
ABSTRACT 

SILCOX, DIANE ELAINE.  Response of the Tawny Mole Cricket (Orthoptera: 
Gryllotalpidae) to Synthetic Insecticides and Their Residues.  (Under the direction of Rick L. 
Brandenburg.) 
 

The objective of our research was to further our understanding of how control agents 

(bifenthrin, chlorantraniliprole, and fipronil) influence mole cricket behavior through these 

studies which: a) evaluated the efficacy of specific active ingredient and their residues  b) 

determined behavioral responses when mole crickets were exposed to conventional, synthetic 

insecticides of varying toxicities c)  developed a technique to monitor mole cricket 

movement and behavior in the field d) determined feeding behavior of tawny and southern 

mole cricket populations in North Carolina e) determined the male call characteristics of 

tawny and southern mole cricket populations in North Carolina.   

Behavioral studies at North Carolina State University greenhouse facilities and the 

Lake Wheeler Turfgrass Field Laboratory (Raleigh, NC) were conducted in the spring, 

summer, and fall of 2008 and 2009 using tawny mole crickets Scapteriscus vicinus Scudder.  

In bioassays conducted to determine mortality rates of the three insecticides, bifenthrin and 

fipronil had the highest mortalities among small and large nymphs and chlorantraniliprole 

had the lowest mortality.  In behavioral studies conducted to determine the impact of the 

three insecticides on surface tunneling found that bifenthrin and fipronil had the greatest 

reduction in surface tunneling and chlorantraniliprole had little to no influence.  We also 

determined that there was lower average surface damage in treated soil of a test arena as 

compared to the untreated soil when crickets were given a choice.  A technique was 



developed using radio frequency identification (RFID) transponders to monitor the 

subterranean movement of mole crickets in plots treated with the three insecticides.  We 

found that survivability after RFID implantation was sufficient to allow for field trials.  

Tagged crickets released into the field were found 63% of the time one week after release, 

even if the cricket moved from its release point.  This suggests that the technique is 

applicable for locating previously tagged and released insects.  Dissections of mole cricket 

alimentary canals were conducted to determine if tawny and southern mole crickets in their 

northern-most portion of their range fed on a similar diet as reported in the southern part of 

their range more than 25 years ago.  Our data indicate that feeding habits are similar in the 

northern-most range of the tawny mole cricket to feeding habits in the southern range.  Our 

data also indicate that feeding habits are similar in the northern-most range of the southern 

mole cricket to feeding habits in the southern range, with the exception of an increased rate 

of herbivory in adults.  Male mole cricket calls were recorded to determine if male tawny and 

southern mole crickets in their northern-most range have similar call characteristics to those 

in the southern part of their range.  Our data indicate that male calling is similar in the 

northern-most range of the tawny and southern mole cricket to male calling in the southern 

range.   

Results from these studies indicate that the more efficacious the insecticide, the 

greater the behavioral response to avoid the insecticide treated soil.  These results confirm 

that previously developed management recommendations for appropriate timing of 

insecticides are extremely important in effectively controlling mole crickets to minimize 



behavioral avoidance. Mole cricket populations in their northern-most range were similar to 

the mole cricket populations further south relative to diet and mating calls.   
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INTRODUCTION 

Mole crickets are one of the most serious pests of turfgrasses in the southeastern U.S.  

They cause damage by feeding on the roots and shoots of turfgrasses as well as by creating 

extensive subterranean tunneling.  This damage decreases the quality of the turfgrass, which 

is unacceptable for highly maintained areas, and in the case of golf courses, can affect play.  

Most superintendents commonly rely upon chemical control to manage mole cricket 

populations.  There are numerous products that are relatively effective in reducing mole 

cricket populations; however, multiple applications are often needed and the cost of these 

treatments is typically quite high. 

There have been numerous studies conducted with products labeled for mole cricket 

control to determine efficacy, pesticide degradation, and to compare conventional, synthetic 

insecticide efficacy to biological control efficacy.  During these studies researchers often 

noticed reduced surface tunneling before the death of the cricket, and at times, avoidance of 

the treated area; however, serious damage often resumed in the weeks that followed.  This 

avoidance behavior, while temporarily reducing surface tunnels, can result in reduction of 

efficacy of the product and longer-term damage of turfgrass by mole cricket populations. 

Our research sought to further our understanding of how control agents can influence 

mole cricket behavior, with the ultimate goal of enhancing management strategies.  The 

objectives of our research were: a) to determine if a behavioral response occurs when mole 

crickets are exposed to conventional, synthetic insecticides b) to evaluate the efficacy and 

behavioral response of several active ingredient and metabolites used for mole cricket control 

c) to develop a technique to monitor mole cricket movement and behavior in the field, and d) 
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to confirm that North Carolina populations of mole crickets exhibit ecological characteristics 

similar to populations in South America and Florida. 
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LITERATURE REVIEW 

Description and Distribution of Mole Crickets in the United States.  There are at least 70 

species of mole crickets worldwide (Otte 1994).  Of the seven species of mole crickets found 

in the United States, only three are considered pests (Nickle and Castner 1984).  All three 

pest species come from the genus Scapteriscus and were introduced from South America. 

This genus can be identified by having two tibial dactyls, as compared to Gryllotalpa, which 

has four tibial dactyls (Walker 1982).  The two most damaging species, the tawny mole 

cricket, S. vicinus Scudder, and the southern mole cricket, S. borellii Giglio-Tos, were 

introduced to the U.S., specifically to Georgia, around the early 1900s in the ballast of ships 

(Worsham and Reed 1912).  The third species, S. abbreviatus, has been a sporadic pest in the 

U.S. (Nickle and Castner 1984).    The species within this genus can be distinguished from 

one another by the spacing between their two tibial dactyls (Walker 1982).  S. vicinus has 

tibial dactyls that nearly touch at the base, while S. borellii has a distinct gap between the 

dactyls (Walker 1982).  S. vicinus is found as far north as North Carolina, as far south as 

southern Florida, and as far west as eastern Texas (Capinera et al. 2004).  S. borellii has a 

similar distribution as S. vicinus but ranges further inland throughout the Coastal Plain 

(Vittum et al. 1999). 

S. vicinus and S. borellii cause significant damage to turf and pasture grasses (Walker 

and Dong 1982) as well as vegetables and other field crops (Reinert 1983).  S. vicinus feeds 

primarily on plant material, while S. borellii feeds primarily on other invertebrates (Ulagaraj 

1975, Taylor 1979, Matheny 1981).  S. vicinus specifically feeds on bahiagrass, 

bermudagrass, and occasionally St. Augustinegrass, centipedegrass, zoysiagrass (Watschke et 
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al. 1995), and paspalumgrass (Duncan 1997).  S. borellii feeds on other insects as well as 

bahiagrass, bermudagrass, and occasionally St. Augustinegrass, but rarely damages 

centipedgrass or zoysiagrass (Watschke et al. 1995).  Both species cause mechanical damage 

and desiccation by tunneling in the root zone of the turfgrass (Villani et al. 2002).  Since S. 

vicinus and S. borellii cause the majority of the economic damage due to mole crickets in the 

U.S., the remainder of this review will be restricted to these two species, with a larger focus 

on S. vicinus. 

 

Biology and Ecology of S. vicinus and S. borellii.  Mole crickets are hemimetabolous insects 

(Alexander 1968) that are generally univoltine in their ranges.  They spend the majority of 

their lives underground in extensive tunnel systems.  Mole crickets over-winter as large 

nymphs or adults.  As temperatures warm in the spring, the overwintering generation moves 

closer to the soil surface and begins to feed and the large nymphs then develop into adults 

(Baker 1982).  Mating and dispersal flights begin in early spring.  The male mole cricket digs 

a specialized calling burrow that is used to attract females for mating.  Males call for 1.0-1.5 

hours after sunset (Ulagaraj 1976).  The female mole cricket flies, before egg laying, in 

response to the male mole cricket call (Brandenburg and Villani 1995).  Mate choice is often 

not the main reason for a female to cease flight.  Soil moisture is a major determining factor 

in female egg laying (Hertl et al. 2001).  The quality and intensity of the male calling sound 

is influenced by soil moisture and can be used as an indicator of soil conditions 

(Brandenburg and Villani 1995).  Mole cricket eggs are quite susceptible to desiccation and 

adequate soil moisture is needed for their survival (Brandenburg and Villani 1995). 
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The female lays 25-60 eggs about two weeks after fertilization, in a small, ovate, 

sealed chamber, 10.2-30.5 cm below the soil surface (Hayslip 1943, Forrest 1986, 

Brandenburg and Villani 1995).  Eggs are laid deeper in the soil if temperatures and soil 

moisture are low (Hayslip 1943).  The eggs hatch in 20 – 30 days (Brandenburg and Villani 

1995) and the newly emerged small nymphs begin feeding.  As the nymphs feed near the soil 

surface they create extensive subterranean tunnels.  S. vicinus almost always constructs “Y”-

shaped tunnels that have two entrances and that range in length from 50 to 70 cm deep 

(Brandenburg et al. 2002).  The ranges in depth of the tunneling structures can be attributed 

to differences in soil moisture (Hertl and Brandenburg 2002).  The “Y”-shaped tunnel 

structure is probably a predator avoidance behavior.  S. vicinus feeds around the entrances of 

the tunnel; multiple entrances provide potential escape routes from predators (Brandenburg et 

al. 2002).  Mole crickets feed all summer and into the fall.  S. vicinus go through 8-9 instars 

before adulthood (Braman 1993).  The majority (85%) of S. vicinus populations overwinter 

as adults (Brandenburg and Villani 1995).  The overwintering populations then complete 

their life-cycle the following spring, with mating and oviposition. 

The biology and ecology of S. borellii is similar to S. vicinus, except for mating flight 

and egg hatch timing, number of instars, tunnel structures, and adult composition the of 

overwintering generation.  S. vicinus begins its flights earlier in the season than S. borellii 

(Walker et al. 1983), and consequently egg hatch and damage caused by S. vicinus is seen 

earlier in the field than damage caused by S. borellii.  S. borellii go through 7-10 instars 

depending on environmental conditions (Braman 1993).  The tunnel structure of S. borellii is 

typically an inverted “Y” shape, with the branching occurring within 10 cm of the soil 
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surface (Brandenburg at al. 2002).  This difference in tunnel structure may be due to 

behavior; S. borellii are primarily carnivorous and are very active as they search for food in 

the soil, perhaps explaining why tunnels are branched down into the soil rather than near the 

soil surface as is the case for S. vicinus (Tsedeke 1979, Brandenburg et al. 2002).  A small 

portion (25%) of S. borellii populations overwinter as adults (Brandenburg and Villani 1995) 

due to their delayed flights and slower development compared to S. vicinus. 

 

Mole Cricket Damage.  Mole crickets cause damage to turfgrass in numerous ways.  

Scapteriscus vicinus directly harms the plant by feeding on the roots of the turfgrass, 

reducing the plant’s ability to obtain water and nutrients (Fermanian et al. 1997).  The 

tunneling behavior of all mole cricket species uproots the plants, which damages the root 

system and ultimately kills the plant (Fermanian at al. 1997, Potter 1998).  As the nymphs 

grow, feeding damage manifests as a thinning of the turfgrass stand, which creates a 

hospitable environment for opportunistic weeds to invade (Fermanian et al. 1997).  During 

the spring flights of mole crickets, males produce unsightly calling burrows or chambers 

which appear as 1.3-1.5 cm holes on the soil surface (Nickerson et al. 1979, Bennet-Clark 

1987).  Severe infestations of mole crickets can cause complete loss of turfgrass, resulting in 

the need to re-establish the stand.  Even small populations can cause large amounts of 

damage because mole crickets are prey for raccoons, armadillos, and birds (Frank and 

Parkman 1999).  It was estimated that in 1997 (Hudson et al.) more than $18 million was 

spent on turfgrass chemicals in Florida and there was still over $13 million in damage to 

turfgrass within the state. 
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In 1999, it was estimated that over 2 million acres of turf were grown in North Carolina, an 

amount equal to 44% of the harvested statewide crop acreage (NCDA&CS and TCNC 2000).  

Direct turf maintenance expenses totaled $1.9 billion dollars or $904 per acre (NCDA&CS 

and TCN 2000).  With this large amount of growth and expenditure, it is very important to 

have efficient and environmentally sound methods for controlling turfgrass pests.  It can be 

expected that over time the amount of acreage devoted to turfgrass will continue to increase 

and effective control measures will become even more vital. 

 

Insecticidal Control of Mole Crickets.  When mole crickets first became established as pests 

in turfgrass, it was common to use baits containing calcium arsenate or calcium cyanide 

(Frank and Parkman 1999).  Although they were not very effective, they were the method of 

choice for mole cricket control until the 1940s when chlordane was introduced to the market 

(Frank and Parkman 1999).  When chlordane was banned in the early 1970s, turf managers 

adopted the use of carbamates and organophosphates (Short and Driggers 1973, Ulagaraj 

1974, Short and Koehler 1977).  These products were best used in bait formulations in late 

summer and fall and in spray formulations in the spring (Short and Diggers 1973).  The 

efficacy of these products could be in part due to developing nymphs needing large amounts 

of food to grow, and the baits were readily available for them to ingest (Short and Diggers 

1973).  Efficacy also could be due in part to treating the small nymphs, the most vulnerable 

stage of mole cricket development.  Post-treatment sampling proved necessary to monitor 

mole cricket populations and to determine if subsequent treatments applications were needed 

(Ulagaraj 1974).  Treating under appropriate weather conditions (i.e. adequate rain fall and 
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temperatures above 60°F), and timing applications with egg hatch, were determined to be 

essential for effective mole cricket control with these products (Short and Koehler 1977).  

These chemicals have been used for decades on turf, but are slowly being replaced with 

newer chemistry as EPA registrations for the older materials are withdrawn (Frank and 

Parkman 1999). 

Currently there are 12 active ingredients listed for mole cricket control in the North 

Carolina Agricultural Chemicals Manual (Brandenburg 2010).  Of these, imidacloprid, 

fipronil, indoxacarb, and bifenthrin are reported to provide sufficient control of mole cricket 

populations (Brandenburg et al. 2005, Cummings et al. 2006 Chong 2010).  Irrigation after 

insecticide application is conventional practice, but does not consistently improve insecticide 

performance (Xia and Brandenburg 2000a).   There have also been evaluations of several 

species of entomogenous nematodes for control of mole crickets (Hudson et al. 1988, 

Parkman et al. 1993a, Smart 1995, Brandenburg et al. 2000).  These control methods are 

desirable for their low environmental impact; however they often do not provide the level of 

control necessary to maintain turf quality expected on golf courses (Brandenburg at al. 2000) 

or other highly managed turf environments.  As concern for the environment grows, and the 

need for “safer” chemicals increases, there is more emphasis on understanding the biology 

and ecology of the pest and on using integrated pest management (IPM) for optimal control 

(Brandenburg 1995, 1997, 2003). 

IPM practitioners develop control programs based on individual site needs and take 

into account the environment, climate (weather), pest populations, site characteristics and 

economic (budget, labor) needs (Brandenburg 1997).  As previously mentioned, weather and 
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application timing are critical to optimize mole cricket control.  Effective mole cricket 

control programs must include: mapping adult activity, monitoring egg hatch, proper timing 

of insecticide applications, and continuation of monitoring after insecticide applications have 

been made (Potter 1998).  Female mole crickets will typically lay eggs in areas where spring 

damage was seen (Potter 1998).  It is important to monitor these areas closely as egg hatch 

proceeds, as these will most likely be the most severely infested areas.  If dramatic weather 

changes occur, such as drought or excessive rainfall, there will be subsequent changes in 

adult flight.  Adult flight monitoring is a good tool for determining when egg hatch could 

occur, but is not necessarily a good tool for estimating potential infestation of nymphs later 

that year (Hertl et al. 2005).  Addtionally, monitoring areas that have had prior history of 

mole cricket infestations will ensure that all areas to be treated are located. 

To maximize control measures, it is best to target insecticide applications against 

small nymphs (Xia and Brandenburg 2000b).  The most frequent method used to monitor 

mole cricket populations is a soapy water flush applied to the soil surface (Short and Koehler 

1979). This method uses a 2% soapy water solution poured over the soil surface.  When the 

crickets come in contact with the solution they are irritated and move to the soil surface.  It is 

most advantageous to treat crickets when they are less than 1.27 cm in length.  Use of soapy 

water flushing will help to determine the size and stage of the cricket population.    If 

chemical control is the tactic of choice for mole cricket management, proper application 

methods and rates must be determined prior to application.  The insecticide label determines 

the appropriate rate and application method, which may vary by product, but must be 

followed to ensure adequate control.  Studies have shown that mole cricket behavior was 
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modified when a control agent (insecticide or biological control organism) was applied to the 

soil surface (Villani et al. 1999, Brandenburg et al. 2000, Villani et al. 2002, Thompson and 

Brandenburg 2005, Cummings et al. 2006, Thompson et al. 2007).  These modified behaviors 

include reduced surface tunneling and avoidance of or repellence to the treated areas (Villani 

et al. 2002).  Monitoring the treated area after initial application verifies population levels, 

the efficacy of the treatment, and can be used to determine if subsequent applications are 

needed.  Soapy water flushing could be used, but often does not give an adequate assessment 

of population numbers since mole crickets tend to have a clumped rather than a uniform 

distribution (Brandenburg 1997).  An improved monitoring tool was developed by Cobb and 

Mack (1989) which involves a 1m x 1m frame divided into nine equal subsections.  The 

number(s) of subsections that have mole cricket damage (i.e. surface tunneling) are counted 

and a damage rating for each section is recorded.  If there is no damage in any section the 

area is given a rating of “0”, if there is damage in every section the area is given a rating of 

“9”.  This monitoring tool works well in mid-season for monitoring nymph populations 

(Cobb and Mack 1989).  Using the tools of mole cricket IPM, combined with a commitment 

to maintaining them through subsequent years, will ultimately lead to successful mole cricket 

control. 

 

Insecticidal Control:  Bifenthrin.  Bifenthrin ((2-methyl-1, 1-biphenyl-3-y1)-methyl-3-(2-

chloro-3,3,3-trifluro-1-propenyl)-2,2-dimethyl cyclopropanecarboxylate) is a member of the 

pyrethroid family of pesticides (Fecko 1999).  Pyrethroids are synthetic analogs of natural 

pyrethrins which are extracted from the flowers of a chrysanthemum plant (Chrysanthemum 



11 
 

cinerariaefolium) (Silcox and Vittum 2008).  The first report of pyrethroid insecticide 

activity was in 1949 by the USDA (Silcox and Vittum 2008).  Pyrethroids interfere with the 

axonic sodium-channel gating mechanism in the central nervous system of the insect.  They 

disrupt the essential ion balance of sodium and potassium, creating excess sodium in the cell, 

which causes excessive and repetitive nerve firing, leading to paralysis and death of the 

insect (Silcox and Vittum 2008).  Bifethrin is a third generation pyrethroid, a group 

characterized by having greater photostability and greater insecticidal activity then earlier 

pyrethroids (Mokrey and Hoagland 2009).  Bifenthrin has only one minor metabolite: 4’-

hydroxy bifenthrin (Fecko 1999).  Bifenthrin has a low solubility in water (0.1 mg/L), has a 

strong affinity for organic carbon (Fecko 1999) which results in it tightly binding to soil 

particles (Lund and Narahashi 1981).  Because of these properties, bifenthrin is relatively 

benign to mammals and birds, but is extremely toxic to fish and aquatic organisms (Fecko 

1999).  Bifenthrin field dissipation half lives are stable at >120 days (Fecko 1999).  

Bifenthrin (trade name Talstar®, FMC Corporation, Philadelphia, PA) is currently labeled 

for use on commercial turf in North Carolina against red imported fire ants, billbugs, 

caterpillars (cutworm, armyworm), leafhoppers, spittlebugs, millipedes, mole crickets, sod 

webworms, sowbugs, and pillbugs (Brandenburg 2010). 

 

Insecticidal Control:  Chlorantraniliprole.  Chlorantraniliprole (3-Bromo-N-[4-chloro-2-

methyl-6-[(methylamino)carbonyl]phenyl]-1-(3-chloro-2-pyridinyl)-1H-pyrazole-5-

carboxamide) is a member of the anthranilic diamide family of pesticides (Australian 

Pesticides and Veterinary Medicines Authority 2008).  Anthranilic diamides are synthetic 
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variations of the insecticidally active component in the plant extract ryania, made from the 

mata-calada plant (Ryania speciosa) (Silcox and Vittum 2008).  This is a new group of 

insecticides receiving U.S. EPA registration in 2008.  Anthranilic diamides disrupt calcium 

homeostasis which plays a key role in muscle control (Silcox and Vittum 2008).  They bind 

to the ryanodine receptors in the cell and keep the receptors in a partially open state, causing 

the continuous release of calcium and disruption of normal muscle contraction, ultimately 

leading to the death of the insect (Silcox and Vittum 2008).  Chlorantraniliprole has six 

possible metabolites:  IN-EQW78, INF6L99, IN-GAZ70, IN-HXH44, IN-K9T00, and IN-

ECD73 (Australian Pesticides and Veterinary Medicines Authority 2008).  

Chlorantraniliprole has low water solubility (1.023 mg/L), moderate mobility in soil, and it is 

relatively benign to mammals and birds, but does have slight toxicity to fish and aquatic 

invertebrates (Australian Pesticides and Veterinary Medicines Authority 2008).  

Chlorantraniliprole turf dissipation studies found half-lives were 150 and 258 days in New 

Jersey and Georgia respectively (Australian Pesticides and Veterinary Medicines Authority 

2008).  Chlorantraniliprole (trade name Acelepryn™, E.I. du Pont de Nemours and 

Company, Wilmington, DE) is currently labeled for use on commercial turf in North 

Carolina against billbugs, chinch bugs, caterpillars (cutworms, armyworms), fall armyworm, 

all white grub species, and sod webworms (Brandenburg 2010). 

 

Insecticidal Control:  Fipronil.  Fipronil (5-amino-1-[2,6-dichloro-4-

(trifluoromethyl)phenyl]-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile) is a 

member of the phenylpyrazole class of pesticides (Cummings et al. 2006).  It was discovered 
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in 1987 by Rhône-Poulenc researchers in Ongar, England (Rhône-Poulenc, Inc. 1996).  

Phenylpyrazoles interfere with gamma-amino-butyric acid (GABA) which binds to the 

postsynaptic nerve terminal and allows chloride ion channels to open and chlorine flow into 

the postsynaptic neuron (Silcox and Vittum 2008).  Chlorine ions are essential for 

hyperpolarizing the membrane potential and dampening the nerve impulse (Silcox and 

Vittum 2008).  Phenylpyrazoles bind to the GABA receptor and block chloride channel 

activation, leading to hyperexcitation and eventual paralysis of the insect’s nervous system, 

ultimately leading to the death of the insect (Silcox and Vittum 2008).  Fipronil has four 

major metabolites: desulfinylfipronil, desulfinylfipronil amide, fipronil sulfide, and fipronil 

sulfone (USGS 2003).  Fipronil has high water solubility (0.0024 g/l) and low-to-slight 

mobility in soil (Connelly 2001).  Fipronil is highly toxic to mammals, birds, fish, and 

aquatic invertebrates (Connelly 2001).  Fipronil turf dissipation study half-lives were 12-15 

days and aerobic soil metabolism studies reported half-life in sandy loam to be 122 days 

(Connelly 2001).  Fipronil (trade names Chipco® Choice, TopChoice®, and Maxforce ®FC, 

Bayer Environmental Science, Research Triangle Park, NC) is currently labeled for use on 

commercial turf in North Carolina against ants, imported fire ants, and mole crickets 

(Brandenburg 2010). 

 

Mole Cricket Biological Control.  The demand for high quality turfgrasses on golf courses, 

athletic fields, and home lawns has increased over the past decade (Bélair et al. 2010).  Major 

public concerns over pesticide use (i.e. human health risks, water contamination, impact on 

nontarget wildlife impacts, and persistence, and degradation in the environment) have lead to 
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tighter restrictions on insecticide use (Racke 2000).  The subterranean nature of mole crickets 

makes it one of the more difficult pests in turfgrass to control; multiple insecticide 

applications are often required. The use of biological control agents either alone or with 

synthetic insecticides may reduce insecticide load in the environment. 

 

Biological Control:  Larra bicolor F.  The Larra genus of tropical digging wasps attack and 

sting mole crickets.  The adult L. bicolor female wasp searches out mole crickets in their 

tunnels and stings the cricket on the legs or mandibles, causing paralysis of the cricket (Frank 

et al. 1995).  The wasp oviposits between the legs of the mole cricket, and it regains 

movement within 5 minutes (Hudson et al. 1988).  The egg hatches in 5-7 days and the larva 

feeds on the internal organs and tissues until the mole cricket dies (Hudson et al. 1988). 

The first attempt at L. bicolor introduction into the U.S. was made in the 1940s; however the 

specimens arrived in Florida dead, and efforts to import L. bicolor were not made again until 

1979 (Frank et al. 1995).  A second attempt at L. bicolor introduction proved to be successful 

in Alachua Country, Florida, where the wasps have become established up to 4 km from the 

initial release site (Frank et al. 1995).  In 1997, pheromone traps verified the spread of the 

wasps at least 22 km from the original release site (Meagher and Frank 1998).  In 2010, the 

presence of L. bicolor was confirmed in North Carolina (P.T.H. Pers. Comm.).  Research on 

L. bicolor efficacy found that parasitism of S. vicinus averaged about 24% for two locations 

in Florida in 1999 and 2000 (Leppla et al. 2007).  The use of L. bicolor as a biological 

control agent might work best if used in concert with an entomopathogenic nematode, 

Steinernema scapterisci (Leppla et al. 2007). 
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Biological Control:  Steinernema scapterisci Nguyen and Smart.  The entomopathogenic 

nematode Steinernema scapterisci was first discovered as a natural enemy of mole crickets in 

South America in the early 1980s (Parkman and Smart 1996). Differences in structure and 

behavior of this nematode from other nematodes of this generus indicated that this was a new 

species of nematode (Nguyen and Smart 1990).  Shortly after its discovery it was imported to 

Florida and released experimentally in pastures in Alachua County (Parkman and Frank 

1993).  Results from the initial release study indicate that the nematode was able to become 

established at the release site and to disperse to other sites, indicating its potential as a 

biological control agent (Parkman et al.  1993a). 

The nematode infects the mole cricket by entering the mole cricket via the mouth, 

spiracles, and occasionally the anus (Nguyen and Smart 1991).  Once inside the mole cricket, 

the nematode releases Xenorhabdus innexi bacterium into the cricket hemolymph (Lengyel at 

el. 2005).  The bacterium reproduces and kills the mole cricket through septicemia (Barbara 

and Buss 2006).  The infective juvenile nematodes then exit the body and infect other mole 

crickets (Nguyen and Smart 1991). 

Studies of S. scapterisci control of mole crickets in pastures documented the efficacy 

of the nematode as a biological control agent (Parkman et al. 1993b, Parkman and Smart 

1996, Parkman et al. 1996).  It was determined that infection of mole cricket nymphs was 

substantially less than for adults (Hudson et al. 1988, Hudson and Nguyen 1989, Parkman et 

al. 1993a).  Small nymphs, with pronotums ≤ 3 mm in length, were not infected at all by 

nematodes (Parkman and Smart 1996).  This indicates that the adult stage of mole crickets 
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should be targeted for nematode application, specifically before oviposition (Barbara 2005), 

in order to reduce the population size of the next generation (Barbara and Buss 2006). 

The demand for high quality turfgrass on golf courses is greater than that on pasture land.  

Populations of mole crickets also tend to be smaller on golf courses than pasture land.  These 

parameters make it difficult to extrapolate recommendations for nematode control programs 

on golf courses from studies on pasture land.  To date, releases of S. scapterisci on golf 

courses do not appear to be as successful as those made on pastures (Parkman et al. 1994).  

This could be due in part to the different environments of the two areas (i.e., mole cricket 

population sizes, insecticide use history, soil conditions, mole cricket dispersal, etc.).  The 

pasture areas may be more conducive to nematode establishment (Parkman et al. 1994).  

However, spot treatments of S. scapterisci on golf courses successfully increased the 

incidence of infected mole crickets compared to pre-treatment levels (Barbara and Buss 

2006). S. scapterisci substantially reduces mole cricket numbers (Parkman and Smart 1996).  

However, an integrated program incorporating with both entomopathogenic nematodes and 

L. bicolor are more likely to provide a greater reduction in mole cricket populations 

(Parkman and Smart 1996). 

 

Biological Control:  Ormia depleta Wiedemann.  The tachinid fly O. depleta was first 

discovered as a parasitoid of mole crickets in June 1939 in Brazil (Wolcott 1940).  The adult 

female flies orient to the calls of the male mole crickets and lay larvae on or near the calling 

mole cricket (Fowler 1987a, Fowler 1987b).  The first release of O. depleta as a biological 

control agent was not until 1988 in 30 Florida counties (Frank et al.  1996).  Fly populations 
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were monitored from spring 1988 to late 1993 and results showed that adult flies were 

trapped in 32 counties, 15 of which did not have initial fly releases (Frank et al. 1996).  

Surveys from 174 golf course superintendents reported significantly less mole cricket 

damage in years following fly release on their course (Frank et al. 1996).  Identifying flies 

that may be more adapted to cold weather will enhance the utility of this biocontrol agent in 

more northern climates within the U.S. (Walker et al. 1996). 

 

Biological Control:  Beauveria bassiana (Balsamo) Vuillemin.  B. bassiana was first 

discovered in China around 1000 AD; however it was not found to be an insect pathogen 

until 1834 by Augustino Bassi (Jaronski and Goettel 1997).  It is a naturally occurring soil 

fungus that attaches to the insect cuticle, degrades the cuticle via enzymatic pathways and 

germinates through the cuticle and into the hemocoel (Feng et al. 1994, Jaronski and Goettel 

1997).  The fungus then reproduces and the insect host dies in a few days due to insufficient 

hemolymph nutrients (Feng et al. 1994, Jaronski and Goettel 1997) or from toxemia (Roberts 

1981). 

In initial field research on the efficacy of B. bassiana in turfgrass against mole 

crickets, no significant differences between plots treated with the fungus alone, insecticide 

(imidacloprid) alone, fungus plus insecticide, or untreated (Hertl and Brandenburg 1998) 

were identified.  However, this work did suggest B. bassiana could be a promising mole 

cricket control agent.  Similar results were found in a subsequent field study comparing B. 

bassiana against three synthetic insecticides.  There were no significant differences between 

the damage ratings for the untreated control versus all surface applications, although, damage 
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ratings were numerically lower in treated plots compared to the untreated control (Xia et al. 

2000).  This study did show that certain formulations of B. bassiana worked better than other 

formulations in subsurface applications (Xia et al. 2000).  Behavior studies have been 

conducted to determine the potential causes of inconsistent mole cricket control with B. 

bassiana.  These studies found that mole crickets avoid the fungus by remaining deeper in 

the soil profile and minimizing contact with the infected conidia spores (Villani et al. 1999, 

Villani et al. 2002, Thompson and Brandenburg 2005, Thompson et al. 2007).  The 

avoidance of a treated area may explain the inconsistencies seen in mole cricket control.  

Other factors that limit the use of the fungus in the field are UV degradation and sensitivity 

to soil moisture.  High levels of irrigation will aid conidia movement to locations in the 

turfgrass that provide protection from UV light and concomittent degradation (Thompson et 

al.  2006). 

 

Mole Cricket Behavioral Studies.  Behavioral studies conducted to determine the efficacy of 

the entomopathogenic fungus, Beauveria bassiana (Balsamo) Vuillemin found that mole 

crickets avoid the surface applications of the fungus and remained below the treated soil 

(Villani at el. 1999).  When the mole crickets were placed in an arena and forced to travel 

through treated soil to reach a food source, fewer crickets traveled through the treated layer 

of soil as compared to an untreated layer (Villani et al. 2002).  These results indicate that 

there is apparent avoidance behavior by mole crickets to areas treated with this 

entomopathogenic fungus.  Subsequent studies using B. bassiana and a conventional 

insecticide, that is a known repellent, bifenthrin, found that mole crickets were able to detect 
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and avoid a treated area (Thompson and Brandenburg 2005, Thompson et al. 2007).  The 

variation in efficacy between treatments suggest that the more toxic the treatment the more 

significant the avoidance or repellency behavior will be (Thompson and Brandenburg 2005).  

In these studies, none of the treatments were significant in preventing all tunneling, but the 

most efficacious strain of B. bassiana and the conventional insecticide bifenthrin elicited 

some important mole cricket behavior modifications (Thompson and Brandenburg 2005).   

Bifenthrin treatments produced less tunneling along the edge of the container (a typical 

behavior of mole crickets when confined in a container), and a large majority of crickets 

were found in the top layer of soil above the treatment (Thompson and Brandenburg 2005).  

These two behaviors indicate that the mole crickets can detect potentially toxic treatments 

and avoid the treated area.  Studies conducted on the conventional insecticide, fipronil, and 

its efficacy for mole cricket control, found similar results in that mole crickets modified their 

behavior and avoided the treated area (Cummings et al 2006). 

 

Monitoring Mole Cricket Movement.  There have been three main methods for monitoring 

mole cricket populations over the past two decades; none of which provide an effective or 

long-term ability to monitor the subterranean movement of mole crickets.  The first utilized 

different color Tech-pen ink on different positions on the mole crickets pronotum to indicate 

date of capture (Dong and Beck 1982).  This method was used to monitor populations 

attracted to synthetic mole cricket calls played during mole cricket flights (Dong and Beck 

1982).  Only 7% of the mole crickets marked and released were recaptured during the course 

of the experiment, indicating that this method is not viable in monitoring local populations of 



20 
 

mole crickets.  This method only allows for monitoring of above ground movement of mole 

crickets and is limited to populations of adult females that fly to the synthetic callers. 

The second method involved labeling mole crickets with radioactive isotopes to determine 

their underground movement (Tsedeke 1979, Hudson and Cromroy 1985).  This method is 

strictly regulated and not readily available to most researchers.  In laboratory studies, this 

method can be viable since the radioactive crickets and soil can be disposed of properly, 

however it is not possible to monitor subterranean movement in this manner in the field. 

The third method involved the use of radiography to monitor movement in laboratory assays 

(Brandenburg et al. 1997, Villani et al. 2002).  A mole cricket, with a small piece of lead 

glued to its prothorax, was placed in a large box.  The lead allowed for locating the cricket 

within the soil profile using radiography (Brandenburg et al. 1997).  The boxes were then X-

rayed and the radiograph provided permanent documentation of mole cricket subterranean 

movement in the laboratory.  The limitation of this method is that it can only be implemented 

in the laboratory and not in a field environment. 

Turfgrass is a large commodity not only in North Carolina, but in most southern 

states, and, since mole crickets are a damaging pest in all these areas, it is imperative that 

proper control measures are developed and implemented.  To accomplish this, a complete 

understanding of mole cricket biology, ecology, and behavior is needed.  Even though there 

is much known about this turfgrass pest, there is the need for continued work as new 

pesticides are developed and as our understanding of insect behavior changes. 
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Abstract 

Mole crickets (Orthoptera: Gryllotalpidae) are some of the most economically 

important turfgrass insect pests in the southeastern United States.  The tawny mole cricket 

Scapteriscus vicinus (Scudder) causes damage by feeding on the roots and shoots of turfgrass 

and creating surface tunnels.  Previous research on mole cricket control observed a behavior 

modification, including reduced surface tunneling and avoidance of the treated area, where a 

control agent was applied.  We used three synthetic insecticides to conduct two bioassays and 

two behavioral studies to determine the scope of this modified behavior.  We found that the 

greater the toxicity of the product the greater the degree of repellency.  These studies confirm 

that mole crickets have the ability to avoid an area treated with insecticide.  Management 

procedures should therefore focus on appropriate timing of insecticides to achieve effective 

control of mole crickets. 

 

KEY WORDS mole crickets, avoidance, repellency, insecticide control, management 
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The tawny mole cricket Scapteriscus vicinus (Scudder) is one of the most destructive 

soil-dwelling, turfgrass insect pests in the southeastern United States (Brandenburg 1997).  

Mole crickets cause damage by feeding on the roots and shoots of turfgrasses and through 

extensive soil tunneling (Brandenburg et al. 2000).  These tunnel structures provide useful 

information about the behavior and ecology of this pest (Brandenburg et al. 2002). In North 

Carolina, the tawny mole cricket is univoltine with the overwintering adults ovipositing in 

late Apr – May and egg hatch occurring in Jun and Jul. The newly-emerged nymphs begin 

feeding on the turfgrass; however damage is not readily visible early in the season since the 

turfgrass is actively growing and the crickets are small.  While the smaller crickets are more 

susceptible to control agents and their ability to tunnel is limited, control is often delayed 

because damage is not visually evident.  As the nymphs continue to grow and feed more 

extensively, damage becomes more apparent visually, by mid-Aug.  By the time damage is 

apparent, mole crickets are more difficult to control than early instar nymphs.  A full 

understanding of pest biology, including nymphal behavior, could therefore enhance 

management. 

Mole crickets have been observed modifying their tunneling behavior in areas treated 

with a control agent (conventional or biological insecticides) (Brandenburg et al. 2000).  

Villani et al. (2002) used naturally-occurring soil fungi to describe this modified behavior in 

more detail.  This modified behavior included reduced surface activity and avoidance of 

treated areas.  Subsequent studies using entomopathogenic fungal conidia and the synthetic 

insecticides bifenthrin (Thompson and Brandenburg 2005, Thompson et al. 2007) and 

fipronil (Cummings et al. 2006) found similar changes in tunneling behavior.  Since changes 
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in tunneling behavior could dramatically affect insect control and turf damage, additional 

research on mole cricket behavior was conducted using the synthetic insecticides bifenthrin, 

chlorantraniliprole, and fipronil in 2008 and 2009. 

The objectives of these studies were: a) to determine the toxicity of three synthetic 

insecticides against small and large mole cricket nymphs in two bioassays and b) to monitor 

mole cricket behavioral responses to these insecticides.  These studies were conducted to 

elucidate mole cricket avoidance behavior and increase our knowledge of pest ecology, 

resulting in more efficacious and economical control practices. 

Materials and Methods 
 

Insecticide bioassay and behavioral studies were conducted at North Carolina State 

University greenhouse facilities and the Lake Wheeler Turfgrass Field Laboratory in Raleigh, 

NC, in 2008 and 2009.  Mole crickets used in these studies were collected on golf course 

fairways and driving ranges using soapy water flushes (Short and Koehler 1979).  All 

collected crickets were rinsed immediately in water and placed in a 68 liter storage box 

(Rubbermaid® Newell Rubbermaid Inc., Atlanta, GA) filled with native  soil (Norfolk series, 

fine sandy loam, deep phase, HM = 0.66%, pH = 4.1, CEC = 3.2) from a mole cricket 

collection site (Olde Fort Golf Course, Brunswick Co., NC) with no history of pesticide 

application.  Mole cricket collections were conducted no earlier than a week prior to cricket 

use in a study.  In 2008, mole crickets were collected from Emerald Golf Club in Craven Co., 

NC, Scotch Meadows Country Club in Scotland Co., NC, and Belvedere Country Club in 

Pender Co., NC.  In 2009, mole crickets were collected from Belvedere Country Club in 

Pender Co., NC and Scotch Meadows Country Club in Scotland Co., NC. 
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Experiments consisted of applications of the formulated insecticides, granular 

bifenthrin (Talstar EZ®, FMC Corp., Philadelphia, PA), sprayable chlorantraniliprole 

(Acelepryn®, DuPont Professional Products, Wilmington, DE), or granular fipronil (Chipco 

Choice, Bayer Environmental Science, Montvale, NJ), with an untreated control.  Bifenthrin 

was applied at two rates: 0.448 kg ai/ha (label rate) or 0.896 kg ai/ha (2X label rate); 

chlorantraniliprole was applied at two rates: 0.351 kg ai/ha (label rate) or 0.702 kg ai/ha (2X 

label rate); and fipronil was applied at two rates: 0.0157 kg ai/ha (label rate) or 0.0314 kg 

ai/ha (2X label rate).  Treatments were scheduled over various periods of time prior to 

placement of crickets in the treated containers.  This provided post-treatment intervals (0, 30, 

60, or 90d) that allowed for evaluation of mortality and behavior not only to the parent 

compound, but to any soil microbe-produced metabolites of the compound (Tables 1-4).  

Treatments were also applied at various rates (Tables 1-4) to evaluate the toxicity of each 

insecticide.  All treatment applications were made to bare soil. 

The granular formulations of bifenthrin and fipronil were weighed and evenly 

distributed across the soil surface of appropriate plots with a gloved hand.  Care was taken to 

ensure uniform distribution. An aqueous preparation of chlorantraniliprole was applied using 

a Delta Orbital 360 Sprayer applying 5 ml of solution for bioassay containers and 10 ml of 

solution for choice containers (Delta Industries, King of Prussia, PA). 

Insecticide Bioassay I: Small Nymphs.  Containers were filled to a depth of 5.08 cm 

with native soil (Norfolk, fine sandy loam, deep phase, HM = 0.66%, pH = 4.1, CEC = 3.2) 

from the Olde Fort mole cricket collection site. Small (1.27 cm) tawny mole cricket nymphs 

were placed in one liter plastic Ziploc® containers (12.1 x 12.1 x 9.3 cm, SC Johnson, 
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Racine, WI) with five drainage holes (0.5 cm diameter) to determine the toxicity of three 

insecticides.  Treatment applications were made in 2009 on 16 Jul, 20 Jul (0 d), 6 Jun (30 d), 

19 May (60 d), and 20 Apr (90 d) to produce desired intervals in post treatment exposure 

when mole crickets were exposed to treated soil (Tables 1 & 2).  The aqueous preparation of 

chlorantraniliprole was applied using a Delta Orbital 360 Sprayer (Delta Industries, King of 

Prussia, PA) delivering approximately 6,830 liters/ha for the label rate and 13,661 liters/ha 

for the 2X label rate.  There were five replicates per treatment.  One set of containers were 

treated at the labeled rates and a second set of containers were treated at two times the 

labeled rates (2X label rate).  Containers were placed outdoors immediately after soil 

treatments to expose them to ambient temperatures, rainfall, and sunlight, allowing for 

typical pesticide degradation on bare soil.  The monthly average temperatures for the 

duration of this experiment were as follows: Apr: 15.83°C, May: 18.77°C, Jun: 24.88°C, and 

Jul: 25.75°C.  The monthly total rainfall for the duration of this experiment was as follows: 

Apr: 2.77 cm, May: 9.60 cm, Jun: 17.22 cm, and Jul: 8.36 cm.  To maintain relatively stable 

ambient conditions (23.8-26-6°C) during the evaluation period, containers were brought into 

the laboratory at the Lake Wheeler Turfgrass Field Laboratory one day before cricket 

placement.  A single, small nymph collected on either 9 Jul or 15 Jul, was placed in each 

container at the onset of the evaluation period and a lid perforated with five 0.635 cm holes 

was placed on top of the container.  A 15.24 cm x 15.24 cm piece of fiberglass screen (Phifer 

INC., Tuscaloosa, AL) was secured around the bottom of the container to prevent mole 

cricket escape through the drainage holes.  The contents of each container were sifted daily to 
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evaluate mortality for three days after initial cricket placement (17 Jul 2009 – 19 Jul 2009 

and 21 Jul 2009 – 23 Jul 2009). 

Insecticide Bioassay II: Large Nymphs.  The second bioassay used large (2.5 – 3.8 

cm) tawny mole cricket nymphs to determine the toxicity of three insecticides.  The bioassay 

was conducted with the same treatments and materials as the first bioassay of small nymphs.  

Treatment applications were made in 2009 on 10 Aug and 22 Aug (0 d), 6 Jul (30 d), 6 Jun 

(60 d), and 6 May (90 d) to produce the desired intervals in post treatment exposure when 

mole crickets were exposed to treated soil.  The Aug average temperature was 26.96°C and 

the total rainfall was 5.46 cm.  A single large nymph collected either on 5 Aug, 9 Aug, 16 

Aug, or 20 Aug was placed in each container at the onset of the evaluation period.  The 

placement of crickets in the 0 day treatment of the label rate containers was delayed 5 d from 

the 30, 60, and 90 day treatments of the label rate containers due to limited cricket numbers. 

The containers were sifted daily to evaluate mortality for three weeks after initial cricket 

placement (18 Aug 2009 – 08 Sep 2009, 23 Aug 2009 – 13 Sep 2009, and 11 Aug 2009 – 01 

Sep 2009). 

Behavior Study I:  No-Choice test.  Mole cricket behavioral responses to selected 

insecticides were monitored in 68 liter storage boxes (60.7 x 40.4 x 41.9 cm, Rubbermaid 

Inc., Atlanta, GA) in 2008 and 15 liter storage boxes (42.2 x 29.8 x 17.8 cm, Sterilite Corp., 

Townsend, MA) in 2009.  Drainage holes drilled into the bottom of each storage box reduced 

excess moisture.  Fiberglass screen (Phifer INC., Tuscaloosa, AL) was secured to the bottom 

of the storage box with glue to prevent mole cricket escape.  In 2008 the 68 liter storage 

boxes were filled to a depth of 30.5 cm with native soil (Norfolk, fine sandy loam deep 
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phase, HM = 0.66%, pH = 4.1, CEC = 3.2) from a mole cricket collection site (Olde Fort 

Golf Course in Brunswick Co., NC) with no history of pesticide application.  In 2009, the 15 

liter storage boxes were filled to a depth of 12.7 cm with soil from the same location.  In 

2008, soil was treated on 23 Oct (0 d), 19 Sep (30 d), and 19 Aug (60 d), prior to cricket 

placement and in 2009, treatments were made on 11 Sep (0 d), 7 Aug (30 d), 8 Jul (60 d), and 

9 Jun (90 d).  The aqueous preparation of chlorantraniliprole was applied using a Delta 

Orbital 360 Sprayer (Delta Industries, King of Prussia, PA) delivering approximately 708 

liters/ha in 2008 and 795 liters/ha in 2009.  In 2008, there were no control treatments for the 

30 and 60 day applications.  Storage boxes placed outdoors were exposed to ambient 

temperatures, rainfall, and sunlight to allow for typical pesticide degradation on bare soil.  In 

2008 the monthly average temperatures for the duration of this experiment were as follows: 

Aug: 24.86°C, Sep: 22.11°C, and Oct: 14.41°C.  The monthly total rainfall for the duration of 

this experiment was as follows: Aug: 8.48 cm, Sep: 17.55 cm, and Oct: 3.45 cm.  In 2009 the 

Sep average temperature was 20.11°C and the total rainfall was 8.25 cm.  To maintain 

relatively stable ambient conditions (23.8-26.6°C) during the evaluation period storage boxes 

were brought into the greenhouse before cricket placement in 2008, and shade cloth (PC 

Pools, St. Paul, MN) was placed over the storage boxes during the evaluation period in 2009. 

In 2008 the experiments were run later in the fall than in 2009, so the tubs were brought into 

the greenhouse to reduce mole cricket exposure to cold temperatures.  In 2009 experiments 

were run earlier in the fall, so the tubs remained outside, but a shade cloth that allowed only 

50% of sunlight transmission, was placed over top of the containers to reduce mole cricket 

exposure to high temperatures. 
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A single large nymph or adult tawny mole cricket (2.5 – 3.8 cm) collected on 21 Oct 

in 2008 or on 10 Sep in 2009 was placed in the center of each storage box at the onset of the 

evaluation period.  A lid was placed over the top of the storage box to prevent cricket escape.  

In 2008, the center of each 68 liter storage box lid was removed, leaving a 2.54 cm border, 

and fiberglass screen (Phifer INC., Tuscaloosa, AL) was secured to the border with glue.  In 

2009 ten drainage holes were drilled into each 15 liter storage box lid to allow water 

accumulated on the top to drain. A grid system similar to that used by Cobb and Mack (1989) 

was used to assess surface tunneling in the storages boxes over both years.  In 2008, a 49.53 

cm x 34.29 cm grid was made using 1.9 cm wide metal bar as the frame and fishing line was 

attached to the frame to create the internal grid squares.  The fishing line was placed every 

5.08 cm for a total of 54 squares (9 squares x 6 squares).  In 2009, a 40.64 cm x 29.21 cm 

grid was made using a lid from one of the 15 liter storage boxes.  The center of the lid was 

cut out leaving a 2.54 cm border.  Small holes were made every 5.08 cm in the plastic border 

for a total of 35 squares (7 squares x 5 squares).  Lehigh #18 gold mason line (The Lehigh 

Group, Macungie, PA) was placed through the hole and tied around the border. Each hole 

had a corresponding hole on the opposite side that the other end of the string was placed 

through, tied and secured in the same manner as the first.  In both years the grid was placed 

over the top of the storage box, but not touching the soil and the number of squares that 

contained mole cricket surface tunneling was counted.  The number of squares that had 

tunneling in them was divided by the total number of grid squares to determine the percent 

tunneling for each storage box.  Ratings were taken at 5, 11, and 15 d and 1, 3, and 7 d after 

cricket placement in 2008 and 2009, respectively. 
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Behavior Study II:  Choice Test.   A second behavioral study utilized 68-liter 

storage boxes (60.7 x 40.4 x 41.9 cm, Rubbermaid Inc., Atlanta, GA) in 2008 and 15-liter 

storage boxes (42.2 x 29.8 x 17.8 cm, Sterilite Corp., Townsend, MA)  in 2009. Drainage 

holes drilled in each storage box reduced excess moisture.   Fiberglass screen (Phifer INC., 

Tuscaloosa, AL) was secured to the bottom of the storage box with glue.  In 2008, storage 

boxes were filled to a depth of 15.2 cm with native  soil (Norfolk, fine sandy loam, deep 

phase, HM = 0.66%, pH = 4.1, CEC = 3.2) from a mole cricket collection site (Olde Fort 

Golf Course in Brunswick Co., NC).  In 2009, storage boxes were filled to a depth of 12.7 

cm with the same native soil from the same location.  The storage box was marked along the 

top edge to define the halfway point.  One side was treated with the appropriate insecticide 

and the other side remained untreated.  There was no partition between the treated and 

untreated soil for the duration of the experiment.  The treated side of the storage boxes was 

rotated so that the orientation for treated side and untreated side was randomized.  In 2008, 

soil was treated on 13 Nov (0 d), 3 Oct (30 d), and 30 Aug or 2 Sep (60 d) days prior to 

cricket placement and in 2009 treatments were made on 27 Sep (0 d), 17 Aug (30 d), 15 Jul 

(60 d), and 15 Jun (90 d).  Insecticides were applied to treated halves using the same 

techniques at the label rates previously listed.  Storage boxes were placed outdoors and 

exposed to ambient temperatures, rainfall, and sunlight, to allow for typical pesticide 

degradation on bare soil.  To maintain relatively stable ambient conditions (23.8-26.6°C) 

during the evaluation period, storage boxes were brought into the greenhouse before cricket 

placement (in 2008), or shade cloth (PC Pools, St. Paul, MN) was placed over the storage 

boxes during the evaluation period (in 2009) as previously described. 
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A single large nymph or adult tawny mole cricket (2.5 – 3.8 cm) collected on 21 Oct 

2008, 6 Nov 2008, 24 Sep 2009, or 6 Oct 2009 was placed on the treatment border line of 

each container at the onset of the evaluation period. The 60 day chlorantraniliprole treated 

tubs had crickets placed in soil and data collected 22d prior to the rest of the tubs due to 

limited cricket numbers. A lid was placed over the top of the storage box to prevent cricket 

escape as previously described.  Tunneling ratings were taken using the same grids used in 

for the storage boxes-entire surface treated.  For this study, a separate tunnel rating was taken 

for the treated and untreated sides.  The grid was placed on top of the storage box, but not 

touching the soil, and the same mark used to divide the storage box in half for treatment was 

used to determine the middle of the grid.  The number of squares that had surface tunneling 

in them was counted separately for each side. The number of squares that had tunneling in 

them was divided by the total number of grid squares for that side to determine the percent 

tunneling for each side of each storage box.  Since the length of the grid had an odd number 

of columns, the percent tunneling was used to analyze data.  Ratings were taken at 7, 13, and 

20 d for the 60 day chlorantraniliprole tubs in 2008, 5, 11, and 28 d for the rest of the tubs in 

2008 [referred to hereon as evaluation Day 1 (day 7 and 5 respectively after cricket 

placement) evaluation Day 2 (day 13 and 11 respectively after cricket placement) and 

evaluation Day 3 (day 20 and 28 respectively after cricket placement)] and 1, 3, and 7 d 

intervals after cricket placement in 2009. 

Insecticide bioassay data (% mortality) were transformed (binary) prior to analysis 

for insecticide and residue effect using Proc LOGISTIC. Data were analyzed through use of 

Statistical Analysis System version 9.1 program (SAS Institute 2003).  No choice behavior 
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data were analyzed for insecticide and residue effect using Proc GLIMMIX and adjusted 

using Bonferroni correction for multiple comparisons.  Data were analyzed through use of 

Statistical Analysis System version 9.2 program (SAS Institute 2008).  Choice test behavior 

data were transformed (arcsine) prior to analysis for insecticide and residue effect using Proc 

MIXED. Data were analyzed through use of Statistical Analysis System version 9.1 program 

(SAS Institute 2003).  For all analyses of variance, α = 0.05. 

Results 

Insecticide Bioassay I: Small Nymphs.  There was statistical significance in 

mortality between treatments for the 0 and 90 day residues at the label rate and 2X label rate 

at both monitoring days 1 and 3 (Table 1 and 2). There was also statistical significance in 

mortality between treatments for the 30 and 60 day residues, label rate at monitoring day 3 

(Table 1) and for the 60 and 90 day residues, 2X label rate at monitoring day 3 (Table 2).  

There was no statistical significance in mortality between treatments for the 30 and 60 day 

residues, label rate at monitoring day 1(Table 1) and for the 60 and 90 day residues at 

monitoring day 1 (Table 2). 

The bifenthrin and fipronil treatments (Tables 1 and 2) had the highest mortality 

across all residue treatments, application rates, and evaluation days.  Bifenthrin and fipronil 

treatments had higher mortality at the early residue treatments (0 and 30 days) than at the 

later residue treatments (60 and 90 days).  There was no mortality in the chlorantraniliprole 

treatments across all residue treatments, application rates, and evaluation days.  Untreated 

treatments had little mortality to no mortality (20%) across all residue treatments, application 

rates, and evaluation days. 
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Insecticide Bioassay II: Large Nymphs.  There was statistical significance in 

mortality between treatments for the 0 day residue, label rate and 2X label rate at both 

monitoring days 1 and 5 (Table 3 & 4). There was also statistical significance in mortality 

between treatments for the 30 day residue, label rate at monitoring day 5 (Table 3) and for 

the 30 and 60 day residues at 2X label rate at monitoring day 5 (Table 4).  There was no 

statistical significance in mortality between treatments for the 60 day residue, label rate at 

both monitoring days 1 and 5 (Table 3) or the 60 day residue, 2X label rate at monitoring day 

1 (Table 4) and the 90 day residue, label rate and 2X label rate at monitoring day 5 (Table 

3&4).  There was no analysis run for the 30 and 90 day residues, label rate or 2X label rate at 

monitoring day 1 as there was no cricket mortality in any treatment (Table 3&4). 

The bifenthrin and fipronil treatments (Tables 3-4) provided consistently higher 

mortality (60 – 100%) across all residue treatments, application rates, and evaluation days 

than the chlorantraniliprole and untreated treatments.  Bifenthrin and fipronil treatments had 

higher mortality for the early residue treatments (0 and 30 days) than for the later residue 

treatments (60 and 90 days).  Chlorantraniliprole treatments had low mortality (≤ 20%) 

across all residue treatments and application rates.  The untreated treatments showed trends 

in mortality similar to chlorantraniliprole treatments except that the untreated treatments 

never exceeded 80% mortality. 

Behavior Study I: No-Choice Test.    For the 2008 storage boxes-entire surface 

treated behavior study there were significant differences in the amount of surface tunneling 

between treatments for the 0, 30, and 60 day residue at monitoring days 5, 11, and 15 (Table 

5).  Results from the no-choice behavior study in 2008 indicate that for all 0 day residue 
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treatments there was a significant difference in the amount of surface tunneling between the 

untreated control and the three insecticide treatments on monitoring days 5, 11, and 15  

(Table 6).  For all residue treatments there was also a significant difference in the amount of 

surface tunneling between the bifenthrin and chlorantraniliprole treatments as well as 

between the chlorantraniliprole and fipronil treatments on monitoring days 5, 11, and 15 

(Table 6).  For all residue treatments there was no significant difference between the amount 

of surface tunneling between the bifenthrin and fipronil treatments on monitoring days 5, 11, 

and 15 (Table 6). 

For the 2009 no-choice behavior study there were significant differences in the 

amount of surface tunneling between treatments for the 0, 30, 60, and 90 day residue at 

monitoring day 1, 3, and 7 (Table 7).  Results from the no-choice behavior study in 2009 

indicate that there was variability from the results seen in 2008 in the amount of surface 

tunneling between the untreated control and the three insecticide treatments (Table 8).  

Chlorantraniliprole had the greatest number (10) of significant differences in amount of 

surface tunneling compared to the amount of surface tunneling for the untreated controls 

(Table 8).  There was also variability in the significant differences in the amount of surface 

tunneling between the three insecticides when compared to each other (Table 8).  Bifenthrin 

and chlorantraniliprole treatments had the greatest number (10) of significant differences in 

the amount of surface tunneling between the two treatments, while chlorantraniliprole and 

fipronil treatments (9) were not far behind. 

Behavior Study II: Choice Test.  In the 2008 choice test behavior study there was 

no significant difference in the amount of surface tunneling between the treated and untreated 



47 
 

sides of the insecticide treated tubs (F = 1.71, df = 1, P = 0.2026), between insecticide 

treatments (F = 0.81, df = 2, P = 0.4544), or between residue treatments (F = 0.50, df = 2, P 

= 0.6133 for evaluation Day 1 (Table 9). There was no significant difference in the amount of 

surface tunneling between the treated and untreated sides of the insecticide treated tubs (F = 

0.00, df = 1, P = 0.9854), between insecticide treatments (F = 1.19, df = 2, P = 0.3186), or 

between residue treatments (F = 1.59, df = 2, P = 0.2222 for evaluation Day 2 (Table 10).  

There was no significant difference in the amount of surface tunneling between the treated 

and untreated sides of the insecticide treated tubs (F = 0.00, df = 1, P = 0.9710), between 

insecticide treatments (F = 1.82, df = 2, P = 0.1810), or between residue treatments (F = 

2.16, df = 2, P = 0.1353) for evaluation Day 3 (Table 11). 

Results from the choice test behavior study in 2008 indicate bifenthrin and fipronil 

treated sides had the greatest impact on mole cricket surface tunneling behavior since those 

treated sides had the numerically lowest average surface tunneling grid ratings compared to 

the average tunneling on the untreated side (Tables 9 - 11).  The chlorantraniliprole treated 

sides had little, if any impact on surface tunneling behavior since those treated sides had the 

numerically highest average surface tunneling grid ratings compared to the average tunneling 

on the untreated side (Tables 9 -11).  The control storage boxes, in which neither half was 

treated, had numerically moderate surface tunneling compared to the average tunneling on 

the untreated sides of the half treated storage boxes (Tables 9 – 11). 

In the 2009, choice test behavior study there was a significant difference in the 

amount of surface tunneling between the treated sides and untreated side of the insecticides 

treated tubs (F = 20.91, df = 1, P <0.0001), but the treatment effect did not vary between 
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insecticides (F = 0.21, df = 2, P = 0.8091) for monitoring day 1 (Table 12).  There was a 

significant difference in the amount of surface tunneling between residue treatments (F = 

3.03, df = 3, P = 0.0360) for monitoring day 1 (Table 12).  There was a significant difference 

in the amount of surface tunneling between the treated and untreated sides of the insecticide 

treated tubs (F = 21.40, df = 1, P <0.0001), but the treatment effect did not vary between 

insecticides (F = 0.43, df = 2, P = 0.6496) for monitoring day 3 (Table 13).  There was no 

significant difference in the amount of surface tunneling between residue treatments (F = 

2.44, df = 3, P = 0.0733) for monitoring day 3 (Table 13).  There was a significant difference 

in the amount of surface tunneling between the treated and untreated sides of the insecticide 

treated tubs (F = 10.26, df = 1, P = 0.0022), but the treatment effect did not vary between 

insecticides (F = 0.22, df = 2, P = 0.8066) for monitoring day 7 (Table 14).  There was a 

significant difference in the amount of surface tunneling between residue treatments (F = 

3.00, df = 3, P = 0.0375) for monitoring day 7 (Table 14). 

Results from the choice test behavior study in 2009 indicate all treatments had an 

impact on mole cricket surface tunneling behavior since the treated sides had an overall 

numerically lower average surface tunneling grid ratings compared to the average tunneling 

on the untreated side (Tables 12 - 14).  Bifenthrin-treated soil had the greatest impact on 

mole cricket surface tunneling behavior since those treated sides had the overall numerically 

lower average surface tunneling grid ratings compared to the average tunneling on the 

untreated side (Tables 12 - 14).  The fipronil-treated and chlorantraniliprole-treated sides had 

a lower impact on surface tunneling behavior than bifenthrin treatments since they had an 
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overall mixed results between which side (treated or untreated) had numerically lower 

average surface tunneling (Tables 12 - 14). 

 

 

Discussion 

Across all four bioassays, bifenthrin and fipronil had the greatest percent mortality as 

compared to chlorantraniliprole and the control.  This is consistent with the relative toxicity 

to mole crickets of these three insecticides (Potter 1998, Brandenburg et al. 2004).  In 

general, bifenthrin treatments had higher mortality for the first evaluation day than fipronil.  

This is expected; fipronil and its metabolites are slower acting than bifenthrin (Brandenburg 

at al. 2004).  The low mortality seen in the chlorantraniliprole treatments shows a low 

toxicity of the compound against mole crickets. 

The results seen in the 2008 no-choice studies are consistent with the efficacy results 

of the bioassay.  The bifenthrin and fipronil treatments had the highest efficacy against mole 

crickets and had the greatest impact on reducing surface tunneling by the mole crickets.  The 

chlorantraniliprole and untreated treatments had the lowest efficacy against mole crickets and 

had little to no impact on reducing surface tunneling.  In 2009, the trends were similar, but 

there was greater variability among treatments that had lower surface tunneling.  This could 

be partly due to the change in the size of the tub.  The smaller tubs in 2009 could have 

increased the concentration of the volatiles or other residues from the insecticides the crickets 

came in contact with.  Bifenthrin had greater volatilization than fipronil which had greater 

volatilization than chlorantraniliprole (Fecko 1990, Connelly 2001, Australian Pesticides and 
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Veterinary Medicines Authority.  2008). The differences in volatility may help explain the 

behavioral changes rather than acute toxicity alone.  The mole crickets could have been 

trying to escape the treatment, but in a smaller container this may have actually increased 

surface tunneling.   Previous research found that the behavioral response can be influenced 

by the inherent toxicity of the product; the more effective (toxic) the product, the greater the 

impact on mole cricket avoidance behavior.  Previous research has also found that 

pyrethroids (bifenthrin in this study) have been known to cause repellency in other 

arthropods (Desneux et al. 2007).  Our results confirm the findings of previous studies 

(Villani et al. 2002, Thompson and Brandenburg 2005) using entomopathogenic fungi and 

bifenthrin. 

The results of the choice studies were in general similar to the results of the no-choice 

containers.  There was less statistical significance in the choice tests; however, in the 

majority of the assays, the average surface tunneling for the bifenthrin-treated sides was 

lower than the average surface tunneling for the untreated sides.  The average amount of 

surface tunneling on the chlorantraniliprole and fipronil treated sides varied from lower or 

higher compared to the untreated sides among residue treatments.  The relatively low average 

percent surface tunneling seen in the chlorantraniliprole treated sides versus untreated sides 

could be related to the variable toxicity seen in the bioassays.  Chlorantraniliprole caused 

minimal mole cricket mortality, and this could explain why there was lower average percent 

surface tunneling in chlorantraniliprole treatments than previously seen.  Crickets did not 

avoid the treatment, but some subsequently died.  The variability in the fipronil-treated sides 

could be related to the high toxicity of fipronil for the 0 day residue in the bioassays, but the 
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lower toxicity of fipronil for the 30, 60, and 90 day residues in the bioassays.   The mole 

crickets could have tried to escape the toxic treatment, but the small container resulted in 

tunneling in the treated side. 

In both behavior studies, mortality was only recorded if the cricket was on the soil 

surface dead.  Mortality below the soil surface cannot be ruled out over time.  Because of 

this, data were recorded for every tub on all evaluation days.  Soil analysis (Appendix D) 

confirmed that the insecticides were breaking down as expected on bare soil and insecticide 

residues were detected. 

This study allowed us to associate mortality of an insecticide with surface tunneling 

observed in behavior experiments.  If a treatment produced high mortality in the bioassay we 

would expect reduced surface tunneling in the containers with similar treated soils due to 

mole cricket repellency and/or mortality.  However, in the case of the no-choice tests they 

could not tunnel at the surface without exposure to the insecticide.  It was difficult to 

confidently separate out whether the reduced surface tunneling recorded was due to mortality 

or repellency and avoidance of that treated area.  The choice tests provided an opportunity for 

the crickets to tunnel at the surface while avoiding treated soil.  The reduced surface 

tunneling seen on the treated sides of tubs versus the untreated sides provides insight into 

repellency as compared to untreated tubs. 

In general, we found that the greater the toxicity of an insecticide the greater the rate 

of repellency.  These studies confirm previous management recommendations that timing of 

insecticides is very important in achieving effective control of mole crickets (Potter 1998, 

Brandenburg et al. 2004) and confirmed reported repellency observed in previous studies 
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(Villani et al. 2002 and Thompson et al. 2007).  Insecticides should be applied when the 

nymphs are small (less than 1.27cm) to minimize the consequences of behavioral responses 

of large nymphs (greater than 2.54 cm).  This requires monitoring the infested areas for 

surface tunneling as well as soapy water flushing to determine egg hatch and nymph size.  

Proper timing, complete coverage and appropriate rates of the insecticides will maximize 

effectiveness (Xia and Brandenburg 2000). 
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Table 1. Average percentage mortality of small nymphs 1 and 3 days after exposure 
(DAE) into tubs treated with 3 insecticides at the label rate for applications made 0, 30, 
60, and 90 days prior to cricket introduction a 
 % Mortality 
 1 DAE  3 DAE 

Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated 0 0 20 0  0 20 20 0 
Bifenthrin 60 20 40 60  100 80 60 80 
Chlorantraniliprole 0 0 0 20  0 0 0 20 
Fipronil 80 20 0 0  100 40 0 0 
X2 14.16 2.99 5.17 8.28  27.72 9.16 8.28 12.49 
P 0.0027 0.3924 0.1595 0.0405  <0.0001 0.0272 0.0405 0.0059 
a Data were transformed (binary) prior to analysis for treatment effect using Proc LOGISTIC,  
in all cases df = 3
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Table 2. Average percentage mortality of small nymphs 1 and 3 days after exposure (DAE) 
into tubs treated with 3 insecticides at 2X label rate for applications made 0, 30, 60, and 90 
days prior to cricket introduction a 
 % Mortality 
 1 DAE  3 DAE 

Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated 0 0 0 0  0 0 0 0 
Bifenthrin 60 60 40 20  100 100 100 100 
Chlorantraniliprole 0 0 0 0  0 0 0 0 
Fipronil 80 0 0 0  100 20 0 0 
X2 14.16 10.18 6.27 2.94  27.72 19.43 22.49 22.49 
P 0.0027 0.0171 0.0991 0.4015  <0.0001 0.0002 <0.0001 <0.0001 
  a Data were transformed (binary) prior to analysis for treatment effect using Proc LOGISTIC, 
 in all cases df = 3. 
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Table 3. Average percentage mortality of large nymphs 1 and 5 days after exposure 
(DAE) into tubs treated with 3 insecticides at the label rate for applications made 0, 30, 
60, and 90 days prior to cricket introduction a 

 % Mortality 
 1 DAE  5 DAE 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated 0 0 0 0  0 0 0 20 
Bifenthrin 60 0 20 0  100 100 40 40 
Chlorantraniliprole 0 0 20 0  0 0 20 0 
Fipronil 20 0 0 0  80 0 20 0 
X2 8.28 NA b 2.99 NA  22.52 22.49 3.28 5.17 
P 0.0405 NA 0.3924 NA  <0.0001 <0.0001 0.3507 0.1595 
a Data were transformed (binary) prior to analysis for treatment effect using Proc LOGISTIC, in all cases df = 3. 
b Comparisons not made due to 100% mole cricket survival among treatments
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Table 4. Average percentage mortality of large nymphs 1 and 5 days after exposure 
(DAE) into tubs treated with 3 insecticides at 2X label rate for applications made 0, 30, 60, 
and 90 days prior to cricket introduction a 
 % Mortality 
 1 DAE  5 DAE 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated 0 0 20 0  20 0 40 0 
Bifenthrin 20 0 40 0  100 80 100 40 
Chlorantraniliprole 0 0 0 0  20 0 20 0 
Fipronil 80 0 0 0  100 0 0 0 
X2 12.49 NA b 5.17 NA  16.91 15.01 15.19 6.27 
P 0.0059 NA 0.1595 NA  0.0007 0.0018 0.0017 0.0991 

 
a Data were transformed (binary) prior to analysis for treatment effect using Proc LOGISTIC, in all cases df = 3. 
b Comparisons not made due to 100% mole cricket survival among treatments.
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Table 5. Average surface tunneling of mole crickets 5, 11, and 15 days after 
exposure (DAE) into no-choice tests with 3 insecticides at label rate for 
applications made 0, 30, and 60 days prior to cricket introduction in 2008 a 
 Avg Surface Tunneling 
 5 DAE  11 DAE 
Treatment 0d 30d 60d  0d 30d 60d 
Untreated 0.51 NA b NA  0.55 NA NA 
Bifenthrin 0.14 0.11 0.11  0.14 0.11 0.11 
Chlorantraniliprole 0.33 0.27 0.33  0.35 0.37 0.37 
Fipronil 0.16 0.14 0.17  0.20 0.18 0.20 
F 19.07 7.23 9.98  20.21 14.12 12.03 
df 3 2 2  3 2 2 
P <0.0001 0.0027 0.0005  <0.0001 <0.0001 0.0001 
a Data were analyzed for treatment effect using Proc GLIMMIX. 
b Data not available due to lack of control treatments for 30 and 60 day applications.
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Table 5. Continued 
 Avg Surface Tunneling 

 15 DAE 
Treatment 0d 30d 60d 
Untreated 0.61 NA NA 
Bifentrhin 0.14 0.11 0.11 
Chlorantraniliprole 0.38 0.40 0.47 
Fipronil 0.22 0.18 0.22 
F 24.70 16.93 21.60 
Df 3 2 2 
P <0.0001 <0.0001 <0.0001 
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Table 6. No-choice tests pair-wise comparisons of the average surface tunneling of mole 
crickets 5, 11, and 15 days after exposure (DAE) into tubs treated with 3 insecticides for 
applications made 0, 30, and 60 days prior to cricket introduction in 2008 a 
 P value b 
 5 DAE  11 DAE 
Treatment 0d 30d 60d  0d 30d 60d 
Unt vs Bifenthrin <0.0001 NA c NA  <0.0001 NA NA 
Unt vs Chlorantraniliprole 0.0235 NA NA  0.0135 NA NA 
Unt vs Fipronil <0.0001 NA NA  <0.0001 NA NA 
Bifenthrin vs 
Chlorantraniliprole 

0.0049 0.0057 0.0007  0.0020 <0.0001 0.0002 

Bifenthrin vs Fipronil 1.0000 1.0000 0.5536  0.9757 0.3031 0.1822 
Chlorantraniliprole vs 
Fipronil 

0.0227 0.0283 0.0164  0.0555 0.0039 0.0154 

a Data were analyzed using Proc GLIMMIX, in all cases df = 30. 
b P values were adjusted with a Bonferroni correction 
c Data not available due to lack of control treatments for 30 and 60 day applications
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Table 6. Continued 
 P value 

 15 DAE 
Treatment 0d 30d 60d 
Unt vs Bifenthrin <0.0001 NA NA 
Unt vs Chlorantraniliprole 0.0030 NA NA 
Unt vs Fipronil <0.0001 NA NA 
Bifenthrin vs 
Chlorantraniliprole 

0.0006 <0.0001 <0.0001 

Bifenthrin vs Fipronil 0.4390 0.3031 0.0747 
Chlorantraniliprole vs 
Fipronil 

0.0478 0.0011 0.0005 
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Table 7. Average surface tunneling of mole crickets 1, 3, and 7 days after exposure (DAE) 
into no-choice tests with 3 insecticides at label rate for applications made 0, 30, 60, and 90 
days prior to cricket introduction in 2009 a 
 Avg Surface Tunneling 
 1 DAE  3 DAE  
Treatment 0d 30d 60d 90d  0d 30d 60d 90d  
Untreated 0.33 0.47 0.38 0.24  0.41 0.69 0.50 0.42  
Bifenthrin 0.51 0.23 0.37 0.23  0.54 0.26 0.45 0.41  
Chlorantraniliprole 0.50 0.38 0.53 0.47  0.66 0.53 0.69 0.78  
Fipronil 0.41 0.29 0.31 0.14  0.48 0.44 0.45 0.27  
F 5.60 9.79 7.50 18.95  9.13 25.16 10.47 35.42  
P 0.0015 <0.0001 0.0002 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001  

a Data were analyzed for treatment effect using Proc GLIMMIX, in all cases df = 3. 
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Table 7. Continued 
 Avg Surface Tunneling 
 7 DAE 
Treatment 0d 30d 60d 90d 
Untreated 0.49 0.87 0.62 0.55 
Bifenthrin 0.54 0.29 0.49 0.52 
Chlorantraniliprole 0.67 0.79 0.91 0.85 
Fipronil 0.50 0.62 0.54 0.33 
F 6.10 51.40 25.81 33.85 
P 0.0009 <0.0001 <0.0001 <0.0001 
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Table 8. No-choice tests pair-wise comparisons of the average surface tunneling of mole crickets 1, 3, 
and 7 days after exposure (DAE) into tubs treated with 3 insecticides for applications made 0, 30, 60, 
and 90 days prior to cricket introduction in 2009 a 
 P value b 
 1 DAE  3 DAE 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Unt vs Bifenthrin 0.0029 <0.0001 1.0000 1.0000  0.0612 <0.0001 1.0000 1.0000 
Unt vs 
Chlorantraniliprole 

0.0100 0.3870 0.0200 <0.0001  <0.0001 0.0067 0.0010 <0.0001 

Unt vs Fipronil 0.8023 0.0024 0.7689 0.0956  1.0000 <0.0001 1.0000 0.0071 
Bifenthrin vs 
Chlorantraniliprole 

1.0000 0.0096 0.0081 <0.0001  0.0913 <0.0001 <0.0001 <0.0001 

Bifenthrin vs 
Fipronil 

0.2071 0.9153 1.000 0.1266  1.000 0.0020 1.0000 0.0129 

Chlorantraniliprole 
vs Fipronil 

0.4893 0.4000 0.0001 <0.0001  0.0022 0.4057 <0.0001 <0.0001 

a Data were analyzed using Proc GLIMMIX, in all cases df = 80. 
b P values were adjusted with a Bonferroni correction 
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Table 8. Continued 
 P value 
 7 DAE 
Treatment 0d 30d 60d 90d 
Unt vs Bifenthrin 1.0000 <0.0001 0.0456 1.0000 
Unt vs 
Chlorantraniliprole 

0.0015 0.1970 <0.0001 <0.0001 

Unt vs Fipronil 1.0000 <0.0001 0.5837 0.0001 
Bifenthrin vs 
Chlorantraniliprole 

0.0402 <0.0001 <0.0001 <0.0001 

Bifenthrin vs Fipronil 1.0000 <0.0001 1.0000 0.0016 
Chlorantraniliprole vs 
Fipronil 

0.0029 0.0033 <0.0001 <0.0001 
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Table 9.  Average surface tunneling of mole crickets on evaluation 
Day 1 after exposure into choice tests treated with 3 insecticides at 
label rate of applications made, 0, 30, and 60 days prior to cricket 
introduction in 2008 a 
 Avg % Surface Tunneling 
 Evaluation Day 1 – 

Treated Side 
 Evaluation Day 1 – 

Untreated Side 
Treatment 0d 30d 60d  0d 30d 60d 
Untreated NA b NA NA  60.65 NA NA 
Bifenthrin 53.33 21.33 12.71  62.30 34.58 30.83 
Chlorantraniliprole 71.67 30.83 51.67  73.75 41.67 50.83 
Fipronil 16.46 50.21 21.04  10.83 43.54 25.42 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for 30 and 60 day applications and the 
treated sides
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Table 10.  Average surface tunneling of mole crickets on evaluation 
Day 2 after exposure into choice tests treated with 3 insecticides at 
label rate of applications made, 0, 30, and 60 days prior to cricket 
introduction in 2008 a 
 Avg % Surface Tunneling 
 Evaluation Day 2 – 

Treated Side 
 Evaluation Day 2 – 

Untreated Side 
Treatment 0d 30d 60d  0d 30d 60d 
Untreated NA b NA NA  60.65 NA NA 
Bifenthrin 53.33 21.33 17.29  62.30 34.58 30.83 
Chlorantraniliprole 86.88 30.83 51.67  82.71 41.67 50.83 
Fipronil 26.46 50.21 21.04  18.33 43.54 25.42 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for 30 and 60 day applications and the 
treated sides. 
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Table 11.  Average surface tunneling of mole crickets on evaluation 
Day 3 after exposure into choice tests treated with 3 insecticides at 
label rate of applications made, 0, 30, and 60 days prior to cricket 
introduction in 2008 a 
 Avg % Surface Tunneling 
 Evaluation Day 3 – 

Treated Side 
 Evaluation day 3 – 

Untreated Side 
Treatment 0d 30d 60d  0d 30d 60d 
Untreated NA b NA NA  60.65 NA NA 
Bifenthrin 53.33 21.33 17.29  62.30 34.58 30.83 
Chlorantraniliprole 86.88 30.83 51.67  82.71 41.67 50.83 
Fipronil 26.46 50.21 21.04  18.33 43.54 25.42 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for 30 and 60 day applications and the 
treated sides. 
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Table 12.  Average surface tunneling of mole crickets 1 day after exposure (DAE) 
into choice tests treated with 3 insecticides at label rate of applications made, 0, 30, 
60, and 90 days prior to cricket introduction in 2009 a 
 Avg % Surface Tunneling 
 1 DAE – Treated Side  1 DAE – Untreated Side 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated NA b NA NA NA  31.43 59.52 27.62 28.57 
Bifenthrin 25.83 23.33 19.15 15.60  35.84 43.88 51.11 39.40 
Chlorantraniliprole 10.28 30.83 29.72 14.72  35.28 44.17 28.33 60.56 
Fipronil 31.39 36.11 13.88 13.61  28.88 26.67 42.50 49.72 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for the treated sides. 
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Table 13.  Average surface tunneling of mole crickets 3 days after exposure (DAE) 
into choice tests treated with 3 insecticides at label rate of applications made, 0, 30, 
60, and 90 days prior to cricket introduction in 2009 a 
 Avg % Surface Tunneling 
 3 DAE – Treated Side  3 DAE – Untreated Side 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated NA b NA NA NA  48.00 74.28 42.38 38.09 
Bifenthrin 47.78 50.83 37.14 46.11  53.61 55.55 54.17 73.88 
Chlorantraniliprole 17.34 36.38 45.00 31.11  56.00 55.83 33.33 71.38 
Fipronil 45.83 58.33 16.11 30.56  42.50 53.33 52.22 54.72 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for the treated sides.
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Table 14.  Average surface tunneling of mole crickets 7 days after exposure (DAE) 
into choice tests treated with 3 insecticides at label rate of applications made, 0, 30, 
60, and 90 days prior to cricket introduction in 2009 a 
 Avg % Surface Tunneling 
 7 DAE – Treated Side  7 DAE – Untreated Side 
Treatment 0d 30d 60d 90d  0d 30d 60d 90d 
Untreated NA NA NA NA  75.72 91.43 65.24 45.72 
Bifenthrin 78.75 66.60 32.20 54.72  70.80 71.70 64.40 76.11 
Chlorantraniliprole 75.66 51.33 53.37 52.50  79.00 72.67 51.33 73.88 
Fipronil 35.55 61.11 48.61 41.67  33.33 60.83 77.50 65.28 
a Data transformed (log) prior to analysis for treatment effect using Proc MIXED. 
b Data not available due to lack of control treatments for the treated sides.
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Abstract 

Radio frequency identification (RFID) transponders were attached to hunting billbug, 

Sphenophorus venatus vestitus Chittenden (Coleoptera: Curculionidae) and implanted into 

the abdomen of large tawny mole cricket nymphs, Scapteriscus vicinus Scudder (Orthoptera: 

Scapteriscus), to evaluate their utility for monitoring and quantifying the movement and 

behavior of these turfgrass pests.  While the addition of the transponder impacted survival, 

there was sufficient survival to justify further evaluation of the technique.  Our data suggest 

that RFID marking can be a useful method for elucidating the location and behavior of 

surface-dwelling and subterranean insects. 

 

Key Words  RFID, mark-relocation, Scapteriscus vicinus, Sphenophorus venatus vestitus. 
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Elucidating the behavior and movement of soil arthropods is a challenging component 

of developing a comprehensive and ecologically-based integrated pest management program.  

Entomologists have been challenged for decades to understand soil arthropod behavior, and a 

wide range of tactics have been developed to acquire this information. Techniques for 

understanding insect movement and behavior include mark and recapture with the use of 

colored or numbered tags (Southwood 1987), labeling with radioactive isotopes (Tsedeke 

1979, Hudson and Cromroy 1985), the use of radiography (Brandenburg et al. 1997, Villani 

et al. 2002) or video recording (Wratten 1994).  However, implementing these techniques 

becomes more challenging when the insect of interest is difficult to observe, as is the case for 

most subterranean insects. 

Hunting billbugs, Sphenophorus venatus vestitus Chittenden, are important pests of 

both warm season and cool season turfgrasses and cause damage frequently misdiagnosed as 

disease, drought, or fertility problems (Potter 1998). Such misdiagnoses are often due to a 

lack of information about the insect’s biology and ecology (Johnson-Cicalese et al. 1990).  

The immature life stages are difficult to locate in the soil profile, and adults spend the 

majority of their time concealed below the turfgrass surface, in the thatch layer (Shetlar 

1995).  These factors make it difficult to locate and observe individual billbugs and render 

the study of their biology and ecology, and diagnosis of their damage to turf, quite 

challenging. 

Mole crickets are among the most important soil-dwelling turfgrass pests in the 

southeastern United States (Brandenburg 1997).  The tawny mole cricket, Scapteriscus 

vicinus Scudder, damages turf by feeding on roots and shoots of turfgrasses, and through 
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extensive soil tunneling (Brandenburg et al. 2000).  Mole crickets live almost exclusively 

underground and are highly mobile in the soil, making them difficult to monitor and control.  

Changes in mole cricket behavior have been observed in response to applications of 

insecticides and entomopathogenic fungus (Villani et al. 2002, Thompson and Brandenburg 

2005).  These changes in behavior include reduced activity in soil near the surface and 

avoidance of insecticide-treated areas. Understanding the subterranean movement of mole 

crickets could facilitate the development of improved, cost-effective, and environmentally-

sound control practices. 

Recent advances in Radio Frequency Identification (RFID) technology, including 

improvements in the strength of the signal and reduced transmitter size, have increased the 

potential for its use in monitoring insects (Streit et al. 2003).  RFID technology consists of 

three basic components: 1.) an antenna or coil, 2.) a transponder (the tag) and 3.) a 

transceiver (decoder).  This wireless sensor technology is based on the detection of 

electromagnetic signals.  The antenna emits radio signals that activate a passive tag. The 

activated tag sends its unique code and data set back to the transceiver via the antenna, where 

the data record is acquired and decoded.  The effective read range between antenna and tag 

varies with the power output of the antenna, the radio frequency used, and the size of tag 

(Domdouzis et al. 2007). 

Limited work has been done on the use of RFID technology for tracking the 

movement of insects (Streit et al. 2003; Robinson et al. 2009).  These previous studies were 

conducted with social insects, in environments that made observation of the insects 

uncomplicated.  The colonial nature of these insects allowed the investigators to establish 
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fixed transceiver locations at nest entrances where tagged insects were expected to return 

(Sumner et al. 2007).  These fixed locations assured that the tagged insects would 

consistently come in close proximity to the transceiver with no obstructions between the tag 

they carried and the transceiver.  While these studies produced valuable information on the 

behavior of social insects, no work has been conducted using RFID technology to track 

subterranean insect movement. 

We conducted studies to investigate the utility of RFID tags to monitor the movement of 

subterranean insects.  Specifically, we set out to:  1.) evaluate insect survivability and 

mobility with the addition of a RFID transponder, 2.) evaluate the utility of RFID technology 

as a method for locating tagged and released insects, and 3.) monitor the localized movement 

of soil-dwelling insects in both insecticide treated and untreated plots. 

Materials and Methods 

Billbugs 

Adult hunting billbugs used in tagging experiments were collected by hand at night 

from the North Carolina State University Faculty Club Golf Course in Raleigh, NC.   

Billbugs were kept in groups of ten individuals in plastic graduated 30- ml plastic medicine 

cups (Solo®, Highland Park, IL) until the following morning.  Average beetle weight was 35 

mg, and length varied between 7-9 mm.  Forceps were used on either side of the abdomen 

and thorax to restrain the beetles, and a drop of quick-set adhesive (Impact-tough formula, 

Gorilla Glue Co., Cincinnati, OH), 1/2 the size of the beetle pronotum, was placed on the 

dorsal side of the thorax.  An 8 mm x 2.12 mm, 67mg, RFID tag, TXP148511B (Biomark®, 

Inc., Boise, ID), was balanced length-wise on top of the beetle while the glue was allowed to 
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harden (Figure 1).  Additional glue was added to the top and sides of the tag, encasing it to 

ensure its attachment. A round, wooden toothpick was used to remove excess glue before it 

hardened. 

Survivability.  Survivability of billbugs was evaluated by holding both tagged and 

untagged beetles in plastic petri dishes (95 mm diameter, Fisher Scientific, Pittsburgh, PA) 

with moistened paper towel for 12 d.  Six beetles were tagged on 6 Jun 2008, 8 on 9 Jun 

2008, and 3 on 10 Jun 2008.  Each tagged beetle had an untagged counterpart, collected on 

the same date, for a total of 34 individuals. Dishes were checked daily and mortality 

recorded.  Data were transformed (square root of X + 0.5) prior to analysis for treatment 

effect using Proc GLM, and means were separated using Tukey’s HSD values through use of 

Statistical Analysis System version 9.1 program (SAS Institute 2003). 

Mobility.  Mobility was evaluated by placing tagged and untagged beetles in an arena 

with a smooth wooden runway (175x5x7cm) (Figure 2).  Eight beetles were tagged on 30 

May 2008, six on 6 Jun 2008, eight on 9 Jun 2008, and eight on 10 Jun 2008.  Each tagged 

beetle had an untagged counterpart for a total of 60 individuals.  A tagged and untagged 

individual were paired and assessed simultaneously in adjacent runways separated by a 6.2 

cm tall wooden barrier (Figure 2).  Each beetle placed in the runway was initially covered 

with an opaque plastic scintillation vial lid for five minutes prior to release in an attempt to 

acclimate the insect to the runway.  Once the cap was removed, the distance traveled by each 

beetle was measured (cm) at 5, 10 and 15 minutes from when the cap was removed.  Data 

were transformed and analyzed in the same manner as described above. 
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Field Utility.  Field studies were conducted with beetles that were collected by hand 

at night, tagged, and returned to the same location of collection on the same night of 

collection.  A collection location was defined as the exact spot an individual beetle was 

collected; therefore, each beetle had a unique location of collection and return.  Beetles were 

collected from the North Carolina State University Faculty Club Golf Course in Raleigh, NC 

in the same manner as those collected for the laboratory assays.  The course consisted of 

bermudagrass, Cynodon dactylon (L.) Pers, fairways and rough, with creeping bentgrass, 

Agrostis stolonifera L., putting greens.  Cohorts of ten beetles, five male and five female, 

were tagged on each of the following dates: 10 May, 25 May, 29 Jun, 14 Jul, 4 Aug, 25 Aug, 

14 Sep, and 6 Oct 2009. 

The site of beetle collection and the number of beetles collected from each site varied.  

The site of beetle collection was defined as the general area on the golf course from which it 

was collected as defined by the mowing height of the grass.  Sites included the rough (6.35 – 

7.62 cm), collar (1.0 - 1.27 cm), and putting green (0.25 - 0.31 cm). 

Ten beetles were collected from and returned to the rough on 10 May, 25 May, and 

29 Jun.  On 14 Jul four beetles from the putting green and six from the collar were collected, 

tagged, and returned.  On 4 Aug, 25 Aug, and 6 Oct five beetles from the rough, three from 

the  putting green and two from the collar, and on 14 Sep five from the rough, two from the 

putting green and three from the collar were collected, tagged and returned.  The unique ID 

from each RFID tag, and the sex of the beetle, was recorded to ensure proper identification of 

each beetle so that individual movement could be monitored.  Using the BP Portable Antenna 

System and FS2001F-ISO Reader (Biomark®, Inc., Boise, ID) (Figure 3 and 4), beetles were 
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located the morning immediately following tagging and at 24 hour intervals for two weeks. 

When locating a beetle, the last known point was scanned with the transceiver initially; if the 

tag was not located, sweeping movements in 2 to 3 m arcs were made from the last known 

point out in every direction up to 15 m away (Figure 5).  If the tag was not located after 

scanning the complete 15 m radius from the previously known location the beetle was 

recorded as ‘not found’.  If the tag was located, the numbered utility flag was moved to the 

new position and the previous position was marked with turfgrass paint.  Movement was 

measured by taking straight line distance (cm) and direction from the previously known 

position to current position.  Direction was recorded from a compass with readings broken 

down into quadrants for data analysis: quadrant 1, 315-45 degrees; quadrant 2, 45-135 

degrees; quadrant 3, 135-225 degrees; and quadrant 4, 225-315 degrees.  Individuals which 

made no recorded movement during the two week observation period were excluded from 

the data set.  Distance data were transformed (square root X + 0.5) and analyzed to 

determine the effect of Date, Location, Sex, and interaction between Date and Sex, Location 

and Sex, and Date, Location and Sex using Proc GLM in the Statistical Analysis System 

version 9.1 (SAS Institute 2003), and comparisons between Date, Location, and Sex were 

attained using Tukey’s HSD values.  Directional data were analyzed to determine effect of 

Location, Direction, and Date with Proc GLMMIX. Additionally, data were analyzed to 

determine the maximum, minimum and average movement by a single tagged beetle in a 24 

h period, as well as the maximum, minimum and average movement of individual beetles 

over the two week monitoring period. 
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Mole Crickets 

Large (2.5 – 3.8 cm) tawny mole cricket nymphs were collected from golf course 

fairways in southeastern North Carolina using flushes of soapy water (Short and Koehler 

1979) on 13 Sept 2008, 17 Sept 2008, 23 Aug 2009 and 15 Sept 2009.  Crickets were rinsed 

immediately with clean water after collection to remove residual soap and placed into a 68 

liter tub (Rubbermaid® Newell Rubbermaid Inc., Atlanta, GA) filled with soil from the 

collection site for transport to the laboratory. 

Prior to tag implantation, crickets were anesthetized individually for one minute with 

CO2 in a 1.2 liter plastic food-storage container (Rubbermaid® TakeAlongs, Newell 

Rubbermaid Inc., Atlanta, GA). All tools used for the procedure were sterilized with 70% 

ethanol between procedures; tags were similarly sterilized.  Crickets were removed from the 

container and placed on a clean paper towel; a 2-3 mm slit was made under the spiracles on 

the 6th and 7th abdominal segments using a sterile X-Acto knife (x3201, Elmer’s Products 

Inc., Columbus, OH) (Figure 6). A sterile RFID tag, measuring 12.5mm x 2.07mm and 

weighing 104 mg (model no. TX1411SST, Biomark, Inc., Boise, ID) (Figure 7) was inserted 

into the incision with sterile forceps (Figure 8).  Any exuding hemolymph and/or fat body 

were blotted away with a clean paper towel, and the incision was closed using a drop of 

quick-set adhesive (Gorilla Glue Co., Cincinnati, OH) applied with a clean, round, wooden 

toothpick (Figure 9).  Crickets were allowed to recover in individual 1 liter plastic containers 

(Ziploc®, 12.1 x 12.1 x 9.3 cm, SC Johnson, Racine, WI) filled with 7.6 cm of soil (Norfolk, 

fine sandy loam, deep phase, HM = 0.66%, pH = 4.1, CEC = 3.2, collected near Winnabow, 

NC) with a lid placed on top of the container. 
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Survivability.  Survivability of tagged mole crickets was determined through a 

bioassay consisting of the following treatments: CO2 anesthetized and tagged, CO2 

anesthetized and sham-operated, CO2 anesthetized only, and an untreated control.  Sham 

operations were similar to tagging a cricket except that a sterile RFID tag was inserted half 

its length into the incision and then removed before the incision was sealed.  Ten crickets 

were included in each treatment.  Crickets were placed individually in a 1 liter plastic 

container that was filled with 7.6 cm of soil (Norfolk, fine sandy loam, deep phase, HM = 

0.66%, pH = 4.1, CEC = 3.2) with a lid (perforated with five 0.635 cm holes) placed on top 

of the container. The soil was sifted by hand daily for three weeks after initial cricket 

treatment (08 October 2009 – 29 October 2009) to assess survivability.  Data were 

transformed (square root of X + 0.5) prior to analysis for treatment effect using Proc GLM 

and means were separated using Tukey’s HSD values through use of Statistical Analysis 

System version 9.1 program (SAS Institute 2003). 

Field Utility.  Field studies were conducted at the Sandhills Research Station, 

Jackson Springs, NC. The 2008 experiment consisted of 54, 3 m by 3 m plots in a 

bermudagrass, Cynodon dactylon (L.) Pers planting.  In 2008, there were two separate test 

sites; one test site contained 30 plots, while the second test site contained 24. The 2009 study 

consisted of 58, 1 m by 1 m plots, also in bermudagrass.    For all studies, treatments 

consisted of granular bifenthrin (Talstar EZ®, FMC Corp., Philadelphia, PA) at 224.12 kg/ha 

of product (0.448 kg ai/ha), sprayable chlorantraniliprole (Acelepryn®, DuPont Professional 

Products, Wilmington, DE) at 1.75 l/ha of product (0.351 kg ai/ha), granular fipronil (Chipco 

Choice, Bayer Environmental Science, Montvale, NJ) at 97.6 kg/ha of product (0.0157 kg 
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ai/ha) and an untreated control.  Bifenthrin was chosen as a fast acting product with proven 

repellency (Thompson and Brandenburg 2005, Thompson et al. 2007), chlorantraniliprole 

was chosen for its lack of mortality and repellency against mole crickets (R.L.B. personal 

observation); fipronil was chosen as a slower-acting, but repellent product against mole 

crickets (Cummings et al. 2006). 

In both years, the experiment was a randomized complete block design with four 

replicates each of 13 treatments consisting of three insecticides at four separate application 

timings, plus an untreated control.  For each study, treatments were applied over a period of 

time prior to introduction of crickets.  This allowed for determination of movement in soils 

with varying amounts of parent molecule or metabolites present.  In 2008, applications were 

made 30 (19 Aug), 60 (17 Jul), 90 (18 Jun), and 120 (15 May) days before cricket release.  In 

2009, applications were made 0 (25 Sep), 30 (22 Jul), 60 (19 Jun), and 90 (28 May) days 

before cricket release. There were four replicates for each treatment at each application time.  

The granular formulations of bifenthrin and fipronil were weighed and evenly distributed 

across the soil surface of appropriate plots with a gloved hand.  Care was taken to insure 

uniform distribution. An aqueous preparation of chlorantraniliprole was applied using a 

backpack sprayer powered by CO2 at 40 psi delivering approximately 523.8 liters/ha using a 

TeeJet Flat Fan 8003 nozzle. 

Plots were irrigated in compliance with the standard management procedures for 

bermudagrass established by the Sandhills Research Station superintendent.  For all studies, 

crickets were tagged in the laboratory as described above and held for two days prior to 

release.  This ensured that crickets survived the initial trauma of the tagging procedure before 
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release into the field.  The unique ID from each RFID tag was recorded before cricket 

placement in the field, and cricket movement was monitored using the same BP portable 

antenna system and FS2001F-ISO reader described previously (Figures 3 and 4).  A 2.54 cm 

diameter x 7.68 cm deep core was excavated from the middle of each plot with a soil probe 

and the tagged cricket was placed head first into the hole. The extracted soil was placed over 

the cricket in an attempt to minimize above-ground movement of the cricket immediately 

following release. 

When attempting to locate the tagged crickets, the release point was first scanned 

with the transceiver; if the cricket was not found, scanning started in the top, left (east) corner 

of the plot with the antenna swept across the width of the plot (Figure 5).  Scanning 

continued in this fashion until the entire area of the plot was evaluated.  If the cricket was not 

found in the plot where it was released, the adjacent plots were scanned in a manner similar 

to that used in the original plot.  If the cricket was not found in adjacent plots then the 

perimeter of the test area was scanned.  If the cricket was not found after all areas were 

scanned, it was recorded as not found.  Turf paint (Professional Inverted Marking Paint, 

Rust-Oleum®, Vernon Hills, IL) was used to mark the location of each cricket found, and a 

different color turf paint was used for each day.  Approximate location and tag ID were 

recorded on a plot plan.  In 2008, movement was evaluated on days 1, 3, and 8 (22 Sep – 29 

Sep) or days 1, 6, and 7(24 Sep – 30 Sep) after cricket release (referred here on as evaluation 

Day 1 (day 1 after cricket placement) evaluation day 2 (day 3 or 6 after cricket placement) 

and evaluation Day 3 (day 8 or 7 after cricket placement)).  In 2009, movement was 

evaluated on days 1, 3, and 7 (28 Aug – 03 Sept and 22 Sept – 28 Sept) after cricket release.  
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In 2009 the placement of crickets in 90-day aged soil was conducted separately from the 0, 

30, and 60-day aged soil due to limited cricket numbers.  Movement was measured by 

recording the “east-west” and “north-south” (x,y) movement, in cm, from the origin, 

producing grid coordinates for the relocated cricket.  These coordinates were used to 

determine the straight line distance (cm) of movement. 

Data were transformed (binary 0 or 1) prior to analysis for treatment effect using Proc 

Logistic (P< 0.05) through use of Statistical Analysis System version 9.1 program (SAS 

Institute 2003). 

Results 

Billbugs 

Survivability.  Survivability between tagged and untagged billbugs differed 

statistically ( F= 12.89; df = 1, 32; P < 0.05).  Untagged individuals survived longer, 9.5 d on 

average, while tagged individuals survived an average of 7.6 d. 

Mobility.  When billbugs were placed into an arena to observe potential hindrance of 

movement due to tagging, no statistical difference was found in the average distance traveled 

over the 15 minute monitoring period when compared to untagged individuals (F = 2.18; df 

=1, 58 ; P < 0.05) (Table 1). 

Field Utility.  Sixty eight billbugs, 34 of each sex, were tagged over the course of six 

months.  Fifty seven of the 68 (84%) tagged individuals were located the morning following 

collection and tagging, and 42 (74%) of those located moved at least once over the two week 

monitoring period (Table 2).  The average distance traveled in any one 24 h period was 41 

cm, with minimum of 4 cm and maximum of 316 cm, while the average distance traveled 
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over the entire two week monitoring period was 101 cm, with minimum of 4 cm and 

maximum of 368 cm. (Table 2). 

There was no statistical difference in the average daily movement between males (30 

cm) and females (49 cm) (F = 2.18; df =1, 58; P < 0.05) (Table 2).  Average billbug 

movement varied numerically from month to month, May through October, but this 

difference was not statistically significant (F = 1.03; df = 5, 95; P < 0.05).  Site effect was 

significant with individuals tagged then released on greens moving greater average distances 

than those in the rough (F = 3.69; df = 2, 95; P < 0.05) (Figure 10).  Assessment of 

directional movement provided that neither time of the year (F= 1.55; df = 15, 74; P < 0.05) 

nor initial site of beetle placement (F = 0.92; df = 6, 74; P < 0.05), had a significant effect on 

the direction an individual traveled. 

Mole Crickets 

Survivability.  Survivability of mole crickets differed among treatments (F=4.39; df= 

3, 35; P < 0.05).  Sham-operated and control treatment groups survived the longest, with no 

significant difference between them (22 d and 21.4 d respectively). Tagged (13.5 d) and CO2 

(13 d) treated crickets survived significantly fewer number of days with no difference 

between these treatments.  Untagged crickets survived significantly longer (21.4 d) than 

tagged crickets (13.5 d).  Survivability of tagged and CO2 treated crickets decreased 

throughout the duration of the experiment, declining from 90% and 100% survival 

respectively after day one to 50% and 55% survival respectively after two weeks. The sham-

operated and control crickets had high survivability throughout the duration of the 



88 
 

experiment, with 100% survival for both treatments after day one and after two weeks.  The 

majority of mortality in all treatments was seen one week after treatment (Figure 11). 

Field Utility.  In 2008, a total of 54 crickets were tagged; at evaluation Day 1, 38 

(70.4%) crickets were located with the transceiver, and 5 (13.2%) of the located crickets 

moved from their original release point (Table 3).  The average distance traveled was 5 cm, 

with a minimum of 2 cm and a maximum of 8 cm (Table 3).  On evaluation Day 2, 34 

(62.9%) crickets were located with the transceiver and 7 (20.6%) of the located crickets 

moved from their original release point (Table 4).  The average distance traveled was 6 cm, 

with a minimum of 1 cm and a maximum of 10 cm (Table 4).   On evaluation Day 3, 29 

(53.7%) crickets were located with the transceiver and 8 (27.6%) of the located crickets 

moved from their original release point (Table 5).  The average distance traveled was 8 cm, 

with a minimum of 2 cm and a maximum of 14 cm (Table 5). 

There were no significant differences in the number of crickets located with the 

transceiver between treatments (insecticides and untreated) on evaluation Days 1, 2, or 3 in 

2008 (X2 = 0.4276, df = 3, P = 0.9345; X2 = 2.6383, df = 3, P = 0.4508; X2 = 4.5445, df = 3, 

P=0.2084 respectively).  There were no significant differences in the number of crickets 

located with the transceiver that moved from their original release point between treatments 

(insecticides and untreated) on evaluation Days 1, 2, or 3 (X2 = 1.2868, df = 3, P = 0.7323; X2 

= 3.0665, df = 3, P = 0.3817; X2 = 1.9423, df = 2 P = 0.5845, respectively). 

Chlorantraniliprole had the highest number of located crickets for all evaluation days 

(31) compared to the other treatments (Tables 3-5).  Fipronil and the control treatments had 
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the highest number of crickets (9) moving from their original release point for all evaluation 

days compared to the other treatments (Tables 3-5). 

In 2009, a total of 58 crickets were tagged; on Day 1, 55 (94.8%) crickets were 

located with the transceiver and 7 (12.7%) of the located crickets moved from their original 

release point (Table 6).  The average distance traveled was 68 cm, with a minimum of 22 cm 

and a maximum of 163 cm (Table 6).  On Day 3, 46 (79.3%) crickets were located with the 

transceiver and 7 (15.2%) of the located crickets moved from their original release point 

(Table 7).  The average distance traveled was 42 cm, with a minimum of 11 cm and a 

maximum of 123 cm (Table 7).  On Day 7, 42 (72.4%) crickets were located with the 

transceiver and 7 (16.7%) of the located crickets moved from their original release point 

(Table 8).  The average distance traveled was 40 cm, with a minimum of 11 cm and a 

maximum of 55 cm (Table 8). 

There were no significant differences in the number of crickets located with the 

transceiver between treatments (insecticides and untreated) on Day 1, 3, or 7 (X2 = 0.5888, df 

= 3, P = 0.8990; X2 = 3.9233, df = 3, P = 0.2699; X2 = 4.9675, df = 3, P = 0.1742 

respectively).  There were no significant differences in the number of crickets located with 

the transceiver that moved from their original release point between treatments (insecticides 

and untreated) on Day 1, 3, or 7 (X2 = 0.5580, df = 3, P = 0.9060; X2 = 1.4035, df = 3, P = 

0.7047; X2 = 1.4035, df = 3, P = 0.4047, respectively). 

Fipronil had the highest number of located crickets (43) for all evaluation days 

compared to the other treatments (Tables 6-8).  Bifenthrin had the highest number of crickets 
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(8) that moved from their original release point for all evaluation days compared to the other 

treatments (Tables 6-8). 

Discussion 

Billbugs 

We determined that the survivability of tagged hunting billbugs was significantly 

reduced.  On average, tagged billbugs survived 2 d less than their untagged counterparts.  

This may be due in part to the added stress of carrying an object which is approximately the 

same size as the beetle and double its body weight.  The addition of the adhesive could also 

have reduced longevity.  Even with special attention, it was difficult to prevent adhesive from 

spreading to areas adjacent to the elytra and pronotum, such as the plural walls of the thorax 

and abdomen, where the adhesive may have covered the spiracles.  The effect of the adhesive 

on the cuticle is unknown.  Additional studies should identify the optimal glue to use when 

tagging insects.   Data from laboratory experimentation showed that adult billbugs can 

survive approximately one week in an artificial environment with no food source (J.P.D. 

personal observation).  The field monitoring period was extended to two weeks in order to 

capture potential movement over a longer period under natural conditions with a food source. 

The disparity between weights of the 8 mm RFID tag (68 mg) and a billbug (35 mg) 

did not significantly hinder the rate of movement between tagged and untagged billbugs in an 

arena (Table 1).  In the field, billbugs were located with the reader 84% of the time the 

morning following their initial capture and release.  The portable antenna used for field 

location has a read range sensitivity of (+/-) 4 cm.  This could account for some of the 

variation in recorded movements.  Billbug movement in the field (Table 2) confirms that 



91 
 

tagged beetles are capable of movement in their natural environment and that they can be 

located with this technology; these same tags should be suitable for larger insects in similar 

habitats. 

In an attempt to observe movement without disturbing the billbug, no effort was made 

to visually confirm beetle location as indicated by the tag during the course of the 

experiment.  Beetle location was not visually confirmed until the conclusion of the 

monitoring period.  Because there were no practical means to determine if inactivity was 

attributed to natural behavior, a lost tag, or mortality, tags which apparently did not move 

during the duration of the monitoring period were left out of the data set.  One of the 

objectives of this study was to determine the potential to quantify the movement of adult 

hunting billbugs.  We determined that there was no difference between the movement of 

male and female beetles; the number of individuals which moved from previous location, nor 

the average distance traveled over the course of the six month monitoring period.  The 

average movement of beetles was less than 0.5 meter per day with the maximum distance 

traveled just over 3 meters (Table 2).  Individuals rarely moved during consecutive days.  

This would suggest that individuals stay in localized areas through the course of a season. 

These data support observations, made in the field, of damage occurring in the same 

localized areas year after year with little movement from one year to the next (R.L.B. 

personal observation). 

Adult movement by location was found to be significant with individuals on putting 

greens moving greater average distances than those in the rough (Figure 10).  This difference 

may be attributed to several factors since the environments of these two locations differ 
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greatly.  Beetles on putting greens are subject to predation and desiccation since the short 

height of the turfgrass canopy and limited thatch layer do not offer much protection.  This 

may prompt more activity on the beetle’s part in an effort to find suitable cover during the 

daylight hours.  Beetles in the rough not only had cover, and apparently, adequate food 

available, but the height and density of the turfgrass canopy could have presented an obstacle 

to movement with the attached tag, resulting in shorter average movements.  The interaction 

between sex and location was not found to be significant. 

Females appear to travel greater distances than males on greens and collars but the 

small number of observations of both sexes prevented determination of statistical 

significance (Figure 10).  Average movement from month to month was not found to be 

significant; nor was the interaction between sex and time of the year.  Directional movement, 

whether by time of year or location, showed no statistical difference. 

We have been able to locate, quantify, and characterize the movement of adult 

hunting billbugs from May through Oct.  Trends in directional movement and the movement 

of male versus female beetles were identified, but additional work is needed to provide a data 

base that can be used to better understand seasonal movement, overwintering sites, and 

recurring infestations. 

Mole Crickets 

On average, tagged mole crickets survived eight days fewer than untagged crickets. 

Potential factors contributing to mortality include, but are not limited to, organ displacement 

within the body cavity from the addition of the transponder and potential infection.  The high 

mortality seen in the CO2 treated crickets could be due to overexposure from residual CO2 not 
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removed from the container used to anesthetize the insects.  However, previous studies on 

orthopterans showed little mortality even after 160 minutes of exposure to CO2 (Blickenstaff 

1973).  All crickets were anesthetized with CO2 in the same container. Ten tagged crickets 

were treated first, and then ten sham-operated treated second, and lastly ten CO2 treated 

crickets.  Future studies will randomize the treatments to reduce the potential for 

overexposure to CO2.   However, survival appears sufficient to allow for the evaluation of 

subterranean insect movement given a sufficient number are originally tagged to provide a 

minimum number of subject insects for monitoring.  Future studies on movement of tagged 

versus untagged crickets should be considered. 

Mole crickets were relocated with the transceiver 83% of the time one day after their 

initial release and were relocated with the transceiver 63% of the time one week after release 

even if they moved (Tables 3 and 8).  This suggests that the technology is applicable for 

locating previously tagged and released insects.  Mole crickets which were located, but did 

not move from the original location of release, could either be alive but not moving from the 

location of release, or they could have died.  Soapy-water flushing to assess cricket 

survivability was unsuccessful due to the large size of the nymphs and their ability to avoid 

the flushing.  Digging up the cricket to assess survivability was also unsuccessful due to the 

amount of earth that would have to be removed to find each cricket.  This would have 

destroyed the plots which were needed for future studies.  Of the tagged crickets, 66% were 

placed in treated plots.  This likely had an impact on their movement by compromising their 

survival or modifying their behavior. Crickets which moved from the original release point 

could be exhibiting avoidance behavior if they were released in a treated plot, while those 
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that did not may have succumbed to the insecticide.  Movement could also indicate natural 

feeding away from the origin of release.  Soil moisture and irrigation was consistent across 

all plots and should not have been a factor. We found that despite repellency and mortality in 

various insecticide treated plots, we were able to locate mole crickets consistently across all 

treatments.  This indicates that the RFID technique could be useful in other studies with 

subterranean insects, but not as a way to measure movement by mole crickets due to 

repellency. 

Crickets which were not located could have been out of the scanned area or too deep 

in the soil profile to be detected.  Preliminary laboratory studies found that a tag can be 

located as far as 18 cm deep in the soil if the tag is parallel to the transceiver and 28 cm deep 

if the tag is perpendicular to the transceiver.  Tawny mole crickets have been reported to go 

as deep as 70 cm (Brandenburg et al. 2002) in the soil profile.  Refining techniques to 

implement RFID tags, including techniques to reduce the likelihood of infection, may 

improve two-week survivability of mole crickets above the current 40%. 

While we observed increased mortality in tagged insects over that observed in control 

insects, and while we cannot discount the possibility of possible  behavioral effects of 

tagging, our data suggest that RFID technology is a useful method for locating soil surface-

dwelling and subterranean insects.  Boiteau and Colpitts (2001) found that the addition of 

weight from identifying tags did not reduce the propensity of Colorado potato beetles to take 

flight.  This indicated that the addition of the weight from a tag may not have had any effect 

on the movement of tagged insects in this study.  The survivability of tagged individuals of 

both species was great enough to allow for data collection in field studies.  The intervals with 
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which both insects were monitored could have influenced movement recorded in the field.  

Increased frequency of monitoring could provide a clearer picture of dispersal and movement 

of tagged individuals.  Tagging insects may reduce their mobility and result in mortality, but 

the utility of this technique in studies of behavior that previously would be difficult or 

impossible has only been explored at the earliest of stages.  Opportunities for further studies 

should be exploited. 
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Table 1. Billbug movement (cm) in an arena measured at 5, 10 and 15 
minutes from initial observation (within each column, means followed by 
the same letter are not significantly different; HSD test at 0.05, in all cases 
df = 1, 58) a 
 Billbug Movement (cm) in Arena 
Interval/Time Period (1) 0-5 (2) 5-10 (3) 10-15 Avg 
Tagged 34.2 27.1 22.4 27.9 a 
Untagged 57.6 39.4 19.5 38.8 a 
a Data were transformed (square root of X + 0.5) prior to analysis for treatment effect using 
Proc GLM and means were separated using Tukey’s HSD, (F=2.18; df=1, 58 ; p < 0.05). 
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Table 2: The number of beetles tagged, recovered, moved and the minimum, maximum, and 
average distances traveled (cm) in 24 hours and after 2 weeks (within each column, means followed 
by the same letter are not significantly different; HSD test at 0.05, in all cases df = 1, 58) a 
 Number of Individuals Distance Traveled  (cm) 

24 Hour  2 Week 
Billbug (sex) Tagged Recovered Moved Min. Max Avg  Min. Max Avg 
Male 34 28 19 4 222 30 (a)  4 232 70 (a) 
Female 34 29 23 5 316 49 (a)  5 368 127 (a) 
a Data were transformed (square root of X + 0.5) prior to analysis for treatment effect using Proc GLM and means were 
separated using Tukey’s HSD, (F=2.18; df=1, 58; p < 0.05). 
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Table 3. Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on the 1st evaluation in 
2008. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 9 0 - - - 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 14 1 - 8 - 

Fipronil 
(0.0157 kg ai/ha) 

16 10 2 2 3 2 

Control 6 5 2 3 6 4 
Total 54 38 (70.4%) 5 (13.5%) - - 5 
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Table 4.  Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on the 2nd evaluation in 
2008. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 10 1 - 10 - 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 9 0 - - - 

Fipronil 
(0.0157 kg ai/ha) 

16 10 4 2 8 5 

Control 6 5 4 1 6 3 
Total 54 34 (62.9%) 7 (20.6%) - - 6 
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Table 5.  Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on the 3rd evaluation in 
2008. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 9 1 - 11 - 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 8 1 - 8 - 

Fipronil 
(0.0157 kg ai/ha) 

16 7 3 5 14 8 

Control 6 5 3 2 7 3 
Total 54 29 (53.7%) 8 (27.6%) - - 8 
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Table 6.  Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on 1 day after exposure in 
2009. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 15 3 22 123 61 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 15 2 23 48 35 

Fipronil 
(0.0157 kg ai/ha) 

16 16 2 55 163 109 

Control 10 9 0 - - - 
Total 58 55 (94.8%) 7 (12.7%) - - 68 
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Table 7.  Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on 3 days after exposure in 
2009. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 10 3 22 123 61 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 14 2 11 48 30 

Fipronil 
(0.0157 kg ai/ha) 

16 14 1 - 55 - 

Control 10 8 1 - 23 - 
Total 58 46 (79.3%) 7 (15.2%) - - 42 
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Table 8.  Number of mole crickets tagged, located with the receiver, and those located with the 
receiver which had moved from the original release point in the field on 7 days after exposure in 
2009. 
Treatment Tagged (#) Located (#) Moved (#) Min (cm) Max (cm) Avg (cm) 
Bifenthrin 
(0.448 kg ai/ha) 

16 9 2 22 38 61 

Chlorantraniliprole 
(0.351 kg ai/ha) 

16 13 2 11 33 22 

Fipronil 
(0.0157 kg ai/ha) 

16 13 1 - 55 - 

Control 10 7 2 - 23 - 
Total 58 42 (72.4%) 7 (16.7%) - - 40 
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Figure 1.  RFID tag attached to a billbug used for monitoring movement in the field 
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Figure 2.  The arena with a smooth wooden runways (175x5x7cm) separated by a 6.2 cm tall wooden barrier used in 
determining mobility of tagged and untagged billbugs. 



109 
 

 
Figure 3.  The FS2001F-ISO reader manufactured by Biomark® 
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Figure 4.  The BP Portable Antenna system manufactured by Biomark®  
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Figure 5.  FS2001F-ISO reader and BP Portable Antenna system (Biomark®) operating in 
the field. 
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Figure 6.  A 2-3 mm slit was made under the spiracles on the 6th and 7th abdominal segments 
of a large mole cricket nymph using a sterile X-Acto knife. 
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Figure 7.  RFID tag used for monitoring mole cricket movement in the field. 
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Figure 8.  A sterile RFID tag being inserted into the incision of the mole cricket with sterile 
forceps. 
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Figure 9.  Mole cricket after tagging procedure; exuding hemolymph and/or fat body blotted 
and the incision closed using a drop of quick-set adhesive. 
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Figure 10.  The average movement of male and female beetles by location (cm/day). Total is 
the average movement of all beetles within a location.  Data were transformed (square root 
of X + 0.5) prior to analysis.  Location effect and Sex by Location interaction analyzed with 
Proc GLM, Tukey’s HSD at p<0.05, F = 3.69; df = 2, 95.  Location effect was significant, 
but the interaction between sex and location was not significant. 
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Figure 11.  Survival frequency (%) for tagged, sham-operated, CO2 treated, and control mole 
crickets over time. 
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Two introduced species of mole crickets, Scapteriscus borellii Giglio-Tos, the 

southern mole cricket, and S. vicinus Scudder, the tawny mole cricket, cause economic 

damage to turfgrass in North Carolina and throughout the southeastern U.S.  Previous studies 

indicate that S. borellii primarily feeds on soil arthropods and S. vicinus feeds on plant 

material (Ulagaraj 1975, Taylor 1979, Matheny, 1981, Fowler, et al. 1985).  There have been 

no additional research efforts to examine the gut content of these two pests as their range has 

expanded over the past 25 years to their northern-most reaches (North Carolina), to monitor 

any changes in ecology, host range, or diet.  This research was conducted to determine the 

current feeding preferences of North Carolina and South Carolina populations of these two 

mole cricket species. 

Nymph and adult S. borellii and S. vicinus were collected during the spring and 

summer of 2009 using soapy water flushing (Short and Koehler 1979) and individual crickets 

were immediately preserved in 70% ethyl alcohol.  Scapteriscus borellii nymphs were 

collected from Belvedere Country Club (Pender Co., NC, 34.3675, 77.710833) on 15 Sept 

and adults were collected from Olde Fort Golf Course (Brunswick Co., NC, 34.0857, 

78.0536) on 5 May.  Scapteriscus vicinus nymphs were collected from Scotch Meadows 

Country Club (Scotland Co., NC, 34.4553, 79.2813) on 8 Oct and adults were collected from 

High Tech Turf (Horry Co., SC, 33.5097, 79.322) on 6 May and 12 May. All collected 

individuals were examined for species characteristics to ensure proper identification (Potter 

1998). 

The alimentary canals (crop, proventriculus, and hindgut) of 25 late -stage, large 

nymphs and 25 adults for each species were removed and examined.  The cricket was placed 
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in a petri dish (8.89 cm diameter, Fisher Scientific, Pittsburgh, PA) ventral side up, and an X-

Acto knife (x3201, Elmer’s Products Inc., Columbus, OH) was used to remove the sterna to 

expose the alimentary canal.  A pair of forceps was used to remove the alimentary canal.  

The eviscerated cricket body was placed into a plastic vial filled with 70% ethanol and 

labeled to identify each specimen.  The alimentary canal remaining in the petri dish was 

covered with 70% ethyl alcohol to prevent desiccation.  The forceps were used to tease open 

the crop, proventriculus, and hindgut.  All gut content was noted for each cricket.  The 

content was examined under a binocular microscope used in the 7X – 30X power range and 

the contents were categorized as to the presence of plant matter only, presence of insect 

matter only, or presence of plant and insect matter.  Content was determined to be plant 

material if it was fibrous, green or light brown in color and if it had a blade-like appearance 

(Castner and Fowler 1984).  Content was determined to be animal material if it was dark 

brown or black, obviously sclerotized, or if they were a recognizable structure such as, tarsi, 

antennae, legs, etc (Castner and Fowler 1984).  The gut content was thoroughly examined 

and analyzed until all pieces were identified and categorized.  The content was then removed 

from the petri dish using a bulb-pipette and placed in the vial with the cricket from which it 

was extracted.  Data were analyzed using Chi-square analysis through use of Statistical 

Analysis System version 9.1 program (SAS Institute 2003). 

Of the 25 S. borellii nymphal alimentary canals examined, 28% ± 0.46% contained 

only plant material, 4% ± 0.20% contained only insect matter, and 68% ± 0.48% contained 

plant material and insect matter (Figure 1).  Of the 25 S. borellii adult alimentary canals 

examined, 56% ± 0.51% contained only plant material, 20% ± 0.41% contained only insect 
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matter, and 24% ± 0.44% contained plant material and insect matter (Figure 1).  There is a 

significant difference in the overall gut contents between S. borellii nymphs and S. borellii 

adults (Chi-square = 10.2609, P = 0.0059).  Of the 25 S. vicinus nymph alimentary canals 

examined 60% ± 0.5% contained only plant material, 4% ± 0.2% contained only insect 

matter and 36% ± 0.49% contained plant material and insect matter (Figure 1).   Of the 25 S. 

vicinus adult alimentary canals examined, 96% ± 0.2% contained only plant matter, 0% 

contained only insect matter, and 4% ± 0.2% contained plant material and insect matter 

(Figure 1).  There is a significant difference in the overall gut content between adult S. 

vicinus and nymph S. vicinus (Chi-square = 9.4769, P = 0.0088).  There is also significant 

difference (P < 0.05) in the gut content between S. borellii (nymphs and adults) and S. 

vicinus (nymphs and adults) (Chi-square = 14.8027, P = 0.0006). 

We determined that the gut content of North and South Carolina populations of S. 

borelli and S. vicinus is similar to previous findings for populations from South America and 

Florida (Table 1).  Modest changes in feeding preferences were apparent as the southern 

mole cricket in North Carolina appeared to be more herbivorous than previous studies in 

other locations indicated in the past.  The differences in length between S. borelli and S. 

vicinus alimentary canals could be related to differences in diet.  The alimentary canal of S. 

vicinus is significantly longer than in S. borellii (Nation 1983).  The longer alimentary length 

seen in S. vicinus may reflect the greater difficulty of digesting plant cells; more area is 

needed for the chemical digestion to occur (Nation 1983). 

The differences in gut content seen in both species between nymphs and adults could 

be attributed to the different developmental needs of the life stages (Forrest 1987). We found 
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a higher percentage of herbivory in both species as adults as compared to nymphs. We also 

observed greater herbivory in the southern mole cricket as compared to previous reports.  

Nymphs of the European mole cricket Gryllotalpa gryllotalpa Linnaeus (Godon, 1961, 1964, 

1967) that were fed insects as food, completed development in two years, while nymphs fed 

on vegetable matter completed development required in excess of four years (Ulagaraj 1975).  

The protein found in animal/insect components of diet may be important for development. 

SUMMARY 

The alimentary canals of 25 nymph and 25 adult S. borellii and S. vicinus were 

dissected to determine the gut contents in North and South Carolina populations.  As 

compared to previous studies in other locations, S. borellii nymphs were found to primarily 

consume plant and insect matters, while S. borellii adults were found to primarily consume 

only plant materials.   Scapteriscus vicinus nymphs and adults were found to primarily 

consume only plant material.  The results of this study were similar to those of previous 

studies conducted more than 25 years ago in Brazil and Florida. 
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Table 1.  Percent herbivory, carnivory, and omnivory for S. Borellii and S. vicinus 
populations in Brazil and Florida (other studies) and North and South Carolina (this study). 

Species Location % Herbivory % Carnivory % Omnivory Reference 
S. borellii Florida 4% 44% 8% Ulagaraj 

1975 

S. vicinus Florida 53% 15% 21% Ulagaraj 
1975 

S. borellii Florida 14% 90% - Taylor 1979 
S. vicinus Florida 50% 61% - Taylor 1979 
S. borellii Florida 6% 70% 43% Matheny 

1981 
S. vicinus Florida 72% 1% 10% Matheny 

1981 
S. borellii Brazil 18% 32% 12% Fowler et al. 

1985 
S. vicinus Brazil 44% 6% 10% Fowler et al. 

1985 
S. borellii North 

Carolina 
42% 12% 46% NC 2009 

S. vicinus North and 
South 
Carolina 

78% 2% 20% NC/SC 2009 
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Figure 1. Frequency of gut content for S. borellii and S. vicinus nymphs and adults. 
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Mole crickets cause economic damage to warm season turfgrasses in North Carolina 

and throughout the southeastern United States.   Two introduced species of mole crickets, 

Scapteriscus borellii Giglio-Tos, the southern mole cricket, and S. vicinus Scudder, the 

tawny mole cricket, are the most damaging.  Calling songs of male crickets have been used 

extensively as a method for initial recognition of cricket species (Forrest 1983).  These male-

generated songs are generally species-specific and are used primarily by females locating a 

mate (Ulagaraj and Walker 1973).  Sites for previous studies of mole cricket songs include 

South America, the suspected origin of these two pests, and Florida, where they have been 

well established since the early 1900s (Walker and Nickle 1981).  Both S. borelli and S. 

vicinus have bell-like trills that vary in duration, intensity, carrier frequency, and pulse rate 

(Ulagaraj 1976).  Scapteriscus borellii trills are often uninterrupted for a minute or more and 

have an average intensity of 68.5 db, average carrier frequency of 2.62 kHz, and an average 

pulse rate of 54.7 pulses/sec (Ulagaraj 1976).  Scapteriscus vicinus trills often have brief 

pauses that occur several times each minute and have an average intensity of 65.4 db, 

average carrier frequency of 3.2 kHz, and an average pulse rate of 135.9 pulses/sec (Ulagaraj 

1976).  Ulagaraj and Walker (1975) found that species specificity was due to the differences 

in pulse rates and carrier frequencies between S. borellii and S. vicinus.  The intensity of the 

call varies greatly between males of the same species and even individual males on 

successive nights, and this probably more reflects competition between males within species 

rather than segregation of the species (Forrest 1980).  There have been no additional research 

efforts to examine the male calling characteristics of these two pests as their range has 
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expanded over the past 30 years, nor in their northern-most habitat, to monitor any changes 

in behavior. 

Studies conducted to evaluate mole cricket songs have found that there can be large 

variation in intensity of the call and carrier frequency between individuals of the same 

species (Ulagaraj 1976).  The intraspecific variation could be caused by the differences in the 

current environment, the previous environment, or the genetic factors of each individual 

(Walker 1962).  In mole crickets, trilling is the most common kind of signal and probably the 

ancestral condition; however the prairie mole cricket, Gryllotalpa major Saussure, and the 

northern mole cricket, Neocurtilla hexadactyl Perty, exhibit a chirping call (Hoffart, et al. 

2002).  This evolution from trilling to chirping could be a response to the environmental 

factors experienced by these native North American species (Hoffart, et al. 2002).  North 

Carolina represents the northern-most habitat for S. borellii and S. vicinus.  It is possible that 

the calls of these two species are different in North Carolina compared to the populations in 

Florida.  This research was conducted to determine the current male calling characteristics of 

North Carolina populations of these two mole cricket species and update the previous 

research on mole cricket calling characteristics.  We evaluated each call for syllable duration, 

syllable period, inter-syllable-interval, carrier frequency, and bandwidth. 

Male mole cricket calls were recorded at Belvedere Country Club (Pender Co., 

Hampstead, NC) on 25 May 2009 and 27 May 2009.  Previous soapy water flushes (Short 

and Koehler 1979) determined that 100% of the population was tawny mole crickets, S. 

vicinus, Scudder.  Mole crickets were also recorded at Olde Forte Golf Course (Brunswick 

Co., Winnabow, NC) on 03 June 2009.  Previous soapy water flushes (Short and Koehler 
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1979) determined that 100% of the population was southern mole crickets, S. borellii Giglio-

Tos.  Twenty male calling songs for each species were recorded.  The locations for 

recordings were selected based on previous mole cricket population composition at these 

sites. 

Mole cricket calls were recorded at Scotch Meadows Country Club (Scotland Co., 

Laurinburg, NC) on 2 Jun 2010 and 9 Jun 2010.  Previous soapy water flushes (Short and 

Koehler 1979) determined that 80% of the population was tawny mole crickets, Scaptericus 

vicinus, Scudder and 20% was southern mole crickets, S. borellii Giglio-Tos.  Nineteen male 

calling songs of tawny mole crickets were recorded and two male calling songs of southern 

mole crickets were recorded.  Calling crickets were flushed after recording; the location for 

recordings was selected based on previous mole cricket population composition at that site. 

Calls both years were recorded with a Handy Recorder H4 (Zoom Corp., Tokyo, 

Japan) suspended 30 cm from the ground using nylon string tied to a MX 2000 tripod (OSN 

Corp., Stone Mountain, GA).  The recorder was placed perpendicularly over the mole cricket 

calling chamber and the call was recorded for at least 30 seconds.  Custom-designed software 

was used to analyze 15 randomly chosen consecutive syllables per recording, after initially 

filtering the recordings (high-pass filter=1 kHz). The temporal characteristics measured were 

syllable duration (SD), syllable period (SP) and inter-syllable interval (ISI) for every syllable. 

In order to determine the start and end of each syllable in an unbiased manner, it was 

necessary to initially determine the peak amplitude of the sound. The beginning of a syllable 

was then defined as the point when the amplitude of the syllable had increased to 20% of the 

peak amplitude. Similarly, the end of a syllable was defined as the point when the amplitude 
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of the syllable decayed to 20% of the peak amplitude. Carrier frequency (analogous to 

emphasized- or peak frequency) and frequency bandwidth at 10 dB below peak frequency 

were the spectral characteristics measured for each syllable and for the entire selection of 15 

syllables per recording.  Data were analyzed for differences in acoustic traits between species 

using one-way analysis of variance (ANOVA) means were separated using Tukey lines 

through the use of Statistical Analysis System version 9.1 program (SAS Institute 2003). 

In 2009, there was a clear separation into two groups for the song traits.  Arranging 

the recordings into two species groups according to the similarity of the syllable period and 

carrier frequency values measured yielded highly significant differences between these two 

groups for all five song traits (Table 1).  In 2010, there were significant differences in all five 

acoustic traits measured between the two mole cricket species (Table 2). 

SUMMARY 

In the 2009 data we used syllable period and carrier frequency as the two traits used 

for species recognition based on previous studies that have used these two characteristics to 

distinguish calls of different cricket species (Ulagaraj and Walker 1973, Ulagaraj 1976, 

Forrest 1983). 

The calling songs of S. borellii and S. vicinus recorded in North Carolina differ significantly 

from each other in all acoustic characteristics measured (Table 1 & 2).  The characteristics 

measured from these species are similar to previous analyses of recordings in Florida over 30 

years ago (Ulagaraj 1976).  This indicates that over time and a range expansion the 

populations of S. vicinus and S. borellii in North Carolina are similar in calling characteristics 

to those populations in Florida. 
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Table 1.  Comparison of five song characteristics between suggested species S. vicinus and 
S. borellii in 2009 

Song trait 
S. vicinus (n = 6) 

(Mean ± SE) 
S. borellii(n = 38) 

(Mean ± SE) 
F P 

Syllable duration (ms) 3.74±0.45 (b) 11.06±1.71 (a) 106.41 <0.0001 
Syllable period (ms) 7.59±0.4 (b) 18.33±0.92 (a) 784.61 <0.0001 
Inter-syllable-interval (ms) 3.84±0.47 (b) 7.26±1.23 (a) 44.69 <0.0001 
Carrier frequency (Hz) 3165.35±160.58 (a) 2801.58±160.49 (b) 27.8 <0.0001 
Bandwidth @ -10dB (Hz) 509.83±62.35 (b) 256.76±91.92 (a) 50.83 <0.0001 

1 Values in the same row with the same letter are not significantly different (Tukey’s mean 
separation test; P < 0.05) for all tests df = 42. 
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Table 2.  Comparison of five song characteristics between S. vicinus and S. borellii in 20101. 

Song trait 
S. vicinus (n = 19) 

(Mean ± SE) 
S. borellii (n = 2) 

(Mean ± SE) 
F P 

Syllable duration (ms) 3.46±0.49 (b) 7.06±4.41 (a) 16.8 0.0006 
Syllable period (ms) 6.85±0.27 (b) 12.38±7.24 (a) 19.57 0.0003 
Inter-syllable-interval (ms) 3.39±0.58 (b) 5.30±2.50 (a) 10.13 0.0049 
Carrier frequency (Hz) 3304.8±204.8 (a) 2338.5±60.88 (b) 7.97 0.0109 
Bandwidth @ -10dB (Hz) 554.5±63.05 (a) 426.6±120.35 (b) 6.57 0.0190 

1 Values in the same row with the same letter are not significantly different (Tukey’s mean 
separation test; P < 0.05) for all tests df = 19. 
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Appendix A 

Mole Cricket Laboratory Insecticide Choice Test 

Mole crickets have been pests of turfgrass and pasture areas in the U.S, since the 

early 1900s (Vittum et al. 1999).  The tawny mole cricket, Scapteriscus vicinus Scudder, is 

one of the most significant mole cricket pest species, causing damage by feeding on the 

turfgrass and through their production of surface tunnels.  Management of this pest can be 

very difficult because of their mobility within the soil profile.  Chemical control is the most 

effective management practice.  Research has shown that mole crickets can detect and void 

an insecticide treated area through tunneling behavior (Villani et al. 2002).  Thompson et al. 

(2007) used a two-container choice test to monitor this avoidance behavior in the presence of 

entomopathogenic fungi.  The objective of these experiments was to use the two-container 

choice test design to monitor mole cricket avoidance to the parent compound and metabolites 

of three synthetic insecticides with varying toxicity to mole crickets. 

MATERIALS AND METHODS 

Insecticide behavior studies were conducted at North Carolina State University in 

2008 and 2009. Mole crickets used for these studies were collected on golf course fairways 

and driving ranges using soapy water flushes (Short and Koehler 1979).  All collected 

crickets were rinsed immediately in water and placed in a 68 liter plastic tub (Rubbermaid® 

Newell Rubbermaid Inc., Atlanta, GA) filled with native soil (Norfolk, fine sandy loam, deep 

phase, HM = 0.66%, pH = 4.1, CEC = 3.2) from a mole cricket collection site (Olde Fort 
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Golf Course in Brunswick Co., NC) with no history of pesticide application.  Mole cricket 

collections were done approximately 1 week prior to cricket placement in the study. 

Treatments consisted of granular bifenthrin (Talstar EZ®, FMC Corp., Philadelphia, 

PA), sprayable chlorantraniliprole (Acelepryn®, DuPont Professional Products, Wilmington, 

DE), granular fipronil (Chipco Choice, Bayer Environmental Science, Montvale, NJ) and 

untreated.  Bifenthrin was applied at 224.12 kg/ha of product (0.448 kg ai/ha), 

chlorantraniliprole was applied at 1.75 l/ha of product (0.351 kg ai/ha), and fipronil was 

applied at 97.6 kg/ha of product (0.0157 kg ai/ha).    For each study we treated sequentially 

over time before initial surface damage evaluation to assess control not only to the parent 

compound, but to the metabolites of the compound (Table 1).  All treatment applications 

were made to bare soil. The containers were placed outdoors to expose them to ambient 

temperatures, rainfall, and sunlight to allow for typical pesticide degradation on bare soil 

conditions. 

The desired amount of granular bifenthrin and fipronil formulations was evenly 

distributed across the soil surface with a gloved hand. The sprayable formulation of 

chlorantraniliprole was mixed with water and was applied using a Delta Orbital 360 Sprayer 

(Delta Industries, King of Prussia, PA) to achieve 10 ml of solution per container. 

For all tests, a two-container choice test design was used, as described by Thompson 

et al. (2008). Two 2.25 l plastic food-storage containers (Ziploc® Large Rectangle Snap n’ 

Seal Lids, SC Johnson, Racine, WI) were connected to one another with two 10 cm pieces of 

clear plastic tubing (1.27 cm internal diameter, Watts® Clear Vinyl Tubing).  The tubing was 

attached to its container by making a circular opening in the center of the longer side of the 
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container (approximately 13 cm from each end and 2.5 cm from the top) and using hot glue 

to secure the tube.  The tubing from two containers was connected with a T-shaped plastic 

tube connector.  A 12 cm piece of tubing used as the entrance tube was connected 

perpendicularly to the other two tubes with the “T” connector (Figure 1).  In both years, one 

container in the choice test design contained a chemical treatment and the other container in 

the choice test design contained an untreated treatment.  The container was rotated so that the 

orientation for treated container and untreated container was randomized. In 2008, the 

crickets were placed in the containers on 11 Nov (60d), 12 Nov (30d), 20 Nov (0d), and 19 

Nov (control). In 2009, the crickets were placed in the containers on 20 May (30d) and 14 

May (control). 

2008 Choice Test.  In 2008, 17.78 cm tote boxes (53.98 cm x 40.01 cm x 17.78 cm, 

United Restaurant Equipment Company, Raleigh, NC) were filled to a depth of 12.7 cm with 

native (Norfolk, fine sandy loam, deep phase, HM = 0.66%, pH = 4.1, CEC = 3.2) soil from a 

mole cricket collection site (Olde Fort Golf Course, Brunswick Co., NC) with no history of 

pesticide application. Treatment applications were made on 21 Nov (0 d), 22 Oct (30 d), 19 

Sep (60 d) to produce desired intervals in post treatment exposure.  Mole crickets were 

collected on 6 Nov from Belvedere Country Club in Pender Co., NC.  At the onset of each 

experiment, the treated soils in the tote boxes were mixed by gloved hand until the treatment 

was homogenous.  The mixed soil was then transferred into a 2.25 l plastic food-storage 

container.  Each container was filled with the mixed, treated soil to a depth of 10.16 cm.  The 

study was conducted in a laboratory on North Carolina State University’s campus. 



140 
 

2009 Choice Test.  In 2009, 2.25 l plastic food-storage containers (Ziploc® Large 

Rectangle Snap n’ Seal Lids, SC Johnson, Racine, WI) were filled to a depth of 3.81 cm with 

native (Norfolk, fine sandy loam, deep phase, HM = 0.66%, pH = 4.1, CEC = 3.2) soil from a 

mole cricket collection site (Olde Fort Golf Course, Brunswick Co., NC) with no history of 

pesticide application.  Treatment applications were made to the soil on 20 Apr (30 d), 20 Mar 

(60 d), and 25 Fed (90 d) to produce desired intervals in post treatment exposure.  Mole 

crickets were collected on 12 May from High Tech Turf in Horry Co., SC.  The study was 

conducted in a laboratory on North Carolina State University’s campus. 

For both years a single large nymphal or adult tawny mole cricket (2.5 – 3.8 cm) was 

placed at the beginning of the entrance tube and a rubber stopper was placed into the open 

end of the entrance tube to prevent cricket escape. A lid was placed over the top of both 

containers to prevent cricket escape.  The first container the cricket entered was noted.  After 

24 hr the amount of surface tunneling in each container was evaluated using a grid 

constructed from the border of one of the food storage containers.  Holes (0.5 cm diameter) 

were made every 5.08 cm in the plastic border for a total of 15 squares (5 squares x 3 

squares).  Lehigh #18 x 425’ gold mason line (The Lehigh Group, Macungie, PA) was placed 

through the hole and tied around the border.  Each hole had a corresponding hole on the 

opposite side that the other end of the string was placed through, tied and secured in the same 

manner as the first.  In both years, the grid was placed over the top of the container, but not 

touching the soil, and the number of squares that contained surface tunneling was counted.  

The number of squares that had damage in them was divided by the total number of grid 
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squares to determine the percent tunneling for each tub.  The soil in each container was 

manually sifted to determine the final location of the cricket. 

RESULTS 

2008 Choice Test.  For all application dates, the bifenthrin treated sides had 

numerically lower average surface tunneling than the untreated sides and chlorantraniliprole 

and fipronil treated sides had numerically higher average surface tunneling than the untreated 

sides (Table 1).  In all treatments, crickets only caused surface tunneling in the container it 

initially entered and were always found in that container.  There was one exception in a 

replicate of 30d bifenthrin treatment where the cricket was found in the opposite container it 

initially entered, but surface tunneling was only recorded in the initial container. 

For the control versus control treated experiment (where both containers in the choice 

test design contained untreated soil) the control on the left side had lower average tunneling 

(17.33%) than the right side (45.33%) (Table 1). 

2009 Choice Test.  In 2009, the 30d bifenthrin treated sides had lower average 

damage (9.335%) than the untreated sides (41.33%); 30d chlorantraniliprole treated sides had 

lower average damage (26.67%) than the untreated sides (48%); 30d fipronil treated sides 

had higher average damage (70.67%) than the untreated sides (5.33%) (Table 2).  For the 

control versus control treated experiment the control on the left side had higher average 

damage (68%) than the right side (50.66%) (Table 2).  In all replicates of all treatments, after 

24 hrs the cricket only caused surface damage in the container it initially entered and was 

found in that container.  There was one exception, in the fourth replicate there was damage in 

both containers and the cricket was found in the opposite container it initially entered. 
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DISCUSSION 

The results of this experiment were inconclusive in determining a behavioral response 

of mole crickets to an insecticide application. In general the average surface damage ratings 

for the treated and untreated containers were similar.  Unlike the studies conducted by 

Thompson et al. (2007) our studies show that the cricket continues to inhabit the container it 

initially entered.   We discontinued this study in 2009 when the first two experiments 

continued to show that once the cricket entered a container it remained there and did not 

show any movement between the two as would be expected based on previous work.  The 

different species and treatments used could account for the disparity between previous 

studies and this one.   
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Table 1.  Average percentage surface tunneling for treated and untreated containers for 3 
insecticide treatments in 2008. 
Application Time 

(d) 
Treatment Treated Side Average 

Tunneling (%) 
Untreated Side 

Average Tunneling 
(%) 

60 Bifenthrin 29.33 30.67 
60 Chlorantraniliprole 30.67 22.67 
60 Fipronil 49.33 21.67 
30 Bifenthrin 14.67 30.67 
30 Chlorantraniliprole 36 34.67 
30 Fipronil 80 0 
0 Bifenthrin 9.33 52 
0 Chlorantraniliprole 38.67 24 
0 Fipronil 41.67 30.67 
  Left Side Average 

Tunneling (%) 
Right Side Average 

Tunneling (%) 
- Control 17.33 45.33 
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Table 2.  Average percent surface tunneling for treated and untreated containers for 3 
insecticide treatments in 2009. 

Application Time 
(d) 

Treatment Treated Side Average 
Tunneling (%) 

Untreated Side 
Average Tunneling 

(%) 
30 Bifenthrin 9.33 41.33 
30 Chlorantraniliprole 26.67 48 
30 Fipronil 70.67 5.33 
  Left Side Average 

Tunneling (%) 
Right Side Average 

Tunneling (%) 
- Control 68 50.67 
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Figure  1.  The two-container arena used in all behavior experiments. 
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Appendix B 

Mole Cricket Insecticide Trial, Duplin Co., and Pender Co., NC 

Mole crickets are a pest of economic importance in turfgrass throughout the 

southeastern U.S (Brandenburg 1997).  Due to their subterranean nature, control of these 

pests can be rather difficult.  Appropriately-timed insecticide application is the key to success 

when trying to control mole crickets (Xia and Brandenburg 2000).  The objective of these 

experiments was to evaluate the effects of three insecticides and their metabolites on mole 

cricket control. 

MATERIALS AND METHODS 

Insecticide trials were conducted at Magnolia Golf course, Magnolia, NC, in 2008 

and Belvedere Country Club, Hampstead, NC in 2009.  In both years, the plots were 3 m by 3 

m in a bermudagrass, Cynodon dactylon (L.) Pers planting.  The plots were placed in an area 

that had a history of mole crickets.  Treatments were granular bifenthrin (Talstar EZ®, FMC 

Corp., Philadelphia, PA), sprayable chlorantraniliprole (Acelepryn®, DuPont Professional 

Products, Wilmington, DE), granular fipronil (Chipco Choice, Bayer Environmental Science, 

Montvale, NJ) and untreated.  Bifenthrin was applied at 224.12 kg/ha of product (0.448 kg 

ai/ha), chlorantraniliprole was applied at 1.75 l/ha of product (0.351 kg ai/ha), and fipronil 

was applied at 97.6 kg/ha of product (0.0157 kg ai/ha).    For each study we treated 

sequentially over time before initial surface damage evaluation to assess control not only to 

the parent compound, but to the metabolites of the compound as it degrades (Tables 1-3).  

Treatment applications were made in 2008 on 27 Aug (30 d), 23 Jul (60 d), 25 Jun (90 d), 

and 29 May (120 d) to produce desired intervals in post treatment exposure.  Treatment 
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applications were made in 2009 on 28 Jul (0 d), 23 Jun (30 d), 22 May (60 d), and 23 Apr (90 

d) to produce desired intervals in post treatment exposure. 

The desired amount of granular bifenthrin and fipronil formulations was evenly 

distributed across the soil surface with a gloved hand. The desired amount of sprayable 

formulation chlorantraniliprole was applied using a backpack sprayer powered by CO2 at 40 

psi delivering approximately 56 g per A. 

Mole cricket control was evaluated in 2008 on 23 Sep, 7 Oct, and 23 Oct using the 

damage rating method of Cobb and Mack (1989).  A 1m x 1m grid divided into nine sections 

was randomly placed in the plot.  A damage rating from 0-9 was given based on the amount 

of surface damage in the nine subsections (0 = no damage and 9 = severe damage).  Five 

ratings were made in each plot for each evaluation date.  The five ratings were averaged to 

produce the average damage for that plot on a particular evaluation date.  Mole cricket 

control was evaluated in 2009 on 30 Jul using a 1 m x 1 m PVC frame placed over each plot; 

soapy water flushing with three gallons of water to 2 tablespoons of Joy® lemon-scented 

dishwashing detergent (Procter and Gamble, Cincinnati, OH) was used within the PVC 

frame. Nymphs that emerged within the frame were collected in small vials and preserved in 

70% alcohol.  Each plot was monitored for 15 minutes for emerged nymphs. 

Data were transformed (square root of X + 0.5) prior to analysis for treatment effect 

using Proc GLM using Proc GLM through use of Statistical Analysis System version 9.1 

program (SAS Institute 2003). 
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RESULTS 

In 2008, there was no significant difference in the amount of surface damage between 

any treatments on the first evaluation (P = 0.5367) (Table 1), second (P=0.5636) (Table 2) or 

third evaluation (P = 0.1555) (Table 3). 

In 2009, only one mole cricket was flushed during the evaluation.  It was a small 

(1.27cm) southern mole cricket (Scapteriscus borellii Giglio-Tos) nymph in a 30d bifenthrin 

plot.  Limited surface damage was oberved in any of the plots. 

DISCUSSION 

In 2008 and 2009, the location for each test was selected based upon previous damage 

caused by spring adult populations of mole crickets.  Mole crickets are rather mobile in the 

spring, searching for mates and feeding.  Soil moisture, which is a large determining factor in 

where mole crickets will lay their eggs (Hertl et al. 2001), was limited and females may have 

laid their eggs where the soil moisture was better resulting in insufficient mole cricket 

pressure in the test area. 
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Table 1.  Average surface damage recorded on the first evaluation date for the 2008 
insecticide trial. 

Treatment 
(Interval Applied and 
Chemical) 

Mole Cricket Damage Ratings 
Ave. of 5 damage ratings/rep. 

Average 

I II III IV 
120 Talstar 0.2 0 0 0.8 0.25 
120 Acelepryn 0 0 0 0 0 
120 Top Choice 0 0 0 0 0 
90 Talstar 0 0 0 0.4 0.1 
90 Acelepryn 0.6 1.6 0 0 0.55 
90 Top Choice 0 0 0 0 0 
60 Talstar 0 0 0.2 0 0.05 
60 Acelepryn 0 0.2 0 0.4 0.15 
60 Top Choice 0 0 0 0 0 
30 Talstar 1 0 0 0 0.25 
30 Acelepryn 0 0 0.8 0 0.2 
30 Top Choice 0 0 0 0 0 
Control 0 0 1 0 0.25 
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Table 2.  Average surface damage recorded on the second evaluation date for the 2008 
insecticide trial. 

Treatment 
(Interval Applied and 
Chemical) 

Mole Cricket Damage Ratings 
Ave. of 5 damage ratings/rep. 

Average 

I II III IV 
120 Talstar 0.4 0 0 0.4 0.2 
120 Acelepryn 0.2 0.6 0 0 0.2 
120 Top Choice 0.2 0 0 0 0.05 
90 Talstar 0 0 0 0.2 0.05 
90 Acelepryn 0.6 1.2 0 0.4 0.55 
90 Top Choice 0 0 0.4 0.2 0.15 
60 Talstar 0 0.2 0 0.4 0.15 
60 Acelepryn 0.6 0 0 0.8 0.35 
60 Top Choice 0 0.2 0 0 0.05 
30 Talstar 0 0.2 0 0 0.05 
30 Acelepryn 1 0.2 0 0.4 0.4 
30 Top Choice 0 1.4 0 0.2 0.4 
Control 0.4 0 2.2 0 0.65 
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Table 3.  Average surface damage recorded on the third evaluation date for the 2008 
insecticide trial. 

Treatment 
(Interval Applied and 
Chemical) 

Mole Cricket Damage Ratings 
Ave. of 5 damage ratings/rep. 

Average 

I II III IV 
120 Talstar 0.4 0 0.2 0.6 0.3 
120 Acelepryn 0.4 0.6 0 1 0.5 
120 Top Choice 0 0 0.2 0 0.05 
90 Talstar 0 0.2 0 0 0.05 
90 Acelepryn 1.2 2.4 0.2 0.2 1 
90 Top Choice 0 0 0 0 0 
60 Talstar 0.6 0.2 0.4 0.2 0.35 
60 Acelepryn 0.2 0 0 1.2 0.35 
60 Top Choice 0 0.4 0 0 0.1 
30 Talstar 0.2 0.2 0 0.4 0.2 
30 Acelepryn 0.4 0.2 0.2 0.4 0.3 
30 Top Choice 0 1 0 0 0.25 
Control 0.6 0.2 2.2 0 0.75 
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Appendix C 

Mole Cricket Field Insecticide Choice Study 

Understanding insect behavior is the cornerstone of effect control measures.  This is 

very important in the management of the tawny mole cricket, Scapteriscus vicinus Scudder.  

Study of behavioral work in the laboratory is challenging and becomes increasingly more 

difficult in a field setting.  A technique was developed by Silcox et al. (2010) to use radio 

frequency identification (RFID) transponder to monitor the subterranean movement of mole 

crickets and other insects.  The objective of this study was to monitor the movement of mole 

crickets marked with an RFID transponder and placed in  plots containing a choice between 

bifenthrin, chlorantraniliprole, fipronil, or untreated treatments. 

MATERIALS AND METHODS 

The insecticide choice study was conducted in 2009 at Sandhills Research Station, 

Jackson Springs, NC using fifty-two 1 m by 1 m plots in a bermudagrass, Cynodon dactylon 

(L.) Pers planting.   Treatments were granular bifenthrin (Talstar EZ®, FMC Corp., 

Philadelphia, PA), sprayable chlorantraniliprole (Acelepryn®, DuPont Professional Products, 

Wilmington, DE), granular fipronil (Chipco Choice, Bayer Environmental Science, 

Montvale, NJ) and untreated.  Bifenthrin was applied at 224.12 kg/ha of product (0.448 kg 

ai/ha), chlorantraniliprole was applied at 1.75 l/ha of product (0.351 kg ai/ha), and fipronil 

was applied at 97.6 kg/ha of product (0.0157 kg ai/ha).    For each study, we treated 

sequentially over time before initial surface damage evaluation to assess control, not only to 

the parent compound, but to the metabolites of the compound.  Treatment applications were 

made on 8 Sep (0 d), 4 Aug (30 d), and 7 Jul (60 d) to produce desired intervals in post 
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treatment exposure.  The desired amount of granular bifenthrin and fipronil formulations was 

weighed out and evenly distributed across the soil surface with a gloved hand. The desired 

amount of sprayable formulation of chlorantraniliprole was applied using a backpack sprayer 

powered by CO2 at 40 psi delivering approximately 56 g per A. 

Plots were irrigated in accordance with standard management procedures for 

bermudagrass established by the Sandhills Research Station superintendent.  The plots were 

organized in such a manner that the place where the four corners of each square plot met 

contained all four treatments (Figure 1).  This grouping of four treatments was called a 

quadrant.  This was replicated four times for each application time.  The plots were oriented 

so that no one treatment was in the same quadrant for each replicate.  A marked cricket was 

placed in each quadrant (12 quadrant plus 4 controls= 16 crickets) at the intersection of the 

four plots. 

Crickets were collected from a golf course fairway using soapy water flushing on 5 

Sep from Belvedere Country Club, Pender Co., NC. All collected crickets were rinsed 

immediately in water and placed in a 68 l tub (Rubbermaid® Newell Rubbermaid Inc., 

Atlanta, GA) filled with native soil.  Crickets were marked with a RFID transponder in the 

laboratory as described by Silcox et al. (2010) and held for at least two days before release.  

This was to ensure that crickets survived the initial marking procedure before being released 

into the field.  The unique ID from each RFID transponder was recorded before cricket 

placement, and cricket movement was monitored using the BP portable antenna system and 

FS2001F-ISO reader (Biomark, Inc., Boise, ID).  A 2.54 cm diameter x 7.68 cm deep core 

was taken at the intersection of the four plots and the marked cricket was placed head first 
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into the hole. The extracted soil was then placed over the cricket to minimize above ground 

relocation. 

When relocating the marked individuals, the release point was first scanned with the 

antenna; if the cricket was not found, scanning started in the top, left (east) corner of the plot 

with the antenna swept across the width of the plot.  Scanning continued in this fashion until 

the entire area of the plot was evaluated.  If the cricket was not found in the plot where it was 

released, the adjacent plots were scanned in a manner similar to that used in the original plot.  

If the cricket was not found in adjacent plots than the perimeter of the test area was scanned.  

If the cricket was not found after all areas were scanned, it was recorded as not found.  Turf 

paint (Professional Inverted Marking Paint, Rust-Oleum® Corp., Vernon Hills, IL) was used 

to mark the location of each cricket found, and different color turf paint was used for each 

day.  Approximate location and transponder ID were recorded on a plot plan.  Movement was 

monitored 1d (12 Sep), 2d (13 Sep), 3d (14Sep), 5d (16 Sep), and 7d (18 Sep) after cricket 

release.  Movement was measured by recording the “east-west” and “north-south” (x, y) 

movement (cm) from the origin, producing grid coordinates for the relocated cricket.  These 

coordinates were used to determine the straight line distance (cm) of movement. 

RESULTS 

In the insecticide choice study, 16 mole crickets were marked with 13 crickets (81%) 

located with the receiver the first day after release. No crickets moved from the release site 

within one day.  Two days after release 11 crickets (69%) were located with the receiver and 

one moved from the release site (straight line distance of 21.84 cm).  Three days after release 

10 crickets (63%) were located with the receiver and no crickets had moved from where they 
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were located on day two.  Five days after release 10 crickets (63%) were located with the 

receiver and no crickets had moved from where they were located on day three.  One week 

after cricket release 8 crickets (50%) were relocated with the receiver and no crickets had 

moved from where they were located on day five. 

DISCUSSION 

This study does not provide any conclusive results as to mole cricket movement in the 

field.  We had excellent recovery of the cricket with the receiver, but only one cricket moved 

from its original location.  These results were not consistent with what we have seen in 

previous studies of marked crickets (Silcox et al. 2010), where there was moderate 

movement from the cricket’s original location.  This might be explained by the toxicity of the 

products used.  Silcox and Brandenburg (2010) found that bifenthrin and fipronil had high 

toxicity while chlorantraniliprole and the untreated had low mortality.  When the cricket is 

placed at the intersection of these four treatments it could orient slightly towards the least 

toxic product or untreated plot.  Slight movement would not be detected with the receiver.  

Conversely, the cricket could have died due to the two more toxic treatments and therefore 

remained in the same location for the duration of the experiment. 

  



158 
 

REFERENCES CITED 

Short, D.E. and P.G. Koehler. 1979. A sampling technique for mole crickets and other 

pests in turfgrass and pasture. Florida Entomologist. 62: 282-283. 

Silcox, D.E. and R.L. Brandenburg. 2010. Monitoring mole cricket (Orthoptera: 

Gryllotalpidae) avoidance behavior.  Journal of Integrated Pest Management. 

Silcox, D.E., J.P. Doskocil, C.E. Sorenson, and R.L. Brandenburg. 2010. Radio 

frequency identification tagging: A novel approach to monitoring surface and 

subterranean insects.  American Entomologist. (in press) 

 

 

 

 

 

 

 

 

 

 

 

 

 



159 
 

60 Talstar Control 60 Top Choice 60 Acelepryn 

60 Top Choice 60 Acelepryn 60 Talstar Control 

60 Acelepryn 60 Talstar Control 60 Top Choice 

Control 60 Top Choice 60 Acelepryn 60 Talstar 

Figure 1.  Example of plot layout for the four-corner field study; different color pattern 
indicates a separate quadrant. 
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Appendix D 

Soil Analysis for Parent Compound and Metabolites of Acelepryn® and Chipco® Choice 

 

Field studies in 2008 involved 54, 3 meter by 3 meter plots on bermudagrass, 

Cynodon dactylon (L.) Pers at the Sandhills Research Station (Jackson Springs, NC).  

Treatments consisted of granular bifenthrin (Talstar EZ®, FMC Corp., Philadelphia, PA), 

sprayable chlorantraniliprole (Acelepryn®, DuPont Professional Products, Wilmington, DE), 

granular fipronil (Chipco® Choice), Bayer Environmental Science, Montvale, NJ) or 

untreated.  Bifenthrin was applied at 224.12 kg/ha of product (0.448 kg ai/ha), 

chlorantraniliprole was applied at 1.75 l/ha of product (0.351 kg ai/ha), fipronil was applied 

at 97.6 kg/ha of product (0.0157 kg ai/ha), or untreated.  We treated sequentially over time 

before to evaluate the parent compound and the metabolites of the compound.  Plots were 

irrigated in accordance with standard management procedures for bermudagrass established 

by the Sandhills Research Station superintendent.  Treatment applications were made on 19 

Aug, 17 Jul, 18 Jun, and 15 May.  Two 30.48 cm x 2.54 cm coil cores were taken from the 

middle of each plot on 15 Oct 2008.  Each core was uniquely labeled to identify each sample 

and stored at 0°C.  Samples were analyzed for parent compounds and appropriate metabolites 

to insure insecticide residues were similar to previous analyses.  The soil was classified as 

mineral soil with HM = 0.66%, pH = 5.8, CEC = 5.8. 

Acelepryn® samples were analyzed for the parent compound chlorantraniliprole 

(E2Y45) and the metabolites ECD73, EQW-78, and GAZ70.  Analysis was conducted by 

ABC Laboratories, Inc. (Columbia, MO).  The results from the soil analysis can be found in 
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table 1.  Chipco® Choice samples were analyzed for the parent compound fipronil and the 

metabolites fipronil sulfone (MB46136), fipronil sulfide (MB45950), desulfinylfipronil 

(MB46513), and fipronil amide (RPA200766).  Analysis was conducted by Alliance Pharma, 

Inc. (Malvern, PA).  The results from the soils analysis can be found in tables 2 and 3. 

Untreated samples were also analyzed for soil classification, pH, mineral content, and 

humic matter.  Talstar EZ® samples were collected but not analyzed due to budget cuts. 

RESULTS AND DICUSSION 

For the Acelepryn® samples (Table 1), the parent compound chlorantraniliprole 

(E2Y45) was found in all samples analyzed.  The metabolite EQW78 was found in the 30d, 

60d, 90d, and 120d samples.  The metabolite ECD73 was found in the 30d, 60d, 90d, and 

120d samples.  The metabolite GAZ70 was found in the 60d, 90d, and 120d samples.  These 

results indicate that degradation of the parent compound did occur and that metabolites were 

present. 

For the Chipco® Choice samples (Table 2 and 3), the parent compound fipronil was 

found in the 30d, 60d, and 90d samples.  The metabolite MB46136 was found in the 30d, 

60d, 90d, and 120d samples.  The metabolites MB45950, MB46513, and RPA200766 were 

not found in any of the samples.  These results indicate that degradation of the parent 

compound did occur and the major metabolite (MB46513) was present. 
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Table 1.  Summary of Concurrent E2Y54, ECD73, EQW-78, and GAZ70 recoveries in lab fortified controls and residue data 
from soil treated with DPX-E2Y45 (Acelepryn®). 
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Table 2.  Summary of Concurrent fipronil, MB46136, MB45950, MB46513, and 
RPA200766 recoveries in residue data from soil treated with fipronil (Chipco® Choice™). 
Sample 
Name 
(Description) 

Fipronil 
(ppb) 

MB46136 
(ppb) 

MB45950 
(ppb) 

MB46513  
(ppb) 

RPA200766  
(ppb) 

      
0 Day-1 ND ND ND ND ND 

0 Day-2 ND ND ND ND ND 

30 Day-1& 
30 Day-3 

<LOD(1.3) <LOQ(5.0) ND ND ND 

30 Day-2& 
30 Day-4 

<LOD(0.4) 19.5 ND ND ND 

60 Day-1& 
60 Day-3 

ND ND ND ND ND 

60 Day-2& 
60 Day-4 

<LOD(0.4) <LOQ(2.8) ND ND ND 

90 Day-1& 
90 Day-3 

<LOD(0.3) <LOQ(2.3) ND ND ND 

90 Day-2& 
90 Day-4 

ND <LOD(1.3) ND ND ND 

120 Day-1& 
120 Day-3 

ND <LOD(1.7) ND ND ND 

120 Day-2& 
120 Day-4 

ND <LOD(1.3) ND ND ND 

Control-1 <LOD(0.7) 12.8 ND ND ND 

Control-2 ND ND ND ND ND 
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Table 3.  Calibration standard curve (0.05 - 25 ng/mL) and quality control for fipronil, 
MB46136, MB45950, MB46513, and RPA200766. 
 
Fipronil 
0.05 0.049 0.052 2 0.051 0.002 4.2 101.0 
0.1 0.105 0.089 2 0.097 0.011 11.7 97.0 
0.5 0.530 0.544 2 0.537 0.010 1.8 107.4 
1.0 1.019 0.992 2 1.006 0.019 1.9 100.6 
5.0 5.009 5.109 2 5.059 0.071 1.4 101.2 
10.0 9.554 10.197 2 9.876 0.455 4.6 98.8 
25.00 22.890 24.309 2 23.600 1.003 4.3 94.4 
MB46136 
0.05 0.048 0.051 2 0.050 0.002 4.3 99.0 
0.1 0.098 0.101 2 0.100 0.002 2.1 99.5 
0.5 0.526 0.536 2 0.531 0.007 1.3 106.2 
1.0 0.984 0.999 2 0.992 0.011 1.1 99.2 
5.0 4.798 4.900 2 4.849 0.072 1.5 97.0 
10.0 9.170 9.804 2 9.487 0.448 4.7 94.9 
25.00 24.366 28.757 2 26.562 3.105 11.7 106.2 
MB45950 
0.05 0.049 0.051 2 0.050 0.001 2.8 100.0 
0.1 0.100 0.099 2 0.100 0.001 0.7 99.5 
0.5 0.521 0.532 2 0.527 0.008 1.5 105.3 
1.0 0.998 0.990 2 0.994 0.006 0.6 99.4 
5.0 4.901 4.825 2 4.863 0.054 1.1 97.3 
10.0 9.349 9.842 2 9.596 0.349 3.6 96.0 
25.00 24.737 26.791 2 25.764 1.452 5.6 103.1 
MB46513 
0.05 0.050 0.052 2 0.051 0.001 2.8 102.0 
0.1 0.088 0.103 2 0.096 0.011 11.1 95.5 
0.5 0.519 0.534 2 0.527 0.011 2.0 105.3 
1.0 0.983 0.981 2 0.982 0.001 0.1 98.2 
5.0 4.881 5.033 2 4.957 0.107 2.2 99.1 
10.0 9.750 10.161 2 9.956 0.291 2.9 99.6 
25.00 24.478 25.732 2 25.105 0.887 3.5 100.4 
RPA200766 
0.05 0.050 0.048 2 0.049 0.001 2.9 98.0 
0.1 0.101 0.104 2 0.103 0.002 2.1 102.5 
0.5 0.571 0.530 2 0.551 0.029 5.3 110.1 
1.0 1.003 1.000 2 1.002 0.002 0.2 100.2 
5.0 4.952 4.748 2 4.850 0.144 3.0 97.0 
10.0 9.335 10.040 2 9.688 0.499 5.1 96.9 
25.00 23.314 24.545 2 23.930 0.870 3.6 95.7 
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