
























































































































































































































































































































































































































































































Evaluation of Chemical Control Strategies for Linepithema
humile (Mayr) (Hymenoptera: Formicidae) in South

Carolina State Park Campgrounds1
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ABSTRACT The Argentine ant, Linepithema humile (Mayr), is a pest in
many urban areas of the southeastern United States. In the Piedmont region
of South Carolina, there is a documented problem with L. humile invading the
campsites of state park campgrounds. While some parks have tried to
implement proactive control programs, the most widely used tactic is spraying
insecticides when L. humile populations become intolerable and visitors
complain. For this study, a series of four trials were conducted to evaluate
insecticidal spray treatments versus combinations of insecticidal sprays and
granular bait. Control areas were set up to evaluate the change in ant foraging
numbers over a season without chemical interference. One bait (NibanH
Granular Bait) and three insecticidal sprays (PremiseH 2, TempridTM SC, and
TempoH Ultra SC) were evaluated to determine the best option in a park
setting. The granular bait did not perform as well as the liquid insecticides.
TempridTM SC and TempoH Ultra SC both resulted in a decrease in L. humile
over the four-week period that was not significantly different. Although both
insecticides were comparable in results, we found TempoH Ultra SC to be the
best choice in this study due to its lower cost and lower toxicity to non-target
organisms. Assessing different methods of chemical management will enhance
future efforts at sustainable control of L. humile in campground environments.

KEY WORDS Hymenoptera, Formicidae, Linepithema humile, Argentine
ant, integrated pest management

Linepithema humile (Mayr), the Argentine ant, was probably introduced into
the United States in 1891 (Newell & Barber 1913). This species can be found in
states ranging from Washington, Arizona, Indiana, to Maryland, but has become
an established pest in Hawaii, California and throughout the southern United
States (Mallis et al. 2004). Linepithema humile has been reported to inhabit all
continents, except Antarctica, as well as many oceanic islands (Suarez et al.
2001). In 2000, a survey of pest management professionals reported that L.
humile ranked among the top five pest ant species in the United States (Hedges
2000). According to Aron et al. (1990), L. humile is ecologically successful for
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three reasons: 1) it can tolerate a variety of habitats; 2) it has polydomic and
polygynic colonies; and 3) it can lay down pheromone trails.

Linepithema humile is an effective scavenger due to its use of mass
recruitment and trail pheromones after finding a food resource (Aron et al.
1990). They can recruit cohorts up to 6 mm away from an active trail (Van Vorhis
Key et al. 1981). By laying down a pheromone trail on the way to a food source
and when returning to its nest, L. humile has an advantage over other ant species
in its ability to exploit food sources at a greater rate (Aron et al. 1990,
Deneubourg et al. 1990). Human & Gordon (1996) attribute the high number of L.
humile concentrated in an area to a reduction in ant species richness, leaving L.
humile able to dominate entire habitats (Holldobler & Wilson 1977).

Due to the recruitment behavior of L. humile, baiting is one viable option for
control. Baits are an attractive option for treating pest ants because their use
usually results in applications of smaller, concentrated amounts of insecticide
(Taniguchi et al. 2005), rather than spraying a broad area with liquid toxicant.
Klotz (1998) found that when low concentrations of liquid boric acid (#1%) were
offered to trailing L. humile, there was a reduction in ants entering surrounding
buildings where they previously retrieved food. In Hawaii, it was reported that,
when offered either liquid sucrose baits or granular baits, L. humile readily
accepted either formulation (Krushelnycky & Reimer 1998). Silverman &
Roulston (2003) reported that whether scattered or clumped, there is no
difference in the total amount of granular bait gathered.

Another strategy that takes advantage of L. humile’s foraging behavior is the
application of non-repellent chemical barriers. Rust et al. (1996) reported that
barrier sprays were effective, but only within the first 30 d after application, due
to uncontrollable environmental factors. Horizontal transfer of insecticide from
barrier treatments was effective in killing worker ants, through both live and
dead ants that had come into contact with the insecticide (Soeprono & Rust 2004).
Vail & Bailey (2002) tested whether perimeter baits, sprays, or a combination
were most efficient in treating the odorous house ant, Tapinoma sessile (Say), in
residential areas. They reported that bait-only treatments did not perform as well
as perimeter spray applications. Although perimeter spray-only treatments were
not statistically different from the bait-spray combination treatments, a
combination of both treatments was reported to be more effective for eliminating
.94% of the population for up to four months.

In the Piedmont region of South Carolina, there is a documented problem with L.
humile invading campsites in state park campgrounds. Linepithema humile has
been reported to infest personal recreational vehicles, tents, public facilities, and a
variety of locations accessed by campers (S. Hutto, SC Parks Dept., personal
communication, 2006). While some state parks have attempted control, the most
widely used tactic is applying liquid insecticides when L. humile populations
become ‘‘unbearable’’ in certain campsites. Seasoned campers come prepared with
their own ‘‘control’’ methods, powders and sprays that can be placed around
sleeping and eating areas. Some of the methods encountered include insecticidal
dusts and sprays, cleaning powders, bleach, WD-40 spray lubricant, and other home
remedies passed from camper to camper (Ellis, unpublished data). When walking
through campsites, it is not uncommon to see rings of insecticide or cleaning powder
in many sites around the campgrounds. According to Rust et al. (2003), spray and
dust applications, in which the treatment is placed around the tires of a recreational

224 J. Agric. Urban Entomol. Vol. 25, No. 4 (2008)



vehicle (RV), have been used in campgrounds for years to deter the invading pests.
While this does appear to repel L. humile from entering vehicles, the powders do not
appear to be toxic (Rust et al. 2003). In a preliminary 2007 survey of three South
Carolina state park campgrounds, we determined L. humile resides in specified
locations throughout the prime camping season. Based on this information, we
determined that a targeted treatment program was possible. The objective of this
study was to evaluate an effective treatment strategy for L. humile in state park
campgrounds in South Carolina.

Methods and Materials

Study area and treatment designation. In the summer of 2006, ten South
Carolina state parks were surveyed to determine which had high L. humile
populations. Voucher specimens were placed in the Clemson University
Arthropod collection. Three parks with the highest populations were selected
for further research. In 2007, we observed that L. humile was not distributed
throughout each park, but was instead localized around most frequently used
campsites and areas in close proximity to water.

This study was conducted in Baker Creek State Park (McCormick, SC;
82u21919.0080W, 33u53936.9960N), Calhoun Falls State Park (Calhoun Falls, SC;
82u35929.0040W, 34u1923.0160N), and Lake Greenwood State Park (Ninety Six,
SC; 81u5890.88689W, 34u11958.79040N) from June to September 2008. Between
three and five campsites with known ant infestations in each park were selected
to evaluate different chemical treatments. Each campsite was equipped for RV
parking, and had water and electrical hook-up access, trees around the
perimeter, and a high occupancy rate.

Three treatment areas (one control area and two treated areas) were assigned
to each park. They were at least 60 m apart to prevent the interaction of ants
foraging from one area to another (Vega & Rust 2003). Control areas were
locations not treated with insecticides by park personnel, but still frequented by
campers. Due to the actions of park visitors, each research area had the potential
for other, camper-deployed chemical treatments.

Monitoring. Prior to insecticide application, landmarks were chosen to
facilitate observation of ant numbers throughout the duration of each insecticide
trial. Landmarks consisted of trees and cross-ties where heavy foraging trails
were present. Once each landmark was chosen, the ant trail with the greatest
number of individuals was counted for 30 s and recorded. Counts were achieved
by recording the number of ants that crossed an arbitrary line, in both up and
down directions (Moreno et al. 1987). All counts within a given treatment area
were summed weekly and averaged to provide a mean number of ants per
landmark (Rust et al. 2000). Ant trails were counted at weeks 0, 1, 2, 3, and 4.

Treatment variations. In Trial 1, both Treatment 1 and Treatment 2 hard-
scape areas were sprayed with a 0.1% formulation of PremiseH 2 (21.4%;
imidacloprid; Bayer Environmental Science, 2 T.W. Alexander Drive, Research
Triangle Park, NC 27709). Hard-scape was defined as all pavement edges
surrounding parking areas, stairs, and crosstie bases encompassing each
campsite. In addition to hard-scape applications, Treatment 1 sites had PremiseH
2 applied to trees within 3 m of each campsite, according to label specification. An
attempt was made to use minimal amounts of spray by targeting a limited
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number of L. humile foraging areas, yet enough to achieve control. In addition to
hard-scape spraying, treatment 2 sites also had NibanH Granular Bait (5.0%
orthoboric acid; Nisus Corporation, 100 Nisus Drive, Rockford, TN 37853) placed
around trees within 3 m of each campsite.

In Trial 2, the same procedures were performed as in Trial 1; however, more
spray was applied to ant trails and visible nests (Table 1). Crosstie bases were
treated as before, but Trial 2 consisted of additional spraying to each crosstie in a
wall stack and in grooves where ants could potentially trail. All ants trailing on
the ground and nests were sprayed as encountered.

In Trial 3, the same methods performed in Trial 2 were applied, but an
experimental insecticide, TempridTM SC (21.4% imidacloprid; 11.8% ß-cyfluthrin;
Bayer Environmental Science), was exchanged for PremiseH 2 for treatment of
hard-scapes. Trees within 3 m of Treatment 1 sites were sprayed with TempridTM

SC as in previous trials, and NibanH Granular Bait was once again used around
trees in Treatment 2 areas.

In Trial 4, Treatment 1 was applied in the same manner as Trial 3, again
using TempridTM SC. In Treatment 2, hard-scapes and trees within 3 m of each
campsite were sprayed with a 0.025% formulation of TempoH Ultra SC (11.8%; ß-
cyfluthrin; Bayer Environmental Science) in the same manner as in Treatment 1.

For each trial, all ants counted in foraging trails within a treatment area were
averaged. The objectives were to determine if there were differences among the
treatments and if any of the treatments resulted in a decline in L. humile
numbers. Ant numbers were averaged across parks to produce treatment means
for each trial. The mean numbers were re-expressed as a mean change from the
original number to adjust for differences among population levels of ants in the
parks. The mean changes in ant numbers for each treatment were compared by
Analysis of Variance (ANOVA) followed by means separation through Fisher’s
LSD test. The mean changes were also compared to zero using a form of Fisher’s
LSD test. If the mean number of ants for an individual treatment was found to be
significantly less than zero, this was taken as evidence that the treatment was
having some effect in reducing ant numbers. All calculations were performed
using the Statistical Analysis System (SAS 2003).

Results and Discussion

Klotz (1998) found that liquid boric acid baits were attractive and effective in
decreasing Linepithema humile (Mayr) around structures, but in the camp-
ground setting, this is a more complex task. Due to the curiosity of wildlife and

Table 1. Mean amount of spray insecticide used (L/campsite) in
Treatment 1 and Treatment 2 areas 6 standard error in Trial
1 and Trial 2.

Treatment 1 (L/campsite) Treatment 2 (L/campsite)

Trial 1 2.84 6 0.29 2.15 6 0.30
Trial 2 4.66 6 0.54 2.43 6 0.42
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park visitors, it is necessary to use containers that discourage tampering or
consumption of bait product. Appropriate containers need to provide adequate
amounts of bait to sate the high populations of L. humile recruited to the food
source. Such containers also need to inhibit microbial growth and reduce
evaporation, as well as protect the bait from an influx of water (precipitation or
irrigation), to keep it from becoming unpalatable, and thus ineffective (Silverman &
Brightwell 2008). Finding a station design that would satisfy these requirements,
yet allow L. humile to actively forage upon the enclosed bait, was a problem.
Previous attempts have been made in campgrounds with makeshift stations
containing TerroH Liquid Ant Bait (Senoret Chemical Co., Inc., 566 Leffingwell
Ave., St. Louis, MO, 63122), but depleted containers were rarely refilled and thus
remained empty and ineffective (S. Hutto, SC Parks Dept., personal communica-
tion, 2006). However, when offered either liquid sucrose baits or granular baits, L.
humile readily accepted either formulation (Krushelnycky & Reimer 1998). During
a preliminary survey of several granular baits in May 2008, we determined that L.
humile recruited mostly to a boric-acid based granular formulation. For this reason
NibanH Granular Bait was selected for our trials.

The combined mean change of L. humile in foraging trails observed over the
four-week Trial 1 period (Fig. 1) indicated a significant difference between the
control area and the areas treated only with PremiseH 2 (Treatment 1) (t 5 22.86,
df 5 4, P 5 0.0461). However, no significant differences were found between the
control and PremiseH 2 + NibanH Granular Bait treated areas (Treatment 2) (t 5

21.61, df 5 4, P 5 0.1825) or between PremiseH 2-only and PremiseH 2 + NibanH

Fig. 1. Combined mean change in number of Linepithema humile (Mayr)
present in foraging trails at Baker Creek, Calhoun Falls, and Lake
Greenwood State Parks over the course of Trial 1. Different letters
represent a significant difference at a 5 0.05, and * indicates
significance less than 0 (means were compared using ANOVA followed
by Fisher’s LSD).
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Granular Bait treated areas (t 5 21.36, df 5 4, P 5 0.2447) (Fig. 1). Although
there was no significant difference between PremiseH 2-only treated areas and
PremiseH 2 + NibanH Granular Bait treated areas, there was a larger decrease in
the mean number of ants trailing over the four-week period in PremiseH 2-only
treated areas that indicated a significance of less than 0 (t 5 22.13, df 5 4, P 5

0.04995). Because treatments were not significantly different, we decided the
trial should be repeated. The second trial included more attentive spraying of
surrounding hard-scape areas as well as directed spraying of trailing ants and
visible nests. In Trial 2, even though spraying was more thorough, both
treatment and control areas were not statistically different, and L. humile
increased over the four week period in all areas (Fig. 2).

In Trial 3, the insecticide was changed to TempridTM SC, which is formulated
with active ingredients from both PremiseH 2 (imidacloprid) and TempoH Ultra
SC (ß–cyfluthrin). We observed no significant difference between the control and
TempridTM SC + NibanH Granular Bait treated areas (Treatment 2) (t 5 21.17, df
5 4, P 5 0.3060) (Fig. 3). However, a significant difference was found between
the control and TempridTM SC-only treated areas (Treatment 1) (t 5 23.95, df 5

4, P 5 0.0168), as well as between TempridTM SC-only and TempridTM SC +
NibanH Granular Bait treated areas (Treatment 2) (t 5 22.86, df 5 4, P 5

0.0457). The control and TempridTM SC + NibanH Granular Bait treated areas
showed an increase in L. humile, while TempridTM SC-only areas indicated a
decrease in the mean number of trailing L. humile over the four week period (t 5

22.81, df 5 4, P 5 0.02425) (Fig. 3).

During Trial 3, we found that TempridTM SC-only was more effective than
TempridTM SC + NibanH Granular Bait. Because granular bait had not been as

Fig. 2. Combined mean change in number of Linepithema humile (Mayr)
present in foraging trails at Baker Creek, Calhoun Falls, and Lake
Greenwood State Parks over the course of Trial 2. Different letters
represent a significant difference at a 5 0.05 (least squares means test).
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effective as liquid insecticide in reducing ant numbers during the first three
trials, during Trial 4 only liquid insecticides was chosen for treatment in both
areas. Again, TempridTM SC (imidacloprid and ß-cyfluthrin) was used as
Treatment 1, but TempoH Ultra SC (ß-cyfluthrin) was used as Treatment 2.
TempoH Ultra SC was selected because PremiseH 2 (imidacloprid) had already
been tested alone, and we questioned if it was a particular component of the
TempridTM SC causing the effectiveness or the combination of the two active
ingredients. The mean change of L. humile in foraging trails observed over the
four week period of Trial 4 indicated a significant difference between the control
and TempoH Ultra SC treated areas (Treatment 2) (t 5 23.49, df 5 4, P 5 0.0252)
(Fig. 4). However, no significant difference was found between the control and
TempridTM SC treated areas (Treatment 1) (t 5 20.95, df 5 4, P 5 0.3943). We
found both TempridTM SC-only and TempoH Ultra SC-only treated areas were
statistically not different (t 5 2.50, df 5 4, P 5 0.0667). However, there was a
greater decrease in L. humile numbers in TempoH Ultra SC-only treated areas
indicating a significance less than 0 (t 5 23.19, df 5 4, P 5 0.0288).

If selecting a treatment for L. humile in park campgrounds were based only on
efficacy, TempridTM SC-only or TempoH Ultra SC-only treatments would be the
treatments of choice. However, in a campground setting, product cost to control a
pest is important. In our trials, the treatment cost for TempoH Ultra SC was
$0.37/L and for TempridTM SC it was $0.86/L; thus, TempoH Ultra SC was the
more cost-effective choice. When treating a sensitive environment where water,
wildlife, and humans can be affected, many factors beyond price must be
considered. If using the lowest amount of active ingredient in the campground is
the prime consideration, TempoH Ultra SC also is preferred. TempridTM SC was

Fig. 3. Combined mean change in number of Linepithema humile (Mayr)
present in foraging trails at Baker Creek, Calhoun Falls, and Lake
Greenwood State Parks over the course of Trial 3. Different letters
represent a significant difference at a 5 0.05, and * indicates
significance less than 0 (means were compared using ANOVA followed
by Fisher’s LSD).
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applied at 0.25 ml/L and 0.45 ml/L A.I. (ß-cyfluthrin and imidacloprid, respec-
tively), but TempoH Ultra SC was applied at a rate of only 0.25 ml/L
(imidacloprid). Not only did TempoH Ultra SC treatments result in less active
ingredient being applied than in TempridTM SC treatments, but also the active
ingredient of TempoH Ultra SC has a lower toxicity to non-target organisms.

When deciding on the best option for treating an area, two strategies can be used:
1) one to three larger volume insecticide applications or 2) many smaller volume
applications. Many smaller volume applications could cost more over time due to
product usage and cost of applicator time, potentially place more insecticide into the
environment, and possibly magnify the current pest problem (Silverman &
Brightwell 2008). Although an alternate to liquid insecticide applications for L.
humile management at SC state parks is desirable, the use of targeted TempoH
Ultra SC treatments results in less insecticide being applied compared to the
current park program. The current practice is to spray an area if campers complain,
even if this means spraying sites more than once a week. The single, larger volume
spray per trial used in this research project was chosen in an attempt to reduce the
amount of insecticide entering the campgrounds over the season.

Although the use of boric acid granular bait was discontinued after Trial 3,
further research to test bait efficacy against L. humile in the campgrounds earlier
in the year may be useful. Because our trials did not begin until June, there may
be several reasons why targeted baiting performed poorly. In June, L. humile

Fig. 4. Combined mean change in number of Linepithema humile (Mayr)
present in foraging trails at Baker Creek, Calhoun Falls, and Lake
Greenwood State Parks over the course of Trial 4. Different letters
represent a significant difference at a 5 0.05, and * indicates
significance less than 0 (means were compared using ANOVA followed
by Fisher’s LSD).
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populations were peaking and the high number of foraging ants may have
overwhelmed the available bait. Brood production was declining and workers
may not have been foraging for the nutritional components offered in the bait
selected. Finally, food sources from campers and honeydew-secreting insects in
the area may have competed with the bait.

In conclusion, it was found that the best choice for reducing L. humile in this
study was TempoH Ultra SC from June-August in a spray application to hard-
scapes, visible trails and nests, and the bases of trees within 3 m of each
campsite. However, there may be application strategies and combinations of
products that could be more effective at different times of the year, including,
perhaps, targeted treatments with scatter baits applied earlier in the season.
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ABSTRACT The Argentine ant, Linepithema humile (Mayr), is a pest in
many urban areas of the southeastern United States. In the Piedmont region
of South Carolina, there is a documented problem with L. humile invading the
campsites of state park campgrounds. While some parks have tried to
implement proactive control programs, the most widely used tactic is spraying
insecticides when L. humile populations become intolerable and visitors
complain. For this study, a series of four trials were conducted to evaluate
insecticidal spray treatments versus combinations of insecticidal sprays and
granular bait. Control areas were set up to evaluate the change in ant foraging
numbers over a season without chemical interference. One bait (NibanH
Granular Bait) and three insecticidal sprays (PremiseH 2, TempridTM SC, and
TempoH Ultra SC) were evaluated to determine the best option in a park
setting. The granular bait did not perform as well as the liquid insecticides.
TempridTM SC and TempoH Ultra SC both resulted in a decrease in L. humile
over the four-week period that was not significantly different. Although both
insecticides were comparable in results, we found TempoH Ultra SC to be the
best choice in this study due to its lower cost and lower toxicity to non-target
organisms. Assessing different methods of chemical management will enhance
future efforts at sustainable control of L. humile in campground environments.

KEY WORDS Hymenoptera, Formicidae, Linepithema humile, Argentine
ant, integrated pest management

Linepithema humile (Mayr), the Argentine ant, was probably introduced into
the United States in 1891 (Newell & Barber 1913). This species can be found in
states ranging from Washington, Arizona, Indiana, to Maryland, but has become
an established pest in Hawaii, California and throughout the southern United
States (Mallis et al. 2004). Linepithema humile has been reported to inhabit all
continents, except Antarctica, as well as many oceanic islands (Suarez et al.
2001). In 2000, a survey of pest management professionals reported that L.
humile ranked among the top five pest ant species in the United States (Hedges
2000). According to Aron et al. (1990), L. humile is ecologically successful for
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Relative Efficacies of Congo Red and Tinopal LPW on the
Activity of the Gypsy Moth (Lepidoptera: Lymantriidae),

Nucleopolyhedrovirus and Cypovirus1

Martin Shapiro2 and B. Merle Shepard2,3
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ABSTRACT Congo red (a diazo dye) and Tinopal LPW (a stilbene
fluorescent brightener) were assayed to determine their effects on the activity
of the gypsy moth, Lymantria dispar (L.), nucleopolyhedrovirus (LdMNPV)
and cypovirus (LdCPV) infecting the gypsy moth. In the case of LdMNPV,
Congo red reduced the median lethal concentration (LC50) by approximately
26-fold, whereas Tinopal LPW reduced the LC50 by approximately 360-fold. In
tests using late second-stage larvae treated with LdCPV, LC50s were reduced
by approximately 12-fold and approximately 430-fold by Congo red and
Tinopal LPW, respectively. Fourth instar larvae were challenged with
LdMNPV/water, LdMNPV/Congo red, and LdMNPV/Tinopal LPW and the
activities of progeny virus from all treatments were similar.

KEY WORDS Lymantria dispar, gypsy moth, nucleopolyhedrovirus,
cypovirus, Congo red, Tinopal LPW

Insect pathogenic viruses are logical candidates for use in pest management
systems, because they are active against many agriculturally important
lepidopteran pests (Ignoffo 1975, Moscardi 1999, Szewczyk et al. 2006). Their
use, however, has been limited by such factors as slow speed of kill and sensitivity
to sunlight (Dougherty et al. 1996, Arivudainambi et al. 2000, Inceoglu et al.
2006). During the course of research on ultraviolet (UV) protectants, such
chemicals as Congo red (a diazo dye) and stilbene optical brighteners like
Phorwite AR, Leucophor BS, Leucophor BSB (Shapiro 1992) were found to
provide excellent UV protection. The addition of Congo red and stilbene
brighteners such as Phorwite AR to the gypsy moth, Lymantria dispar (L.)
(Lepidoptera: Lymantriidae), nucleopolyhedrovirus (LdMNPV) resulted in faster
kill and lower LC50s (Shapiro 1989, Shapiro & Robertson 1992, Shapiro et al.
1992). A subsequent study indicated that Tinopal LPW enhanced the activity of a
cypovirus LdCPV against gypsy moth larvae (Sheppard & Shapiro 1994,
Sheppard et al. 1994).

Since the discovery that stilbene optical brighteners could act as virus
enhancers (Shapiro & Robertson 1992, Shapiro et al. 1992), many studies have
been conducted that confirmed and expanded our knowledge of the spectrum of
brightener activity both in the laboratory and in the field (Moscardi 1999, El
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Salamouny 2007, Wang et al. 2007a). Studies devoted to Congo red and insect
pathogens demonstrated its effectiveness as a UV protectant (Shapiro 1989,
Ignoffo et al. 1991, Ramirez-Lepe et al. 2003). Although Congo red and Tinopal
LPW are chemically different, both form hydrogen bonds with various
polysaccharides (Maeda & Ishida 1967, Kopecka & Gabriel 1992) and have
affinity for cellulose and chitin (Haigler et al. 1980, Herth 1980). Moreover, both
chemicals have been shown to inhibit chitin synthesis and/or assembly (Herth
1980, Bartnicki-Garcia et al. 1994, Garcia-Zapien et al. 1999). Because these
chemicals may possess similar biological activities, we conducted a study to
investigate the effects of Congo red on the susceptibility of gypsy moth larvae to a
baculovirus (LdMNPV) and a cypovirus (LdCPV) and to determine whether the
virulence of progeny virus from LdMNPV/Congo red treatment and progeny virus
from LdMNPV/Tinopal LPW treatment was changed after serial passage through
L. dispar larvae.

Materials and Methods

Insects, Virus Inocula. The colonized New Jersey strain of the gypsy moth
(established and maintained by USDA-APHIS, Otis ANGB, MA) was used. The
gypsy moths were reared on a wheat germ diet (Bell et al. 1981). LdCPV was
obtained from the Asian Parasite Research Laboratory (USDA, Seoul, Korea) and
was subsequently passed through gypsy moth larvae (Shapiro et al. 1994). The
LdMNPV isolate LDP-226 was obtained as a freeze-dried powder from the U. S.
Forest Service, Hamden, CT and has been used as a virus standard.

Test Chemicals. Congo red (CR) (5 3,39-1,19biphenyl-4-4-diylbis(azo)bis[4-
amino-1-naphthalene sulfonic acid] disodium salt; Direct red; CAS # 573-58-0)
and Tinopal LPW (5 disodium,4,49-bis[(4-anilo-6-morpholino-1,3,5-triazin-2-yl)-
amino]stilbene-2,29-disulfonate; Calcofluor M2R; Fluorescent brightener 28; CAS
# 4404-43-07) were obtained as technical powders (Sigma-Aldrich, St. Louis, MO)
and were diluted in distilled water.

Congo red, Bioassays. LdMNPV [5 4.35 3 1010 virus occlusion bodies
(OBs) per gram] was initially diluted in distilled water to obtain a concentration
of 107 OB/ml. Subsequently, LdMNPV was diluted in distilled water (virus
standard) or in aqueous solutions of Congo red to produce concentrations of 102,
103, 104, 105, and 106 OBs/ml (51021 to 103 OBs per mm2 of diet surface). One ml
of each virus suspension was pipetted onto the surface of each 180-ml container
(54,770 mm2) (W. L. Enterprises, Newark, NJ) containing 10 second-stage larvae
(7-d-old; mean 6 SE weight, 35 6 6.8 mg per larva). Tests were repeated six
times. In all tests, 30 larvae per virus dilution per treatment per replicate, 30
untreated larvae per replicate, and 30 Congo red-treated larvae per replicate
were used. Larvae were maintained at 29uC, 50% RH and a 12:12 (light:dark)
photoperiod and mortality readings were recorded on day 7 and every other day
thereafter until day 21.

Congo red, Tinopal LPW, Bioassays. In subsequent tests, Congo red
(0.014 M) and Tinopal LPW (0.010 M) were compared as enhancers for LdMNPV
and LdCPV, using the same protocol. Viruses were applied to the diet surface at
concentrations ranging from 2 3 1023 to 2.1 3 102 OB/mm2 of diet surface. Tests
were repeated five times.
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Congo red, Tinopal LPW, Virus production, Progeny Virus. To
determine the effects of Congo red and Tinopal LPW on LdMNPV activity, virus
replication, and progeny virus, late fourth instars were used as test insects. One
thousand five hundred neonates were placed on diet (10 per 180-ml cup) and were
reared under standard conditions. Late fourth instars were randomly selected
and 400 larvae per treatment were challenged with LdMNPV/H2O (virus
standard), LdMNPV/CR (0.014M), or LdMNPV/LPW (0.014M) at a virus
concentration of 4.77 3 102 OB/mm2 (5 LC90 for LdMNPV). In addition, 100
untreated controls, 100 CR-treated larvae, and 100 LPW-treated larvae were
tested. At days 7, 11, and 15, mortality readings were recorded and 100 larvae
from each virus-treated group were removed at each time period and stored at
220uC.

Virus was harvested separately from each group of frozen larvae (Shapiro et
al. 1981) and virus yields (5 OBs per larva) were determined. Biological activities
of the progeny virus obtained from each test group also were determined.
Occlusion bodies from each group were counted five times to obtain an average.
Each sample was diluted in distilled water and applied to the diet surface (1 ml/
180-ml cup) at concentrations ranging from 2 3 1022 to 2.1 3 102 OB/mm2 of diet
surface. Tests were repeated five times with 30 larvae per virus dilution per
treatment, 30 untreated control larvae, 30 CR-treated larvae, and 30 LPW-
treated larvae per replicate. Mortality was initially assessed at day 7 and was
recorded every other day until day 21.

Statistical Methods. Concentration-mortality regressions were calculated
to determine the effects of Congo red and Tinopal LPW on virus activities. Slopes
and LC50s were obtained with the probit option of POLO (LeOra Software, 1987).
After ANOVA, means were separated for significance according to Fisher’s
Protected Least Significant Difference (LSD) test. Each treatment was compared
to the standard (5 LdMNPV/H2O, 0 UV) as well as to each other according to
Student’s 2-tailed t-test (Steel & Torrie 1980). A statistical program was used to
determine the relationship (correlation coefficient) between Congo red concen-
tration and enhancement activity (Easy Calculation.com 2009).

Results

Congo red, LdMNPV. The enhancement activity of Congo red was
concentration-dependent (r2 5 0.94) (Table 1). Congo red at 0.0014 M had little
effect upon LdMNPV activity, but an increase in concentration to 0.0035 M
reduced the LC50 value by 2.3-fold. As the Congo red concentration increased to
0.0070M, the LC50 further decreased by another 1.9-fold. The greatest increase in
activity was observed at the 0.0140 M level (a 4.9-fold increase from the 0.0070 M
Congo red treatment), and the LC50 value for the LdMNPV/Congo red (0.140 M)
treatment was 20.7-fold lower than the LC50 value for the LdMNPV/H2O
(standard) treatment (Table 1). No larval mortality occurred among any Congo
red-treated larvae.

When fourth-stage larvae were exposed to a single concentration of LdMNPV
(5 4.77 3 102 OB/mm2; 5 LC90–95), no larvae died during the first 7 days. By day
11, approximately 40% of the larvae died from virus, and by day 15,
approximately 95% of the larvae died. The addition of Congo red (0.014 M) to
LdMNPV also resulted in greater initial viral occlusion body yields among
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mature larvae. The OB yields per larva at day 7 were approximately 2-fold
greater (i.e., 1.2 3 109 6 0.2 3109) among those larvae exposed to LdMNPV/
Congo red than among those exposed to LdMNPV/H2O (7.0 3 108 6 0.1 3 108). At
day 11, however, yields from LdMNPV/H2O-treated larvae increased to 2.6 3 109

6 0.4 3 109 OBs per larva and were approximately 2-fold greater than those
obtained for LdMNPV/Congo red-treated larvae (1.3 3 109 6 0.2 3 109). By day
14, OB yield remained unchanged among LdMNPV/H2O-treated larvae (2.6 3

109 6 0.3 3 109 OBs) and the virus yield increased from 1.3 to 1.7 3 109 (6 0.1 3

109) OBs per LdMNPV/Congo red-treated larvae.
Congo red, Tinopal LPW, LdMNPV, LdCPV. Congo red (0.014M) and

Tinopal LPW (0.010 M) were compared as synergists for two different viruses of the
gypsy moth (i. e., the nucleopolyhedrovirus LdMNPV and the cypovirus LdCPV) in
bioassays with second instars The addition of Congo red to LdMNPV and LdCPV
reduced LC50s by approximately 26-fold (Table 2) and 12-fold, respectively
(Tables 2, 3), whereas the addition of Tinopal LPW to LdMNPV and LdCPV
reduced LC50s by approximately 382-fold and 430-fold, respectively (Tables 2, 3).
When late fourth instars were challenged and progeny virus was collected from
virus-killed larvae, the activities of progeny virus from the LdMNPV/Congo red
and the LdMNPV/Tinopal LPW treatments were similar, regardless of the original
treatment. LC50s for these virus isolates were 8.26 OBs/mm2 (5.35–12.86, 95% CL;
slope 5 1.76 6 0.04) for LdMNPV/H20, 8.18 OBs/mm2 (5.62–11.93 95% CL; slope 5

1.87 6 0.04) for LdMNPV/Congo red, and 7.71 OBs/mm2 (5.05–11.80, 95% CL; slope
5 1.79 6 0.04) for LdMNPV/Tinopal LPW progeny virus.

Discussion

The peritrophic membrane, comprised of protein, chitin, and mucin (Lehane
1997, Wang & Granados 2000), may serve as an effective barrier for the invasion

Table 1. LC50 (95% CL) and Activity Ratio (AR) of the gypsy moth
nucleopolyhedrovirus LdMNPV with and without the addition
of Congo red: Effect of concentration.

Congo red
treatment
LdMNPV + (M) LC50 (95% CL)a ARb Slope (6 SE)

H2O (Control) 6.20 (5.61–6.80)a 1.00 2.21 (0.02)
0.0014 6.45 (5.65–7.26)a 0.96 1.97 (0.02)
0.0035 2.77 (1.98–3.56)b 2.24 1.60 (0.01)
0.0070 1.46 (0.61–2.30)c 4.25 1.57 (0.01)
0.0140 0.30 (0.20–0.40)d 20.67 1.53 (0.01)

aLC50s are expressed as OBs per mm2 of diet surface; six replicates; five virus concentrations per virus

treatment per replicate; 30 untreated larvae per replicate; 30 Congo-red treated larvae per

concentration per replicate.
bActivity Ratio (AR) is calculated by dividing the LC50 for LdMNPV/H2O (5virus standard) by the LC50

for LdMNPV/Congo red. The AR value for the virus standard 5 1.00.

Means followed by different letters within a column were significantly different (Fisher’s Protected Least

Significant Difference (LSD); a 5 # 0.05).
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of microorganisms, including insect viruses (Brandt et al. 1978, Wang &
Granados 1998, Levy et al. 2007). Conversely, the disruption of the chitin
(Shapiro et al. 1987, Shternshis et al. 2002) or mucin (Wang & Granados 1997,
Peng et al. 1999) components of the peritrophic membrane results in increased
mortality due to insect pathogenic bacteria (Smirnoff & Valera 1972, Dubois
1977, Shternshis et al. 2002), fungi (Fang et al. 2005, Fan et al. 2007), viruses
(Tanada 1985, Peng et al. 1999, Zhu et al. 2007), polyoxin fungicides (Cohen
2005), benzoylaryl insecticides (Denneulin & Lamy 1977, Rojas & Morales-Ramos
2001, Guo et al. 2007), and chitinase (Dubois 1977, Shapiro et al. 1987).

Table 3. LC50 and Activity Ratio (AR) of the gypsy moth cypovirus with
and without Congo red and Tinopal LPW.

Treatment LC50 (95% CL)a ARb Slope (6 SE)

LdCPV/H2O 21.49 (16.23–27.97)a 1.00 2.25 (6 0.03)
LdCPV/Congo redc 1.75 (0.74–2.35)b 12.28 1.87 (6 0.02)
LdCPV/Tinopal LPWd 0.05 (0.04–0.07)c 429.80 1.94 (0.02)

aLC50 values were expressed as OBs/mm2 of diet surface; five replicates; five virus concentrations per

treatment per replicate; 30 larvae per virus concentration per treatment per replicate; 30 untreated

control per replicate; 30 Congo red-treated and 30 Tinopal LPW-treated larvae per replicate.
bActivity Ratio (AR) was calculated by dividing the LC50 for LdCPV/H2O (5 virus standard) by the LC50

for LdCPV/test chemical.
cCongo red was used at a final concentration of 0.014 M.
dTinopal LPW was used at a final concentration of 0.010 M.

Means followed by different letters within the same column were significantly different [Fisher’s

Protected Least Significant Difference (LSD)]; a 5 # 0.05).

Table 2. LC50 and Activity Ratio (AR) of the gypsy moth nucleopolyhe-
drovirus LdMNPV with and without Congo red and
Tinopal LPW.

Treatment LC50 (95% CL)a ARb Slope (6 SE)

LdMNPV/H2O 7.63 (5.28–11.01)a 1.00 2.25 (6 0.03)
LdMNPV/Congo redc 0.29 (0.14–0.67)b 26.31 1.84 (6 0.04)
LdMNPV/Tinopal

LPWd
0.02 (0.01–0.03)c 381.50 1.96 (6 0.02)

aLC50 values are expressed as OBs per mm2 of diet surface; five replicates; five virus concentrations per

virus treatment per replicate; 30 larvae per virus concentration per treatment per replicate; 30

untreated control per replicate; 30 Congo red-treated and 30 Tinopal LPW-treated larvae per replicate.
bActivity Ratio (AR) is calculated by dividing the LC50 for LdMNPV/H2O (5 virus standard) by the LC50

for LdMNPV/test chemical.
cCongo red was used at a final concentration of 0.014 M.
dTinopal LPW was used at a final concentration of 0.010 M.

Means followed by different letters within the same column were significantly different [Fisher’s

Protected Least Significant Difference (LSD)]; a 5 # 0.05).
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For more than 30 years, scientists recognized that Calcofluor and Congo red
had similar inhibitory effects on chitin and cellulose synthesis, assembly, and
polymerization (Cabib & Bowers 1975, Herth 1980, Ram & Klis 2006). Chitin
synthase activity is inhibited (Elorza et al. 1983, Delom et al. 2006) or not
inhibited (Raclavsky et al. 1999) depending on the system used and on the
concentration of Calcofluor M2R (Roncero & Durán 1985, Roncero et al. 1988).
Moreover, Calcofluor M2R was shown to inhibit peritrophic membrane formation
in larvae of L. dispar, Pseudaletia unipuncta Haworth (Lepidoptera: Noctuidae),
Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae), Hyphantria cunea (Drury)
(Lepidoptera: Arctiidae) (Wang & Granados 2000), Spodoptera frugiperda (J.E.
Smith) (Lepidoptera: Noctuidae) (Bolognesi et al. 2001), and S. exigua (Hübner)
(Lepidoptera: Noctuidae) (Zhu et al. 2007).

We observed that both Congo red-treated insects (Shapiro 1989) and Tinopal
LPW-treated insects (Sheppard & Shapiro 1994, Dougherty et al. 1996) died more
quickly than those larvae exposed to LdMNPV alone. At that time however, no
comparison was made between Calcofluor M2R (5 Tinopal LPW) and Congo red.

In the present study, the addition of Tinopal LPW and Congo red to LdMNPV
resulted in greater initial mortality (at day 7) and greater initial OB production
than in LdMNPV-treated larvae (Shapiro & Robertson 1992). For LdMNPV/
Tinopal LPW-treated larvae, ‘‘perhaps greater number of virus nucleocapsids
(released from viral occlusion bodies by alkaline digestion in the gypsy moth
foregut-midgut) penetrate the damaged peritrophic membrane, pass from the gut
lumen into the hemocoel, and infect susceptible cells’’ (Shapiro & Robertson
1992), including normally refractive midgut epithelial cells (Shields 1985, Adams
et al. 1994). Because previous studies indicated that Congo red was mutagenic
(Tanaka 1980, Mathur et al. 2005, Wang et al. 2007b), weakly mutagenic (Prival
& Mitchell 1982), or non-mutagenic (Arciola et al. 2001), we tested whether
Congo red or Tinopal LPW treatments had any effect on the virulence of progeny
virus. Reichelderfer & Benton (1973) reported that treatment with a known
mutagen, 3-methylcholanthrene, resulted in an increase in virulence of the NPV
from fall armyworm, Spodoptera frugiperda, SfMNPV. Similar results were
observed with 1,2,3,4-dibenzanthrace,5-bromodeoxy- and 5-iododeoxy-uridine for
the NPV from the alfalfa looper, Autographa californica (Speyer) (Lepidoptera:
Noctuidae), AcMNPV, against the cabbage looper, Trichoplusia ni (Hübner)
(Lepidoptera: Noctuidae). However, no significant changes in virulence were
observed with 5-bromodeoxyuridine or n-methyl-n9-nitrosoguanidine against
T. ni, Helicoverpa zea, Heliothis virescens, or S. frugiperda (McClintock &
Reichelderfer 1985). Wood et al. (1981) reported that treatment with 2-
aminopurine resulted in a mutant with increased virulence.

When progeny LdMNPV was recovered from LdMNPV/Congo red-treated and
LdMNPV/Tinopal LPW-treated larvae, no differences were observed between
LC50s for parental NPV and progeny NPV. Moreover, these results suggested
that the effects of Congo red and Tinopal LPW were limited to the original
passage and did not alter virulence in a subsequent passage. The results from the
LdMNPV/LPW treatment were not surprising, because several stilbene fluores-
cent brighteners were not mutagenic in the Ames test and were negative for
chromosome aberration and sister chromatid exchanges in Chinese hamster
ovary cells (Center for Research Information, Inc. 2004, ETAD Fluorescent
Whitening Agent Task Force 2005). Moreover, Tinopal LPW did not alter viral
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protein or LdMNPV virions (Dougherty et al. 1996), did not ‘‘alter the genotypic
composition of viral progeny during four successive passages of the virus’’
(Murillo et al. 2003), and did not affect covert NPV infection in S. frugiperda
larvae (Martinez et al. 2005). At this time, however, the genotypic composition of
progeny virus from LdMNPV-Congo red treatment is unknown.

While much of this study was centered on LdMNPV, we also investigated the
effects of Congo red and Tinopal LPW as synergists for a cypovirus, LdCPV.
Previously, we showed that LdCPV was significantly less active than LdMNPV
against the gypsy moth and that Tinopal LPW acted as a synergist (Shapiro &
Dougherty 1994, Shapiro et al. 1994). Although Congo red acted as a synergist,
Tinopal LPW was 35-fold more effective than Congo red in decreasing LC50s
(Congo red increased activity by 12.3-fold and Tinopal LPW increased activity by
430-fold) (Table 3). In the case of LdMNPV, Tinopal LPW was 15-fold more
effective than Congo red in lowering LC50s (Table 2). Whereas Tinopal LPW
inhibits apoptosis (Dougherty et al. 2006), inhibits midgut sloughing of infected
cells (Washburn et al. 1998), increases viral replication in midgut epithelial cells
(Adams et al. 1994) and acts as a virus synergist in different lepidopteran-virus
systems (Li & Otvos 1999, Mukawa et al. 2003, Zhu et al. 2007), we have no
information on Congo red. Moreover , we do not know the mode of action of Congo
red or why Tinopal LPW is more effective than Congo red as a virus synergist for
both LdMNPV and LdCPV (Tables 2, 3). However, we can conclude that
dissimilar chemicals with similar biological activities (i.e., inhibition of chitin
assembly or synthesis) (Arakawa 2002, 2003, Arakawa & Nozawa 2005) can act
as effective synergists for insect pathogens in the control of insect pest
populations (Kramer & Muthukishnan 1997).
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Relative Efficacies of Congo Red and Tinopal LPW on the
Activity of the Gypsy Moth (Lepidoptera: Lymantriidae),

Nucleopolyhedrovirus and Cypovirus1

Martin Shapiro2 and B. Merle Shepard2,3

J. Agric. Urban Entomol. 25(4): 233–243 (October 2008)

ABSTRACT Congo red (a diazo dye) and Tinopal LPW (a stilbene
fluorescent brightener) were assayed to determine their effects on the activity
of the gypsy moth, Lymantria dispar (L.), nucleopolyhedrovirus (LdMNPV)
and cypovirus (LdCPV) infecting the gypsy moth. In the case of LdMNPV,
Congo red reduced the median lethal concentration (LC50) by approximately
26-fold, whereas Tinopal LPW reduced the LC50 by approximately 360-fold. In
tests using late second-stage larvae treated with LdCPV, LC50s were reduced
by approximately 12-fold and approximately 430-fold by Congo red and
Tinopal LPW, respectively. Fourth instar larvae were challenged with
LdMNPV/water, LdMNPV/Congo red, and LdMNPV/Tinopal LPW and the
activities of progeny virus from all treatments were similar.

KEY WORDS Lymantria dispar, gypsy moth, nucleopolyhedrovirus,
cypovirus, Congo red, Tinopal LPW

Insect pathogenic viruses are logical candidates for use in pest management
systems, because they are active against many agriculturally important
lepidopteran pests (Ignoffo 1975, Moscardi 1999, Szewczyk et al. 2006). Their
use, however, has been limited by such factors as slow speed of kill and sensitivity
to sunlight (Dougherty et al. 1996, Arivudainambi et al. 2000, Inceoglu et al.
2006). During the course of research on ultraviolet (UV) protectants, such
chemicals as Congo red (a diazo dye) and stilbene optical brighteners like
Phorwite AR, Leucophor BS, Leucophor BSB (Shapiro 1992) were found to
provide excellent UV protection. The addition of Congo red and stilbene
brighteners such as Phorwite AR to the gypsy moth, Lymantria dispar (L.)
(Lepidoptera: Lymantriidae), nucleopolyhedrovirus (LdMNPV) resulted in faster
kill and lower LC50s (Shapiro 1989, Shapiro & Robertson 1992, Shapiro et al.
1992). A subsequent study indicated that Tinopal LPW enhanced the activity of a
cypovirus LdCPV against gypsy moth larvae (Sheppard & Shapiro 1994,
Sheppard et al. 1994).

Since the discovery that stilbene optical brighteners could act as virus
enhancers (Shapiro & Robertson 1992, Shapiro et al. 1992), many studies have
been conducted that confirmed and expanded our knowledge of the spectrum of
brightener activity both in the laboratory and in the field (Moscardi 1999, El

1 Accepted for publication 9 August 2009.
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2 Clemson University, Coastal Research and Education Center, 2700 Savannah Highway, Charleston,

SC 29414.
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Resistance in Cultivated Sunflower to the
Sunflower Moth (Lepidoptera: Pyralidae)1

Laurence D. Charlet,2 Robert M. Aiken,3 Gerald J. Seiler,2 Anitha Chirumamilla,4

Brent S. Hulke,2 and Janet J. Knodel4

J. Agric. Urban Entomol. 25(4): 245–257 (October 2008)

ABSTRACT A five-year field study evaluated 42 sunflower (Helianthus
annuus L.) accessions, 25 breeding lines, and 40 interspecific crosses for
resistance to infestation and damage from larval feeding by naturally
occurring populations of the sunflower moth, Homoeosoma electellum (Hulst)
(Lepidoptera: Pyralidae). Accessions PI 175728 and PI 307946 had less than
3% feeding damage per head in all three years they were tested. Some
interspecific crosses showed evidence of resistance; PAR 1673-1 had less than
2% seed damage in 2002 and 2003 and less than 3% in 2005. PRA PRA 1142
sustained less than 3% seed damage and STR 1622-1 had less than 2% seed
damage in three years of trials. Breeding lines with potential resistance
included 01-4068-2, which had the least amount of seed damage per head in
2002 (,1%) and in 2003 averaged only 2% damage. Line 01-4080-1, with less
than 1% damage in 2002 and in 2003, was the least damaged entry in these
evaluations. Hybrid ‘894’ was included as a standard check; however, it
consistently had among the lowest average seed damage from H. electellum
feeding. Our investigation showed the potential for developing resistant
genotypes for the sunflower moth to reduce seed feeding injury and to prevent
yield losses for sunflower producers. The development of germplasm with host
plant resistance would provide another tool in an integrated pest management
approach for H. electellum. Additional effort is in progress to use the identified
lines to introgress resistance genes into cultivated sunflower through
conventional breeding facilitated by marker-assisted selection.

KEY WORDS Cultivated sunflower, Helianthus annuus, pest manage-
ment, host plant resistance, sunflower moth, Homoeosoma electellum

The sunflower moth, Homoeosoma electellum (Hulst) (Lepidoptera: Pyralidae),
has been the most widespread and damaging insect pest of sunflower, Helianthus
annuus L. (Asteraceae), in North America (Schulz 1978, Rogers 1988, Charlet et
al. 1997). The moth occurs from Mexico to both coasts of the United States and to
the Canadian Prairie Provinces (Chippendale & Cassatt 1986). Larval feeding
has been reported on more than 40 different composite plant species including
four species of native sunflowers, Helianthus debilis Nuttall, H. maximiliani
Schrader, H. petiolaris Nuttall, and H. tuberosus L. (Teetes & Randolph 1969,

1Accepted for publication 3 December 2009.
2USDA, ARS, Northern Crop Science Laboratory, Box 5677, University Station, Fargo, ND 58105.
3Northwest Research Extension Center, 105 Experiment Farm Road, Kansas State University, Colby,

KS 67701.
4Entomology Department, Dept. 7650, P.O. Box 6050, North Dakota State University, Fargo, ND 58108.
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Chippendale & Cassatt 1986, DePew 1986, Goodson & Neunzig 1993). The
northern limit of the sunflower moth is approximately 40uN latitude, beyond
which it does not overwinter (Arthur 1978). However, moths are transported
north on southerly winds to the northern Plains of the United States and the
Canadian Provinces of Saskatchewan and Manitoba (Arthur & Bauer 1981,
Rogers & Underhill 1983).

Eggs are deposited on the surface of open sunflower heads. First instars feed
primarily on pollen. Second instars feed on pollen and disk flowers. Feeding by
third instars may sever the style preventing the ovary from being fertilized,
resulting in empty seeds. Third instars also feed on the kernel of mature seeds.
Larval feeding to maturity results in an average of about 96 damaged disk
flowers and about 23 damaged ovaries per larva (Rogers 1978). As they feed,
larvae spin a web over the face of the sunflower head, which accumulates
destroyed disk flowers and frass, giving the head a trashy appearance. Larval
feeding in the head also may provide a site for entrance of the fungal pathogen of
Rhizopus head rot, which can further reduce yield and affect oil quality. Larvae
exit the sunflower head when mature and drop into the soil to overwinter in
silken cocoons covered with soil particles (Rogers 1978, 1992, Rogers &
Westbrook 1985, Charlet et al. 1997).

Despite research on cultural and biological control and plant resistance,
chemical control is frequently relied upon to manage sunflower moth infestations
in commercial sunflower (Archer et al. 1983, Bynum et al. 1985, DePew 1988,
Charlet et al. 1997). Although a large assemblage of tachinid and hymenopteran
parasitoids have been reported to attack the sunflower moth in both agricultural
and native sunflower habitats (Teetes & Randolph 1969, Beregovoy 1985, Charlet
1999, Chen & Welter 2002), control has often not been sufficient to reduce crop
losses. Research by Chen & Welter (2007) revealed that larval densities were
much lower and parasitism was higher on wild sunflowers than on cultivated
sunflowers, because domesticated sunflower heads provided a structural refuge
for the larvae from parasitoids. In Kansas, Aslam & Wilde (1991) showed that
early June plantings usually had higher infestations than later plantings. Early
studies showed that phytomelanin, a hard acellular layer that develops between
the hypodermis and sclerenchyma in the pericarp of some sunflower lines,
imparts mechanical resistance to the sunflower moth (Rogers & Kreitner 1983).
Spring et al. (1987) found that sunflower species have simple, noncapitate
glandular, and capitate glandular trichomes, with the capitate trichomes
producing at least six different sesquiterpene lactones. Research showed that
sesquiterpene lactones were feeding deterrents and toxins to the sunflower moth
(Gershenzon et al. 1985, Rogers et al. 1987). Other sunflower compounds may
also affect sunflower moth development; Elliger et al. (1976) and Rogers et al.
(1987) found that sunflower diterpenes in artificial diet resulted in reduced larval
performance. Although Rogers et al. (1984) released three germplasm lines for
resistance to sunflower moth, there has been limited recent effort to evaluate
lines for reduced seed injury by H. electellum in cultivated sunflower. Studies
were initiated in 2002 to evaluate sunflower germplasm for potential resistance
to the sunflower moth. Diverse sunflower germplasm was exposed to naturally
occurring moth infestations to evaluate differences in seed damage caused by this
insect pest.
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Materials and Methods

During the 2002 to 2007 growing seasons, 42 sunflower accessions (Plant
Introductions [PI]), 25 breeding lines in early generation selection for resistance
to the banded sunflower moth, Cochylis hospes Walsingham (Lepidoptera:
Tortricidae), and 40 interspecific crosses derived from ten annual and five
perennial Helianthus species were evaluated for resistance to infestation by
naturally occurring populations of the sunflower moth. Each year, USDA
sunflower Hybrid ‘894’ was included in the trials because of its historical use
as a standard check. Sunflower accessions were obtained from the USDA-ARS
North Central Regional Plant Introduction Station, Ames, IA. The USDA, ARS
Germplasm Resources Information Network (GRIN) online database was used to
select accessions. Descriptors in the database were used to select lines with
similar days to flowering and plant height. Interspecific crosses were provided by
one of the authors (G.J.S.). Trials were conducted at the Northwest Research
Extension Center, Kansas State University, Colby, Kansas. Twenty-one to 59
entries were evaluated annually in single row plots that were 8-m long. Rows
were 76 cm apart, and plants were spaced 30.5 cm apart within rows, so that
there were approximately 54,000 plants/ha. Entries with relatively low levels of
seed damage per head along with some susceptible lines were selected for
retesting in subsequent years. Plots were planted between 7 and 10 May each
year in a randomized complete block design with four replicates, except for 2005
to 2007 when only three replicates were examined. Plots received a preplant
application of fertilizer and herbicide, but no other chemical treatments were
used.

Five heads per row (total of 15–20 heads per treatment) were removed after
plants had senesced. Sunflower heads were harvested from late August to early
September and sent to Fargo, ND. Heads were dried, threshed, and the seed
cleaned prior to evaluation. Subsamples of 100 seeds per head were randomly
selected and evaluated for number of seeds damaged by moth larval feeding. The
degree of infestation was the percentage of seeds with H. electellum feeding
injury per head. Visual examination of the pericarp was found to be an effective
and reliable method to distinguish damage by the sunflower moth from other
important seed feeding pests including the banded sunflower moth and red
sunflower seed weevil, Smicronyx fulvus LeConte (Coleoptera: Curculionidae)
(Peng & Brewer 1995).

The PROC GLM analysis of variance procedure (SAS 2008) was used to
compare percentage of seed damaged per head among the different treatments for
each study year. Percentages were transformed to the square root of the arcsine
prior to analysis. Means were separated using the Fisher’s protected least
significant difference (LSD) test (Carmer & Walker 1985) at P , 0.05.

Results

The determination of feeding damage in 2002 showed high levels of sunflower
moth infestation within the trial based on the percentage of damaged seeds in
individual heads sampled. The percentage of H. electellum seed damage per head
ranged from 0 to 73% in the individual heads evaluated. The mean larval seed
damage varied from 1 to 22% among the germplasm tested and the data did show
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significant differences among a number of those tested (Table 1). Twenty four of
the 59 lines included in the study showed less than 2% seed damage. Among the
material in the trial, those less than 1% damage included the four lines 01-4059-
1, 01-4043-1, 01-4080-1, 01-4068-2; the interspecific crosses RF ANN 1742, PRA-
HIR 437, PRA RUN 417-1, ANO 1509-1; accession PI 243078; and Hybrid 894.
The line 01-4094-1 was the most susceptible entry (22%) in 2002.

High levels of sunflower moth infestation occurred within the 2003 trial, based
on the percentage of seed damage to individual heads. The percentage of H.
electellum seed damage ranged from an average of 0.2 to 47% (Table 1). The line
01-4094-1 was again the most susceptible of all material in the trial. Seven of the
54 lines in the study, including Hybrid 894, had 2.2% or less seed damage per
head. Although statistical differences were not always clearly defined, these lines
were significantly different from over 25% of the germplasm tested. Resistant
lines included the interspecific crosses HIR 1734-1, PAR 1673-1, and STR1622-2;
the accessions PI 170414 and PI 372259; and the line 01-4080-1 (less than 1%
damage in the 2002 trial).

There was a reduced level of infestation of H. electellum in the 2004 trial,
which was reflected in a low amount of feeding damage among all the germplasm
tested. The percentage of seed damage per head from H. electellum larval feeding
ranged from 0 to 2% in the 36 lines tested. Because of the low level of damage
from sunflower moth feeding, it was difficult to make meaningful comparisons
among the germplasm tested. Thus, the trial was repeated in 2005 with the same
lines.

In 2005, only two germplasm lines had over 36% damage, while the remaining
34 lines showed an average of about 10% or less H. electellum seed damage per
head (Table 1). Although some inconsistencies in the results were evident
compared to those in previous years, a number of lines that had shown low
damage levels in 2002 and 2003 also had a low percentage of seed damage per
head in 2005. The susceptible line 01-4094-1 was again the most heavily damaged
(42% of seeds damaged) by sunflower moth feeding. HIR 1734-1 had over 36%
damaged seed per head in 2005, but averaged only 2% damage per head in 2003.
Four lines with low damage (#2%) in 2003 also sustained an average of 2% or less
damage per head in 2005 and were statistically lower than 25% of the germplasm
in the trial. These lines included Hybrid 894, the accessions PI 170414 and PI
372259, and the interspecific cross STR 1622-2. Nine accessions that were new in
the 2005 trial also had less than 2% seed damage per head from sunflower moth
feeding, and of these, three averaged 1% or less damage per head: PI 193775, PI
494861, and PI 650497.

Insect pressure from the sunflower moth was very heavy in 2006 as shown by
the amount of seed damage in the trial; the mean ranged from 1 to 80% seed
damage among the selected germplasm lines evaluated (Table 1). The amount of
damage sustained by the germplasm tested was surprising because, other than
the susceptible checks, lines included in the 2006 trial had shown 4% or less
damage in 2005. The interspecific cross HIR 1734-3 sustained an average of 56%
seed damage per head in 2006, but had only 1% and 4% damage per head in 2005
and 2003, respectively. However, Hybrid 894 again had the lowest amount of seed
damage per head in 2006, which is consistent with results from 2002, 2003, and
2005. During all four years, this line sustained no more than 2.2% damage per
head, which was significantly lower than eight of the 22 lines evaluated. Others
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in the 2006 trial with low seed damage levels included PI 170414 (10.6%), PI
170385 (10.7%), and PI 650375 (10.9%), which averaged 0%, 2.5%, and 1.1%
damage, respectively, in 2005.

There was a high infestation pressure of H. electellum in 2007 based upon the
amount of seed damage in the trial; the damage ranged from 8 to 82% seed
damage per head among the 21 selected accessions, interspecific crosses, and the
hybrid evaluated (Table 1). This year had the highest mean in the six years of
evaluations with an average of 43% seed damage per head. Even though Hybrid
894 sustained 14% damage in 2007, this was still among the lowest damage levels
and was statistically lower than eight of the lines tested. PI 170414 consistently
had one of the lowest levels of damage from H. electellum with an average of 9.3%
damage in 2007, 10.6% damage in 2006 and 0% damage in 2005. The accession
with the lowest damage in 2007 was PI 177399 with only 8.8% feeding damage
per head. However, this was the only year this accession was tested.

Discussion

Germplasm with resistance to attack and damage from larval feeding by the
sunflower moth was evident from this six-year study, although in some cases
differences were not clearly defined statistically. It is likely that large variation
among plots, as reflected by large standard errors, reduced the statistical
significance among lines. PI 175728 and PI 307946 both showed less than 3%
feeding damage per head in three years they were tested. However, these lines
were not tested during 2006 and 2007 when high populations of H. electellum
were present and seed damage averaged 32% and 43%, respectively. PI 170414
exhibited less than 1% feeding damage per head in two years of trials, but
suffered over 10% damage in 2006 and 9% in 2007. Two lines (PI 170401 and PI
372259) that appeared promising in both 2003 and 2005 with less than 3% seed
damage per head, were heavily damaged in the final two trial years. This
reaction could possibly be because resistance mechanisms were overwhelmed in
2006 and 2007. Additional research would be needed to determine whether
mechanisms such as antibiosis or antixenosis were responsible for the
resistance and broke down due to high H. electellum population pressure. PI
177399 may have potential because it significantly had the least damage in
2007 among all germplasm tested; however, this was the only year of testing for
this line.

A number of interspecific crosses showed evidence of resistance in three years
of trials. PAR 1673-1 (H. paradoxus Heiser) had less than 2% seed damage per
head in both 2002 and 2003 and less than 3% in 2005. PRA PRA 1142 (H. praecox
Engleman and Gray) also sustained less than 3% seed damage per head in three
years of testing (2002, 2003, and 2005), and STR 1622-1 (H. strumosus L.) showed
less than 2% seed damage per head for the same three years. However, another
selection from this interspecific cross, STR 1622-2 (H. strumosus) had
inconsistent results; it had only 1% seed damage per head in 2003 and 2005,
but over 20% in the subsequent two years of trials due to high populations of H.
electellum. Two other interspecific crosses, DEB CUC 1810 (H. debilis Nuttall
ssp. cucumerifolius (Torrey & Gray) Heiser) and HIR 1734-3 (H. hirsutus
Rafinesque) had similar conflicting results with low damage in two of four years
of testing.
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Comparison of breeding lines evaluated in 2002 and 2003 revealed some
potential resistant germplasm. The line 01-4068-2 had the least amount of seed
damage per head in the 2002 trial with less than 1%, and in the next year
averaged only 2% damage, while 01-4080-1 sustained less than 1% the first year
and in 2003 was the lowest in the trial at 0.2% seed damage per head. The line 01-
4094-1 was used as a susceptible check based on results from 2002 when it had
the highest level of damage in the trial (22% seed damage per head). In the four
years (2002, 2003, 2005, and 2006) that 01-4094-1 was included in the trials it
sustained the greatest amount of H. electellum damage in three of those years.

Hybrid 894 was included in these trials as a standard check. It is a public-
domain hybrid that has been produced by a number of commercial sources. In the
past, it was used as a susceptible check in research studies for another sunflower
pest, the banded sunflower moth (Brewer and Charlet 1989, Jyoti and Brewer
1999). However, in the current investigation, this hybrid consistently had among
the lowest average seed damage from H. electellum feeding. In the first five years
of evaluation, it had less than 2.2% seed damage each year, and it had among the
lowest levels of seed damage in the final trial (2007) when overall damage levels
were higher than in other years. In screening trials for resistance to stem-
infesting pests, Hybrid 894 was not very resistant to attack by the sunflower stem
weevil, Cylindrocopturus adspersus (LeConte) (Coleoptera: Curculionidae), a
longhorned beetle, Dectes texanus LeConte (Coleoptera: Cerambycidae), or a root
boring moth, Pelochrista womonana (Kearfott) (Lepidoptera: Tortricidae) (Char-
let et al. 2009). However, in another study in which germplasm was evaluated for
resistance to the banded sunflower moth, Hybrid 894 was also the most resistant
line (Charlet et al. 2010).

Our investigation showed potential for developing sunflower moth-resistant
genotypes that would reduce seed feeding injury, prevent yield loss, and increase
grower profit. Host plant resistance would provide another tool in an integrated
pest management approach for H. electellum. Although chemical control has been
beneficial (Archer et al. 1983, Bynum et al. 1985, DePew 1988), it can be
expensive and relies on field monitoring to be effective. An added benefit of host
plant resistance is that it can be effectively combined with delayed planting,
which has also been shown to reduce densities of H. electellum and reduce crop
losses (Aslam & Wilde 1991). In addition, reduced chemical treatments would be
less detrimental to the natural enemies of the sunflower moth (Teetes &
Randolph 1969, Beregovoy 1985, Charlet 1999). The nature of the resistance
mechanisms resulting in the reduced seed damage in the germplasm is not
known, but will be the subject of future research. The resistance may be due to
phytomelanin (Rogers et al. 1992), sesquiterpene (Gershenson et al. 1985, Rogers
et al. 1987, Spring et al. 1987), or diterpene (Elliger et al. 1976, Rogers et al. 1987)
feeding deterrents. Additional effort is in progress to use the identified lines to
introgress resistance genes into cultivated sunflower through conventional
breeding facilitated by marker-assisted selection.
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Resistance in Cultivated Sunflower to the
Sunflower Moth (Lepidoptera: Pyralidae)1
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Brent S. Hulke,2 and Janet J. Knodel4

J. Agric. Urban Entomol. 25(4): 245–257 (October 2008)

ABSTRACT A five-year field study evaluated 42 sunflower (Helianthus
annuus L.) accessions, 25 breeding lines, and 40 interspecific crosses for
resistance to infestation and damage from larval feeding by naturally
occurring populations of the sunflower moth, Homoeosoma electellum (Hulst)
(Lepidoptera: Pyralidae). Accessions PI 175728 and PI 307946 had less than
3% feeding damage per head in all three years they were tested. Some
interspecific crosses showed evidence of resistance; PAR 1673-1 had less than
2% seed damage in 2002 and 2003 and less than 3% in 2005. PRA PRA 1142
sustained less than 3% seed damage and STR 1622-1 had less than 2% seed
damage in three years of trials. Breeding lines with potential resistance
included 01-4068-2, which had the least amount of seed damage per head in
2002 (,1%) and in 2003 averaged only 2% damage. Line 01-4080-1, with less
than 1% damage in 2002 and in 2003, was the least damaged entry in these
evaluations. Hybrid ‘894’ was included as a standard check; however, it
consistently had among the lowest average seed damage from H. electellum
feeding. Our investigation showed the potential for developing resistant
genotypes for the sunflower moth to reduce seed feeding injury and to prevent
yield losses for sunflower producers. The development of germplasm with host
plant resistance would provide another tool in an integrated pest management
approach for H. electellum. Additional effort is in progress to use the identified
lines to introgress resistance genes into cultivated sunflower through
conventional breeding facilitated by marker-assisted selection.

KEY WORDS Cultivated sunflower, Helianthus annuus, pest manage-
ment, host plant resistance, sunflower moth, Homoeosoma electellum

The sunflower moth, Homoeosoma electellum (Hulst) (Lepidoptera: Pyralidae),
has been the most widespread and damaging insect pest of sunflower, Helianthus
annuus L. (Asteraceae), in North America (Schulz 1978, Rogers 1988, Charlet et
al. 1997). The moth occurs from Mexico to both coasts of the United States and to
the Canadian Prairie Provinces (Chippendale & Cassatt 1986). Larval feeding
has been reported on more than 40 different composite plant species including
four species of native sunflowers, Helianthus debilis Nuttall, H. maximiliani
Schrader, H. petiolaris Nuttall, and H. tuberosus L. (Teetes & Randolph 1969,

1Accepted for publication 3 December 2009.
2USDA, ARS, Northern Crop Science Laboratory, Box 5677, University Station, Fargo, ND 58105.
3Northwest Research Extension Center, 105 Experiment Farm Road, Kansas State University, Colby,

KS 67701.
4Entomology Department, Dept. 7650, P.O. Box 6050, North Dakota State University, Fargo, ND 58108.
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S C I E N T I F I C N O T E

Genetic diversity of field populations of the cat flea,
Ctenocephalides felis, and the human flea, Pulex irritans,

in the South Central United States1

Jackie A. McKern,2 Allen L. Szalanski,3 James W. Austin,4 and Roger E. Gold5

J. Agric. Urban Entomol. 25(4): 259–263 (October 2008)

ABSTRACT The cat flea, Ctenocephalides felis, and the human flea, Pulex
irritans, are species of significant human and veterinary health concerns.
Genetic analysis of these species may provide insight into the dispersal of
these insects and the spread of insecticide resistance. For this study, a total of
58 fleas were collected from Texas and Arkansas from both dwellings and pet
animals. A total of 52 fleas collected were identified as C. felis, and 6 were
identified as P. irritans. Samples were subjected to PCR and DNA sequencing
using two markers, a portion of the mitochondrial DNA 16S rRNA gene and
the nuclear rRNA first internal transcribed spacer region. For both species, no
genetic variation was observed in either the nuclear or mitochondrial markers.
Based on this observed lack of genetic variation, C. felis and P. irritans
possibly underwent a genetic bottleneck in the United States.

KEY WORDS cat flea, human flea, DNA sequence, genetic variation

The most common domestic flea in the United States is the cat flea,
Ctenocephalides felis (Bouché). It can reproduce on both dogs and cats and is
the most important ectoparasite of these species worldwide (Rust & Dryden
1997). The human flea, Pulex irritans L., is associated with humans as well as
with wild mammals such as foxes, skunks and coyotes. This species is thought to
have originated in South America, where its original host may have been the
guinea pig or peccary that were living in close proximity to human dwellings
(Buckland & Sadler 1989). It is one of six species in the genus Pulex; the other
five are confined to the Nearctic and Neotropical regions (Whiting et al. 2008).
Often, fleas can become established in dwellings where pet animals are infested,
and then they will bite humans. In order to effectively control an infestation, fleas
must be removed from the pet, the home, and the surrounding area. Over one
billion dollars are spent annually by pet owners in the USA for flea control

1 Accepted for publication 27 October 2009.
2 Dow AgroSciences LLC, 9330 Zionsville Road, Indianapolis, Indiana, USA.
3 Department of Entomology, University of Arkansas, Social Insect Genetics Research Laboratory,

Fayetteville, Arkansas, USA. E-mail: aszalan@uark.edu
4 BASF Corporation, 26 Davis Drive, Morrisville, NC 27709.
5 Center for Urban and Structural Entomology, Department of Entomology, Texas A&M University,

College Station, Texas, USA.
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(MacAllister 1993). The cat flea has developed insecticide resistance to at least
five different classes of insecticides (WHO 1992).

Knowledge of genetic variation within medically important insect species is an
essential element required for understanding vector transmission, disease
epidemiology, and disease control (Tabachnick & Black 1995). Because nuclear
DNA (nDNA) and mitochondrial DNA (mtDNA) are inherited by independent
evolutionary means, their combined application to elucidate gene flow of fleas can
reveal both their sexually and matrilineally derived ancestry. A previous study
by Vobis et al. (2004) was conducted on C. felis populations from the United
States and Europe using DNA sequencing analysis of the nDNA ribosomal first
and second internal transcribed spacer regions (ITS1 and ITS2), and the mtDNA
rRNA 16S gene. The study by Vobis et al. (2004), which focused on lab colonies
from the United States, did not find any genetic variation for either marker.
Therefore, the objective of this study was to determine the extent of genetic
variation within and among field populations of C. felis and P. irritans from the
south-central United States using both mitochondrial and nuclear DNA markers.

Materials and Methods

Flea specimens were collected from Arkansas and Texas in 2007 and 2008
(Table 1). Samples were morphologically identified to species using keys by
Furman & Catts (1986). Voucher specimens preserved in 100% ethanol are

Table 1. Sample collection data and haplotype for Ctenocephalides felis
and Pulex irritans found in this study.

Species State County Haplotype (n)

Ctenocephalides felis AR Benton F1(1)
Jasper F1(1)
Johnson F1(1)
Phillips F1(2)
Saline F1(1)
Washington F1(5)

TX Bexar F1(1)
Brazos F1(29)
Cherokee F1(1)
Gregg F1(2)
Harris F1(2)
Kaufman F1(1)
Montgomery F1(1)
Nueces F1(1)
Travis F1(1)
Waller F1(1)
Wharton F1(1)

Pulex irritans TX Brazos F2(4)
Cherokee F2(1)
Wichita F2(1)
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maintained at the Arthropod Museum, Department of Entomology, University of
Arkansas, Fayetteville, AR.

DNA was extracted from individual fleas using the Puregene DNA isolation
kit D-5000A (Gentra, Minneapolis, MN). Extracted DNA was resuspended in
50 ml of Tris:EDTA and stored at 220uC. Polymerase chain reaction was
conducted using the primers LR-J-13007 (59-TTACGCTGTTATCCCTAA-39)
(Kambhampati & Smith 1995) and LR-N-13398 (59-CGCCTGTTTATCAAAAA
CAT-39) (Simon et al. 1994). These PCR primers amplify an approximately 428 bp
region of the mtDNA 16S rRNA gene. The PCR reactions were conducted with
1 ml of the extracted DNA (Szalanski et al. 2000), having a profile consisting of 35
cycles of 94uC for 45 s, 46uC for 45 s, and 72uC for 60 s for the 16S marker. PCR
was also conducted using the primers rDNA1.58s and rDNA2 to amplify the
small subunit RNA ITS marker. For the ITS1 maker, a 39 portion of 18S rDNA,
all of ITS1, and the 59 portion of 5.8S was first amplified using the primers
rDNA2 (59-TTGATTACGTCCCTGCCCTTT-39) (Vrain et al. 1992) and rDNA
1.58S (59-GCCACCTAGTGAGCCGAGCA-39) (Cherry et al. 1997) with a ther-
malcycler profile consisting of 40 cycles of 94uC for 45 s, 53uC for 1 min, and 72uC
for 1 min as described by Szalanski and Owens (2003). Amplified DNA from
individual fleas was purified and concentrated with minicolumns (Wizard
PCRpreps, Promega, Madison, WI) according to the manufacturer’s instructions.
Samples were sent to the University of Arkansas Medical Center DNA
Sequencing Facility (Little Rock, AR) for direct sequencing in both directions.
GenBank accession numbers were GQ387496 to GQ387498 for the new sequences
found in this study. Consensus sequences for each sample were obtained using
Bioedit 5.09 (Hall 1999). Sequences were compared with ones available on
GenBank using BLAST search (www.ncbi.nlm.nih.gov/blast/, which is an
algorithm for comparing the similarity of DNA sequences).

Results and Discussion

Of the 58 fleas that were subjected to DNA sequencing analysis, 52 were C.
felis and the remainder were P. irritans (Table 1). The ITS1 marker was 948 bp
in size for P. irritans and 830 bp in size for C. felis. No intraspecific variation was
observed for either species for the ITS1 marker. Using a BLAST search, the P.
irritans ITS1 sequence was 89% similar to P. irritans from Cameroon (GenBank
accession number EU169198), and the C. felis ITS1 sequence was identical to C.
felis from Cameroon (GenBank accession number EU170156).

The mtDNA 16S marker was 419 bp in size for both C. felis and P. irritans. As
with the nuclear rRNA ITS1 marker, no intraspecific variation was observed for
either species. No DNA sequences for this marker in C. felis or P. irritans exist on
GenBank, so a BLAST search was not preformed.

Vobis et al. (2004) found little variation in cat flea DNA collected from Europe
and from laboratory colonies from the United States using both the mtDNA 16S
marker and the nuclear ITS1 and ITS2 markers. Vobis et al. (2004) also studied a
population of P. irritans from Austria and found no intraspecific genetic
variation. We also found a lack of genetic variation from our field collections of
C. felis and P. irritans from Arkansas and Texas. Unfortunately, the DNA
sequences from Vobis et al. (2004) were not deposited to GenBank, so
comparisons of our data with theirs cannot be made. Molecular genetic variation
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studies of other Siphonaptera are limited. The only other species that has been
subjected to DNA sequencing analysis is Tunga penetrans (L.) from South
America and Africa populations using the mtDNA cytochrome oxidase II and
ITS2 markers (Luchetti et al. 2007). As with C. felis and P. irritans, low levels of
mtDNA genetic variation were observed, while the ITS2 marker revealed a
distinction between populations from Ecuador with those from Brazil or Africa.
This difference in mitochondrial and nuclear genetic markers has also been
observed for another blood-feeding insect, Cimex lectularius L. (Szalanski et al.
2008); however, with this bed bug, there was a large amount of mitochondrial
genetic variation and a lack of ITS1 genetic variation, indirectly supporting
suppositions about the chronology of reemerging populations of this pest.

Based on our results, field populations of C. felis and P. irritans in Arkansas
and Texas have either undergone a genetic bottleneck due to insecticide pressure
or they are a recent introduction. Some populations of C. felis that might
constitute possible assemblages of resistance to insecticides such as imidacloprid,
(Rust et al. 2002), carbaryl, chlorpyrifos, malathion, and PBO-synergized
pyrethrin (Bass et al. 2004a,b, Bossard et al. 2002), have been reported. However,
if insecticides are driving this genetic isolation, insect growth regulators (IGRs)
may be the most likely candidates to affect this genetic shift due to their broad
use by veterinarians and the easy access to consumers from the over-the-counter
market segment of animal health products. This being stated, reports of
insecticide resistance are few (Rust 2005). In the future, a more in-depth study
involving microsatellite markers and a broader geographical sample may provide
more insight into the genetic diversity of these two economically important flea
species. For now, this is the first attempt in Texas or Arkansas to observe these
public and animal nuisance pests from a genetic perspective. Future evaluation of
IGR contribution to genetic isolation and resistance of these species is highly
recommended.

Acknowledgments

We thank the 2007 Insects and People Class at the University of Arkansas for donating

flea specimens for this research. This research was supported in part by the University of

Arkansas, Arkansas Agricultural Experiment Station and the Center for Urban and

Structural Entomology, Texas A&M University, College Station, Texas.

References Cited

Bass, C., I. Schroeder, A. Turberg, L. M. Field & M. S. Williamson. 2004a.

Identification of the Rdl mutation in laboratory and field strains of the cat flea,

Ctenocephalides felis (Siphonaptera: Pulicidae). Pest Manag. Sci. 60: 1157–1162.

Bass, C., I. Schroeder, A. Turberg, L. M. Field & M. S. Williamson. 2004b.

Identification of mutations associated with pyrethroid resistance in the para-type

sodium channel of the cat flea, Ctenocephalides felis. Insect Biochem. Mol. Biol. 34:

1305–1313.

Bossard, R. L., M. W. Dryden & A. B. Broce. 2002. Insecticide susceptibilities of cat fleas

(Siphonaptera: Pulicidae) from several regions of the United States. J. Med. Entomol. 39:

742–746.

Buckland, P. C. & J. P. Sadler. 1989. A biogeography of the human flea, Pulex irritans L.

(Siphonaptera: Pulicidae). J. Biogeography 16: 115–120.

262 J. Agric. Urban Entomol. Vol. 25, No. 4 (2008)



Cherry, T., A. L. Szalanski, T. C. Todd & T. O. Powers. 1997. The internal transcribed
spacer region of Belonolaimus (Nemata: Belonolaimidae). J. Nematol. 29: 23–29.

Furman, D. P. & E. P. Catts. 1986. Manual of medical entomology. University of
Cambridge, Cambridge, UK, 207 pp.

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/NT. Nucl. Acids Symp. Ser. 41: 95–98.

Kambhampati, S. & P. T. Smith. 1995. PCR primers for the amplification of four insect
mitochondrial gene fragments. Insect Molec. Biol. 4: 233–236.

Luchetti, A., M. Trentini, S. Pampiglione, M. L. Fioravanti & B. Mantovani. 2007.
Genetic variability of Tunga penetrans (Siphonaptera: Tungidae) sand fleas across
South America and Africa. Parisitol. Res. 100: 593–598.

MacAllister, C. 1993. Flea Control. Oklahoma State University Cooperative Extension
Service publication 9121, 4pp.

Rust, M. K. & M. W. Dryden. 1997. The biology, ecology and management of the cat flea.
Annu. Rev. Entomol. 42: 451–473.

Rust, M. K., M. Waggoner, N. C. Hinkle, N. Mencke, O. Hansen, M. Vaughn, M. W.
Dryden, P. Payne, B. L. Blagburn, D. E. Jacobs, T. Bach, D. Bledsoe, T. Hopkins,
H. Mehlhorn & I. Denholm. 2002. Development of a larval bioassay for the
susceptibility of cat fleas (Siphonaptera: Pulicidae) to imidacloprid. J. Med. Entomol.
39:671–674.

Rust, M. K. 2005. Advances in the control of Ctenocephalides felis (cat flea) on cats and
dogs. Trends Parasitol. 21: 232–236.

Simon, C., F. Frati, A. Beckenbach, B. Crespi, H. Liu & P. Flook. 1994. Evolution,
weighting, and phylogenetic utility of mitochondrial gene sequences and a compilation of
conserved polymerase chain reaction primers. Ann. Entomol. Soc. Am. 87: 651–701.

Szalanski, A. L., & C. B. Owens. 2003. Genetic variation of the southern corn rootworm,
Diabrotica undecimpunctata howardi (Coleoptera: Chrysomelidae). Fla. Entomol. 86:
329–333.

Szalanski, A. L., D. S. Sikes, R. Bischof & M. Fritz. 2000. Population genetics and
phylogenetics of the endangered American burying beetle, Nicrophorus americanus
(Coleoptera: Silphidae). Ann. Entomol. Soc. Am. 93: 589–594.

Szalanski, A. L., J. W. Austin, J. A. McKern, C. D. Steelman & R. E. Gold. 2008.
Mitochondrial and ribosomal internal transcribed spacer (ITS1) diversity of the bed bug,
Cimex lectularius L. (Heteroptera: Cimicidae). J. Med. Entomol. 45: 229–236.

Tabachnick, W. J., & W. C. Black. 1995. Making a case for molecular genetic studies of
arthropod vectors. Parasitol. Today 11: 27–30.

Vobis, M., J. D’Haese, H. Mehlhorn, N. Mencke, B. L. Blagburn, R. Bond, I.
Denholm, M. W. Dryden, P. Payne, M. K. Rust, I. Schroeder, M. B. Vaughn & D.
Bledsoe. 2004. Molecular phylogeny of isolates of Ctenocephalides felis and related
species based on analysis of ITS1, ITS2 and mitochondrial 16S rDNA sequences and
random binding primers. Parasitol. Res. 94: 219–226.

Vrain T. C., D. C. Wakarchuk, A. C. Levesque & R. I. Hamilton. 1992. Intraspecific
rDNA restriction fragment length polymorphism in the Xiphinema americanum group.
Fund. Appl. Nematol. 15: 563–573.

Whiting, M. F., A. S. Whiting, M. W. Hastriter & K. Dittmar. 2008. A molecular
phylogeny of fleas (Insecta: Siphonaptera): origins and host associations. Cladistics 24:
1–31.

World Health Organization. 1992. Present status of pesticide resistance. Tech. Rep. Ser.
No. 818, pp. 2–17.

MCKERN et al.: Flea genetic diversity 263



S C I E N T I F I C N O T E

Genetic diversity of field populations of the cat flea,
Ctenocephalides felis, and the human flea, Pulex irritans,

in the South Central United States1

Jackie A. McKern,2 Allen L. Szalanski,3 James W. Austin,4 and Roger E. Gold5

J. Agric. Urban Entomol. 25(4): 259–263 (October 2008)

ABSTRACT The cat flea, Ctenocephalides felis, and the human flea, Pulex
irritans, are species of significant human and veterinary health concerns.
Genetic analysis of these species may provide insight into the dispersal of
these insects and the spread of insecticide resistance. For this study, a total of
58 fleas were collected from Texas and Arkansas from both dwellings and pet
animals. A total of 52 fleas collected were identified as C. felis, and 6 were
identified as P. irritans. Samples were subjected to PCR and DNA sequencing
using two markers, a portion of the mitochondrial DNA 16S rRNA gene and
the nuclear rRNA first internal transcribed spacer region. For both species, no
genetic variation was observed in either the nuclear or mitochondrial markers.
Based on this observed lack of genetic variation, C. felis and P. irritans
possibly underwent a genetic bottleneck in the United States.

KEY WORDS cat flea, human flea, DNA sequence, genetic variation

The most common domestic flea in the United States is the cat flea,
Ctenocephalides felis (Bouché). It can reproduce on both dogs and cats and is
the most important ectoparasite of these species worldwide (Rust & Dryden
1997). The human flea, Pulex irritans L., is associated with humans as well as
with wild mammals such as foxes, skunks and coyotes. This species is thought to
have originated in South America, where its original host may have been the
guinea pig or peccary that were living in close proximity to human dwellings
(Buckland & Sadler 1989). It is one of six species in the genus Pulex; the other
five are confined to the Nearctic and Neotropical regions (Whiting et al. 2008).
Often, fleas can become established in dwellings where pet animals are infested,
and then they will bite humans. In order to effectively control an infestation, fleas
must be removed from the pet, the home, and the surrounding area. Over one
billion dollars are spent annually by pet owners in the USA for flea control
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2 Dow AgroSciences LLC, 9330 Zionsville Road, Indianapolis, Indiana, USA.
3 Department of Entomology, University of Arkansas, Social Insect Genetics Research Laboratory,

Fayetteville, Arkansas, USA. E-mail: aszalan@uark.edu
4 BASF Corporation, 26 Davis Drive, Morrisville, NC 27709.
5 Center for Urban and Structural Entomology, Department of Entomology, Texas A&M University,

College Station, Texas, USA.
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Assessment of Chrysoperla plorabunda Longevity,
Fecundity, and Egg Viability When Adults Are Fed

Transgenic Bt Corn Pollen1

Charles E. Mason,2,3 Joseph K. Sheldon,4 John Pesek,5 Heather Bacon,4

Rachel Gallusser,4 Gretchen Radke,4 and Ben Slabaugh4

J. Agric. Urban Entomol. 25(4): 265–278 (October 2008)

ABSTRACT The widespread planting of transgenic corn containing
Bacillus thuringiensis (Bt) Cry endotoxin in its tissues for insect pest control
raises the potential for influence on many non-target species including pollen-
feeding species of Chrysopidae. This study was conducted to assess fitness
parameters associated with longevity, fecundity, and egg viability of adult
Chrysoperla plorabunda (Fitch) (Neuroptera: Chrysopidae) when fed Bt corn
pollen. Bt products tested with their respective non-Bt near-isolines were
Event 176 (Cry1Ab), MON810 (Cry1Ab), and TC1507 (Cry1F). Females fed
pollen from Event 176 lived significantly longer than those fed pollen from its
non-Bt near-isoline. Males fed pollen from TC1507 showed a trend for living
longer than males fed its non-Bt near-isoline pollen, but there was no
difference for females regarding this event. The mean number of eggs
produced per female per day was significantly less for those fed MON810
pollen compared with females fed pollen from the non-Bt near-isoline. Total
egg production was significantly less for females fed MON810 pollen vs.
females fed pollen from its non-Bt near-isoline.

KEY WORDS lacewing, Chrysoperla plorabunda, Bacillus thuringiensis,
transgenic corn, non-target insect, fitness

Bioengineered transgenic crops that were developed in the 1990s by
incorporating Bacillus thuringiensis (Bt) Cry protein endotoxin directly into
plant tissues to make them highly resistant to pest insects provide very effective
pest control (Pedigo & Rice 2009). Incorporation of Bt Cry protein into corn
through genetic engineering (Koziel et al. 1993) was readily commercialized and
Bt corn acreage has substantially increased over the past decade. Bt corn was
planted on 55 million acres in the USA in 2009, representing 63% of the total
acreage planted to field corn that year (USDA-NASS 2009). This percentage
includes varieties containing Bt only (17% of corn acreage) and stacked varieties
(46% of corn acreage) containing both Bt and herbicide-resistance genes. Corn

1Accepted for publication 8 January 2010.
2Corresponding author (mason@udel.edu)
3Department of Entomology and Wildlife Ecology, University of Delaware, Newark, DE, USA, 19716-

2160.
4Department of Biological Sciences, Messiah College, Grantham, PA, USA, 17027.
5Department of Food and Resource Economics, University of Delaware, Newark, DE, USA, 19716-2160.
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varieties containing genes for Cry1Ab are targeted primarily for European corn
borer (Lepidoptera: Crambidae) in North America (Baute 2004).

Even before its release, concern was expressed regarding the impact of Bt corn
tissue on non-target insects and other organisms. Wolfenbarger et al. (2008)
provided a recent meta analysis of the effects of Bt corn on non-target arthropods.
Among various non-target species, Andow & Hilbeck (2004, page 645) described
Chrysoperla carnea [sensu lato] (Neuroptera: Chrysopidae) as a ‘‘high-priority
secondary consumer for nontarget testing’’ that is ‘‘often included as a universal
indicator species in ecotoxicological testing of pesticides.’’ Until recently, the
common green lacewing was known as Chrysoperla carnea (Stephens). The Old
World form of the common green lacewing, now recognized as a distinct species,
retained the name Chrysoperla carnea, while the New World form was re-named
Chrysoperla plorabunda (Fitch) (Brooks 1994). Chrysoperla plorabunda is widely
distributed in the USA and is the most common species in the corn belt region,
whereas a related species C. rufilabris Burmeister, is more prevalent in the
southeastern states. Differences in humidity between these areas may account
for the geographic differences (Tauber & Tauber 1983).

Because of the beneficial nature of the predatory larvae of C. plorabunda in
North America and its Eurasian counterpart, C. carnea, concern has been raised
and extensive studies have been conducted to determine the effects of Cry protein
on these species. To date, nearly all of the published studies have focused on the
larval stages. Earlier works indicated possible effects due to direct and indirect
exposure to Bt Cry protein (Salama et al. 1982, Pilcher et al. 1997, Hilbeck et al.
1998a,b, Lozzia et al. 1998, Dutton et al. 2002). However, more recent studies
(Romeis et al. 2004, 2006, Rodrigo-Simón et al. 2006, Wolfenbarger et al. 2008) do
not show significant detrimental effects of Cry proteins on C. carnea larvae when
ingested either directly or indirectly after Bt containing tissue is consumed by
prey. Obrist et al. (2006a) found that Cry1Ab toxin levels in first instar C. carnea
corresponded with levels of Cry1Ab toxin present in two prey species,
Tetranychus urticae Koch (Acari: Tetranychidae) and Spodoptera littoralis
Biosduval (Lepidoptera: Noctuidae).

The impact of Cry protein on adult Chrysoperla spp. has received little
attention until recently (Obrist et al. 2006b, Li et al. 2008). In contrast to larvae,
the non-predatory adults are not likely to be exposed to Cry proteins through
consumption of arthropod prey, because they generally develop and reproduce by
feeding on pollen and glycolic substances (honeydew, nectar, and sugary
exudates) (Sheldon & MacLeod 1971, 1974, Canard 2001). The common green
lacewing in Illinois was reported to disperse in large numbers into corn fields
during tasseling where it was observed feeding extensively on corn pollen
(Sheldon & MacLeod 1971, 1974). The pollen provides proteins and other
nutrients that facilitate egg development. However, if the pollen contains Cry
proteins, it could affect adult development, survival, and fitness, which could lead
to higher mortality than in non-Bt corn, or otherwise affect populations of this
important insect predator over successive generations.

Obrist et al. (2006b) found that Cry1Ab toxin was present in adult Chrysoperla
spp. collected from fields of Bt corn (Event 176, Compa CBH, Syngenta). They
noted that the presence of Cry protein in the green lacewing adults corresponded
with pollen shedding and that no or very little Cry protein was found in adults
collected before and after pollen shedding. Indirect studies that have sampled
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lacewing populations in Bt corn fields vs. non-Bt control plots have given mixed
results. One study showed no significant difference in population sizes (Bhatti et
al. 2005), while in another study (Dively 2005) there were significantly fewer
lacewing eggs and larvae in the Bt plots compared with plots of the non-Bt near-
isoline. However, this response was thought to be indirectly due to the lack of
insect injury and resultant volatiles that are known to attract adults.
Wolfenbarger et al. (2008) concluded from a meta-analysis that Chrysoperla is
not affected in the field by Bt crops. A paper was published recently by Li et al.
(2008) that evaluated the impact of Cry1Ab (Event 176) and Cry3Bb1-expressing
corn pollen on fitness parameters of the adult Old World C. carnea. They
concluded that adults of this species are not affected by Bt corn pollen. Fitness
parameters they studied included adult survival over a 28-day period, pre-
oviposition period, fecundity, fertility, and dry weight. They also fed adults
artificial diet containing 10 times the Cry1Ab and Cry3Bb1 levels in pollen and
found no significant differences in fitness parameters (Li et al. 2008). Cry3Bb1 is
targeted for corn rootworm (Baute 2004).

Because adult lacewings are often found in high numbers in corn fields feeding
on the pollen (Sheldon & MacLeod 1971, 1974), the Bt in the pollen could have an
influence on their fitness and population dynamics. To our knowledge, no
research has examined the potential effects on fitness of adults of C. plorabunda
feeding on corn pollen produced by transgenic Bt corn. Therefore, the purpose of
this study was to determine if there is an impact on longevity, fecundity, and egg
viability when Bt corn pollen is fed upon by adult C. plorabunda. Results from
our study may help determine if Bt Cry proteins present in corn pollen used as
food by these adults may have some influence on their biology that could
potentially alter the fitness of individuals and affect their population overall.

Materials and Methods

Insects. This study was conducted in the laboratory from the fall of 2002
through the spring of 2004. C. plorabunda cocoons were obtained from Ward’s
Natural Science (Rochester, NY). According to a company source, the stock
culture originated from southern California and was identified as C. plorabunda.
Upon arrival at our laboratory, the cocoons were placed in a Percival Scientific
Series 101 environmental chamber (Perry, IA) that was set at constant 25uC and
had a photo cycle of 16:8 h L:D until adult emergence. Throughout the studies,
adults were maintained and tested under the same environmental conditions.
Adult lacewings were fed pure honey as described by Sheldon and MacLeod
(1971) along with one of the corn pollen treatments being assessed for its effects
on the insects. Depending on availability, either GiantH brand clover honey or
prepackaged grade A honey, marketed by Knott’s Berry FarmH, was used.

Plants. The corn for this study was raised in a greenhouse under
supplemental light provided by 1000 w mercury halide DuraglowH luminaires
(General Electric Co., Hendersonville, NC) and temperatures ranging from 22–
30uC. Plants were grown individually from seeds in 26-L pots containing
standard greenhouse potting soil. Corn plants were routinely watered on
alternate days and they received fertilizer (21N-5P-20K) at the rate of 200 ppm
of N once a week. Pollen was harvested from plants that approximated the size
and appearance of field-grown corn. Tassels were shaken into a paper bag during
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mid-morning when most of the pollen in corn is shed for the day (Mason &
Tracewski 1982). Undersized plants were not included in the pollen harvesting.
To reduce moisture content, the gathered pollen was temporarily stored in
desiccators containing DrieriteH (W. A. Hammond Co., Xenia, OH) and
subsequently transported in desiccators to the laboratory. Temporary storage
did not exceed two weeks. Before beginning the feeding studies, the pollen was
separated from anthers and fragments of tassel using a fine mesh (0.2 mm) sieve.
Microscopic examination showed that pollen had purity in excess of 95%. The
pollen from each corn type was placed in a covered glass Petri dish that was
stored in its own desiccator with DrieriteH to keep the pollen dry until it was fed
to the lacewing adults. Pollen desiccators were kept in total darkness in an
environmental chamber at 15uC. Storage in desiccators did not exceed three
months.

Three varieties of Bt corn and their respective non-Bt near-isolines were
tested. They were Mycogen 2249 (Event 176, Cry1Ab, NatureGardH) and its
non-Bt near-isoline (Mycogen 2250); Pioneer 38G17 (Monsanto MON810,
Cry1Ab, YieldGardH) and its non-Bt near-isoline (Pioneer 3893); and Pioneer
34N42 (Dow TC1507, Cry1F, HerculexH) and its non-Bt near-isoline (Pioneer
34N43). Cry1F is targeted for several lepidopteran pests, including European
corn borer (Baute 2004). The Bt corn lines will subsequently be referred to as
Event 176, MON810, and TC1507. Each Bt event (transgenic corn line) and its
non-Bt near-isoline were raised concurrently in the greenhouse. The concen-
tration of the Cry protein in pollen has been reported as 1.1–7.1 mg/g for Event
176, 0.09 mg/g for MON810 (Sears et al. 2001), and 0.11–0.17 mg/g for TC1507
(Mendelsohn et al. 2003). Event 176 is not currently registered in the USA (US-
EPA 2009).

Female longevity and fecundity (trial 1). Event 176 and MON810 (trial
1) investigations were conducted during the fall 2002 where individual females
were monitored for both longevity and oviposition. After sex was determined,
an adult female and an adult male C. plorabunda were placed into a 0.26 liter
jar (inverted with lids down). Jar lids were drilled with several small holes for
ventilation, and a half-piece of circular filter paper was placed in each jar to
serve as substrate for oviposition. Pollen from each Bt corn event and each non-
Bt near-isoline were tested against 30 insect pairs (120 pairs total). Pairs of C.
plorabunda were left in the jars until oviposition began. At that time, the
males were removed, but the females were maintained in individual jars until
they died.

Individual C. plorabunda females were checked daily and eggs were counted
to determine oviposition rates. After the eggs were counted, the filter paper was
changed, and the jar lid and inside of the jar were wiped clean to remove all eggs.
Tap water was provided daily in the form of a small, saturated cotton plug
approximately 2 mm in diameter. Honey and pollen were provided on alternate
days to assure a continuous source of carbohydrates and proteins. Water, honey,
and pollen were placed on the lid of the inverted jar in small aluminum caps that
were removed when the eggs were counted and the jar and lid were cleaned. This
process was continued until the death of the female. The number of days of
survival was recorded for each individual. Females that did not lay eggs were
eliminated from the study, including the recording of longevity. Accidentally
killed or escaped individuals were not included in the analysis.
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Female longevity and fecundity (trial 2). MON810 (trial 2) and TC1507
investigations were conducted during the fall 2003. For this experiment, the
group size of both experimental and non-Bt near-isoline groups was increased to
35 females each. The rearing methods were the same as described above for the
first trial where individual females were monitored collectively for longevity and
oviposition in glass jars. Unfortunately, an outbreak of aphids in the greenhouse
prevented the MON810 corn from fully reaching the tassel stage and producing
enough pollen for completing this experiment. Therefore, data for MON810 were
obtained only up to the time when the pollen ran out at day 18. However,
adequate pollen was available from TC1507 and its non-Bt near-isoline to
complete this experiment. Longevity data were collected for females for TC1507
and its non-Bt near-isolines in the same manner as in trial 1. Longevity for
MON810 trial 2 was not available due to early termination of the test as
explained previously. No data were acquired on the longevity of males in these
studies as described up to this point.

Male and female longevity. To obtain longevity data for males and females
fed pollen of MON810 and TC1507, the testing methods were modified. One
modification was to use a larger test chamber, which we believed to be an
improvement over confining a single individual to a jar. Sexed adults were
divided into four groups, one for each of the pollen types. The four treatments
consisted of pollen from MON810, its non-Bt near-isoline (Pioneer 3893), TC1507,
and its non-Bt near-isoline (Pioneer 34N43). At the start of the experiment, each
group contained 30 males and 30 females, which were maintained in a 120 3 120

aluminum mesh collapsible cage obtained from BioQuipH (Gardena, CA). Food
and water were placed on the bottom of each cage. Pure honey was put in a
depression glass slide, pollen was placed in a small aluminum cap, and water was
delivered from a saturated cotton ball.

Each day, fresh water and honey were provided and pollen was replenished so
that it was constantly available. A small square of mosquito netting was placed
on top of the honey to prevent the lacewings from becoming stuck, but still
allowing free access to the food. Cages were changed and cleaned on a four-day
rotational cycle. The number of dead insects in each group and the date of death
for individual insects were recorded daily.

Egg viability. Eggs were sampled during the first female longevity and
fecundity experiment (trial 1) for Event 176 and MON810, where females were
placed individually in jars. Egg viability was tested by randomly selecting two
eggs from each of the first 15 laying females per group. Thus, 30 eggs were tested
for each of the Bt event and non-Bt near isoline treatments. Eggs were placed
individually into two-dram shell vials that were closed at the end with cotton and
monitored daily for development and eclosion.

Statistical analysis. To compare between treatment means in each of the Bt
and non-Bt groups, data for female longevity, total number of eggs produced per
female, and number of eggs produced per female per day were analyzed with a
t-test where a P-value of 0.05 or less was considered significant. Fisher’s exact
test (Fisher 1954) was used to test for differences in egg eclosion for the Bt and
non-Bt pollen treatments. Because data for male and female longevity in cages
were not true replicates, t-tests were not conducted and only the means and
standard errors are reported.
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Results

Longevity. Females raised individually in jars lived significantly longer
when fed Bt pollen from Event 176 compared with females fed pollen from the
non-Bt near-isoline (Table 1). Maximum longevity of females fed Bt pollen was
also longer than females fed the non-Bt near-isoline pollen. In contrast, no
significant affects of Bt pollen feeding on female longevity were evident for
MON810 or TC1507 compared with their non-Bt near-isolines (Table 1).

For the cage experiments, longevity of males and females appeared fairly
consistent between MON810 Bt pollen and the non-Bt near-isoline treatments
(Table 1). However, males fed TC1507 Bt pollen lived an average of 67.0 days
compared with 51.4 days for males fed the TC1507 non-Bt near-isoline pollen;
however, these data were not analyzed statistically (Table 1).

Fecundity. The daily mean egg production by females fed Event 176 pollen
was similar to that for females fed the non-Bt near-isoline pollen (Fig. 1). Mean

Table 1. Longevity of adult Chrysoperla plorabunda following eclosion
when fed corn pollen from three Bt events and their respective
non-Bt near isolines.

Treatment n Cohort

No. days post-eclosion

t PMean 6 SE Maximum

Maintained in jars

Event 176 29 Females 57.2 6 3.6 103 3.206 0.002
Isoline-176a 29 Females 43.7 6 2.3 74

MON810 24 Females 47.9 6 3.1 90 0.850 0.399
Isoline-MON810a 29 Females 44.2 6 2.8 68

TC1507 32 Females 30.2 6 2.3 55 1.675 0.099
Isoline-TC1507a 35 Females 35.6 6 2.2 59

Maintained in cages

MON810 30 Males 64.2 6 4.6 109
Isoline-MON810a 30 Males 60.1 6 3.7 93

MON810 27 Females 61.4 6 2.1 91
Isoline-MON810a 26 Females 59.0 6 3.1 98

MON810 57 M + Fb 62.9 6 2.6 109
Isoline-MON810a 56 M + Fb 59.6 6 2.4 98

TC1507 30 Males 67.0 6 4.5 103
Isoline-TC1507a 29 Males 51.4 6 4.6 107

TC1507 26 Females 57.7 6 3.3 107
Isoline-TC1507a 26 Females 53.3 6 2.8 73

TC1507 56 M + Fb 62.7 6 2.9 107
Isoline-TC1507a 55 M + Fb 52.3 6 2.7 107

aNon-Bt near isoline.
bData for males and females (M + F) were combined.
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number of eggs produced per day per female was not significantly different
between those fed Event 176 pollen (10.3) and those fed the non-Bt near-isoline
pollen (10.7) (Table 2). Also, there was no significant difference in the mean
number of total eggs produced per individual for females fed Event 176 pollen
(462.0) and those fed the non-Bt near-isoline pollen (473.9) (Table 3). The
maximum total number of eggs was 818 for one female fed Event 176 pollen and
892 for one fed the non-Bt near-isoline pollen.

Fig. 1. Mean (6SE) eggs laid per day per female for Chrysoperla plorabunda
when adults were fed pollen from Event 176 Bt corn and pollen from its
non-Bt near-isoline.

Table 2. Comparison of eggs laid per day per female from day 5
following adult eclosion when fed corn pollen from each Bt
event and its respective non-Bt near isoline.

Treatment Days n Mean 6 SE t P

Event 176 5–50 46 10.3 6 1.0
0.220 0.826

Isoline-176a 5–50 46 10.7 6 1.2

MON810 (trial 1) 5–50 46 8.2 6 0.7
4.052 0.001

Isoline-MON810 (trial 1)a 5–50 46 13.9 6 1.2

MON810 (trial 2) 5–18b 14 17.6 6 1.0
2.149 0.041

Isoline-MON810 (trial 2)a 5–18b 14 20.9 6 1.2

TC1507 5–50 46 15.7 6 1.4
0.181 0.857

Isoline-TC1507a 5–50 46 15.4 6 1.0

aNon-Bt near isoline.
bExperiment not completed due to lack of pollen.
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For females fed MON810 pollen in trial 1, a reduction in the mean number of
eggs per female was observed, particularly between days 7 and 27, compared with
females fed the non-Bt near-isoline pollen (Fig. 2). There was a significant
difference in mean number of eggs laid per female per day between the MON810
Bt pollen (8.2) and the non-Bt near-isoline treatments (13.9) (Table 2). The mean
total number of eggs for the MON810 Bt treatment for the entire oviposition
period was 363.8, which was significantly different from the 573.6 eggs for the
non-Bt near-isoline treatment (Table 3). The maximum number of eggs from one

Table 3. Comparison of total eggs laid per female for the duration of
each trial when fed corn pollen from each Bt event and its
respective non-Bt near isoline.

Treatment n Mean 6 SE t P

Event 176 29 462.0 6 42.9
0.189 0.851

Isoline-176a 29 473.9 6 46.5

MON810 (trial 1) 23 363.8 6 49.7
2.528 0.015

Isoline-MON810 (trial 1)a 29 573.6 6 62.4

MON810 (trial 2) 32 247.0 6 37.0
2.219 0.030

Isoline-MON810 (trial 2)a 33 299.0 6 45.0

TC1507 32 507.9 6 52.9
0.411 0.682

Isoline-TC1507a 35 536.3 6 44.7

aNon-Bt near isoline.

Fig. 2. Mean (6SE) eggs laid per day per female for Chrysoperla plorabunda
when adults were fed pollen from MON810 Bt corn and pollen from its
non-Bt near-isoline for trial 1.
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MON810 pollen-fed female in trial 1 was 846 compared with 1321 for a female fed
the non-Bt near-isoline pollen.

Because pollen for trial 2 ran out after 18 days, this study with MON810 Bt
was ended early. Even so, females fed MON810 pollen had a noticeably lower
oviposition rate from days 10 to 18 than females fed the non-Bt near-isoline pollen
(Fig. 3). The mean number of eggs produced per day per female from day 5
through day 18 was significantly lower for MON810 (17.6) compared with the
non-Bt near-isoline pollen (20.9) (Table 2). Total egg production for females fed
the MON810 pollen in trial 2 averaged 247.0 eggs during the first 18 days, which
was significantly lower than for females fed the non-Bt near-isoline pollen (299.0
eggs) (Table 3).

No significant difference in fecundity was detected for females fed TC1507
pollen (15.7 eggs) compared with females fed the non-Bt near-isoline pollen (15.4
eggs) (Table 2, Fig. 4). The mean number of total eggs produced by TC1507
pollen-fed females was 507.9 eggs compared with 536.3 eggs for the non-Bt near-
isoline pollen-fed females (Table 3). Maximum egg production was 1164 for an
individual fed TC1507 pollen compared with 1136 for one fed non-Bt near-isoline
pollen.

Egg viability. There were no significant effects on egg development or
eclosion rates from females fed pollen from either Event 176 or MON810 in
comparison to their respective non-Bt near-isolines. Normal appearing larvae
emerged from 27 out of 30 of eggs coming from females fed Event 176 pollen
compared with 30 out of 30 eggs from females fed the non-Bt near-isoline pollen,
and this difference was not significant (Fisher’s Exact Test, P 5 0.237). Likewise,
29 out of 30 eggs from females fed MON810 pollen compared with 27 out of 30
eggs from those fed non-Bt near-isoline pollen emerged successfully, and this

Fig. 3. Mean (6SE) eggs laid per day per female for Chrysoperla plorabunda
when adults were fed pollen from MON810 Bt corn and pollen from its
non-Bt near-isoline for trial 2.
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difference also was not significant (Fisher’s Exact Test, P 5 0.612). Eggs from
females fed pollen from TC1507 also showed no evident reduction in normal
development and normal appearing larvae emerged.

Discussion

The results of our study on longevity differed from a study on the Old-World
species C. carnea in India (Srinivasan & Sundara Babu 2001), but these studies
were designed differently and used Bt from totally unrelated sources. Srinivasan
& Sundara Babu (2001) reported that Bt derived from Bt insecticides shortened
the life span of C. carnea. However, we did not find this to be true for C.
plorabunda. In fact, the opposite result was shown at a statistically significant
level for females fed Event 176 and was indicated as a possibility in the males fed
TC1507 in our study. The source of Bt for the Indian study (Srinivasan &
Sundara Babu 2001) would have contained a wide variety of Cry proteins, being
quite different than the single Cry proteins found in the plants of our study. They
applied various concentrations of purified Bt protein directly into honey as the
sole food source, while we fed our adults pollen produced from greenhouse raised
corn from three Bt events and provided honey as an independent source of
carbohydrate without any Bt source mixed in. The average longevity of their
adults (Srinivasan & Sundara Babu 2001) was approximately one-third of that
obtained in our study. This difference in longevity could have been due to a
shortage of nutritional protein in the diet fed to adults for their study. As noted
previously, pollen (especially corn in agricultural areas) is an important protein
source for lacewing adults in Illinois (Sheldon & Macleod 1971, 1974).

Fig. 4. Mean (6SE) eggs laid per day per female for Chrysoperla plorabunda
when adults were fed pollen from TC1507 Bt corn and pollen from its
non-Bt near-isoline.
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Our finding that C. plorabunda adults fed Bt pollen lived significantly longer
in some experiments suggests that there could be a subtle influence by Cry
proteins to prolong longevity. Whether an increase in longevity of this predator
would be beneficial for pest management or for improving the fitness of C.
plorabunda is not certain. However, an increase in longevity could be favorable if
it increased the overall fecundity by extending the oviposition period or if it
increased the mating time for males. In contrast, shorter longevity could result in
less egg production by females or reduced reproductive fitness for males.

The MON810 (Cry1Ab) trials resulted in a significant reduction in total egg
production by 36.6% (trial 1) and 17.3% (trial 2) compared with its non-Bt near-
isoline. However, we found no similar significant reduction in fecundity for either
Events 176 (Cry1Ab) or TC1507 (Cry1F) pollen. Li et al. (2008) also found no
significant difference in fecundity for the Event 176 (‘Compa CB’) compared with
its non-Bt near-isoline (‘Dracma’). In addition, they found no difference in
fecundity for another Bt protein, Cry3Bb1, which targets coleopterans rather
than lepidopterans. Because both Event 176 and MON810 are based on the
Cry1Ab protein, there is an indication that the Bt itself may not be responsible for
the reduced egg production we observed in MON810 compared with its non-Bt
near-isoline. Also, since the reported concentration of Bt Cry1Ab is more than ten
times greater in Event 176 (1.1–7.1 mg/g) than it is in Mon 810 (0.09 mg/g) (Sears
et al. 2001), it is questionable whether the reduced fecundity we found for females
fed MON810 is due directly to the Bt Cry protein. It is not clear why there was a
reduced egg production for females fed pollen from this event, but some other
factor in the MON810 pollen not associated with Bt could be responsible. Other
plant-derived compounds, such as agglutinin from Galanthus nivalis, have
shown a reduction in fecundity of C. carnea (Li & Romeis 2009). An alternative
possibility is that some factor in the MON810 non-Bt near-isoline pollen
promoted an increase in egg production compared with the Bt pollen.

Our results indicate no impact on eggs when they are produced by females
consuming Bt corn pollen from the Bt events we tested. These eggs appeared to
have normal embryonic development and egg eclosion. Li et al. (2008) found no
significant effects on egg hatching for Cry1Ab and Cry3Bb1, where hatching
rates averaged 82.5% to 87.4%, respectively.

We believe our study is the first to examine fitness criteria for adult C.
plorabunda that directly fed on pollen derived from Bt corn. Previous studies
have been on the Old World species, C carnea. That we found no reduction in
longevity and no impact on egg viability from any of the three Bt events we tested
corresponds with recent studies on Cry protein that similarly found no negative
impact on larvae or adults of C. carnea (Romeis et al. 2006, Li et al. 2008). Li et al.
(2008) found no negative impact of Bt events on survival, fertility, and weight of
C. carnea adults. Obrist et al. (2006a) found that Bt toxin was present in field-
collected adults of C. carnea, which was associated with the presence of pollen
from Event 176 Bt field corn. This provides evidence that Cry protein can be
present in lacewing adults at least for a period of time. Obrist et al. (2006a) also
found Bt Cry protein in first instars of C. carnea that were fed on prey that had
consumed Bt from corn tissues. This provides supporting evidence that the Cry
proteins can be transferred through herbivores to predators in the food chain.
Further evidence for transfer of Cry protein from prey to C. carnea larvae is
provided by Wei et al. (2008). However, larvae apparently consume some pollen
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as a source of supplemental protein, and it is possible that Cry proteins could be
obtained this way as well (Patt et al. 2003).

Most of the studies on lacewings in association with Bt crops have been done
on larvae. The consensus is that there is minimal or no impact on Chrysoperla. In
the meta-analysis conducted by Wolfenbarger et al. (2008), they conclude that
population numbers of Chrysoperla in Bt corn and cotton are not affected.
However, the findings in our study indicated that reduction in fecundity of C.
plorabunda adults feeding on MON810 pollen should be noted and investigated
further, especially in the field, as it has the potential of having a negative impact
on fitness and could reduce the size of the overall population. The MON810 event
is currently the most commonly planted in corn acreage among the commercial
Cry events planted in the USA.

We suggest that if the recent taxonomic reclassification of C. carnea into two
sibling species (Brooks 1994) continues to be recognized, it will be important to
document the responses that C. carnea (Old World) and C. plorabunda (New
World) populations have to Cry proteins.
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Assessment of Chrysoperla plorabunda Longevity,
Fecundity, and Egg Viability When Adults Are Fed

Transgenic Bt Corn Pollen1
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ABSTRACT The widespread planting of transgenic corn containing
Bacillus thuringiensis (Bt) Cry endotoxin in its tissues for insect pest control
raises the potential for influence on many non-target species including pollen-
feeding species of Chrysopidae. This study was conducted to assess fitness
parameters associated with longevity, fecundity, and egg viability of adult
Chrysoperla plorabunda (Fitch) (Neuroptera: Chrysopidae) when fed Bt corn
pollen. Bt products tested with their respective non-Bt near-isolines were
Event 176 (Cry1Ab), MON810 (Cry1Ab), and TC1507 (Cry1F). Females fed
pollen from Event 176 lived significantly longer than those fed pollen from its
non-Bt near-isoline. Males fed pollen from TC1507 showed a trend for living
longer than males fed its non-Bt near-isoline pollen, but there was no
difference for females regarding this event. The mean number of eggs
produced per female per day was significantly less for those fed MON810
pollen compared with females fed pollen from the non-Bt near-isoline. Total
egg production was significantly less for females fed MON810 pollen vs.
females fed pollen from its non-Bt near-isoline.

KEY WORDS lacewing, Chrysoperla plorabunda, Bacillus thuringiensis,
transgenic corn, non-target insect, fitness

Bioengineered transgenic crops that were developed in the 1990s by
incorporating Bacillus thuringiensis (Bt) Cry protein endotoxin directly into
plant tissues to make them highly resistant to pest insects provide very effective
pest control (Pedigo & Rice 2009). Incorporation of Bt Cry protein into corn
through genetic engineering (Koziel et al. 1993) was readily commercialized and
Bt corn acreage has substantially increased over the past decade. Bt corn was
planted on 55 million acres in the USA in 2009, representing 63% of the total
acreage planted to field corn that year (USDA-NASS 2009). This percentage
includes varieties containing Bt only (17% of corn acreage) and stacked varieties
(46% of corn acreage) containing both Bt and herbicide-resistance genes. Corn
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CILBIRCIOĞLU, C. 13

DELATE, K. 145
DEWITT, J. 145
DOWLING, A.P.G. 165
DREES, B.‘‘.M. 139, 205

ELLIS, B.R. 223

FUXA, J.R. 81

GALLUSSER, R. 265
GAO, X. 193
GOLD, R.E. 63, 179, 259

HAMMIG, M.D. 37
HULKE, B.S. 245

JACKSON, D.M. 81
JOHNSON, D.T. 165

KARLEN, D.L. 145
KNODEL, J.J. 245

LIBURD, O.E. 99
LYNN, D.E. 81

MASON, C.E. 265

MCKERN, A. 145
MCKERN, J.A. 25, 41, 63, 165, 259
MERLE SHEPARD, B. 233
MUNIAPPAN, R. 37

PECHAL, J.L. 179
PESEK, J. 265
PITRE, H.N. 53, 127

RADKE, G. 265
RAUF, A. 37
ROSMANN, D. 145
ROUBOS, C.R. 99

SARTIAMI, D. 37
SEILER, G.J. 245
SHAPIRO, M. 81, 233
SHELDON, J.K. 265
SHEPARD, B.M. 37, 81
SLABAUGH, B. 265
SOLORZANO, C. 41
STEELMAN, C.D. 41, 111
STEPHENSON, R.C. 53, 127
SZALANSKI, A.L. 25, 41, 63, 165,

179, 259

TANG, F. 193
TOMBERLIN, J.K. 179
TROUT, R. 41
TURNBULL, R. 145

VASSILIOU, V.A. 139, 205

WANG, Y. 193
WATSON, G.W. 37
WILLIAMS, W.P. 1

ZUNGOLI, P.A. 223

Journal of Agricultural and Urban Entomology jaue-25-04-author index.3d 17/2/10

AUTHOR INDEX TO VOLUME 25, 2008 279

279



18S 165

AgMNPV 81
allelochemicals 193
Alphitobius diaperinus 111
Argentine ant 223

Bacillus thuringiensis 265
baculovirus 81
bean leaf beetle 53, 127, 145
bean pod mottle disease 53, 127
bed bug 41

carboxylesterases 193
cat flea 259
Cecidomyiiade 13
central Texas 179
Cerotoma trifurcata 145
Chrysomelidae 145
Chrysoperla plorabunda 265
Cimex lectularius 41
Clostera anastomosis 193
COI 165
COII 165
Congo red 233
Crambidae 1
crape myrtle aphid 205
Cultivated sunflower 245
cypovirus 233

Diaphania nitidalis 81
Diatraea grandiosella 1
Diptera 13
DNA sequence 63, 259

fauna 13
fitness 265
forest trees 13
Formicidae 223

Gall midges 13
genetic variation 25, 63, 259
Glycine max (L.) Merrill 145
grape root borer 99
gypsy moth 233

Harmonia axyridis 205
Helianthus annuus 245
Homoeosoma electellum 245

host plant resistance 1, 245
human flea 259
Hymenoptera 223

India 37
Indonesia 37
insect cell line 81
insecticide resistance 41
insecticide susceptibility 111
insecticides 193, 205
integrated pest management 223
ITS1 region 179

lacewing 265
Lepidoptera 1, 25, 165, 193
lesser mealworm 111
Linepithema humile 223
litter beetles 111
Lymantria dispar 233

mealybug 37
Micromelalopha troglodyta 193
mitochondrial DNA 63
monitoring 99
mtDNA 25

Noctuidae 1
non-target insect 99, 265
Notodontidae 193
nucleopolyhedrovirus 233

papaya pest 37
Paracoccus marginatus 37
Periplaneta americana 179
pest management 245
planting date 53, 127
Pyralidae 81

Reticulitermes 63
row width 127

sampling techniques 205
seed composition 145
seed staining 145
seed yield 145
Sesiidae 25, 165
soybean 53, 127, 145
Spodoptera frugiperda 1
sunflower moth 245

Journal of Agricultural and Urban Entomology jaue-25-04-subject index.3d 17/2/10

280 SUBJECT INDEX TO VOLUME 25, 2008

280



termite 63
Tinocallis kahawaluokalani 205
Tinopal LPW 233
transgenic corn 265
trap color 99

trapping 99
Turkey 13

Vitacea polistiformis 99

Zea mays 1
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