 
rears the phorid flies and state cooperators conduct releases.  ARS-CMAVE, Gainesville, FL 
develops the rearing techniques and transfers them to FL-DPI.   

Recent accomplishments of the APHIS, PPQ IFA program included several new IFA 
quarantine treatments that have been developed and validated over the last few years with data 
from PPQ-CPHST, Tennessee State University and University of Arkansas.  These include a 
new treatment for balled-and-burlapped nursery stock using a bifenthrin dip/immersion which is 
awaiting APHIS approval, and a new treatment for grass sod using bifenthrin also awaiting 
APHIS approval.  In addition, APHIS has funded ARS to develop rapid an IFA identification 
field kit and trap, and a potential cold treatment for contaminated soils is under development 
with data from PPQ-CPHST and the University of Tennessee.  To date, four species of phorid 
flies are in rearing and are being released.  P. tricuspis and P. curvatus are established in more 
than 65% of the IFA quarantined area in the southern U.S. and releases of P. obtusus and P. 
cultellatus will continue through 2013.  If no other phorids are available for rearing on red IFA, 
we will phase out the rearing and release program in 2013-2014.  Special thanks to ARS-
CMAVE (S. Porter), FL-DPI (G. Schneider) and all the state cooperators for making this 
program a success. 

So, where is the APHIS-PPQ IFA Program going and what is changing? 
 



14 
 

APHIS will be closing the Gulfport Facility (MS) in 2012.  Existing CPHST staff and operations 
will be outsourced or relocated to other facilities.  All other APHIS or PPQ staff that work at that 
facility will continue to work out of other locations in the local commuting area.  The CPHST 
Analytical chemistry unit will transfer operational work to other units or will outsource the work.  
Environmental monitoring to support routine PPQ programs will be outsourced to other labs 
through cooperative agreements or contracts and managed by a CPHST scientist.  Project work 
to support CPHST and PPQ will be relocated to CPHST Miami Lab and staff will be relocated to 
CPHST Miami or other CPHST or PPQ units.  Most importantly for IFA interests, PPQ-CPHST 
will NO LONGER provide analytical support for IFA soil samples.  The CPHST Imported Fire 
Ant unit will be outsourcing all methods development work through cooperative agreements and 
managed by a CPHST scientist.  Anne-Marie Callcott will remain as CPHST IFA 
coordinator/contact and located in Biloxi MS.  As soon as new contact information is available it 
will be distributed.  Staff will be relocated to other CPHST or PPQ units. 
 

Where can you get IFA soil samples analyzed for pesticide residue?   
 
There is no federal requirement to analyze routine soil samples annually at nurseries 

under compliance agreements, however it is encouraged.  Historically, these analyses were 
conducted either by the USDA, APHIS, PPQ-CPHST lab in Gulfport MS or by a local state 
pesticide lab.  In late 2011, a letter was sent to all PPQ-SPHDs in impacted states to share with 
their SPROs.  States may use their state pesticide lab or a neighboring state lab.  States may enter 
into an agreement with USDA-AMS-National Science Lab in Gastonia, NC to conduct the 
analyses for them.  AMS NSL-Gastonia has provided cost estimates for the IFA samples for 
FY12 (ca. $125/sample for a single pesticide analysis; ca. $38/sample for bulk density 
determination).  However, states MUST negotiate with AMS directly.  CPHST staff is available 
to discuss/provide analytical methods to state labs, and states may contact CPHST for contact 
information for AMS NSL.  State inspectors will need to notify all growers in the state about this 
change since every year there are +20 samples submitted independently to the CPHST Gulfport 
Lab by nurseries (not through their state inspector). 
 
What are we working on? 

• Environmental Assessment (EA): getting EA into the Federal Register 
• Once EA is final 

o Add new quarantine treatments for B&B and grass sod to PPQ Treatment Manual 
and IFA Program Manual 

o Update Program Aid “IFA 2007: Quarantine Treatments for Nursery Stock and 
Other Regulated Articles” 

o Update IFA Program Manual 
 Adding new quarantine treatments 
 Adding section on “policing the quarantine” 

• PPQ staff will be working to update/modify all existing publications (including online 
sites) regarding submission of IFA soil samples 

• Continuing development of regulatory treatments  
o Grass sod: bait + contact insecticide treatments 
o Field grown stock: replacement for infield bait+chlorpyrifos treatment  
o Combined infield and B&B treatment for long term stored B&B 
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o Continue/validate cold treatments of small containers of bulk soils 
o Continuing releases of P. obtusus and P. cultellatus 

 
Website of interest: 
 
http://www.aphis.usda.gov/plant_health/plant_pest_info/fireants/index.shtml 
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Little Fire Ants in Hawaii:  Situation Report, Impacts, and Ongoing Research 
 

Cas Vanderwoude,1 Michelle Montgomery,1 and Neil Reimer2 
1Hawaii Ant Lab, Hawaii Department of Agriculture, 16 E. Lanikaula St., Hilo, Hawaii 96720 

2Hawaii Department of Agriculture, 1428 S. King St., Honolulu, Hawaii 96814 
 

Little Fire Ant (LFA) is a small, stinging, arboreal tramp species which form polygynous 
polydomous colonies.  It’s honeydew collecting behavior and protection of homopteran insects 
causes outbreaks of these pest insects and loss of agricultural production.  Their stinging 
behavior has negatively affected harvesting and also been implicated in keratopathy of pets and 
livestock causing blindness. 

LFA was first reported on Hawaii island in 1999 and has since spread to Kauai and Maui.  
The Hawaii Department of Agriculture’s efforts using hydramethylnon and pyriproxifen ground 
applications combined with indoxacarb paste baits applied to vegetation resulted in the 
eradication of LFA from Maui within 1 year. 

Ongoing research studying palatability and efficacy of other baits was described.  
Granular baits with hydramethynon were more palatable than baits with methoprene and 
pyriproxyfen.  Paste baits containing indoxacarb, imidicloprid, dinotefuran or clothianidin were 
all equally effective in reducing ant populations.  The development and use of a paste bait 
applicator to reach and stick to vegetation which uses compressed air and a spray gun was 
described. 
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Attempts to Manage the Invasive European red ant, Myrmica rubra 
 

Eleanor Groden, Jennifer Lund, and Kerry Bernard 
School of Biology & Ecology, University of Maine, Orono, ME 04469 

 
 The non-native European red ant, Myrmica rubra, is an invasive, stinging ant that has 
become established in many communities along the coast of northeastern United States and 
Maritime Canadian provinces.  This northern temperate ant is native to Europe and Western Asia 
and though first reported in the U.S. in 1908, pestiferous populations have developed in the past 
15-20 years.  Colonies of these polygynous, polydomas ants establish nests in moist soils or 
organic matter, under or within a variety of natural and artificial substrates including stones, 
down woody debris and potted plants, in a variety of deciduous habitats.  Because of the high 
density of nests in infested areas (ave. 1.4/m2) and the cryptic nature of nests, treatment of 
individual nests has limited utility for managing infestations.  Broadcast granular ant baits have 
reduced populations somewhat, but populations rebound quickly.  Although drawn to a variety of 
bait stations designed for either liquid or granular baits, labeled baits indicated that effective 
dispersal from the bait station is limited to ca. a 4 m radius around the bait station.  Food (bait) 
preferences of foraging workers shifts from sugars post diapause to protein in mid summer, and 
transfer of all food types (labeled sugar, protein and oil) were equally detectable in brood and 
queens throughout the season.     
 In 2011 we initiated a site-specific management strategy for M. rubra at a number of sites 
in Acadia National Park on Mount Desert, Maine.  Infestations were mapped throughout the sites 
on a 10 m X 10 m grid.  Treatment plans were developed based on the use of the site, its 
vegetation cover, and the intensity of the infestation both within the designated area and in the 
surrounding landscapes. Treatment plans usually consisted of an initial broadcast of baits 
(indoxacarb (Advion®), spinosad (Greenlight fire ant bait), and fipronil (Maxforce® FC Fire 
Ant Bait)) throughout the site.  Persistent hotspots were identified with follow up sampling and 
were retreated with broadcast baits and/or bait stations were deployed with liquid (imidacloprid 
(Maxforce® Quantum)) or gel (fipronil (Maxforce® FC Ant Killer Bait Gel)) baits.  Of six 
intensively managed sites in 2011, by mid September, one small, isolated infestation appeared to 
possibly be eradicated. However, remnant populations persisted within all other sites, 
particularly in densely vegetated and wet areas.  Sequential mapping of the ant populations 
throughout the season at the managed sites suggest that small remnant colonies are persisting 
within the treated areas and resurgence of infestations is not primarily due to emigration from 
surrounding infested areas.   
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Adding Insult to Injury in Texas Grasslands: Crazy Ant Extirpates Imported Fire Ant and 
Further Reduces Native Ant and Arthropod Diversity 

 
Edward G. LeBrun,1 John Abbott,1 and Lawrence E. Gilbert2 

1 Brackenridge Field Laboratory, Section of Integrative Biology, University of Texas at Austin, 
2907 Lake Austin Blvd, Austin, TX 78703. 

2 Section of Integrative Biology, University of Texas at Austin, 1 University Station #C0930, 
Austin, TX 78712 

 
Biological invasions reduce biological diversity by causing local extinction of native 

species, and by homogenizing local biotas, replacing regionally distinct species assemblages 
with cosmopolitan taxa.  Over the past 100 years, the Southeastern United States and Texas have 
been subject to invasion by a series of exotic, ecologically dominant ant species with each 
subsequent invader replacing its predecessor.  Central Texas is in the early stages of invasion by 
an ecologically dominant exotic ant species novel to the region: Nylanderia nr. pubens.  Using a 
combination of baits and pitfall traps, we sampled two areas of disturbed Gulf coastal prairie 
invaded by N. nr. pubens to evaluate the degree to which this invader impacts the diversity and 
abundance of co-occurring ants and other arthropods.  In invaded parts of these habitats, N. nr. 
pubens rapidly attains densities up to 2 orders of magnitude greater than the combined numerical 
abundance of all other ants in the system.  Overall ant biomass also increases in invaded habitat.  
As N. nr. pubens spreads, the current ecologically dominant invader, the imported fire ant 
(Solenopsis invicta) is entirely eliminated from areas with high densities of N. nr. pubens.  
Compared to imported fire ant dominated habitat, non-ant arthropod species richness and 
abundance are greatly reduced by the invasion and these impacts vary some with trophic 
category.  Further, N. nr. pubens significantly reduces both the abundance and species richness of 
the remainder of the ant assemblage and does so in a non-random manner.  Regionally 
distributed species are strongly negatively impacted but globally distributed species are largely 
unimpacted.  The result is a net biogeographic homogenization of the local ant assemblage, a 
process that may be general to systems where an invasive ant species enters habitat previously 
colonized by tramp taxa.  S. invicta impacts wildlife and the structure of arthropod assemblages 
and is currently nearly ubiquitous in non-forested habitats regionally.  Its displacement by N. nr. 
pubens has critical implications for the natural systems of this region. The nature of the changes 
that ensue will depend upon key differences between the biology of this ant and that of imported 
fire ants. 
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Impact of Red Imported Fire Ant on Mexican Rice Borer in Sugarcane and Non-crop 
Hosts 

 
Matthew T. VanWeelden, Thomas E. Reagan, Blake E. Wilson, and Julien M. Beuzelin 

Louisiana State University Agricultural Center, Baton Rouge, LA 70803 
 

Abstract  
 A study was conducted in the summer and fall of 2011 to assess the effect of predation by 
the red imported fire ant, Solenopsis invicta (Buren), on Mexican rice borer, Eoreuma loftini 
(Dyar), infestations in sugarcane (Saccharum spp.) and johnsongrass, Sorghum halepense.  
Sugarcane and energycane plots at the Texas A&M AgriLife Center in Beaumont, TX were 
either treated with insecticidal baits to suppress ants or left untreated.  A 50% increase in E. 
loftini injury expressed as a percentage of bored internodes was observed where ants were 
suppressed.  For non-crop hosts, plots of johnsongrass adjacent to rice fields in Texas were left 
untreated or treated with insecticidal baits to suppress ants. E. loftini injury across all treated 
plots increased over 2-fold when compared to untreated plots.  This data suggests that S. invicta 
can decrease both pest build-up in sugarcane and plant injury in non-crop hosts.  
 
Introduction 
  Over the past few decades, the Mexican rice borer, Eoreuma loftini (Dyar), has become a 
significant pest of rice and sugarcane in the southern region of Texas, surpassing previously 
established stem borers in terms of economic importance (Johnson and van Leerdam 1981).  In 
2008, E. loftini was discovered in pheromone traps in Calcasieu Parish, Louisiana (Hummel et al. 
2010), the same year the species was predicted to enter the state (Reay-Jones et al. 2007).  
Though management tactics including insecticide applications (Johnson 1985; Meagher et al. 
1994; Wilson et al. 2011), irrigation (Reay-Jones et al. 2005), and cultivar resistance (Reay-
Jones et al. 2003) have shown some success in suppressing E. loftini in sugarcane, the pest is 
expected to continue its advance eastward through Louisiana (Reay-Jones et al. 2007). 

Attempts to use biological control for the suppression of E. loftini have had little success.  
In contrast to the sugarcane borer, Diatraea saccharalis (F.), parasitic species have been unable 
to inflict any significant form of control against E. loftini (Meagher et al. 1998).  The parasitic 
braconid species, Cotesia flavipes (Cameron), has been attributed to controlling D. saccharalis 
populations in the Lower Rio Grande Valley of Texas, but has shown little evidence in 
suppressing E. loftini (Meagher et al. 1998).  In addition to suppression by parasitic species, 
generalist predators such as the red  imported fire ant, Solenopsis invicta, have exhibited 
successful control of D. saccharalis (Negm and Hensley 1967, 1969; Beuzelin et al. 2009), 
however little is known as to whether these same effects occur against E. loftini.  Our objective 
of this study was to assess the impact of predation by S. invicta on E. loftini in both sugarcane 
and a non-crop host.  
 
Materials and Methods 

The first experiment was initiated in the summer of 2011 at the Texas A&M AgriLife 
Center at Beaumont, TX in plots of sugarcane by establishing ant suppressed and unsuppressed 
control areas.  Ant populations were suppressed using a granule bait formulation of 
hydramethylnon and S-methoprene (Extinguish Plus, Zoecon Professional Products, 
Schaumburg, IL) which was applied to the rows and bases of the plants at a rate of 1.5 lb/a.  



20 
 

Fields were divided into four main plots and assigned as either ant suppressed or unsuppressed.  
Plots were divided into four subplots measuring 12 ft in length across three adjacent rows.  
Pitfall trapping was used to estimate ant densities in each subplot.  At the end of the season, 
bored internodes and emergence holes from E. loftini were recorded on 10 randomly selected 
stalks from each subplot using destructive sampling.  The percentage of bored internodes and 
number of emergence holes were compared between treatments using a generalized linear model 
analysis from Proc Glimmix (SAS Institute 2008).     
 A second experiment was conducted in 2011 to assess the impact of predation by the S. 
invicta on E. loftini injury to a non-crop host.  Two rice farms in eastern Texas were surveyed for 
this experiment (Chambers County, 29°51'13.02"N, 94°32'12.85"W; and Jefferson County, 30° 
3'50.10"N, 94°16'53.23"W).  Areas adjacent to rice fields at each farm were surveyed for weedy, 
non-crop hosts of E. loftini.  Three transects containing the non-crop host johnsongrass, Sorghum 
halepense, were located along the margins of each field.   Each transect measured approximately 
140 ft in length and was divided into 2, 50 ft subplots, separated by a 40 ft buffer zone.  Each 
subplot was assigned as either ant suppressed or unsuppressed.  An application of ant bait was 
applied to subplots designated as ant suppressed.  Pitfall traps were inserted into each subplot 
and monitored biweekly during the season to quantify densities of S. invicta.  In mid-October 
and early November, 1 m2 samples of weeds around each trap were cut and collected to quantify 
borer injury.  Samples were examined for borer injury.  Borer injury and density were compared 
with the level of ant suppression using a general linear model analysis from Proc GLIMMIX 
(SAS Institute 2008).  
 
Results and Discussion 

In sugarcane, damage to plants by E. loftini was approximately 50% greater across all 
ant-suppressed areas.  The percentage of bored internodes averaged at 8.8% in unsuppressed 
plots, increasing to 13.8% in plots where ants were suppressed with insecticidal baits.  Though a 
numerical trend was present, statistical analysis did not detect differences (F = 1.48; df = 1,1.88; 
P = 0.284).  Differences in the number of emergence holes per stalk were detected in association 
with ant suppression (F = 2.43; df = 1,25.25; P = 0.023).  The mean number of emergence holes 
per stalk across all unsuppressed areas was 0.16 and increased to 0.36 in areas where ants were 
suppressed.  

In johnsongrass, injury by E. loftini was higher between levels of ant suppression, but 
was not shown to be significantly different (F = 3.84; df = 1,30.65; P = 0.059). In unsuppressed 
plots, an average of 3.62 tillers per m2 had bored internodes, with the number of bored tillers 
increasing to 7.38 per m2.  Leaf sheath injury was found on an average of 0.32 and 1.02 tillers 
per m2 in unsuppressed and suppressed plots, respectively.  Although differences in overall 
injury (bored internodes and leaf sheath damage) were borderline on a statistical standpoint (0.1 
> P > 0.05), numerical trends in borer injury associated with ant suppression should be noted.  

Results from this experiment suggest that predation of E. loftini by S. invicta has the 
potential to reduce pest build-up in sugarcane and plant injury to non-crop hosts.   
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Introduction of a Neurohormone in the Fire Ants 
 

Man-Yeon Choi and Robert K. Vander Meer 
Center of Medical, Agricultural and Veterinary Entomology, ARS-USDA 

1600 SW 23rd Drive, Gainesville, FL 32608 
 
Abstract 

Neuropeptides are the largest group of insect hormones, and are synthesized in the central 
and peripheral nervous systems. One neuropeptide family is the PBAN/pyrokinin family defined 
by a common FXPRLamide or similar amino acid fragment at the C-terminal end. Over the past 
years we have extended knowledge of the PBAN/pyrokinin family of peptides to ants, focusing 
mainly on the fire ant, Solenopsis invicta. The fire ant is a well studied and good model as social 
insect. We introduce here our research to date on the molecular structure, diversity, and 
characterization of PBAN and additional peptides as well as determine the potential function and 
application of these peptides for fire ant control.  

 
Introduction 

Insect neurohormones function as intercellular communicators that regulate a variety of 
physiological and behavioral events during development and reproduction. The Pheromone 
Biosynthesis Activating Neuropeptide (PBAN)/pyrokinin family is a major class of insect 
neuropeptide hormones that is synthesized in central nervous system (CNS) including 
subesophageal ganglion (SG), and released into the hemolymph. These peptides have been 
conserved throughout evolution, and are expected to be present in all insects. PBAN/Pyrokinin 
family peptides regulate multiple physiological functions including: pheromone biosynthesis, 
melanization, embryonic diapause, and insect development.  

Social insects depend on sophisticated pheromonal communication to maintain colony 
cohesiveness and sociality. The fire ant is probably the most studied ant species in the world and 
a great deal has been published on the identification and characterization of fire ant pheromone 
systems, e.g. a variety of queen produced primer pheromones, and queen and worker releaser 
pheromones. Virtually nothing is known about how pheromone production and release is 
regulated.  

Recently, we demonstrated the presence of PBAN/pyrokinin immunoreactive neurons in 
the fire ant, and identified and characterized PBAN and additional neuropeptides. We have 
mapped the fire ant PBAN gene structure and determined the tissue expression level in the 
central nervous system of the ant. Here we report on the molecular structure and diversity of fire 
ant PBAN/pyrokinin peptides and potential application using insect neuropeptides.  

 
Materials and Methods 

Insect: Field collected monogyne fire ant colonies (Solenopsis invicta) were maintained in 
the lab using standard procedures. Fire ant brain-subesophageal (Br-SG) was dissected from 
male and female sexual forms, as well as sterile workers, and used to isolate mRNA and 
synthesis cDNA.  

Whole-mount immunocytochemistry: Fire ant Br–SG and ventral nerve cord were 
dissected in a cold saline and fixed for 3 h in 10% formalinphosphate-buffered saline (PBS: 100 
mM NaH2PO4, 150 mM NaCl, 3 mM KCl, pH 7.4). The tissues were incubated overnight in PBS 
containing 2% triton X-100 (PBS-T). Subsequently, tissues were incubated for 4–6 h in PBAN 
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anti-serum (diluted 1:2000), goat anti-rabbit anti-serum-peroxidase (Sigma) (diluted 1:2000), and 
horseradish peroxidase-conjugated rabbit anti-peroxidase (Sigma) (diluted 1:400) in PBS-T after 
washing with PBS-T overnight with slow agitation at room temperature between each incubation 
step. After the last incubation, the tissues were washed with PBS and then incubated in 50 mM 
Tris–HCl buffer (pH 7.6) for 10 min. Visualization of the immunoreactivity was performed with 
diaminobenzidine and H2O2 (Sigma) for about 3 min. After satisfactory color development was 
achieved, the tissues were transferred to PBS, then dehydrated placed in a graded series 40–80% 
glycerol. Tissues were examined under a Nikon Eclipse E800 microscope equipped with a digital 
camera. 

Reverse Transcriptase (RT) –PCR: Total RNA was isolated from head, thorax, and 
abdomen of female alates using the PureLink™ RNA Kit (Invitrogen). The total RNA (50ng) 
was used to amplify a 501-bp DNA fragment of Soi-PBAN with a Soi-PBAN specific primer set 
(5’-AGGAATTCCGTTAATCGTGC-3’ and 5’-GTTGCGT AATTGACGTCCG-3’). A 100-bp 
fragment of the fire ant 18S rRNA gene was also amplified for a positive control using primers 
(5’-CCCGTAATCGGAATGAG TACACTTT-3’ and 5’-ACGCTATT 
GGAGCTGGAATTACC-3’). The one-step RT-PCR was performed as follows: 1 cycle at 50°C 
for 30min, 40 cycles at 95°C for 30s, 50°C for 30s, and 72°C for 1 min using RT/Taq mix 
polymerase (Invitrogen).  
 
Results and Discussion 

1. Three groups of cell clusters found in the SG corresponded to the mandibular, maxillary 
and labial neurons as in Lepidoptera. PBAN-like immunoreactive neurons in the VNC were 
found in thoracic (two pairs) and abdominal ganglia (three pairs). 

2. Identified fire ant PBAN cDNA, encoding 176 amino acids including PBAN and three 
additional neuropeptides. 

3. The structure and pre-prohormone positions of the fire ant PBAN gene are more similar to 
Lepidoptera PBAN than the PBAN found in other insect groups.  

4. Difference between immunocytochemistry and PBAN gene expression by RT-PCR suggest 
that a FXPRL peptide is being dominantly expressed in the abdomen that is derived from a 
gene other than the Soi-PBAN gene.     

 
To clarify specific physiological modes of action of PBAN/pyrokinin peptides in the fire 

ant the identification and characterization of a specific receptor(s) for these peptides is required. 
The study includes measurement of binding activity of PBAN and other peptides to the PBAN 
receptor expressed in an in vitro system, and determination of the receptor location, e.g. tissue, 
gland, or organ, which would suggest a potential target site and role for PBAN/pyrokinin 
peptides. Our study here lays the groundwork necessary for successfully determination of 
specific functions, and may lead to novel control invasive ants. 
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Large-Scale Analysis of Fire Ant Pheromones: A Progress Report 
 

Robert Renthal 
University of Texas at San Antonio, San Antonio, TX 78249 

 
 Ants may use short-range chemical signaling for nestmate recognition and task 
coordination. We previously identified basiconic sensilla on the distal antennal segment of red 
imported fire ants as likely sites for contact chemoreceptors (Renthal et al. 2003), and a similar 
conclusion was reached  in studies of carpenter ants (Ozaki et al. 2005). We are interested in 
identifying the nature of short-range chemical signals that are displayed on fire ant cuticle and 
received by antennal contact. Nestmate recognition by carpenter ants involves a mixture of 18 
alkane components displayed on the cuticle (Ozaki et al. 2005). By contrast, the 5 alkanes on 
Solenopsis invicta cuticle may be too sparse for a signaling system. Thus, we have begun an 
analysis of the fire ant's polar cuticular lipids (fatty acids and esters) to test their involvement in 
nestmate recognition and other signaling. We developed an HPLC method involving four-solvent 
gradient elution from a C-18 reversed phase column with evaporative light-scattering detection 
to isolate more than 20 different components in the polar fraction of fire ant cuticular lipids  (see 
figure). To select candidate components for behavioral testing, we assume that compounds 
important in contact chemoreception will bind strongly to antennal olfactory binding proteins. 
Using proteomics analysis, we identified two chemosensory proteins and three odorant-binding 
proteins in the fire ant antenna (González et al. 2009). We expressed four of these proteins using 
recombinant DNA methods and purified them by chromatography. We have begun binding 
studies, using an ultrafiltration method (Leal et al. 2005) modified with cyclodextrins to disperse 
and transfer the water-insoluble lipids (González et al. 2009). Preliminary results show several 
different polar lipid components bind to the two major antennal chemosensory proteins. 
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Figure: HPLC analysis of S. invicta cuticular 
lipids. Pentane wash of cuticle was 
fractionated on silica and polar lipids were 
applied to C-18 reversed phase column. Eluted 
with water-acetonitrile-isopropanol-
chloroform gradient using evaporative light-
scattering detection. 
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Sublethal Dose Insecticides Affect Fire-ant Foraging and Recruiting Efficiency 
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Abstract 
Fire ants were exposed to Amdro bait (hydramethylnon, ai) for 12 h before replacing bait 

with a food source (crushed potato chips). The post-treatment foraging and recruiting behaviors 
of foraging workers were examined to determine the sublethal effects on foragers’ food foraging 
efficacy and locomotor. Exposed workers removed significantly smaller amount of food chips 
compared with unexposed workers. The time for the exposed workers to walk the distance from 
harborage to food source was twice longer than for the unexposed workers. At the food source, 
the exposed workers spent much longer time on examining the food before picking it up and 
carrying it to harborage. Additionally, it took a significantly longer time (3 times more) for the 
exposed workers to carry the food to harborage than the unexposed workers. These results 
indicate that at sublethal dose, Amdro bait significantly reduced fire ant food foraging efficacy 
by reducing their locomotor activity not by impairing their food perception or olfactory learning 
ability. 
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Influence of Genetic Variation on Colony-Level Foraging Behavior of the Red Imported 
Fire Ant 

 
Alison A. Bockoven and Micky D. Eubanks 
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Abstract: 
 Among social insects, genetic variation in a behavior can allow a colony to exhibit more 
flexible, rapid responses to environmental changes and promote homeostasis. Such variation 
enables adaptive evolution and can increase colony fitness in multilineage colonies such as 
polygynous red imported fire ants (Solenopsis invicta). Our preliminary research demonstrated 
significant and persistent colony-level variation in fire ant foraging behavior. Variation in 
foraging behaviors and division of labor in some social insects has been associated with variation 
in expression of the foraging gene (for). We examined the effects of cGMP-dependent protein 
kinase G (PKG), the enzyme product of for, on foraging behavior by treating lab colonies with 8-
Br-cGMP to artificially activate PKG. Behavioral assays revealed that this treatment had a 
significant effect on fire ant recruitment and predation compared to control colonies. Notably, 
changes in fire ant foraging behavior had significant indirect effects on plant damage due to 
herbivory. We founded single lineage colonies and assayed colony-level variation in foraging. 
Genetic lineage explained approximately 50% of variation observed in foraging behaviors.  
Currently, we are quantifying colony-level variation in expression of the fire ant foraging gene.  
This study suggests that significant variation in foraging behavior exists among fire ant colonies 
and may underlie variation in the ecological effects of fire ants and variation in methods 
necessary for their control. 
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“Fighting Texas’ Fire Ants: The Team Approach” 
10 Years and Counting – Renewing Interest in the Lago Santa Fe Fire Ant Project  

 
Paul R. Nester and Bastiaan “Bart” M.  Drees  
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Managing the red imported fire ant, Solenopsis invicta Buren (Hymenoptera: Formicidae) 
through broadcast applications of fire ant bait products has been demonstrated to dramatically 
reduce the cost, insecticide use, maintain control of fire ants, and help eliminate problems caused 
by the fire ant (Riggs et.al, 2002).  The Lago Santa Fe Fire Ant Project is a good example of a 
successful community-wide fire ant management program where the bi-annual broadcasting of a 
fire ant bait product (Extinguish® Plus) has resulted in continued suppression of a fire ant 
population. Lago Santa Fe is a Private Lake Community, situated 25 miles, South/Southwest of 
Houston, TX, in Galveston Co. The Community consists of 100 acres with four, ½ mile long X 
200 ft wide lakes, with 48, one acre lots that border the lakes and 12 lots that do not border the 
lakes (Nester et.al, 2003). 

Historical Perspective, 2001 – 2002. In 2001, Lago Santa Fe (Figure 1) was chosen as 
the site to host the 2002 National Water Ski Championships and the 2002 U.S. Open Water Ski 
Championships. This meant that in August of 2002, 1000 participants from all over the U.S. and 
the World, with up to 4,000 spectators would invade this 100 acre area for 7 days. Initial fire ant 
mound activity evaluations showed over 160 large (> 12” diameter) active fire ant mounds per 
acre (Table 1). The Lago Santa Fe Community realized they needed a coordinated approach to 
manage these pests. The Texas AgriLife Extension Service decided to work with the residents of 
Lago Santa Fe and develop an annual repeatable process for the management of the fire ants in 
this community. The Lago Santa Fe Fire Ant Project gave The Texas AgriLife Extension Service 
a chance to “showcase” various ideas, practices, products, and product uses developed by the 
Texas Imported Fire Ant Research and Management Plan which included: 

 
1)  Evaluation of the effectiveness of the "hopper blend" treatment (50:50 hydramethylnon 

plus s-methoprene ant bait later released as Extinguish® Plus Fire Ant Bait) at 1.5 lb 
blended product/acre. 

 2)  Demonstration of application methods such as the truck-mountable industrial "bait 
blower"; and the ATV mounted Herd Broadcast Spreader. 

3)  Demonstration of the practicality of scheduling fire ant bait treatments to reach a goal of 
maximum control for the athletic events being hosted by the Lago Santa Fe Community, 
i.e., the 2002 and 2003 National Water Ski Championships, and U.S. Open Water Ski 
Championships. 

4)  Demonstration of how coordinating the efforts of the entire community resulted in an 
efficient process for managing fire ants over the Lago Santa Fe property. 

 
 Fire Ant mound activity counts showed that after a single spring 2002 hopper blend 
treatment, fire ant activity was reduced 85% in the community of Lago Santa Fe before the 
scheduled 2002 water ski events (Table 2).  Full report can be found at 
http://www.extension.org/sites/default/files/w/0/03/2003_IFA_Conference_Proceedings.pdf. 
 2002 – 2004 ongoing program treatments:  This community was also chosen to host these 
same events in the summer of 2003. In the succeeding years after the successfully 

https://owa.agnet.tamu.edu/owa/redir.aspx?C=cdaebcb018374ffda9c6e58dcebdd935&URL=http%3a%2f%2fwww.extension.org%2fsites%2fdefault%2ffiles%2fw%2f0%2f03%2f2003_IFA_Conference_Proceedings.pdf�
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implementation of the Lago Santa Fe fire ant project the community reduced the highs and 
lowered the lows of the yearly fluctuations in fire ant numbers (Table 2). After an additional fall 
2002 and spring 2003 hopper blend treatment, fire ant mound activity was down 95%, before the 
scheduled 2003 water ski events. The community has continued to manage their fire ants.  After 
5 scheduled baiting events (April 2002 through May 2004) the fire ant mound activity reduction 
remained above 90% when compared to initial fire ant activity recorded in the spring of 2002 
(Table 2). 

2004 – 2008 ongoing program treatments: Lago Santa Fe residents continue their efforts 
to manage the fire ant with bi-annual applications of a fire ant bait product.  Lago Santa Fe 
residents pay quarterly dues to the Property Owners Association (POA). Fire ant baiting is 
funded from the general dues just like mowing, lake dye, insurance, electricity etc. Fire ant bait 
is a line item in the budget that is approved annually by the Board of Directors (BOD). The most 
recent (2011) fire ant budget consists of seven 25 pound bags of fire ant bait, miscellaneous 
supplies and fuel for ATV on which a Herd G-77 Broadcast Seeder is mounted.  It is estimated 
that each property owner will pay about $20 for fire ant management every 6 months for a total 
cost of $40/year/property (Table 3).  

In a 2008, the Lago Santa Fe Fire Ant Project was re-visited and the residents surveyed as 
to their satisfaction of this project over the past years (Nester et.al, 2008). The residents (11 
responses from 40 property owners, 28%) all responded (100%) that they felt the dollars spent by 
the POA for the Lago Santa Fe Fire Ant Project was cost-effective and all responded (100%) that 
they wanted it to continue.  All (100%) ranked the project from good to excellent and 10 of the 
residents (91%) felt very positive about this fire ant baiting program being supported by the 
Texas AgriLife Extension Service.  One of the residents was somewhat positive.  One comment 
from a resident was, “Prior to moving to TX / Lago Santa Fe a few years ago, we had never lived 
anywhere that had a fire ant problem. We’ve only been exposed to the problem and solutions 
since living here but have heard numerous stories from neighbors as to how bad it was and how 
it is today. We certainly appreciate all the efforts made by Texas AgriLife Extension Service and 
Jay and Lydia Gilbert” (Note: all comments and survey results can be viewed at: 
http://fireant.tamu.edu/research/projects/pdf/ipmmanual08a1.pdf ). 

2010 to present program activities: Extenuating circumstances kept the original 
organizers from coordinating the baiting event in the fall of 2010. Since other community 
members did not pick up the effort, the fall 2010 community-wide baiting event did not happen. 
As the year ended and the new (2011) year began, there was chatter in the community indicating 
that fire ant populations were increasing on the various properties, in numbers not seen in 
previous years (personal communication with Jay Gilbert, Lago Santa Fe resident, fall 2010). 
When communicating with Jay Gilbert, one of the original organizers of the Lago Santa Fe Fire 
Ant Project, it was decided to try and renew interest in the community-wide project by making a 
concerted effort in the spring of 2011 (10 years after the first fire ant baiting event) to make all 
residents aware of the importance of the bi-annual baiting by organizing an event and taking 
before and after observations of fire ant activity.   

http://fireant.tamu.edu/research/projects/pdf/ipmmanual08a1.pdf�
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Materials and Methods 
A date to spread the Extinguish® Plus Fire Ant Bait product (hydramethylnon + s-

methoprene), donated by Central Life Sciences, Dallas, TX, over the Lago Santa Fe community 
was set for April 27, 2011.  These are the only fire ant bait active ingredients that had been used 
on this property in previous years.   

Pre-treatment fire ant mound activity observations were taken using the minimal 
disturbance method April 25, 2011 (Table 4) from 0.25 acre circles from 6 properties within the 
Lago Santa Fe community (a reduction in plot numbers due to houses constructed on previously 
vacant lots).  As in previous years, fire ant activity observations and ant mound counts were also 
taken from four 0.25 acre circles in an adjacent untreated pasture to serve as a control plot area.  
These same treated and untreated plot locations were checked 90 days later for fire ant mound 
activity. At the same time we conducted active ant mound counts in plots, we measured fire ant 
foraging activity by placing 20 hot dog food lures (0.25 inch thick slices of Bar-S Jumbo Franks) 
in the front yards of 20 of the interior properties that border the lakes. After 60 minutes, the total 
estimated number of fire ants per lure was recorded (Table 5). Food lures were also used 90 days 
later to check for fire ant foraging activity.  

This time the Lago Santa Fe Fire Ant Project gave The Texas AgriLife Extension Service 
a chance to again: 

 
1) Showcase The Community –Wide fire ant baiting concept promoted by the Texas 

AgriLife Extension Service. 
2) Demonstrate how coordinating the efforts of the entire community can result in an 

efficient process for managing fire ants over the Lago Santa Fe property. 
3) Evaluate if tolerance or resistance (behavioral or physiological) of the fire ants in this 

community to the active ingredients hydramethylnon and s-methoprene was occurring. 
 

Results and Discussion 
 What started out to be a promising year for obtaining fire ant management data turned 
into a record setting year for Texas by having the hottest average temperature for June through 
August according to National Weather climatologists. The spring and summer of 2011 was 
extremely dry in south Texas. One would assume that the irrigation of lawns would attract fire 
ants. The lawns of Lago Santa Fe were no exception. Good fire ant activity was seen April 25, 
2011 (Table 5). Of the 20 food lures, 19 (95%) of them had an average of 54 fire ants per lure.  
In April 2002 over 160 large (> 12” diameter) active fire ant mounds per acre were observed.  
The mounds (136/acre) observed in April 2011 were not overly large but they were present 
(Table 1). Fire ant mound activity counts taken in an adjacent pasture also showed good activity 
at 112 active fire ant mounds per acre.   
 The dry conditions did have an effect on mound survivability as seen by the 36% 
reduction in activity with no bait application in the adjacent pasture. Greater than 90% reduction 
of the fire ant mound activity was observed in the treated properties of Lago Santa Fe when 
compared to pre-treatment counts (Table 4), and a 74% reduction in food lure hits was observed 
(Table 5). 

Were the residents of Lago Santa Fe satisfied with the 2011 effort? An email from Jay 
Gilbert, one of the originators of the Lago Santa Fe Fire Ant Project said, “Fall baiting was in 
October 2011 and was facilitated with 4 block captains. Utilizing block captains reduced the 
burden on the 2 of us and we are more willing to continue overseeing the semi-annual baiting. 
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The Fall baiting appeared successful - as there were no complaints compared to lots of negative 
chatter last year. You will recall we skipped the fall baiting that year (2010) and the ants really 
were a problem. I have only spotted a couple of nuisance mounds following a 6.5" rain event Jan 
9, 2012. We will go after them again in the Spring.” 

Block captains were chosen to help facilitate future fire ant management events. 
(Appendix I).  Jay summed it up when he said, “We will go after them in the spring!” 

 
Conclusions: 

• The number of observation sites (sample size) was reduced for 2011 counts due to 
construction on previously empty lots but did not limit fire ant activity assessment. 

• Despite drought, populations in untreated area (pastureland) remained unchanged, 
statistically. 

• Percent reduction from April 25, 2011 to July 27, 2011 was 94.7% (versus 85.5% 
reduction after initial treatment, April 18, 2002 to July 7, 2002), indicating that after 
annual multiple application, Extinguish® Plus continues to perform over 10 years with 
no indication of resistance by imported fire ant populations. 

• The Community-Wide fire ant management concept as promoted by the Texas AgriLife 
Extension Service remains a viable solution to the management of the red imported fire 
ants in a community setting. 
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Table1:  Average active mounds per acre in 2011 before baiting (pre) and after baiting (post) 
based on number of active mounds in 0.25 acre circles, as compared to counts taken in 2002. 
 
        Average Active Mounds per Acre 
                                                                                         (Percent Reduction) 

Locations 4/18/2002 7/17/2002 4/25/2011 
(pre) 

7/27/2011 
(post) 

Lago properties 169 25 136 8   (94%) 
Untreated adjacent pasture 87 75 112 72  (36%) 

 
 
Table 2. Red imported fire ant mounds per 0.25 acre circle plot, Lago Santa Fe, Galveston Co., 
Texas, treated with a hopper blend of hydramethylnon fire ant bait (Amdro®Pro or Probait™) 
plus s-methoprene fire ant bait (Extinguish™) at 0.75 lbs of each product per acre 
through fall of 2003 or Extinguish® Plus Fire Ant Bait (s-methoprene + hydramethylnon) at 1.5 
lb product/acre in 2004*.  Observations on active fire ant mounds were taken at indicated 
intervals (weeks after treatment = WAT). 
    Number of Red Imported Fire Ant Mounds/0.25 Acre  
Lot Number  I*  II    III  IV    V 
Treated area: 
32   38     8     1    2  13 
25   48   15     1    5  14 
24   32   11     3    8  20 
23   29   11     5      8  17 
20   41   16     8   14    7 
2   55   23     9    3  23 
1   48   18     4    4  26 
46   47    8     6    5  11  
Mean + Stand. Dev.         42.25 + 8.88             13.75** + 5.23       4.62** + 2.97    6.13** + 3.83    16.38** + 6.37 
T =     7.8243              11.3686              10.5679              6.6994 
n = 8; d. f. = 14; P =   0.0000               0.0000              0.0000              0.0000 
Percent reduction:               -67.46%             -89.07%                  -85.50%                    -61.23% 
 
Untreated area (plot): 
1   34    27      28     -  24 
2   27    28      17     -  39 
3   12    10      13     -  15 
4   14    15      17     -  15  
Mean + Stand. Dev.       21.75 + 10.53        20.00***+ 8.91        18.75*** + 6.44                      23.25*** + 11.32 
T =       0.2537                   0.4859                              -0.1940 
n = 4; d. f. = 6; P =      0.4041                   0.3221                             0.4263 
Percent reduction:     -8.10%                  -13.8%                                                 -6.8% 
 
*I = 4/18/02 (pre-treatment), II = 5/28/02  (6 WAT), III = 6/12/02 (8 WAT), IV = 7/17/02 (12 
WAT), V = 9/26/02 (22 WAT, pre-  fall treatment) 
** Mean significantly different (P < 0.05) from pre-treatment count (4/18/02) mean using the 
Student T test (Microstat). 
*** No significant reduction in mean number of fire ant mounds per plot 
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   Number of Red Imported Fire Ant Mounds/0.25 Acre  
Lot Number  VI*  VII  VIII             IX      X 
Treated area:           
32    0     0  6      3      0  
25    4     0  2      0      1 
24   13       0  4      0      0 
23   13     0  3      7      2 
20    5     1  20      3      2 
2    8     1  20     46          10 
1                                      2                           0  8      9      5 
46    5     0  11      4      2  
Mean + Stand. Dev.       6.25 + 4.77          0.25 + 0.46          9.25 + 7.23             9.00 + 15.27          2.75 + 3.33 
T =   -10.1033    -13.3654 -8.155      5.325    11.786  
n = 8; d. f. = 14; P =   0.00**      0.00**                  0.00**      0.00**                    0.00** 
Percent reduction:  -85.2%                        -99.4%                -78.1%                    -78.7%                   -93.5%  
 
Untreated area (plot): 
1   43  11  15     41     23 
2   38  12  12     26                      15 
3   16  10  14     17                       6 
4   14  16  19     24                      15  
Mean + Stand. Dev.           27.75*** + 14.89      12.25*** + 2.63     15.00 ***+ 2.94    27.00***+10.10        14.75***+6.95 
T =   0.6581  -1.7503  -1.2345    -0.720     1.110  
n = 4; d. f. = 6; P =  0.2674    0.0653   0.1316     0.499     0.310 
Percent reduction:                 0.8%                    -43.7%               -31.0%   +19.4%   -32.2% 
 
* VI = 5/2/03 (pre spring treatment, 31 WAFT), VII = 7/1/03 (60 days after spring treatment, 
5/3/03), VIII = 9/19/03 (pre fall application, 9/11/03), IX = 4/23/04 (pre spring application), 
X=9/17/04 (pre fall application) 
** Mean significantly different (P < 0.05) from pre-treatment count (4/18/02) mean using the 
Student T test (Microstat). 
*** No significant reduction in mean number of fire ant mounds per plot from pre-treatment 
counts (4/18/02) 
  
 
Table 3: Example of total actual costs paid by Lago Santa Fe POA for fire ant management: 
(Includes 25# bags of Extinguish® Plus ant bait, misc. supplies, fuel for ATV).  
Year Actual 

Cost 
Amount of product Comments 

2007 $2,015 2 X 6 bags  
2008 $2,042 2 X 6 bags  
2009 $2,043 2 X 6 bags  
2010 $1,217 1 X 7 bags Spring treatment only, fall treatment skipped 
2011 $2,528 2 X 7 bags Estimated cost, increased rate from 1.5# to 2#/acre 
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Table 4. Red imported fire ant mounds per 0.25 acre circle plot, Lago Santa Fe, Galveston Co., 
Texas, treated with Extinguish® Plus Fire Ant Bait (s-methoprene + hydramethylnon, 1.5 lb 
product/acre) on 4/27/11*.  Observations on active fire ant mounds were taken 91 days after 
application. 
    Number of Red Imported Fire Ant Mounds/0.25 Acre  
Lot Number  XI*  XII   
Treated area:           
32    4     0    
28   11      0   
22   39       3   
11   63     3   
2   31     5   
46   58     0    
Mean + Stand. Dev. 34.33 + 24.00     1.83 + 2.14 
T =   0.0867    10.817     
n = 6; d. f. = ; P = 0.403     0.000** 
Percent reduction: 18.74    95.67 
 
 
Untreated area (plot): 
1   37  28   
2   27  16   
3   21  12   
4   27  17    
Mean + Stand. Dev. 28.00 + 6.63 18.25 +6.85   
T =   -1.004  0.557 
n = 4; d. f. = 6; P = 0.354*** 0.598*** 
Percent reduction: 0.00  16.09 
 
* XI = 4/25/11 (pre spring 2011 application), XII = 7/27/11 (91 days after spring 2011 
application) 
** Mean significantly different (P < 0.05) from pre-treatment count (4/18/02) mean using the 
Student T test (SPSS 0.19). 
*** No significant reduction in mean number of fire ant mounds per plot from pre-treatment 
counts (4/18/02) 
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Table 5:  Observations from 20 food lure stations (0.25 inch hot dog slices) placed in front yards 
of 20 properties lining the interior lakes of Lago Santa Fe Private Lake Community, Santa Fe, 
TX, Galveston County.  
 
Evaluation 

dates 
Total 

RIFA on 
lures 

Avg. RIFA 
per Lure 

% RIFA 
reduction 
on lures 

Total 
RIFA hits 
on lures 

Avg # 
RIFA on 
hit lures 

% 
reduction 
lure hits 

4/25/2011 1085 54 -- 19 57 -- 
7/27/2011 300 15 72 5 60 74 

 
 
 
 
 
 
Figure 1. Aerial view of Lago Santa Fe subdivision, Galveston Co., TX, site of a community 
wide fire ant management program, 2002-2012.  Locations of 6 evaluation sites and 4 check sites 
for 2011 activity assessments are identified in image. 
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Appendix I:  Example of advisory email sent to Lago Santa Fe Residents to alert them of the 
community fire ant baiting event in fall of 2011. 
 
Email text: 
 
Next weekend (Oct 14-16, 2011)  is the community wide fall fire ant bait spreading time. 
Thanks again to our Fire Ant Captains: Jimmy Baker, Cathie Johnson, Danny LeBourgeois and 
David Pratt.  Please contact them directly if you can help with some of the common areas or 
absentee neighbor lots.  Keep in mind you may volunteer for an area with a different captain than 
the one from whom you receive your bait.  
 
The captains are responsible for distributing the bait and lining up volunteers; they are not 
personally treating all the common areas and empty lots.  We have had good support from the 
community volunteers in the past and the more volunteers we have, the more likely it is that all 
areas are treated and the baiting will be successful.  If you have not volunteered previously, 
please consider signing up, more helpers makes the job easier for all. 
 
Thanks, 
 
Lydia and Jay Gilbert  
 
Please look at the list and baiting tips below.  If you are a lot owner or will be absent, please 
email your Captain to advise if you will arrange baiting on your own or if a volunteer needs to 
be arranged.  Everyone else, please see if there is a specific empty lot or common area that you 
could treat, and email Jimmy, Cathie, Danny or David. 
 
Jimmy Baker - Fire Ant Bait Captain-  
 
Empty Lots 
223 
2 Lago Cove  
9 Lago Cove  
226  
  
Common Areas  
Peninsula between Lake 2 & 3 
Lake 4 Dock  
Bridge  
  
Homeowners  
1   
6   
10  
13  
218  
222  
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303  
306  
307  
314  
318  
403  
=================================================================== 
Cathie Johnson – Fire Ant Bait Captain -  
 
Empty Lots 
135 –  
142 -  
214 –  
  
Common Areas 
Lake 2 Islands 
Lake 2 Dock 
Strip between 147 & 203  
  
Homeowners  
127  
130  
131  
134  
138  
139  
143 Crook 
146  
147  
202  
203  
206  
210  
211  
426  
================================================================== 
Danny LeBourgeois – Fire Ant Bait Captain -  
 
 Empty Lots  
311  
315  
  
Common Areas 
Lake 3 & 4 Islands 
Triangle 
Lake 3 Dock 
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 Homeowners  
319  
322  
323  
326 Wehe 
327  
330  
331  
334  
335  
402  
406  
407  
410  
411  
=================================================================== 
 
David Pratt – Fire Ant Bait Captain -   
  
Empty Lots  
102 –  
122  
  
Common Areas  
Next to Cemetery Rd 
Front Gate Flower Beds 
Strip between 114 Gass & 423 Gonzalez 
Lake 1 Islands 
  
Homeowners  
106  
107  
110 
114  
115  
119  
123  
415  
418  
419  
422  
423  
 
Remember the following tips: 
    * It is better not to mow or otherwise disturb mounds 48 hours before baiting as ants will 
rebuild their mound rather than take the bait.  You can mow the following day.  
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    * Bait should go on and stay dry - turn off sprinklers (lawn and septic) or place buckets over 
the heads. Please keep dry for 24 hrs if possible but 12 hours is OK.  Wait for morning dew to 
clear before application. 
    * Ants generally eat in the evenings so it's optimal to put out bait later in the day so it does not 
spoil in the sun/heat before they take it that night. 
    *The opening of your hand held spreader (push spreader will not work) should be set at about 
1/4 to 1/3 of an inch which is #1 or #2 generally. 
 
Dr Nester confirmed that it is proper to bait near your vegetable gardens but not directly into the 
garden itself.  He also advises starting by baiting the flower beds around the perimeter of your 
house.  Next bait your property line and work in a spiral towards the center of your lot.  This will 
make sure that if you run out of bait before you finish that you have all areas covered.  We are 
providing 2# bags of Extinguish Plus ant bait, the recommended application is 1.5 to 2 lbs per 
acre. 
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Death by 1000 cuts:  Continuing to Assemble Communities of Phorid Fly Parasitoids for 
the Biological Control of Imported Fire Ants  

 
Edward G. LeBrun,1 Robert M. Plowes,1 and Lawrence E. Gilbert2 

1 Brackenridge Field Laboratory, Section of Integrative Biology, University of Texas at Austin, 
2907 Lake Austin Blvd, Austin, TX 78703. 

2 Organizational Director, Section of Integrative Biology, University of Texas at Austin, 1 
University Station #C0930, Austin, TX 78712 

 
In its native range in Northern Argentina and southern Brazil, imported fire ants host a 

wide variety of natural enemies.  In total there are over 41 species of organisms known to exploit 
S. invicta and its close allies.   23 of these natural enemy species, 53%, are phorid flies in the 
genus Pseudacteon (summarized from Tschinkel 2006, Briano et al. 2012).   To date, 6 
Pseudacteon species have been successfully imported, released, and established in North 
America from South America source populations (Porter et al. 2004, Gilbert et al. 2008, LeBrun 
et al. 2008, Porter 2010, Plowes et al. 2011, Porter et al. 2011).  In the over 90 years that South 
American Saevissima complex fire ants have been present in the United States, these flies 
represent the only natural enemies to have been successfully tested for specificity, reared, 
released and established in North America.  Thus the importation, culture, and release operations 
operating out of the Brackenridge Field Laboratory in Austin Texas and out of the USDA ARS 
laboratory in Gainesville Florida constitute the only mature form of biological control 
technology available globally for imported fire ants.  In this summary we will briefly describe 
the progress to date in establishing Pseudacteon fly species in Texas and outline the direction our 
organization is taking with respect to further introductions of these parasitoids. 

Phorid flies are parasitoids of adult fire ant workers.  Over long distance, they locate their 
hosts using olfaction exploiting the semio-chemicals that fire ants use to organize their labor.   
They primarily exploit the pheromones associated with foraging and nest defense.  Flies oviposit 
on the wing by injecting an egg into the thorax of fire ant workers.  The larval developmental 
window takes about 2 weeks.  Larvae migrate to the head capsule and the first couple of instars 
feed primarily on hemolymph.  Shortly before pupariation the larvae induce the ant to leave the 
colony and seek out an appropriate place for pupariation (Henne and Johnson 2007).  They then 
release an enzyme which decapitates the ant and use the head capsule of their host as a puparium.  
The pupal stage lasts another 2 weeks for a total immature life cycle of about a month.  Adults 
live for only a few days (reviewed in Porter 1998).  

Twenty-three described species of Pseudacteon attack imported fire ants in their native 
range.  Up to 15 species are documented to co-occur in long-term samples of a single site 
(Folgarait et al. 2007) and up to 9 species in short term samples (Calcaterra et al. 2005).  These 
high levels of alpha diversity are maintained, at least in part, through a wide variety of niche 
partitioning mechanisms.  Species differ in the size of fire ant workers they parasitize, time of 
day and season of the year in which they are active, their mating behaviors, their ability to 
tolerate abiotically stressful conditions, and, mediated by the types of pheromones they exploit 
for host location, and the context in which they locate their hosts (Porter 1998).  Depending on 
the semio-chemicals they rely upon phorids locate and attack their hosts either at foraging trails 
or disturbed mounds.  All species will sometimes locate their hosts in either of these contexts, 
however the relative preference and thus prevalence of species at disturbed mounds versus 
foraging trials varies widely (Orr et al. 1997).  In their entirety, they create an assemblage of 



40 
 

complementary parts that impacts fire ant populations in an additive manner although with some 
functional overlap between species.  A putative additional role played by flies may be vectoring 
of certain pathogens between colonies (Valles and Porter 2007). The long-term goal of our 
laboratory is to recreate the most functionally critical parts of this complex system in North 
America.   
 Pseudacteon parasitoids exert two types of costs on fire ant colonies.  They kill workers 
directly reducing colony growth rates and they alter the behavior of fire ants in ways that 
compromise colony function thereby indirectly reducing colony growth rates.  Measures of direct 
loss of workers to parasitism range from 0 – 3% of workers within a colony are infected at any 
given time (Morrison et al. 1997, Calcaterra et al. 2008).   This is equivalent to a cropping of 0-
3% of the worker population every 2 weeks.   The variability in this estimate is likely primarily 
driven by the very high level of variability in Pseudacteon population abundance.  The primary 
way that Pseudacteon indirectly impact colony growth rates is by disrupting foraging (Orr et al. 
1995).  Over short periods, they can reduce resource harvesting rate by up to 84% in a field 
setting (Feener and Brown 1992).  This short-term reduction in harvesting is accompanied by an 
increase in resource harvesting by competitor ant species (Orr et al. 1995).  In the laboratory, 
long-term exposure to flies can reduce colony protein intake by up to 50% (Mehdiabadi and 
Gilbert 2002).  These effects of phorid attack likely exert a larger cost on fire ant colony growth 
rates than do the loss of worker tissue to parasitism.  These costs are also likely to be 
proportionately greater on small and founding colonies than on larger colonies, and on colonies 
undergoing other biotic and abiotic stresses. To maximize the impacts of introduced Pseudacteon 
on imported fire ants, we must create a Pseudacteon assemblage containing species that exploit a 
wide variety of worker size classes, that locate and attack them both at mound disturbances and 
foraging trails, are active during most of the year, and that can tolerate a wide variety of climatic 
conditions.   
 As the result of ongoing efforts since 1995, we currently have 4 species established in 
Texas: P. tricuspis, P. curvatus, P. obtusus, and the recently established P. nocens.  P. tricuspis, 
and P. curvatus are widespread, occupying most of the area of Texas that is invaded by imported 
fire ants.  We have established P. obtusus at 11 sites around Texas, it is spreading locally and 
will soon be regionally widespread {Plowes, 2011 #557}.  P. nocens is currently established at a 
single site.  Table 1 summarizes the biology of these 4 established species and the niche axes that 
they currently fill in Texas. 

Two critical niche axes remain to be filled.  First, currently there is no species established 
in North America that locates fire ants at foraging trails and attacks small fire ant workers.  From 
the perspective of the functional impacts of Pseudacteon on fire ant populations, this is a huge 
gap in our North American assemblage.  The vast majority of fire ants in the colony are small, 
and these ants are the primary foragers within the colony and thus largely responsible for colony 
energy intake (Tschinkel 2006).  While these small foraging workers may be close to the end of 
their lifespan (polyethism), any parasitoid induced limitation of their abilities to gather resources 
may have important colony level impacts. Thus the agents thought responsible for propagating 
the most significant indirect effects on colony growth rate are currently missing in North 
America.  Second, among the currently established species, in typical years in Central Texas, 
none reach high abundance before the late spring and none maintain a presence through the 
winter.   

To fill these functionally significant and currently empty North American niche axes, we 
are targeting two species of small bodied, trail orienting phorid flies for importation and release 
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in Texas: P. nudicornis and P. small obtusus (Table 1).  P. small obtusus is a discrete but much 
smaller species than P. obtusus (Kronforst et al. 2007) that possesses similar but not identical 
morphological traits.  Successfully establishing either of these species in North America would 
represent an important step forward in limiting the foraging efficiency of S. invicta.  Other 
species are being evaluated for their potential to buffer the gaps in the currently highly variable 
population abundances of the established Pseudacteon assemblage.  In particular, species like P. 
borgmeieri that are abundant during the cool season would allow for more continuous pressure 
annually and attack imported fire ants during the critical early spring period when their colonies 
are gathering resources to be allocated towards reproduction. 

Of the species introduced to date, an important dynamic has been observed where in 
central Texas P. tricuspis has been displaced by P. curvatus due to indirect competition (LeBrun 
et al. 2009).  In contrast, preliminary data indicate that P. obtusus is fully complementary with 
the currently established, synthetic assemblage.  We also observe regional variation in the 
relative abundances of species in the assemblages.  Large scale community dynamics are also 
observed in the home range, with swings in composition and relative abundances across time.  
The temporally and environmentally dynamic nature of these species assemblages means that 
adding species is not typically a zero-sum game with respect to impacts on fire ant colonies even 
if the species interferes under some conditions with established taxa. 
 
Conclusions  

S. invicta is host to a wide suite of natural enemies in its native range.  None of them 
alone appear to be responsible for regulating fire ant populations and differences in densities 
between native and introduced ranges may be exacerbated by differences in the local 
assemblages of competing ant species.  Overall S. invicta abundances are likely governed by the 
interactions of habitat, disturbance and natural enemies.  The premise for our research program is 
that sustainable control will arise from the concerted impacts of antagonistic organisms on 
colony growth rates, mortality rates, and reproductive output.  As would be expected in a system 
where abiotic conditions, disturbance and succession play a large role in governing population 
densities, fire ant populations exhibit remarkable fluctuations in local abundance through time.  
In this sort of non-equilibrial, dynamic system, dampening growth rates is equivalent, over the 
long-term, to reducing average abundance.   

Pseudacteon species assemblages act on fire ant populations through the accumulation of 
impacts on colony growth rate.  Maximizing impact requires assembling communities of flies 
comprised of species that exhibit differential responses to abiotic variation and impact fire ants 
through a variety of pathways.  We are not there yet.  And some of the most promising candidate 
species remain to be introduced. 
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Table 1:   The niche axes occupied by currently established Pseudacteon and species being 
investigated for introduction (Folgarait et al. 2003, Folgarait et al. 2005, Folgarait et al. 2007).  
Species in bold are currently established in North America.  Underlined species are current 
targets for importation and establishment.  ??? indicates an absence of Pseudacteon species 
known to fill this niche. 

Fly size 
/ host 
size 

Foraging 
niche 

Late spring 
– fall 

abundant 

Early 
spring - 
winter 

abundant 

Mid-day 
active 

Dusk, 
dawn 
active 

Hot and 
dry 

conditions 
active 

Large 
and 

Very 
Large 
Flies 

Mound 
Disturbances 

P. tricuspis, 
P. litoralis1 

P. 
borgmeieri2 

P. 
tricuspis, 

P. litoralis1 
P. nocens ??? 

Foraging 
Trails P. obtusus P. 

borgmeieri2 P. obtusus ??? P. obtusus 

Small 
Flies 

Mound 
Disturbances 

P. curvatus, 
P. 

cultellatus 
??? 

P. 
curvatus, 

P. 
cultellatus 

  
??? ??? 

Foraging 
Trails 

P. 
nudicornis, 

P. small 
obtusus 

??? 

P. 
nudicornis, 

P. small 
obtusus 

??? P. small 
obtusus 

1 Currently established in Alabama, this is a low priority fly for south & central Texas, as it 
utilizes only the absolute largest workers as hosts and would therefore exclusively impact 
monogyne S. invicta colonies (Porter et al. 2011). 
2 A common parasite of S. richteri, field collections suggest it may parasitize S. invicta in 
Santiago del Estero province (Folgarait et al. 2007).  Further study in Argentina is required to 
identify a suitable source population. 
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Impact of the Invasion of the Imported Fire Ant, Does Identification Matter? 
 

S. Bradleigh Vinson 
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 The IFA appears to have evolved in South America and over time these ants have 
evolved into a number of species. It appears that several species over the years have migrated (or 
in a few cases “Imported”, presumably accidently) to North America and some of these appear to 
have further evolved into distinct species or forms. All of these species and forms have an impact 
on the ecosystem, particularly animals and plants, as well as, people and the infrastructure of 
modern society.  However the severity of their impact is influenced by the species and form (one 
example is the polygyne form of fire ant). But the impact that these fire ants have in different 
situations appears to be influenced by the species and form. A problem is that over the years the 
publications regarding fire ants has either assumed they were “imported “ or in some more recent 
years they used some morphological characteristics to identify the ant involved as imported.  
However recent evidence suggests that molecular methods may be more accurate than 
morphology which suggests that the impact may in some cases be attributed to the wrong species 
or form.  
 Further, the impact if the different fire ant species also depends on the system under study 
and the approach that the investigator takes in regards to the study As a result the ants impact can 
be very negative or in other cases very positive and this designation often depends on the species 
and the aspect of the impact that was studied or emphasized.  
 Here I briefly review the impact that the “Imported Fire Ant” has on various biological 
systems, as well as, their impact on humans and their infrastructure.  
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Reinventing Fire Ant eXtension 
 

Kathy Flanders1 and Bart Drees2 
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The Imported Fire Ant eXtension Community of Practice was formed in 2005 with the 
goal of providing unbiased, science-based information on fire ants.  Fire Ant eXtension is now 
one of over 60 eXtension Communities of Practice (see about.extension.org). Fire Ant eXtension 
has evolved over the years in response to changes in the way clients seek information.  
Information delivery platforms now include our flagship web site, www.extension.org/fire+ants; 
Fire Ant Info on Facebook; FireAntInfo on Twitter; eXfireants on YouTube; and the Ant 
Detective Game on Second Life.  The Entomological Society of America also hosts an eXtension 
Fire Ant network (see: http://www.entsoc.org/esa-networks). 

The Community of Practice currently has 222 members. Land Grant, State, and Federal 
employees are encouraged to join the Fire Ant eXtension Community of Practice at 
www.extension.org/people, and to register to answer questions on fire ants at 
http://www.extension.org/aae/prefs.   

As a member of the Community of Practice you can join various work teams dedicated to 
developing fire ant content for the web site and social media sites. Everyone who works on fire 
ants is encouraged to link to fire ant eXtension web pages, and to follow us at the various social 
media sites. All are encouraged to promote these sites whenever possible. Researchers are 
encouraged to work with the Fire Ant eXtension CoP to highlight key research findings in 
eXtension content.  Anyone with new images or videos of fire ants are encouraged to submit 
them to Ms. Neal Lee, for inclusion in the fire ant section of bugmugs.org.   

Changes in the past year include a new content development system. Content for the fire 
ant eXtension page is now developed at create.extension.org. All of fire ant eXtension content is 
being apprised to enhance discoverability by internet search engines. The community just 
completed a self-assessment on how it functions according to various criteria for CoP 
optimization (create.extension.org/node/89255). 

The Community conducts annual webinars on fire ants designed for the general public. It 
recognizes the Scholarship of eXtension.  Recent improvements in the eXtension system allow 
participants access to information on their eXtension activities.   

In 2011 the Community began to use Mini-Surveys to assess the impact of the most 
popular fire ant content located on www.extension.org.  It encourages researchers to partner with 
eXtension as they develop competitive grant proposals. 
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Introduction 

The polyphagous green peach aphid, Myzus persicae (Sulzer) can directly damage the 
host plants by feeding on the leaves and extracting sap or indirectly by transmitting viruses 
(Flanders et al. 1991, Tagu et al. 2008). It also secretes honeydew which attracts fungus causing 
smutting of leaves and fruit (Gray and Gildow 2003). M. persicae has very high reproductive 
potential and can cause substantial damage to young plants thus causing eventual death (Petitt 
and Smilowitz 1982). Systemic insecticides are frequently used to suppress M. persicae 
populations but are less effective in cooler temperatures (McLeod 1991). Over time, M. persicae 
populations have developed resistance against synthetic insecticides (Blackman and Devonshire 
1978, Bauernfeind and Chapman 1985). Anstead et al. (2005) have reported development of 
resistance in M. persicae to more insecticides than any other insect. Plant alkaloids, such as neem 
oil and nicotine are increasingly used as insecticides (Sharp et al. 2009). Certain mineral and 
essential oils were comparable to chemical insecticides in toxicity against M. persicae (Yankova 
et al. 2009).   

Alkaloid-based venom of the red imported fire ants, Solenopsis invicta (Buren) has been 
reported to possess antibacterial, antifungal and insecticidal activities (Jones et al. 1982). The 
venom alkaloids extracted from S. invicta have two groups of alkaloids, piperidines and 
piperideines. Chen et al. (2009) found six new piperideine alkaloids in S. invicta. This study 
investigates the biological activity of newly reported piperideine alkaloid component of S. 
invicta venom against M. persicae. 
 
Material and Methods 

Pepper cv ‘Jalapeno’ plants were produced in the greenhouse. About six weeks old plants 
that had eight to ten true leaves were moved to the laboratory and infested with M. persicae from 
a laboratory culture maintained on pepper. Infested leaves were cut from the culture plants and 
placed on each test plant. Aphids were allowed to move to the test leaves. After a one-week 
establishment period plants were searched for aphids. Those containing leaves with at least 20 
adult apterous aphids were selected for testing. Immediately prior to testing, individual leaves 
were removed from the plant with a razorblade. Immature aphids were removed with a camel 
hair brush. 

Extract source: Workers (2.5 g) of S. invicta were extracted in 15 mL hexane in a 50 mL 
beaker for three times. The pooled extract was then concentrated to about 0.5 mL under air flow. 
A flash chromatography (Isolera Four, Biotage , LLC, Charlotte, North Carolina, USA) with a 
SNAP silica gel cartridge (10 g) was used to isolate and purify the piperideines and piperidines. 

Bioassay: Each of the two extracts, i.e., piperideines (18.2 mg) and piperidines (20.6 
mg), was dissolved in 0.5 ml acetone to produce the initial concentrations of 46008 and 52014 
ppm extract:acetone, respectively. Subsequent serial dilutions were made with acetone and 
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ranged from 4600 to 23 ppm for the piperideines and 2600 to 5 ppm for the piperidines. Each 
concentration was applied with an ISCO Model M microapplicator, ISCO Company, Lincoln, 
NE 68507, fitted with a glass B-D syringe and 27 gauge needle (Becton, Dickinson and 
Company, Rutherford, NJ 07070). The volume of the application was 0.337µl. Applications were 
made with the aid of a desk magnifying light. Although the application was applied directly to 
the dorsal surface of each aphid, some of the mixture spread from the aphid to the leaf surface 
due to the small aphid size. After treatment, leaves were placed in 28-ml plastic cups, Comet 
Products, Inc., Chelmsford, MA 01824, with a 2.5-cm diameter disk of moist blotter paper. Cups 
were capped and held in an environmental chamber set at 26o C and 12:12 h photo phase. 
Mortality was assessed at 24 and 48 h by prodding each aphid with a camel hair brush. Lack of 
movement was used as the criterion for judging death. Additional observations were made at 
hourly intervals to establish the time of death. Data were analyzed with Proc Probit (SAS 9.1, 
SAS Institute, Cary, NC). 
 
Results & Discussion 

Both piperideines and piperidines were toxic to M. persicae (Table 1). Chi Square values 
were significant for both extracts at one and two days after treatment (DAT) indicating that 
increasing dosage caused an increase in mortality. Aphid death occurred rapidly. In as few as 
four hours, approximately 50% mortality was observed with aphids treated with the high dosages 
of  piperideines (4600 ppm) and piperidines (2600 ppm).  At six hours post treatment 100% of 
the aphids receiving the high dosages were dead.  Counts taken 1 DAT produced LC50 values of 
116.6 and 91.5 ppm for the piperideine and piperidine extracts, respectively. These values did 
not statistically differ based on overlap of the 95% fiducial limits. The 1 DAT LC95 values were 
2480 and 824.8 ppm for the piperideine and piperidine extracts, respectively. Although the LC95 
value for the piperideine extract was approximately three times higher than that for the piperidine 
extract, the fiducial limits overlapped indicating no significant difference. Toxicity was not 
greatly increased in the 2 DAT observation. The LC50 values were 89.3 and 48.5 ppm for the 
piperideine and piperidine extracts, respectively (Table 1). Again, based on fiducial limit 
overlap, the two LC50 values did not statistically differ. The LC95 value for the piperidine 
extract was 396.8 ppm and this was statistically lower indicating more toxicity to the green peach 
aphid than the piperideine extract. Further research will investigate the field persistence and any 
phytotoxicity of piperideine and piperidine alkaloids extracted from S. invicta. The high and 
rapid mortality of M. persicae exposed to elevated dosages of both piperideines and piperidines 
indicates that these alkaloids may provide an environmentally safe method of aphid control.   
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The use of green roof technology is gaining popularity among many real estate groups 

because of the marketable benefits which include energy conservation, storm water management, 
air pollution mitigation, scenic landscapes, wildlife habitat, and added recreational areas. In 2003 
the United States Environmental Protection Agency cited reduced urban heat-island effects and 
lowered cooling costs as benefits for buildings utilizing this technology (USEPC 2003).  Jacob 
White Construction Company, a Friendswood, TX based company (Figure 1), is a leader in the 
design and construction of green roofs atop of new “green” building projects in and around the 
Houston area. 

During the early spring of 2011 while checking plant trials on a green roof at the Jacob 
White Construction Company Headquarters (2000 West Parkwood, Friendswood, TX) Dr. 
Camerino noticed active red imported fire ants, Solenopsis invicta Buren (Hymenoptera: 
Formicidae).  In response, Dr. Nester and Dr. Camerino planned a fire ant management 
demonstration at the site.  This report outlines some of the strategies used for the management of 
this pest.  

  
Materials and Methods 

The green roof located atop the Jacob White Construction Headquarters was assessed 
May 3, 2011 and nine subsequent dates (Figure 2) for the presence of the red imported fire ant. 
Foraging ant activity was checked using individual hot dog slice food lures (0.25 inch thick hot 
dog slices, Bar-S Jumbo Franks) that were placed in a grid across the green roof (Figure 3).  
Twenty three lures were used on 5/3/2011, while 34 lures were used on subsequent assessment 
dates.  Food lures were checked after 60 minutes and total ants present on the lures were 
recorded (Figure 4). 

DuPont™ Advion® ant bait arenas (30 arenas, 0.1% indoxacarb) were positioned in a 
grid pattern within the confines of the green roof (Figure 5). Bait stations were used so as not to 
directly apply a pesticide to the green roof growing media (Figure 6).  Through a rainwater 
catchment system, all irrigation water applied to the roof is recycled and reapplied on site.    The 
selection of bait arenas was to reduce the chance of pesticide movement from the target site.  
Additionally, irrigation water is applied several times per day as an energy saving passive 
cooling method.  The frequent irrigation may have disrupted the integrity of a “unprotected” bait 
product.  Since the roof was 11,000 sq. ft., the total active ingredient (0.059 g) contained within 
the 30 bait arena’s was approximately equal to the active ingredient (0.052 g) in a 1.0 pound 
product per acre broadcast application of the DuPont™ Advion® fire ant bait (0.045% 
indoxacarb).   

Since assessments of fire ant activity on the green roof indicated the continued presence 
of a population of fire ants (Figure 2), a fall broadcast application of the DuPont™ Advion® fire 
ant bait (2 pounds product/acre) was planned for the grounds around the Jacob White 
Headquarters (Figure 7). Total mound counts were taken on September 22, 2011 (Figure 8) 
before fire ant bait applications and on 4 subsequent dates (Figure 8).  To determine if a mound 
was active, visible fire ant mounds were checked using the minimal disturbance method, i.e., 
mounds were probed with a shovel and if no fire ants appeared after 15 seconds, the mound was 
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considered inactive.  The fire ant bait product was evenly spread with Scotts® HandyGreen® II 
Hand-Held Spreader set on smallest opening (Figure 9).  In addition to the broadcast application 
on October 21, 2011, DuPont™ Advion® fire ant bait (0.5 oz/mound) was uniformly distributing 
around the active mounds with active brood.  

We used a T-test statistical analysis to compare the mean numbers of worker ants 
observed at lures before and after the arena bait station treatment. We also estimated the mean 
and 95% Confidence Intervals (CI) for each sampling and display on a time series graph (Figure 
2). No overlap among 95% CI indicates significant differences, and overlap indicates no 
significant differences. This approach allow us to compare post-treatment dates to pre-treatment 
numbers which in this case are consider a Control. 

 
Results and Discussion 

Results of the T-test (P <0.000, df: 327, F= 26.270) indicated that the mean number of 
worker ants recorded on food lures over the assessment period were significantly reduced 
compared to the initial pre-treatment values (Figure 10).  The DuPont™ Advion® ant bait 
arenas did successfully reduce the ant population at all assessment dates (Figure 2), based on 
food lures, on the green roof atop the Jacob White Construction Company Headquarters.   

Since some fire ant foraging activity was observed during the assessment period, and 
active fire ant mounds were found on the grounds surrounding the Jacob White Headquarters 
(Figure 7), DuPont™ Advion® fire ant bait was broadcast to the grounds and a 76% reduction 
in active fire ant mounds was observed 14 days after the treatment.  Subsequent assessments of 
active fire ant mounds showed a continued increase in mound activity with no discernible 
reduction in activity after the additional single mound treatments with DuPont™ Advion® fire 
ant bait.  A spring 2012 application of fire ant bait will be planned along with continued 
monitoring for fire ants on the green roof with placement of DuPont™ Advion® ant bait arenas 
as needed for continued management of the red imported fire ant on the green roof. 
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Figure 1. Headquarters of Jacob White Construction Company, Friendswood, TX, Galveston 
Co. 2011. 

 
 
Figure 2. Mean number of red imported fire ants (RIFA) per food lure at various assessment 
dates atop green roof in Galveston County, 2011.  No overlap among 95% CI indicates 
significant differences, and overlap indicates no significant differences. 
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Figure 3. Approximate locations of 34 food lures for the assessment of red imported fire ant                        
foraging on green roof, Galveston, Co. 2011. 
 

 
 
 
Figure 4. Representative food lure with foraging fire ants as found on green roof during fire ant 
activity assessments.  Galveston County, 2011. 
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Figure 5.  Approximate locations of 30 DuPont™ Advion® ant bait arenas on green roof, 
Galveston County, 2011. 
 

 
 
 
 

 
Figure 6.  Example of DuPont™ Advion® ant bait arenas placement atop green roof, Galveston 
Co., 2011. 
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Figure 7. Grounds around Jacob White Construction Headquarters where the broadcast 
application of the DuPont™ Advion® fire ant bait was applied, Galveston, Co. 2011. 
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Figure 8. Total number of fire ant mounds found on grounds around Jacob White Construction 
Company Headquarters, before and after broadcast application of DuPont™ Advion® fire ant 
bait at 2.0 pounds product/acre, Galveston Co., 2011.

 
 
Figure 9.  Scotts® HandyGreen® II Hand-Held Spreader used for broadcasting DuPont™ 
Advion® fire ant bait on grounds surrounding Jacob White Construction Headquarters, 
Friendswood, TX, Galveston County, 2011.  
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Figure 10. Analysis of mean number of red imported fire ants (RIFA) on food lures over nine 
assessment periods (May 10, 2011 – January 27, 2012), Galveston County, 2011.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    T-test: P <0.000, df: 327, F= 26.270 
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Introduction  

Each year applied field research is conducted to develop performance data as support 
documentation for the development of red imported fire ant insecticides as required by the 
Environmental Protection Agency. This effort is, in many ways, similar to a fishing expedition.  
      The year, 2011, proved to be one year where these efforts were curtailed in Texas by 
having the hottest average temperature for June through August according to National Weather 
climatologists.  Texas experienced the hottest, driest year for any state in U. S. history!    
      Data from a large replicated trial in Beaumont, TX and a smaller replicated trial in 
College Station, TX document the demise in fire ant activity and mound numbers in untreated 
control plots through the summer months.  A lot of effort was involved to set up these trials to 
assure plots with above minimum (10 mounds/plot) in the spring.  
 
Materials and Methods  
       Beaumont, TX  This trial evaluated “hopper blend” treatments combining faster-acting 
(hydramethylnon, indoxacarb or fipronil) and a slower-acting insect growth regulator (IGR) 
active ingredient (s-methoprene or pyriproxyfen) into single treatments (Table 1).   It was 
established on managed Bermuda grass turf in the soccer fields of the Cris Quinn Memorial 
Soccer Complex, Beaumont, TX, (Figure 1). The soccer complex consists of fifteen acre, 
comprised of 30 large and small soccer fields, concession stands and restrooms. Fifteen soccer 
fields were used, allowing 30 plot areas. Active ant mound counts were taken from 0.25 acre 
circles from middle of plots. 
      Thirty 200 ft × 250 ft (1.15.acre) plots were established, across this sports field complex 
on April 26, 2011. The area was mowed and trimmed once per week, weather permitting.   Low 
rainfall occurred during the testing period.  No supplemental irrigation was provided. All 
treatments (Table 1) were broadcast applied April 26, 2011, in the late afternoon, with an ATV 
(Kawasaki Prairie 700) mounted Herd GT-77 ATV Broadcast Seeder (Kasco Manufacturing 
Company, Shelbyville, IN. The Herd GT-77 was calibrated to deliver 1.5 lb fire ant bait with a 
20 ft swath while the ATV traveled at 10 mph.  The Herd GT-77 was fitted with a Herd Seeder 
Co. #1 plate covering the agitator. After all the replications of each treatment were applied, the 
broadcaster hopper was vacuumed clean with a small industrial vacuum before the next 
treatment.  
      A pre-treatment assessment of the number of active red imported fire ant mounds within 
a 0.25 acre circle was conducted (Table 2). Plots were then arrayed in order from the plot 
containing the highest to the lowest number of ant mounds per plot. Replications were 
established by dividing the array into four blocks and randomly assigning eight treatments to 
each block and then adjusting to assure that pre-treatment mean differences between treatments 
in all replications or blocks were minimal. Untreated controls had to be located outside of the 
soccer field area. We adhered to an agreement with the grounds maintenance crew that all 
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playing services would be treated. Extinguish® Plus was used on all fields and border areas not 
involved in the actual study. 
      Fifteen soccer fields were subdivided for this study. Each soccer field could be divided 
into two plots. Based on the array results, the treatments were replicated within 28 of the 
subdivisions (Figure 1).    
      At 0, 2, 4, 8, 12 and 16 weeks after treatment (WAT) fire ant mound activity was  
assessed. To determine if a mound was active, visible fire ant mounds were checked using the 
minimal disturbance method, i.e., mounds were probed with a shovel and if no fire ants appeared 
after 15 seconds, the mound was considered inactive. Total active fire ant mounds in each plot 
were counted, and the data was recorded as the number of active fire ant mounds per acre (Table 
2). Data were analyzed using Analysis of Variance (ANOVA) with means separated using 
Duncan’s Multiple Range Test (P≤0.05) (SPSS 18.0). 
      College Station, TX A field trial was conducted on a field site at Texas A&M University, 
initiated May 24, 2011. Treatments were applied to 18 0.25 acre field plots with a 42 ft radius 
circular, 0.125 acre, sub-plot monitored within each plot.  These were arrayed by highest to 
lowest pre-treatment active mound count numbers taken from sub-plots and blocked into six 
replicates or blocks to which treatments were randomly assigned.   
      Treatments were a broadcast application of Esteem® Ant Bait (0.5% pyriproxyfen) at 2 
lbs/acre using a hand held seeder or “belly bumper” and an untreated control. Plots were 
monitored for active ant mounds prior to and periodically following (June 29, July 20, and Sept. 
20 or 4, 8, 16 WAT) May 24, 2011 application. 
 
Results and Discussion  
      Beaumont, TX  What started out to be a promising year for obtaining fire ant 
management data turned into a record setting year for Texas by having the hottest average 
temperature for June through August according to National Weather climatologists. Even though 
reductions in fire ant mound activity looked good (Figure 2), the untreated areas also showed 
reduction in fire ant mound activity. Not until the September observation date did the untreated 
control plots show a significant higher number of active fire ant mounds than the treated plots 
(Table 2).   Mean daily temperatures remained high during the assessment period (Figure 2).  
      In summary, there are a few pertinent points that can be made about the data from this 
study:  

1) There were no pre-count differences in means (analysis included check plots) between 
treatments. 

2) Advion® + Distance® ant bait products did not provide significantly faster control 
(mound reduction) than Extinguish® Plus at the early evaluation dates. 

3) There were no treatment differences for the first 4 weeks after treatment, including no 
difference compared to untreated plots.  

4) At 8 WAT Extinguish® Plus, Distance® and the Distance® hopper blends performed 
significantly better than MaxForce® FC but otherwise there few only numerical 
treatment differences, even from the untreated control.  

5) Only at the September assessment did bait treatments result in mound numbers 
significantly lower than untreated plot numbers and the hopper blends with Distance® 
performing significantly better than MaxForce® FC, but with no other statistical 
differences between treatments (Figure 2)  
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College Station, TX  Due to extremely hot dry weather during the summer months, active 

ant mound numbers declined in all field plots (Figure 3), separation of treatment means was 
obscured.     
 
Conclusion  
      By late summer, no differences occurred between treated and untreated control plot 
means, rendering researchers unable to effectively document long-term product performance 
normally provided by slow-acting, long-lasting treatments such as IGR granular ant bait 
formulations.   
      Thus, we have documented that bad data happens! Hopefully our efforts to “troll” for 
efficacy data will improve in the year(s) ahead after more “normal” environmental conditions 
return to the state. 
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Table 2. Mean number of red imported fire ant mounds per 0.25 acre circle subplot before and 
following broadcast-applied fire ant bait product treatments, Cris Quinn Memorial Soccer 
Complex, Beaumont, TX initiated April 26, 2011, Jefferson Co., TX. 

 
* Means followed by the same letter are not significantly different using Analysis of Variance    (ANOVA) with means separated 
using Duncan’s Multiple Range Test (P≤0.05) (SPSS 18.0). 
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Figure 2.  Average number of imported fire ant mounds per 0.25 acre circle at 0, 2, 4, 8, 12 and 
16 weeks before and following broadcast-applied fire ant bait product treatments applied April 
26, 2011, Cris Quinn Memorial Soccer Complex, Beaumont, TX.
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Figure 3. Number of active red imported fire ant mounds per plot following May 24, 2011 
applications of Esteem® Ant Bait applied as a broadcast application (2 lbs/acre).  
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Introduction 

The hybrid imported fire ant, HIFA, is a reproductively viable hybrid of Solenopsis 
invicta, the red imported fire ant, RIFA, and S. richteri, the black imported fire ant, BIFA. In the 
U.S., HIFA occurs from mid Tennessee, south through the northern half of Mississippi and to the 
east through northern Alabama and northwestern Georgia. The RIFA effectively limits the HIFA 
range from the latter’s southwestern to southeastern extent. The BIFA is limited to a shrinking 
area in northeastern MS and western TN. Because of a reported gradient for the degree of 
hybridization in HIFA’s range, there is no single genetic assay for positive identification for pure 
BIFA or RIFA adjacent to or intermixed in this region. As a consequence, GC/MS analysis has 
been a tool of choice for a definitive identification of species/hybrid status.  
       We compared the allele frequency of polymorphic microsatellite repeat regions of the two 
pure species and HIFA, particularly where the three types have the greatest overlap in the 
southeastern U.S. Marked differences in the relative frequencies and most notably, complete 
absences of some of the alleles in one versus the other were indicated. This variability can be 
used as a powerful genetic assay aiding species identification. 
 
Materials and Methods 
Capillary Electrophoresis:  

Ants were collected from 286 HIFA colonies (or isolated queen ants) mostly in 
Oktibbeha, Lauderdale, and Noxubee Co.’s in MS, and 141 RIFA colonies in Lauderdale, Yazoo 
and Copiah Co.’s, MS and Mobile Co. in AL. Only 4 mounds of BIFA were sampled in Chester 
and Madison Co.’s, TN. 
        Ants collected for genotyping were kept in chilled 100% ethanol and transferred to -80 
°C. Queens were dissected and examined for sperm presence. After removing the sperm, male 
and female derived tissues were extracted for DNA. DNA samples were genotyped for five loci 
of microsatellite repeat regions: Sol11, Sol20, Sol42, Sol49 and Sol55, using modified PCR 
primers from Krieger and Keller, (1997).  Alleles were identified through capillary 
electrophoresis (Beckman Coulter CEQ 8000).  
 
Agarose Gel Electrophoresis of Sol49:  

An additional 117 samples of RIFA , 9 of HIFA and 16 of BIFA were made from 36 
counties or parishes in MS (17 Co.’s), AL (3), TN (6), LA(1), GA(5), SC(1), FL(2) and CA(1). 
PCR products of the Sol49 locus were electrophoresed on a 3% agarose gel (see Fig. 5). 
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Molecular diagnostic tests for species/hybrid status: 
For newly mated queens, we used one or a combination of RAPD assays, (random 

amplified polymorphic DNA), and for some samples, a mitochondrial DNA marker, digested 
with TaqαI (Goodisman et al., 1998). For most mounds, though, we determined species/hybrid 
status by collecting >100 workers in 7 ml of hexane for identification using cuticular 
hydrocarbons and venom alkaloids. The hydrocarbon/alkaloid samples were analyzed by GC/MS 
at the National Biological Control Lab., USDA-ARS, Stoneville, MS.      
                                                                                                                                                                                                                                                                                                                                                          
 
Results and Discussion 

Of the five loci, Sol11, Sol42, Sol49 and Sol55 all showed an absence/presence 
difference between HIFA and RIFA for at least one allele that was present a minimum of 30 
percent of the time in this hybrid or pure species form (Fig.'s 1-4).   

Like the HIFA genotypes, those of the 4 BIFA colonies showed the Sol49 126 allele, the 
Sol55 232 allele and the Sol42 208 allele (data not shown), all which were absent from the RIFA 
DNA. We conclude this component of HIFA genotype is derived from BIFA.  
  
 

  
 

  
 Fig.'s 1-4. Shown above are the most frequently occurring microsatellite alleles within the four 
most polymorphic loci. The alleles with the most divergent frequency between HIFA and RIFA 
are also represented. Fig. 2 of Sol49 gene locus also represents BIFA allele frequency. 
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• Agarose gel data also indicates the absence of the Sol49 126 allele in U.S. RIFA. The 
closest RIFA allele in size found is 116 and is infrequent.  

 
• The combined Sol49 data for 20 BIFA colonies (in 8 counties) showed them all to 

possess the 126 allele. It should be noted that the few HIFA collected at greatest distances 
from BIFA range lacked the 126 allele. 

 
Application of this information: 

For imported fire ant populations in the U.S., genetic assays using simple PCR may 
delineate the pure species types. One assay in particular, for the Sol49 126 allele, is strongly 
indicative (89%) of HIFA colonies, yet excludes all pure S. invicta - RIFA. It differs in size from 
the next smallest RIFA allele by 10 base pairs, a difference easily detectable on an agarose gel 
(Fig. 5). 
 
 

 
Fig. 5. Three percent agarose gel showing different sized microsatellite alleles amplified from 
locus Sol49. Eighth and last lanes are molecular weight markers. 
 
 

• Tests using allelic differences add inexpensive tools for even a simply equipped genetics 
lab. Data reported in Caldera et al., 2008, for MS and LA RIFA populations support our 
findings, with the exception of locus Sol11. They report a RIFA 169 (equivalent) allele 
which we did not observe except in HIFA.  

 
• Additional testing of ants, from other locations within the introduced range likely to have 

species/hybrid overlap will be done to check the effectiveness of these genetic markers 
for determining accurate identification. 
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Abstract 

The expression levels of 82 P450 genes were characterized using quantitative real-time 
PCR in the red imported fire ant, Solenopsis invicta. Most of these P450 genes belong to clans 3 
and 4. Highest expression levels of these genes were determined in the small workers and 
queens. We identified that several P450 genes were differentially up-regulated in different life 
stages and castes, including 23% of the P450 genes up-regulated in 3rd-4th instar larvae in 
comparison with 1st-2nd instar larvae, 22% and 33% of the P450 genes over-expressed in alate 
pupae and worker pupae, respectively, in comparison with 3rd-4th instar larvae, as well as 39% 
and 23% of the P450 genes up-regulated in female alates and female pupae, respectively 
compared with male pupae and male alates. In the comparison with female alates, 75% of the 
P450 genes were over-expressed in the queens.  
 
Introduction  

The red imported fire ant, Solenopsis invicta, is a widespread exotic species that results in 
a very high pressure for the local ecosystem in America. Moreover, this species has complex 
social system and displays insect ployphenism. Gene expression difference related to phenotypic 
variation has been studied in fire ants (Robinson 2008). Cytochrome P450 genes have been 
identified to be involved in the processes of insect growth, development and reproduction 
(Feyereisen 1999). To determine the potential biological and physiological roles of P450s 
associated with development, caste differentiation and reproduction in the fire ant, we 
characterized the expression profiles of P450s in different life stages and castes of fire ants. The 
results revealed that P450 genes may play an important role in development and reproduction of 
the fire ant.  
 
Materials and Methods 

Solenopsis invicta.  The red imported fire ant samples with different life stages and 
castes were collected from the field of Alabama. 

RNA Extraction and cDNA Preparation. Total RNAs were extracted from different life 
stages and castes, including 1st-2nd instar larvae, 3rd-4th instar larvae, small workers, big workers, 
male alates, female alates, queens, worker pupae, alate pupae, male pupae and female pupae of 
the fire ant. DNA was relieved from total RNAs. The first-stranded cDNA was synthesized.  
RNA extraction was repeated for 3 times from different colonies. 

Quantitative Real-time PCR (qRT-PCR) and P450 Gene Expression Analysis, qRT-
PCR was performed by ABI 7300 Real-time PCR system (ABI Biosystems). Relative expression 
levels of P450 genes were calculated by the 2-∆∆Ct method using SDS RQ software. The 18S 
ribosome RNA gene was used as endogenous control. Each experiment was repeated 3 times 
with different preparations of the RNA samples.  
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Results 
Cytochrome P450 genes in S. invicta. The S. invicta genome sequence data base 

revealed 82 putative P450 genes. Sixty five of them were annotated while the other 17 P450 
genes were unnamed. The S. invicta P450 genes fell into four major clans, CYP2, CYP3, CYP4, 
and mitochondrial clan. Of the 65 S. invicta P450 genes, the majority of them are assembled in 
clans 3 and 4. Twenty five P450s were found in the clan CYP3 with 6 in the CYP9 family, 16 in 
the CYP6 family, and 3 in the CYP336 family. Twenty-six P450 genes were in the clan 4 with 
all of them distributed in the CYP4 family. Ten P450 genes belonged to clan 2 and the remaining 
7 P450 genes were in mitochondrial clan within 5 P450 families of CYP12, CYP301, CYP302, 
CYP314 and CYP315. In comparison with other insect species, S. invicta showed a clear 
expansion of P450 genes in clans 3 and 4, especially in the CYP4 and CYP6 families. 

P450 gene expression in S. invicta. The P450 genes with highest levels of expression 
were compared among the life stages and castes. The small workers and queens had highest 
number of P450 genes, with 23 and 20 P450 genes, respectively, that showed highest expression 
levels among all castes and developmental stages tested. About half of these highly expressed 
P450 genes belonged to CYP6 in small workers and CYP4 in queens, suggesting that P450s in 
these families may have functional importance associated with development and reproduction.  

Different P450 gene expression in the larvae and pupae of S. invicta. Our results (Fig. 
1) showed that 23% of the P450 genes were up-regulated in the 3rd-4th larvae compared to the 1st- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2nd larvae. 22% of the P450 genes were up-regulated in the alate pupae compared to the 3rd-4th 
larvae (Fig. 1) 1.However, nearly 33% of the P450 genes were up-regulated in worker pupae 
compared to the 3rd-4th larvae. Moreover, 22% of the P450 genes were up-regulated in the alate 
pupae compared to the worker pupae. Taken together, these results indicated that the up-
regulated P450 genes in 3rd-4th larvae, alate and worker pupae may be involved in the process of 
development. The comparison between alate pupae and worker pupae indicated that the up-
regulated P450 genes may play an important role in the development of different castes of fire 
ants.  

 

Fig. 1 Programmatic representation of the analysis of the P450 gene expression profiles in: A. 3rd-4th larvae 
compared with 1st-2nd larvae; B. alate pupa compared with 3rd-4th larvae; C. worker pupae compared with 
3rd-4th larvae; D. alate pupae compared with worker pupae.
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P450 genes expression in pupae and alates in the S. invicta. To determine the P450 
genes involving in the sex determination, we tested the expression levels of all P450 genes in 
male and female pupae, and male and female alates. Overall, 23% of the P450 genes were up-
regulated in the female pupae compared to the male pupae. Furthermore, 39% of the P450 genes 
were up-regulated in the female alates compared to the male alates (Fig. 2), among which 6% of 
these genes were over-expressed for >10-fold higher in the female alates than in the male alates. 
In addition, 10% of the P450 genes were down-regulated in the female alates compared to the 
male alates. These results indicated that some of P450 genes may involve in sex determination in 
the fire ant.  
 
 
 
 
 

 
 

P450 genes expression between the queen and female alates of S. invicta.  To 
determine whether P450 genes have the functions on reproduction system in fire ants, gene 
expression levels were characterized between queen and female alates. Results showed that 75% 
of P450 genes were up-regulated in the queen compared to the female alates (Fig. 3). A total of 
10% of these genes were over-expression >10-fold higher than female alates. Meanwhile, 20% 
and 45% of P450 gene expression was 5-10 and 2-5 fold higher in queen than female alates, 
respectively. In addition, 3.6% of all genes tested were down-regulated in the queen compared to 
the female alates (Fig. 3). The results suggested that some of P450 genes may play crucial roles 
on development of reproduction in the fire ant.  
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Fig. 2 Programmatic representation of the analysis of the P450 gene expression profiles in female 
pupa and female alate compared with male pupa and male alate, respectively.
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Discussion 

The P450 genes with highest levels of expression were compared among the life stages 
and castes. It was showed that the small workers and queens had the highest number of P450 
genes that were highly expressed, half of which belonged to CYP6 in small workers and to 
CYP4 in queens. One of major roles of P450 genes in CYP6 family is involved the metabolism 
of exogenous compounds (Scott 1999), suggesting a possible function of small workers in 
response to the exogenous chemicals. The P450 genes in CYP4 family have been suggested to be 
involved in the metabolism of odorant and endogenous compounds, such as the juvenile 
hormones or pheromones (Sutherland and Feyereisen 1998), revealing the importance of queens 
in regulation of the development and reproduction. Overall, differential expression levels of 
P450 genes in life stages and morphological forms through the larva, worker, alate, pupa, and 
queens indicated the crucial role of P450 genes in fire ant development, caste variance, and 
reproduction.  
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Introduction 

Scales and squamiform setae are descriptive terms for non-homologous modifications of 
unicellular setae.  Although "scales" are best known in Lepidoptera, flattened setae have evolved 
independently throughout other Hexapoda, including the Collembola, Apterygota, Homoptera, 
Psocoptera, Phthiraptera, Coleoptera, Diptera, and Hymenoptera (Ferris, 1934).  Scales in 
Lepidoptera are involved in a variety of functions (Kristensen & Simonsen 2003), but functions 
of scales within other insect orders are largely unknown.  In Hymenoptera scales are present in 
Pyramica Roger and Strumigenys Smith (Formicidae: Dacetini), but the functions of these scales 
in these ants are unknown.   

Strumigenys and Pyramica are a monophyletic clade of dacetine ants, but Pyramica has 
alternated between being synonymized with Strumigenys, treated as a subgenus, or as a valid 
genus (Bolton 1999, 2000, Baroni Urbani and De Andrade 2007, Deyrup and Cover 2007). 
Strumigenys includes 466 species worldwide, of which five occur in the Nearctic Region north of 
Mexico. Pyramica includes 327 species worldwide, of which 42 species in 11 species groups 
occur in the Nearctic Region north of Mexico (MacGown and Hill 2010, MacGown, unpublished 
data).  Pyramica is most speciose in southeastern U.S., and in Mississippi, the genus includes 23 
named species (MacGown and Hill 2010). 

The Strumigenys – Pyramica clade shares seven autapomorphies and nine apomorphies, 
but the two most distinctive characters of this clade, as described by Bolton (1999), are the 
"bizarre pilosity" on the head and other areas of the body and the presence of "lobes of 
spongiform tissue" on the petiole and postpetiole, the latter being lost in some species.  The two 
genera have been differentiated by seven characters of the mouthparts (Bolton, 1999), and five of 
these involve the mandibles.  
 The objectives of this research included the following questions.  1) What is the fine 
structure of the scales and "bizarre pilosity" and how does it vary between species groups of 
Pyramica?  2) Is the distinctness of Strumigenys and Pyramica supported by characters of the 
body pilosity?  3) What is the fine structure of "spongiform tissue?"  Answers to these questions 
also can contribute to answering the general question of why flattened setae have evolved so 
many times among insects. 
 
Materials and Methods 

A JEOL-JSM65600F SEM was used to examine P. angulata (Smith), P. clypeata 
(Roger), P. hexamera (Brown), P. ohioensis (Kennedy & Schramm), P. ornata (Mayr), P. 
reflexa (Wesson & Wesson), and P. rostrata (Emery), which represent seven species groups of 
Pyramica, and S. louisianae Roger.   Although scales are present on the thorax and petiole of 
some species, SEM examinations concentrated on the heads for comparative purposes.  Except 
for a pinned specimen of P. angulata, all other specimens were preserved in 90% ETOH, and the 
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latter were sonicated 10-15 seconds and air-dried.  All specimens were mounted on aluminum 
stubs with carbon tape and coated with gold-palladium.  
 
Results 

The forms of scales in the dacetine ants used in this study (Figs. 1-8) represent a 
transformation series from setiform with widened and dentate apices (Figs. 1b,c) to elongate and 
widened with dentate apices (Figs. 2c, 3c), to widened and rounded (Figs. 4c, 5c), to laterally 
rolled and basally fused (Figs. 6d-f, 8c-e), and to laterally rolled and fused for most of length to 
form a secondarily hollow scale (Figs. 7c,f).   Longitudinal ridges are present on all scales, 
although those of some scales of P. reflexa are modified.   

Scales were present on head capsules and antennae of all species and on mandibles of all 
species, except P. ohioensis and P. rostrata, both of which have simplified and narrow scales on 
their head capsules (Figs. 1b, 2b).  Mandibles of P. ornata have setiform scales with rolled 
lateral edges, but with the longitudinal support ridges exposed medially (Fig. 7b).  Mandibles of 
S. louisianae have rolled setiform scales with the lateral edges nearly fused (Fig. 8c). 

The hollowed, basally fused scales of P. ornata are apically filled with an extruded 
substance (Figs. 7c, 7d).  This indicates that these scales are secretory for some chemical 
substance that may have a defensive, attractive, or other function, a novelty not previously 
documented for these ants. 

Spongiform "tissue" may be a misnomer, because these structures appear to be 
sclerotized outgrowths of the integument and retain their integrity after being air dried from 
alcohol preserved specimens (Figs. 9, 10, 11b).  Slight variations in the forms of these structures 
were found between the species of Pyramica, but the ventral lobes of P. hexamera were unique 
in being more rounded and with the cavities more closed (Fig. 10).  No evidence of extruded 
materials associated with the lobes was found in these species.  Spongiform lobes were mostly 
lacking in Strumigenys, with only a reduced amount present beneath the postpetiole.     
 
Discussion 

The evolution of flattened setae may be related to a specific selection gradient, but once 
evolved, the flattened setae, or scales, can be further selected for a variety of functions.  This 
may be one explanation for the "bizarre pilosity" present in Pyramica.  No explanation can be 
given for the transformation of setae into flattened scales in Pyramica.  However, once these 
flattened setae have evolved within a taxon, then they can be modified by other selection factors 
to assume other functions, as is evident in P. ornata that shows evidence of a substance being 
excreted by the scales.  Scales with laterally rolled margins are hypothesized to be the derived 
condition from the flattened form, with those in P. ornata representing the most derived 
condition.  Scales of S. louisianae are similarly rolled, indicating a derived state among dacetine 
ants with scales.   It is unknown if the rolled scales in S. louisianae may have evolved 
independently from flat scales in that genus or if Strumigenys is be a highly derived taxon from 
within Pyramica.  
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Figures 1-5.  Heads, mandibles, and scales of Pyramica species.  1, P. ohioensis, a, head, b, 
mandibles, c, apex of clypeal scale; 2, P. rostrata, a, head, b, mandibles, c, frontal scales; 3, P. 
clypeata, a, head, b, mandibles, c, frontal scales; 4, P. angulata, a, head, b, mandibles, c, frontal 
scales; 5, P. hexamera, a, head, b, mandibles, c, frontal scales. 
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Figures 6-8. Heads, mandibles, and scales of Pyramica and Strumigenys species.  6, P. reflexa, 
a, head, b, mandibles, c, clypeal scale, d, antennal scale, e-f, frontolateral scales; 7, P. ornata, a, 
head, b, mandibles, c-d, clypeal scales with extruded material, e, clypeal scales, f, frontolateral 
scale; 8, S. louisianae, a, head, b, mandibles, c, mandibular scales, d, antennal scales, e, clypeal 
scales, f, postpetiolar scale. 
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Figures 9-10.  Spongiform lobes of Pyramica.   9, P. ornata, a, petiole and postpetiole, b, 
portion of petiole; 10, P. hexamera, postpetiole venter.  
 
 

 
 
Figure 11.  Pyramica ornata.  a, head, b, lateral view of body showing spongiform lobes (arrow) 
on petiole and postpetiole.  
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Abstract 
Bioassays of several ant baits using lab-reared little fire ant (LFA) colonies in a no-choice 

test were conducted.  Four of the baits were presented in a soybean oil-impregnated corn grit 
matrix: Probait (0.73% hydramethylnon), Advion (0.22% indoxacarb), Extinguish Professional 
(0.5% S-methoprene), and Extinguish Plus (0.365% hydramethylnon and 0.25% S-methoprene).  
A fifth bait, 0.18% indoxacarb was presented in a peanut butter matrix (Indoxacarb PB); all were 
compared to peanut butter (control).  To ensure uptake and transmission of the toxicants, 
colonies were exposed to three days of fasting and two days of bait only.  During this 
observation period, 95-100% worker and queen ant mortality were attained in the Probait and 
Extinguish Plus colonies at 7 weeks after treatment (WAT).  This trial demonstrated that 
hydramethylnon and a mixture of hydramethylnon and methoprene formulated with soybean oil 
on corn grit were more effective than indoxacarb or methoprene on corn grit, or indoxacarb in 
peanut butter. 

 
Introduction 

The little fire ant (LFA), Wasmannia auropunctata (Roger) (Hymenoptera: Formicidae) 
has become one of the most damaging invasive pests to agriculture, landscapes, and residences, 
negatively impacting human and animal health to such an extent that workers have refused to 
harvest or tend fields, landscapes or orchards (Conant and Hirayama 2000, Conant et al. pers. 
comm.).  A native to South America, LFA has had an outdoor latitudinal range from 32º40'S to 
32º 20'N.  More recently, this pest has become established on several Pacific and Atlantic 
islands, as well as Africa, the mainland US (Florida), and temperate regions under greenhouse 
conditions (Krushelnycky et al. 2005, Lubin 1984, Mikheyev et al. 2009, Vanderwoude 2007, 
Wetterer et al. 1999, Wetterer and Porter 2003).  LFA is extremely difficult to control once 
established as it shares many traits of highly successful and destructive invasive ant species: 1) 
generalist feeding and nesting habits, 2) superficial nests in manmade and natural cavities, not 
limited to underground, 3) high colony mobility, 4) polygyny, 5) colony budding, 6) low 
intraspecific aggression, 7) high interspecific aggression, and 8) small physical size.  Moreover, 
LFA is a quarantine pest, which hinders exportation of agricultural and floricultural products 
from Hawaii and other infested Pacific islands to other states and foreign countries.   

The most economically feasible and environmentally least damaging treatment for LFA 
over large areas is the use of the bait toxicant system, similar to those currently used to control 
the red imported fire ant (RIFA), Solenopsis invicta Buren.  This minimizes the use of pesticides 
and provides effective colony-level control (Williams 1992).  Hydramethylnon is a toxicant that 
has proved successful in controlling RIFA (Williams and Whelan 1992).  However, this toxicant  
loses efficacy after exposure to light and moisture (Vander Meer et al 1982, Mallipudi et al 1986,  
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Taniguchi et al 2003).  Effective bait formulations for LFA under tropical conditions would 
include the ability of the bait to remain attractive to ants under wet humid conditions, as well as 
exhibit delayed toxicity, good efficacy after trophylaxis, non-repellency, and ease of formulation 
with carriers.  Because LFA are able to construct supercolonies and arboreal nests, an additional 
important characteristic would be the ability to apply the bait toxicant to arboreal nests.  This 
study evaluated the efficacy of hydramethylnon, methoprene, a hydramethylnon/methoprene 
mixture, and indoxacarb as granular and paste baits. 

 
Materials and Methods 

The trial was conducted at the University of Hawaii at Hilo, College of Agriculture, 
Forestry and Natural Resource Management (CAFNRM) instructional farm near Hilo, Hawaii.  
Baits tested were: Probait (0.73% hydramethylnon); Advion (0.22% indoxacarb); 0.18% 
indoxacarb in a peanut butter matrix (Indoxacarb PB, Vanderwoude et al 2010); Extinguish 
Professional (0.5% S-methoprene); Extinguish Plus (0.365% hydramethylnon and 0.250% S-
methoprene); and an untreated peanut butter check.  All treatments were replicated four times in 
a randomized design. 

Two weeks before exposure to baits, LFA workers were transferred to 5.7 L plastic boxes 
with fluon coated internal walls; an insect trapping adhesive was applied just inside the container 
rim to form a 0.5 cm wide barrier.  Queens were transferred one week later.  Colonies consisted 
of approximately 350 workers and one queen. A polystyrene petri dish (60 ID mm x 15 H mm) 
containing a water moistened cotton ball, used to maintain humidity, was placed at one end of 
each colony’s box to serve as a nest; the lid was darkened with black spray paint.  Ants in all 
treatments were fed a diet of peanut butter, soybean oil, and sugar water (10% w/v); the feeding 
station was situated on the opposite end of the box from the nest.  The colonies were maintained 
in a roofed, screen-house with natural sunlight.  During the trial, the average temperature was 
72.1°F (22.3°C) (range 65.6°F (18.7°C) to 82.2°F (27.9°C)); average relative humidity was 75% 
(range 40.8 to 100%). 

All food was removed three days prior to bait exposure; water was provided throughout 
this fasting period. Each bait treatment (1.2 ml) was measured onto a plastic vial lid (30 mm ID x 
5 mm H) and placed at the feeding station end of each colony’s box.  Food was returned to the 
feeding station 48 hours after bait introduction and changed weekly; original baits remained 
unchanged in the feeding station throughout the observation period. 

Observations of ant mortality were recorded 2 and 3 h after treatment (HAT), at 1, 2, 3, 4, 
7, 9, and 11 d after treatment (DAT), then at weekly intervals from 2 to 7 weeks after treatment 
(WAT).  Digital photographs of each colony documented live and dead ant counts which were 
completed in the lab.  Ant mortality for each bait treatment was corrected using Abbot’s formula, 
then arcsine transformed prior to statistical analysis (ANOVA and Tukey’s Test). 

 
Results and Discussion  

Probait (hydramethylnon) maintained a higher (P<0.05) level of LFA worker and queen 
mortality as compared to the other baits throughout the trial period (Fig. 1). Worker ant mortality 
of >50% was achieved at 2 weeks after treatment (WAT) for Probait, at 3 WAT for Extinguish 
Plus (hydramethylnon and methoprene), at 4 WAT for Extinguish Professional (methoprene), 
and at 6 WAT for Advion (indoxacarb). By 7 WAT, only Probait and Extinguish Plus achieved 
or exceeded 95% worker and queen ant mortality.  Early mortality within colonies exposed to 
Extinguish Plus can be attributed to the efficacy of hydramethylnon within the bait rather than 
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the methoprene which would affect queen reproduction.  The highest worker ant mortality 
achieved with Extinguish Professional was only 65.4% during the 7 wk trial period. This may be 
due in part to the repellency of the higher level of methoprene (0.5%) in Extinguish Professional 
to LFA workers as compared with Extinguish Plus (0.25% methoprene, 0.365% 
hydramyethylnon), which was demonstrated in field attractancy LFA trials (Cabral et al., 
unpublished data).  Reproductive pupae, as opposed to worker pupae, were observed within 7 
wk, which may be indicative of colony stresses on the queens due to methoprene’s growth 
regulator effect on reducing worker replacements in this no-choice bait trial. Extending trial 
observations to 8 to 12 WAT may have provided more insight into the effects of Extinguish 
Professional on LFA colonies. Worker ant mortality rates among Advion (indoxacarb in corn 
grit) and Indoxacarb PB-treated LFA colonies were 61.4% and 40.1% at 7 WAT, respectively. 
Advion did not provide faster control of LFA as compared to hydramethylnon, contrary to results 
observed with imported fire ants (IFA) (Solenopsis invicta Buren) (Hu and Song 2007). 
Moreover, colonies exposed to Indoxacarb PB continued to produce eggs and pupae during the 
trial (at 6 WAT), indicating the colonies were reduced but not eliminated with a single treatment. 
In addition, LFA possibly preferred the baits with hydramethylnon (Probait, Extinguish Plus) 
over either indoxacarb formulations; this preference was observed in field attractancy LFA trials 
(Cabral et al., unpublished data).  

Most fire ant baits are formulated as a granular form on corn grit, suitable for ground 
nesting ants, but cannot be applied during or soon after rainfall (Vander Meer et al. 1982).  
Previous efforts to control LFA in Hawaii under various conditions clearly demonstrate that this 
tramp ant species is difficult to control with commercially available ant bait products.  Three 
factors contribute to this.  First, the major agricultural area in the state receives an average annual 
rainfall of 300 cm (East Hawaii Island), making treatment with dry granules problematic (Souza 
et al. 2008).  Second, LFA form nests in both the arboreal and ground strata, and ground-applied 
baits do not appear to be effective toward the arboreal component (Souza et al. 2008).  Finally, 
even after repeated weekly or bi-weekly treatments with granular baits, ant activity quickly 
returns to pre-treatment levels after treatments cease (Souza et al. 2008, Taniguchi 2003).  A 
paste or gel formulation may prove more effective for arboreal ants like LFA. Additional trials 
are needed to evaluate alternate methods of arboreal applications and to determine if a repeated 
bait application can achieve 100% mortality of LFA colonies with single and multiple queens. 
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Figure 1: Efficacy of Ant Baits on LFA Colonies 
 
*Treatment means with different letters were different (p<0.05) within week after treatment. 
Control mortality (%) was less than 10% for the duration of the trial. 
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APPENDIX 2 – Conference Photos 

 
 

Welcome Session speakers, including Tennessee  Commissioner of Agriculture, 
Julius Johnson (top photo), Tennessee State University College of Agriculture, 
Human & Natural Sciences Dean and Director of Research /  Administrator of 
Extension, Dr. Chandra Reddy (middle photo), and Commissioner Johnson 
receiving a gift from Dr. Reddy (bottom photo).
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Speakers for the Special Session on Invasive Ants receiving a speaker gift.  From 
left to right:  Dr. Patricia Zungoli (Clemson University), Dr. Karen Vail (The University 
of Tennessee), and Dr. David  Oi (USDA-ARS Center for Medical, Agricultural, and 
Veterinary Entomology).  Pictured at the far right is Dr. Jason Oliver (Conference 
Chairman, Tennessee State University)
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 Conference reception and poster viewing room.
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Conference room and meeting participants interacting during a break.


	Joe A. MacGown and Richard L. Brown
	Introduction
	Materials and Methods
	Results
	Discussion
	References Cited

