Minutes of the S-1034 Meeting
Biological Control of Arthropod Pests and Weeds

March 22, 2009

Portland, OR

James D. Harwood, Secretary

The meeting of S-1034 was called to order at 5:20 pm by chair, Moses Kairo.

1. In attendance and introductions:

	Name
	University/Agency
	Email

	Jonathan Edelson†
	Oklahoma State University
	jonathan.edelson@okstate.edu

	Kris Giles*
	Oklahoma State University
	kris.giles@okstate.edu

	James Harwood
	University of Kentucky
	james.harwood@uky.edu

	Moses Kairo
	Florida A&M University
	moses.kairo@famu.edu

	Tim Kring*
	University of Arkansas
	tkring@uark.edu

	Susie Legaspi
	USDA-ARS
	jesusa.legaspi@ars.usda.gov

	Norm Leppla
	University of Florida
	ncleppla@ifas.ufl.edu

	Seth Johnson
	Louisiana State University
	sjohnson@agcenter.lsu.edu

	Robert Nowierski‡
	USDA-CSREES
	rnowierski@csrees.usda.gov

	Robert Wiedenmann
	University of Arkansas
	rwieden@uark.edu

	Jen White
	University of Kentucky
	jawh222@uky.edu

	Tara Wood
	University of Arkansas
	tnwood@uark.edu


* Official State Representative

† Representative to the Southern Association of Agricultural Experiment Station Directors

‡ USDA-CSREES National Program Leader – Plant and Animal Systems

The meeting commenced with introductions of participants. Moses Kairo provided a brief update on developments and outlined the agenda for the meeting. 

Moses Kairo thanked Rob Wiedenmann for helping put together the idea for a joint meeting with W2185 (Biological Control in Pest Management Systems of Plants) at the Sixth International IPM Symposium in Portland, OR. The new Representative to the Southern Association of Agricultural Experiment Station Directors, Jonathan Edelson, was welcomed to the meeting.

Robert Nowierski provided a brief overview of regulations and the commitment of USDA-CSREES to the multi-state program. He will remain as the CSREES representative for the foreseeable future.

2. Confirmation of minutes
The minutes from the 2008 meeting meeting were reviewed by those in attendance. A motion was made by Norm Leppla to adopt the minutes. Seconded by Seth Johnson. Minutes were approved unanimously.

3. Election of officers

A motion was made by Moses Kairo to nominate Kris Giles as secretary-elect. Seconded by Jonathan Edelson. The motion was passed unanimously.

4. State reports 

State representatives gave a brief verbal report highlighting the most important activities, and state reports were distributed. 

5. Information management

Moses Kairo discussed the need for standardization of Annual Reports. All current reports have been amended, where necessary, to follow this format requirement. Norm Leppla suggested a need to provide information to participants early – meeting times, action items, etc. The issue of a website was briefly discussed – both NCERA-125 and W-2185 maintain their own website that provides up-to-date information. However, without such an option, the NIMSS website does provide information management and support pertaining to key aspects of information exchange.

6. Encouraging wider participation

There was discussion about the need for broader participation among states. Jonathan Edelson emphasized that S-1034 cannot be viewed as a group distributing information and exchanging ideas; there is a clear need to have active multi-state collaborations that address key needs within the region and relevant to the scope of the project. Norm Leppla reiterated this need for increased collaboration and suggested that he and Howard Frank would put together ideas on how to increase levels of participation.

7. New priorities

A number of priority areas for collaboration were identified in 2008. James Harwood suggested that he contact all those participants who were coordinating these multi-state and collaborative research efforts, and include those action items in the Annual Report. 

8. Venue, date and plans for next meeting

It was agreed that the joint meeting with W-2185 was a success, enabling broad participation in a series of symposia with colleagues from another region. Options for the 2010 meeting were discussed. Tim Kring suggested a combined meeting with the North-Central (NCERA-125) or Eastern (NE-1032) biological control multi-state groups may be possible. Alternatively, we could revert to holding the meeting in conjunction with the Entomological Society of America – Southeastern Branch meeting in Atlanta, GA. However, the problem of holding the meeting in conjunction with the SEB meeting was discussed because certain participants in S-1034 are outside this ESA region. James Harwood suggested holding a symposium at the ESA meeting to, in part, alleviate this problem. James Harwood will explore all possibilities for the Annual Meeting of S-1034 in 2010.

9. AOB
No other business was discussed and the meeting was adjourned at 6:22 pm.
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S-1034 ANNUAL REPORT AND PLANS
NAME: 
Tim Kring, Donn Johnson, Donald Steinkraus
AES:

University of Arkansas
LABORATORY: AGRI 319, Department of Entomology
PHONE:
479-575-2451


FAX:

479-575-2452
E-MAIL:
dtjohnso@uark.edu, tkring@uark.edu, steinkr@uark.edu
ACCOMPLISHMENTS

OBJECTIVE 1:  Characterize and evaluate the effect of established introduced natural enemies.
Tarnished plant bugs, Lygus lineolaris, were sampled intensively from native tallgrass prairies and agricultural sites in Arkansas for parasitoids and pathogens.  Out of a total of 3405 L. lineolaris collected from both sites, 1.8% were parastized by braconids, 0.09% by tachinids, 0.5% by mermithids, and 2% by fungal pathogens.  Of note, the entomophthoralean fungus, Pandora heteropteris, was found infecting 3 L. lineolaris.  Pandora heteropteris has been only reported once previously, from a single, unidentified hemipteran nymph in Poland.  
OBJECTIVE 2:  Exploration, characterization and assessment of natural enemies for invasive species.
OBJECTIVE 3:  Implementation, evaluation, and enhancement of biological control.
Based on our previous studies describing the impact of the existing natural enemy of knapweed in Arkansas, and on experience in other regions of the country, we initiated redistribution of two biological control agents, the flower head weevil Larinus minutus and the root weevil Cyphocleonus achates in Arkansas.   Larinus adults and immatures were redistributed during July to the Arkansas Ozarks and a field nursery was established.  Initial collections of the overwintering stage of C. achates were made in Colorado in mid-October.  Collection of the overwintering stage (larvae in weed roots) was necessary to synchronize the development of this long-lived species with spotted knapweed grown in a warmer climate (southern region at a lower elevation) like Arkansas.   We expect these insects to begin emergence in June, 2009.  
Treatment of blackberry with Steinernema carpocapsae (35,000 nematodes/plant) was evaluated as a drench around the base of canes.  No treatment differences were detected in the number of raspberry crown borer pupal skins per untreated blackberry plant (0.39 skins/plant) or per nematode-treated plant (0.15 skins/plant). 

OBJECTIVE 4:  Evaluate the benefits and risks of introduced and indigenous natural enemies.

USEFULNESS OF FINDINGS:  

The distinctly different biology of Urophora quadrifasciata in the southern US suggests a much greater potential impact on seed production in Arkansas than in other areas of the country.   However, because the majority of viable seeds are produced early in the summer, a time when the fly had no significant impact on seed production, it is unlikely that the fly alone provides a level of knapweed suppression necessary to reduce its population in infested areas, or to stop its spread in the southern US.   The redistribution of effective, additional biological control agent(s) from nearby states provides the best potential to provide a satisfactory level of biological control of knapweed.  The approach to select only two species for redistribution will minimize unnecessary movement of species, while providing the potential to reduce herbicide use for this rapidly expanding noxious weed.
WORK PLANNED FOR NEXT YEAR:  

Surveys will be conducted to determine the overwintering success of Larinus minutus released in Arkansas in 2008.   Field nurseries will be expanded in the early summer in several locations in northwest Arkansas.   I   DK given If Larinus does not appear to have established in the state, it will be recollected from Colorado and new nurseries established.   Overwintering larvae collected from Colorado in 2008 will be monitored for emergence as adults in 2009.   Emerging adults will be established and confined in field nurseries in northeastern Arkansas to assure mating and initial oviposition.   Once oviposition is observed, adults will be directly field released in northeast Arkansas.  If overwintering larvae fail to emerge, we will attempt an early collection and redistribution of adults from Colorado in July of 2009.    We believe this approach of selecting just 2 of the multiple species already established in the northwestern US and Canada  provides the best potential to minimize unnecessary movement of species, while still providing a level of biological control so as to reduce herbicide use for this rapidly expanding noxious weed.  
PUBLICATIONS

Regional (Joint) Publications: 

State Station or Agency Publications: 

Journal Articles: 

Abney, M. R., J. R. Ruberson, G. A. Herzog, T. J. Kring, D. C. Steinkraus and P. M. Roberts.  2008.  Rise and fall of cotton aphid (Hemiptera: Aphididae) populations in southeastern cotton production systems.   J. Econ. Entomol.  101(1): 23-35.

Duguma, D. D., T. J. Kring, R. N. Wiedenmann and A. Mauromoustakos.  2009.  Seasonal dynamics of Urophora quadrifasciata on spotted knapweed in the Arkansas Ozarks.  Canadian Entomologist. 141: 70-79.
Addendum: Theses, Articles in Press, Abstracts, Unpublished Reports, etc.:

Duguma, D.  2008.  Seasonal dynamics and impact of Urophora quadrifasciata (Meigen) (Tephritidae: Diptera) on spotted knapweed in the Arkansas Ozarks.  MS Thesis.   University of Arkansas.  104 pp.
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NAME OF REPRESENTATIVE: 


J. Howard Frank

AES (STATE):




Florida

LABORATORY NAME OR LOCATION:
Department of Entomology and Nematology, University of Florida

PHONE:





352-392-1901
FAX:








E-MAIL:





jhfrank@ufl.edu
OTHER PARTICIPANTS:



Ron Cave, Jim Cuda, Howard Frank, David Hall, Marjorie Hoy, Susie Legaspi, Norm Leppla, Russ Mizell, Bill Overholt, Stuart Reitz, and John Sivinski.

Objective 1. Characterize and evaluate the effect of established introduced natural 

enemies. 

Tropical soda apple, Solanum viarum. Investigator: W. Overholt, UF. An extensive survey was conducted in the fall, 2008 to determine the distribution and abundance of Gratiana boliviana (Coleoptera: Chrysomelidae), a biological control agent of tropical soda apple in Florida. Results indicate that the beetle is firmly established in south/central Florida between 26° and 29° latitude. Surprisingly, no beetles or beetle damage were found at randomly selected locations further north. Plants at locations with beetles were significantly smaller and produced fewer fruit than those at locations without beetles.  

Asian citrus psyllid, Diaphorina citri.  Investigators:  D.G. Hall (USDA), P.A. Stansly (UF), R. Nguyen (FDACS).  Intensive and extensive surveys in Florida citrus during 2005 – 2008 indicated that Tamarixia radiata, an imported eulophid parasitoid of D. citri, is widespread in Florida citrus but occurs sporadically and provides lower levels of biological control of the psyllid than reported in other locations such as Puerto Rico.

Objective 2:  Exploration, characterization, and assessment of natural enemies of invasive species.

Brazilian Peppertree, Schinus terebinthifolius Raddi. Investigators: J.P. Cuda, J.L. Medal, UF. Completed host range testing of the leaf spot fungal pathogen Septoria sp. (Sphaeropsidales) from Brazil in the Florida DACS pathogen quarantine laboratory. The fungus was dropped from further consideration as a candidate biological control agent of Brazilian peppertree after infection of the federal-listed endangered michaux’s sumac Rhus michauxii Sarg. by the Septoria pathogen was confirmed in replicated trials. Host-range testing of the stem-boring weevil Apocnemidophorus pipitzi (Faust) (Coleoptera: Curculionidae) from eastern Paraguay was initiated.  In January 2008, no-choice adult feeding and development tests with three replications were conducted in the Entomology & Nematology Department’s containment laboratory (EDCL). Two males and one female of newly emerged A. pipitzi adults obtained from our laboratory colony were placed inside a 1.9 liter clear plastic screw top canister containing a cut stem of Brazilian peppertree (~10 cm length ( ~ 4 cm diam.) as an oviposition site and a single leaf of the test plant as a food source for the adults. Feeding damage (mm2) was determined by placing the damaged leaf on a clear mm grid under a microscope, and measuring the leaf area consumed by the weevils. The first group of test plants consisted of only native and cultivated members of the Anacardiaceae.  The containers were held for ~ 6 months to monitor emergence of new adults from the Brazilian peppertree stems. Weevils fed and produced F1 adults on: Brazilian peppertree (control), S. molle L., Rhus copallinum L. , R. glabra L., R integrifolia (Nutt.) Benth. & Hook. f. ex Brewer & S. Wats. Pistacia vera L., Metopium toxiferum (L.) Krug & Urb, Comocladia dodonaea (L.) Urban, Malosma laurina (Nutt.) Abrams, and Toxicodendron pubesens Mill. However, reproduction resulting from feeding on the foliage of these non-target species, which is an expression of the fundamental host range, is not likely to occur when a multiple choice test is performed using cut stems of the non-target species for larval development instead of Brazilian peppertree. A colony of the leaflet-galling psyllid Calophya terebinthifolii Burckhardt & Bassett was established in Blumenau, Santa Catarina, Brazil. Insects from this colony are being imported into the Florida Biological Control Laboratory, Gainesville, for rearing and host range testing.   

Hygrophila, Hygrophila polysperma (Roxb.) T. Anders. Investigators: J.P. Cuda, UF. In September 2008, exploratory surveys for natural enemies of the aquatic weed hygrophila were conducted in a range of habitats in northeast India. In total, 34 locations in Assam and West Bengal were surveyed.  Several sampling methods, (e.g. hand picking, sweep & clip vegetation sampling and Berlese funnel extraction) were used to collect natural enemies associated with hygrophila. Several insects were collected, including two caterpillars (Lepidoptera; families Nymphalidae and Noctuidae) that defoliate emerged plants; one aquatic leaf-cutting caterpillar (Lepidoptera, family Crambidae) and a leaf-mining beetle (Coleoptera, family Buprestidae). A very damaging rust fungus of the genus Puccinia (?) was discovered, and plant parasitic nematodes associated with the hygrophila rhizosphere also were extracted and identified. Efforts are being made to identify the collected specimens to species. 

Hydrilla, Hydrilla verticillata. Investigator: W. Overholt, UF. Exploration for insect herbivores of Hydrilla verticillata were conducted in Uganda and Burundi but no promising agents were identified.  Tentatively, it appears that certain species of cichlid fish may be regulating the plant.

Red palm mite, Raoiella indica (Hirst). Investigator: M.A. Hoy, UF. A species of phytoseiid from Mauritius was imported into quarantine in the Department of Entomology and Nematology as part of a classical biological control project directed against the invasive red palm mite. A permit was obtained to allow us to rear the red palm mite, Raoiella indica (Hirst), as prey for this predator. We are conducting molecular analyses to discriminate the Mauritius population from a morphologically similar species in Florida. Biological studies are being conducted before applying for permission to release this predator into Florida.

West Indian fruit fly, Anastrepha obliqua. Investigator: J.M. Sivinski, USDA-ARS, CMAVE. Collections of West Indian fruit fly in the Dominican Republic recovered the opiine braconid Doryctobracon areolatus.  The parasitoid had been released in 2004-2005 in a joint USDA-Dominican project to suppress numbers of the recently invading tephritid. Parasitoids originated from colonies maintained by the Instituto de Ecología, Xalapa, Veracruz, Mexico. The apparent establishment of D. areolatus will be part of an IPM program to protect local and export markets. 

Collections of parasitoids were made in southern Mexico to start a distributional study of Wolbachia infections of tephritid fruit fly parasitoids. The goal is to generate a model that will predict the conditions where sex-ratio distortions are most likely to persist, and use thelytokous strains in mass-rearing for augmentative releases. 

Asian citrus psyllid, Diaphorina citri. Investigators:  D.G. Hall (USDA), P.A. Stansly (UF), R. Nguyen (FDACS).  Three new geographic collections of Tamarixia radiata (China, North Vietnam, India) and one collection of Diaphorencyrtus aligarhensis (South Vietnam) were imported into Florida during 2007 – 2008 and are now in quarantine in Gainesville. T. radiata and D. aligarhensis are parasitoids of D. citri.  T. radiata (from Taiwan and South Vietnam) was introduced and is established in Florida but exerts relatively low levels of psyllid control.  Permits to release the three new populations have been applied for. D. aligarhensis from Taiwan was previously released in Florida citrus but did not establish.  Releases of D. aligarhensis from Vietnam have commenced.

Cycad aulacaspis scale (Aulacaspis yasumatsui). Investigator: R.D. Cave (UF). Preserved specimens of the larva and adults of a coccinellid collected in Thailand were sent to the Taxonomic Services Unit of SEL in Beltsville, MD and were considered by Dr. Natalia Vandenberg to be similar to Phaenochilus punctifrons (Weise). A culture is now thriving in quarantine at Ft. Pierce, where trials suggest it is a specialized predator of armored scales. Laboratory trials with the predators Rhyzobius lophanthae and Cryptolaemus montrouzieri revealed that only R. lophanthae can complete its life cycle at 18o C and 24o C feeding on strictly female CAS, whereas both beetles can complete their development when offered a mixed diet of male and female scales. 

The passionvine mealybug, Planococcus minor and coffee mealybug, Planococcus lilacinus: Investigators M.T.K. Kairo and A. Francis (FAMU) and A. Roda (USDA-APHIS-PPQ-CPHST). Based on interception data, these two Asian species, which are present in several Caribbean countries have been listed as very high risk threats for entry into the US. Offshore research on P. minor in Trinidad focused on the following components: Biology of P. minor over a wider range of temperatures ranging from 15-35oC. The data generated in this study is being used to generate developmental thresholds and life tables for the species. Surveys have identified a complex of natural enemies including Leptomastix dactylopii and Coxxidoxenoides perminutus. Detailed studies on these two species are continuing. Research has also been initiated in the Dominican Republic on P. lilacinus and the first objective is to confirm its presence and survey for natural enemies.
Objective 3. Implementation, evaluation, and enhancement of biological control.

A predacious mite, Proprioseiopsis asetus. Investigators R.F. Mizell, J.H. Frank, UF.

Proprioseiopsis asetus (Chant) (Acari: Phytoseiidae) is a relatively unknown predacious mite with potential as a biological control agent of Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) and Tetranychus urticae Koch (Acari: Tetranychidae). In this study, the developmental rate and other biological parameters of P. asetus were investigated. Development of P. asetus was temperature dependent from 10 to 40°C. Nonlinear models were fitted to development rate (1/time) data from egg to adult and by sex to estimate development times. The model of Sharpe and De Michele (1977) best fits the developmental data. The shortest development time on cattail (Typha latifolia (L.)) pollen occurred at 35°C for all stages except for the egg stage, for which it was longer. The optimum development time at 35°C is above the temperature optimum of most phytoseiid mites. Fecundity increased when P. asetus mated more than once. Males were needed at all times for maximum oviposition, although their consumption was negligible. Oviposition, prey killed (Franklinella occidentalis or T. urticae) and longevity of P. asetus females were recorded in the presence of males. Egg production increased with number of prey killed and P. asetus has the characteristics of successful predators of thrips.
Nutritional manipulation of adult female Orius pumilio enhances initial predatory performance. Investigators: Jeffrey Shapiro, Stuart Reitz, Paul Shirk (USDA-ARS, Florida).

Predatory insects from natural enemy insectaries are commonly shipped to growers or other end-users with a rich supply of their prey, often consisting of moth eggs that substitute for the natural prey. One important commercial biological control agent is the insidious flower bug. After females molt into their adult stage, they must feed on a rich source of protein before developing eggs of their own. We deprived female bugs of protein for 48 hours by feeding them water or sucrose solution in capsules, both during and after shipment. By doing this before feeding on moth eggs, they engorged themselves when finally offered the moth eggs. They were offered one of their prey species, the western flower thrips. This procedure led to a 3-4-fold increase in predation on thrips. These findings indicate that growers of ornamentals or vegetables, which are prone to attack by thrips, may benefit by the increased response of unfed bugs. Insectaries may benefit through reduced costs, because fewer of the expensive prey will be required.

Intraguild predation by Podisus maculiventris on the parasitoid Cotesia plutellae and its impact on diamondback moth populations and damage in cabbage. Investigators: Nathan Herrick (FL/VA), Stuart Reitz (FL), James Carpenter (GA), Charles O'Brien (FL). Insect predators and parasitoids interact in various that can affect control of agricultural pests. Sometimes interactions between predators and parasitoids result in greater than expected populations of a pest. Understanding the combined effect of predators and parasitoids is important for optimizing the use of biological control agents in agricultural.  Our research has shown that predatory spined soldier bugs prefer to feed on diamondback moth caterpillars parasitized by the parasitic wasp Cotesia plutellae.  Further evaluations in a simulated cabbage setting revealed that the predator, and the wasp Cotesia plutellae, interact negatively and produce greater than expected diamondback moth populations and damage to cabbage plants. This information can help guide future biological control efforts.

Mole cricket hunter, Larra bicolor F. Investigators: J.H. Frank, N.C. Leppla, UF. This crabronid wasp was introduced into Puerto Rico against Scapteriscus mole crickets in the 1930s. It was introduced into Florida for the same purpose in the 1980s. The Florida stock has two sources. The first introductions were from Puerto Rico, but wasps of that stock have been detected only in two counties in southeastern Florida. The second source was Bolivia, and stock from this source is now widespread in Florida. Effort was made to record its presence in every Florida county - the current total known to be occupied is 44 counties. Wasps of this Bolivian stock have also been detected widely in eastern and southern Georgia, and in coastal Mississippi. We expect it will eventually spread west to coastal areas of Texas.

Lixadmontia franki Wood and Cave. Investigators J.H. Frank, R.D. Cave, UF. This tachinid fly is the only natural enemy yet evaluated against Mexican bromeliad weevil, Metamasius callizona, an invasive species. The weevil is destroying populations of native epiphytic bromeliads in Florida, damages cultivated pineapples, and there is a risk of its arrival in Puerto Rico as a contaminant of ornamental bromeliads. The fly, cultured in quarantine at Ft. Pierce, has been released repeatedly on a 3-month schedule at five selected natural areas in central and southern Florida, for a nominal total of 2,000 flies. When surplus flies were available, they were released at four additional sites for a total of 388 flies. Monitoring of results is ongoing.  

Native plants as nectar sources. Investigator: J.M. Sivinski, USDA, ARS, CMAVE. Fourteen species of flowering plants, many of them native, were used to bait malaise traps. The parasitoids, predators and Lepidoptera have been curated. In addition morphological characteristics of the plants were measured and volatiles collected for subsequent identification. Ultimately we hope to have a library of plants useful in conservation biological control that would be useful primarily in the southeastern US, but possibly elsewhere as well.

Cactus moth, Cactoblastis cactorum. Investigator: J.C. Legaspi, USDA, ARS, CMAVE and FAMU, CBC. We determined population densities and development of the invasive Cactoblastis cactorum and the native blue cactus moth, Melitara prodenialis in natural field conditions throughout the year.  C. cactorum and M. prodenialis populations were found to undergo three and two generations, respectively per year under field conditions in St. Marks, Florida. For C. cactorum, the generations may be broadly characterized as occurring in August to October, November to April and May – July.  For M. prodenialis, the generations occur from October to April and another from May to September. For C. cactorum, egg sticks appeared in mid-August, mid-October and mid-April. For M. prodenialis, egg sticks appeared in late October and late April. For C. cactorum, high numbers of late larval immatures (4th to 5th instar) were recorded in September-October, December-January, and June-July. For M. prodenialis, late larval immatures were recorded in January-May and June -September.  The egg sticks of C. cactorum and M. prodenialis are laid outside the cactus pads. Third and fourth-instar larvae are occasionally found outside the pads too. These can be target stages that may be vulnerable to control methods such as parasitoids, biopesticides or ant predators. We evaluated the reproductive biology of C. cactorum using field cage experiments. Results showed a narrow window for oviposition during 3rd and 6th days of adult female’s life. Peak oviposition activity occurred on the 3rd day, whether measured in total fecundity, numbers of eggs per egg stick or numbers of ovipositions. After the 3rd day, not only did oviposition rate decrease, but the quality of eggs produced also declined. Percentage egg hatch decreased and egg incubation increased. Longevity of adult males did not differ from that of females, although female adults weighed more than males.

Does secondary plant metabolism provide a mechanism for defense in the tropical soda apple? Investigators R.L Hix, M.T.K. Kairo (FAMU) and S.R. Reitz (ARS). Survival assays were conducted with beet armyworm Spodoptera exigua (Hübner) and southern armyworm S. eridania (Stoll) with tropical soda apple Solanum viarum Dunal, a relative of tomato. In addition, polyphenol oxidase (PPO) enzyme assays were conducted to determine if plant defense compounds are being produced by tropical soda apple in response to herbivory. Both S. exigua and S. eridania induced plant defenses in tropical soda apple. Significantly more S. exigua and S. eridanianeonate larvae survived to 2nd instar on non-induced plants and artificial diet when compared with plants with induced defenses. Tropical soda apple plants fed on by S. exigua and S. eridania had significantly increased PPO activity. Before this study, nothing was known about secondary plant defenses in tropical soda apple. We hypothesized that feeding by generalist and/or specialist herbivores will induce secondary plant defenses in TSA. Survival assays were conducted with beet armyworm and southern armyworm because these generalist herbivores are known to induce secondary plant defenses in tomato, a relative of TSA. In addition, polyphenol oxidase (PPO) enzyme assays were conducted to determine if secondary plant defense compounds are being produced in response to herbivory. This oxidative enzyme is produced by solanaceous plants including tobacco and tomato. PPO reacts with substrates in the herbivore gut making essential amino acids unavailable. Based on our results, TSA plants fed on by S. exigua and S. eridania had significantly increased PPO activity. Both S. exigua and S. eridania appear to induce secondary plant defenses in TSA. The tortoise beetle Gratiana boliviana Spaeth (Coleoptera: Chrysomellidae) was released in Florida in 2003 as a classical biological control agent of TSA. G. boliviana and other biological control agents in quarantine are specialists that only feed on this species. These species-specific agents may provide negative effects on F. occidentalis feeding, egg laying performance or vector competency. Tropical soda apple is known to be a host of tomato spotted wilt virus (TSWV). Generalist herbivores like F. occidentalis may demonstrate lower feeding preference for plants with induced plant defenses. We are currently studying tropical soda apple induced responses in context of G. boliviana, S. exigua, and F. occidentalis.

Objective 4:  Evaluate the benefits and risk of introduced and indigenous natural enemies.

Multicolored Asian lady beetle, Harmonia axyridis. Investigator: R.F. Mizell, UF. Harmonia axyridis (Pallas) was first detected in north Florida in 1993 feeding on crape myrtle aphids, Sarucallis kahawaluokalani (Kirkaldy) on crape myrtle, Lagerstroemia indica L. This lady beetle spread rapidly and was instrumental in reducing populations of the yellow pecan aphid complex, Monellia caryella (Fitch) and Monelliopsis pecanis Bissell, in pecan as well as crapemyrtle aphids. Prior to the arrival of H. axyridis to north Florida, the population dynamics of the yellow pecan aphid complex were compared to those of the crapemyrtle aphid and their common arthropod predators. This study, 8-9 years after the arrival of H. axyridis, sampled the same locations and some of the same trees reported previously. This research compares the current aphid and arthropod predator populations with the earlier results to determine the impact of H. axyridis. Prior to the addition of H. axyridis, aphid populations achieved high numbers and the lady beetles Hippodamia convergens (Guerin-Méneville), Olla v-nigrum (Mulsant), Coleomegilla maculata (DeGeer), Cycloneda sanguinea L. and C. munda (Say) were the most frequently observed predators. In 1984-1985, other common predators included the green lacewing Chrysoperla rufilabris (Burmeister), the brown lacewings Micromus posticus (Walker) and Hemerobius stigma (Stephens), the mirid Deraeocorus nebulosus (Uhler), the reduviids Zelus exsanguis (Stahl) and Sinea spinipes (Herrich-Schaeffer), the hover flies Allograpta obliqua (Say) and Mesograpta sp., the anthocorid Orius insidiosus (Say), and spiders. A parasitoid of pecan aphids, Aphelinus perpallidus Gahan, was also common. Recent sampling showed H. axyridis to be the dominant predator of aphid populations. Populations of the aphids and the native predator and parasitoid species are dramatically reduced. Only spiders and the reduviids, species potentially involved in intraguild predation with H. axyridis, were detected.
Brazilian Peppertree, Schinus terebinthifolius Raddi. Investigators: J.P. Cuda, J.L. Medal, UF. A field host suitability study with the leaflet rolling tortricid moth Episimus unguiculus Clarke is in progress in Hawaii to determine the risk to Rhus sandwicensis A. Gray, a native sumac that is sympatric with Brazilian peppertree. Even though E. unguiculus has been established in Hawaii for over 50 years, there are no reports of non-target damage to the native sumac. However, the moth readily developed on this plant in a recent laboratory cage study.  These results suggest that some development observed on other sumacs native to the continental US in the laboratory (fundamental host range) may be an artifact of the laboratory testing procedure and not an accurate predictor of the insect’s field host-specificity post-release.  

Hygrophila, Hygrophila polysperma (Roxb.) T. Anders. Investigator: J.P. Cuda, UF. A replicated mesocosm field study was conducted to assess the effect of simulated herbivory on growth and biomass of the aquatic weed hygrophila. The experimental design was  a Randomized Complete Block with 7 treatments, and 3 levels (0%, 50% & 100% defoliation) and  3 frequencies of defoliation (once, twice or at weekly intervals). Twenty plastic pots (7 cm ( 7 cm ( 6 cm), filled with a mixture of sand and soil (3:2) with identical sprigs plated in them, were randomly assigned to each treatment. Leaves were cut with a sterile scissors widthwise from the middle and from the base of the plants to achieve 50% & 100% defoliation, respectively. To simulate field conditions, the experiment was conducted outdoors in 3 concrete vaults (approx. 900 L capacity) at the Biven’s Arm Research Area, University of Florida. Hygrophila plants were kept completely submerged for 8 weeks and the water in the tanks was changed 3 times per week.  Plant growth characteristics e.g., plant height and number of sprigs per pot were recorded at weekly intervals. Initial (using a separate set of control plants) and final dry weight of the plants also was recorded.  Preliminary findings indicated that 50 and 100 % defoliation events twice or at weekly intervals significantly reduced height and biomass of the plants.  
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Usefulness of Findings:

Over the past two years we (Ruberson and collaborators) have been characterizing a suite of predators and parasitoids that attack stink bugs in Georgia, including a nymphal parasitoid previously known only from southern Europe and the Caucasus (the euphorine Braconid Aridelus rufotestaceus Tobias). The appearance of this wasp may be highly beneficial, as the nymphal stages of stink bugs have very few parasitoid enemies. Thus, we are studying this wasp to assess its biological control potential and the possibility of enhancing its performance. The predator complex of stink bug eggs varies among crop systems, with fire ants (Solenopsis invicta) dominating in cotton and peanuts, and grasshoppers (chiefly Tettigoniidae of the genus Conocephalus) dominating in soybeans. Rates of egg predation also varied among crops, with the highest loss rates observed in soybeans and peanuts, and the lowest in cotton. There is potential to more effectively integrate some of these natural enemies (notably fire ants and A. rufotestaceus) into pest management systems. 

Understanding impacts of novel insecticides on natural enemies is important for devising integrated pest management schemes, and anticipating outcomes. The novel insecticide spinetoram was found to be highly toxic to the parasitoid Cotesia marginiventris, which corresponds with previous studies indicating high toxicity of this material to Hymenopterans. This product would not be a good tool in systems where hymenopteran parasitoids are important. In contrast, the new insecticide flubendiamide exhibited no acute toxicity to C. marginiventris, or acute or chronic toxicity to the predator Podisus maculiventris at any of the rates tested. Therefore, flubendiamide would integrate readily with biological control agents.
Background

Insecticide use in Georgia cotton has declined dramatically since the late 1980s, with the successful elimination of the cotton boll weevil in the 1990s and the widespread deployment of Bt-transgenic cotton, beginning in 1996.  In the late 1980s, growers sprayed insecticides an average of 17 to 20 times per season.  By the late 1990s, growers sprayed an average of two to three times per season, making cotton one of the more environmentally-friendly crops in the state. However, in this reduced insecticide environment a complex of stink bug species has emerged as a significant pest threat to Georgia cotton, and other crops. Emergence of these pests threatens to overturn at least some of the insecticide reductions experienced in recent years. The purposes of this project are to (1) characterize the natural enemies of stink bugs in Georgia in an effort to understand how much mortality is inflicted by natural enemies on the stink bugs, and to determine if there might be opportunities to improve the efficiency of important enemies; (2) evaluate the interactions of natural enemies with pest management tactics to improve integration

Accomplishments

OBJECTIVE 3:  Implementation, evaluation, and enhancement of biological control.

John Ruberson continued surveys in 2008 to evaluate the complex of natural enemies that attacks stink bugs in Georgia, once again concentrating on soybean and cotton fields in Tift, Sumter, and Decatur counties.  Stink bugs of all life stages and available species were collected as they were present during the production season at each of these locations and the bugs were returned to the laboratory where they were held and assessed for parasitism.  In addition, egg masses were placed in cotton fields in Tift County, Georgia, to assess predation of eggs by feral predators.  Parasitism of stink bug nymphs and adults was highest (35-100%in the early and middle portions of the season, and remained consistently low (10-30%) throughout the remainder of the season as stink bug populations increased.  Parasitism rates were highest in Sumter County, with early season rates of 100% and late season rates of 20-30%.  Nearly all parasitism of nymphs and adults was attributable to a single fly species, the tachinid Trichopoda pennipes. Eight fifth-instar nymphs of the southern green stink bug, Nezara viridula, and one fifth-instar nymph of the brown stink bug Euschistus servus were parasitized by the braconid wasp Aridelus rufotestaceus Tobias. This (and the two individuals found in 2007) is the first record of this species in the Americas. The species was previously known only from southern Europe and the Caucasus. In addition to stink bug nymphs and adults, some egg masses also were collected at all locations and held for parasitism.  Egg parasitism also was relatively low accounting for less than 10% of egg masses, and all parasitism was due to scelionid wasps. 

John Ruberson (in cooperation with Dr. Michael Toews, University of Georgia) assessed the acute toxicity of novel insecticides (spinetoram, flubendiamide, acetamiprid) to the parasitoid Cotesia marginiventris in residual trials. Spinetoram was found to be highly toxic at all rates tested, even at rates well below the lowest recommended field rates. Acetamiprid exhibited dose-dependent toxicity, but never exceeded 50% mortality. Flubendiamide was not significantly more toxic than water at any rate. Toxicity of flubendiamide was evaluated in topical trials with the predator Podisus maculievntris. Development and survival of 5th instar nymphs and size of emerging adults was unaffected by any rate of flubendiamide applied to newly eclosed 5th instars. Similarly, application of flubendiamide to callow adults did not affect survival, fecundity, or predation rates at any insecticide rates. Therefore, flubendiamide is highly compatible with natural enemies in IPM systems. Spinetoram is highly toxic to hymenopteran parasitoids, and may be very disruptive where hymenopteran parasitoids are important enemies. Acetamiprid exhibited some acute toxicity, but is much less toxic than the standard pyre3throid and organophosphate insecticides.
OBJECTIVE 4:  Evaluate the benefits and risks of introduced and indigenous natural enemies.

Sentinel Southern green stink bug egg masses were placed in cotton plots throughout the growing season at 1-2 week intervals. Half of the plots were treated with hydromethylnon to suppress fire ants while the remaining plots had normal fire ant populations. Predation of sentinel egg masses was low (<5% across the growing season) in cotton plots where fire ant populations were suppressed, but loss of southern green stink bug eggs was higher (mean of 23%) where fire ants were present. Overall, fire ants may play a very significant role in reducing stink bug populations in crop systems in Georgia. This was further reinforced in collaborative studies with Dr. Dawn Olson (USDA-ARS, CPRML, Tifton, GA) that identified fire ants as the most important predators of stink bug eggs in peanuts (73% of eggs destroyed) and cotton (22% of eggs destroyed). They were, however, much less efficacious in soybeans, where grasshoppers were the dominant stink bug egg predators (64% of eggs destroyed) and ants played a negligible role. Therefore, in areas where fire ants are abundant and active there may be potential for increased biological control of stink bug populations in at least some crops. The importance of grasshoppers as predators in soybeans is rather more problematic due to the pestiferous nature of these organisms in soybeans. Other predators were also recorded feeding (or at least attempting to feed) on stink bug eggs (adult and nymphal Geocoris punctipes, larval Chrysoperla rufilabris, adult Spanagonicus sp.), but they were much less frequently encountered and had much less impact on stink bug egg survival than did fire ants and grasshoppers. 
Future Plans

We will continue surveying for stink bug natural enemies in the region (in cooperation with Dr. Dawn Olson, and with Dr. Jeremy Greene, Clemson University). We will study the biology of the novel parasitoid Aridelus rufotestaceus in more detail to determine the distribution of the parasitoid in the state and region, to assess its efficacy, and to determine how we might enhance the efficacy of the parasitoid. We also will begin cage studies of short-term efficacy and assess the possibility of releases. Studies of stink bug predation will be continued in cotton, peanuts, and soybeans, and expanded to include stink bug nymphs. We will conduct a third year of study of the impact of fire ant inclusion and exclusion on the survival of stink bug eggs and nymphs in cotton. We will continue screening novel insecticides against selected important natural enemies to assess the compatibility of insecticidal and biological control.

Predation of Japanese beetles will be examined in controlled trials using several potential predators, most notably the tiger beetle Megacephalus virginica.
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Abney, MR, JR Ruberson, GA Herzog, TJ Kring, DC Steinkraus & PM Roberts. 2008. Rise and fall of cotton aphid (Hemiptera: Aphididae) populations in Southeastern cotton production systems. Journal of Economic Entomology 101:23-35.

Torres, JB & JR Ruberson. 2008. Interactions of Bacillus thuringiensis Cry1Ac toxin in genetically engineered cotton with predatory heteropterans. Transgenic Research 17: 345-354.

Chen, Y, JR Ruberson & DM Olson. 2008. Nitrogen fertilization rate affects larval performance and feeding, and oviposition preference of the beet armyworm, Spodoptera exigua, on cotton. Entomologia Experimentalis et Applicata 126: 244-255.

Chen, Y & JR Ruberson. 2008. Impact of variable nitrogen availability on arthropods in cotton. Agriculture, Ecosystems, and Environment 126: 281-288.

Ni, X, G Gunawan, SL Brown, PE Sumner, JR Ruberson, GD Buntin, CC Holbrook, GD Lee, DA Streett, JE Throne, and JF Campbell. 2008. Insect-attracting and antimicrobial properties of antifreeze for monitoring insect pests and natural enemies in stored corn.  Journal of Economic Entomology 101: 631-636.

Chen, Y, E Schmelz, F Wäckers, JR Ruberson. 2008. Cotton plant, Gossypium hirsutum L., defense in response to nitrogen fertilization. Journal of Chemical Ecology 34: 1553-1564.
Books, book chapters, and proceeding chapters:

None

Published abstracts and other non-refereed retrievable materials (i.e. can be obtained from a typical library):

None

Other non-refereed materials (fact sheets, monograms, articles in popular press, slide sets, circulars, etc.):

Ruberson, JR, and KW Wickings. 2008. Importance of natural enemies for stink bug control in Georgia. In: Cotton Research-Extension Report 2007 (Grey, T., M. Toews, and C. Perry, Eds.) UGA/CPES Research – Extension Publication No. 6, pp. 111-121.  Found online at http://ugacotton.com
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James D. Harwood
ACCOMPLISHMENTS

Objective 1. 
Characterize and evaluate the effect of established introduced natural enemies.

n/a

Objective 2. 
Exploration, characterization and assessment of natural enemies for invasive species.

n/a
Objective 3. 
Implementation, evaluation, and enhancement of biological control.
Development and optimization of molecular detection protocols for evaluation of biological control
The development and characterization of molecular detection systems to study biological control ensure sensitivity and specificity of the chosen assay system. However, predator collection protocols can have profound impacts on the reliability, and thus interpretation, of results obtained during post mortem gut-content analysis. The literature is replete with studies using such techniques, but it is essential to identify potential sources of contamination with such systems. Predator collection protocols such as sweep-netting and vacuum sampling could, for example, overestimate feeding rates because of surface-level contamination, yielding positive reactivity or predation within the sampling device. Therefore, two sampling techniques (sweep-net sampling and hand collection) were compared within an alfalfa agroecosystem using a monoclonal antibody-based ELISA to test the hypothesis that cross-contamination is a source of error. A concurrent study examining the viability of trapping predators into saline solution was also undertaken. No significant differences were found between the proportions of spiders screening positive for Diptera when collected by sweep-net versus hand collection, rejecting the hypothesis that sweep-netting predators for subsequent molecular gut content analysis overestimates predation frequency. ELISA was also capable of detecting prey proteins in predator guts from pitfall traps containing phosphate-buffered saline, indicating the suitability of this approach for the collection and analysis of epigeal predators.
Non-target effects of transgenic plants

Zoophytophagy, whereby primarily carnivorous species feed upon plant material, is thought to sustain predators during times of low prey availability. Although this phenomenon is common among predaceous Hemiptera, it has been rarely studied in aphidophagous coccinellids. This study examined the likelihood of feeding on Bt and non-Bt corn seedlings by 3rd and 4th instar coccinellid larvae, the regularity of feeding events and the effect of leaf tissue ingestion upon development time and adult size. Results indicated significant feeding events by Harmonia axyridis and Coleomegilla maculata, even though larvae had constant access to water and an ad libitum supply of aphids. Consumption of Bt-corn had no effect on mortality of either species, but development time of 4th instar Coleomegilla maculata was increased following consumption Bt-corn compared to a non-Bt isoline. Results indicate the need for further risk assessment of species exhibiting zoophytophagous foraging behavior.

Objective 4. 
Evaluate the benefits and risks of introduced and indigenous natural enemies.

Evaluation of the potential of natural enemies for biological control of Hemlock Woolly Adelgid

Molecular markers are currently in development to examine the structure of Hemlock Woolly Adelgid food webs throughout the region. Marker development has been completed, and further studies characterizing their effectiveness are being performed. 

UTILITY OF FINDINGS:
Research utilizing molecular tools to study foraging behavior of generalist predators has enhanced our understanding of the mechanisms of foraging and the role of alternative prey biodiversity in biological control. This research also provided evidence for the occurrence of disproportionately high levels of early season predation upon an invasive pest of soybeans by a generalist predator, supporting similar findings from previous research in wheat agroecosystems. Ultimately our ability to discern the strength of all trophic linkages in agricultural food webs, particularly those with alternative prey and intraguild predators that potentially disrupt levels of biological control, will contribute to identifying the role of indigenous natural enemies in management of pest species.

WORK PLANNED FOR NEXT YEAR (2009):  

Research protocols utilizing molecular techniques to study food web structure will continue to be developed to identify the structure of predator-prey food webs in agroecosystems and examine the disruptive effects of alternative prey and intraguild interactions in biological control. Research will continue to examine the site-specific hunting strategies of spiders in soybeans, wheat, alfalfa and corn, and examine the role of generalist predators in potentially regulating invasive slug populations. A collaborative multi-state project is currently being performed to develop techniques that utilize molecular markers for evaluation of biological control of hemlock woolly adelgid throughout the Southern Region.

PUBLICATIONS (2008)
Journal Articles: 

Moser SE, Harwood JD, Obrycki JJ (2008). Larval feeding on Bt-hybrid and non-Bt corn seedlings by predacious coccinellids. Environmental Entomology 37, 525-533.

Harwood JD (2008). Are sweep net sampling and pitfall trapping compatible with molecular analysis of predation? Environmental Entomology, 37, 990-995.
Addendum: Theses, Articles in Press, Abstracts, Unpublished Reports, etc.:
Harwood JD (2008). Slugs: the overlooked invasive pests of North America? IOBC-NRS Newsletter 30(1), 1-2.

Chapman EG, Harwood JD (2008). Using snail-killing fly larvae as biological control agents of invasive slugs. IOBC-NRS Newsletter 30(3), 5.

Harwood JD, Greenstone MH (2008). Molecular diagnosis of natural enemy-host interactions. In: Recent Advances in Insect Physiology, Toxicology and Molecular Biology (Ed. Liu N). Research Signpost, Trivandrum, India, pp. 41-57.

Sharma J, Flanagan JM, Harwood JD, Chegini S (2008). Does gender determine allergenic potential in the multicolored Asian ladybeetle, Harmonia axyridis? Journal of Allergy and Clinical Immunology 121, S28.

Peterson JA, Harwood JD (2008). Fate and exposure pathways of Bt-endotoxins in terrestrial food webs. Chemical & Engineering News 86(26), June 30, 2008.
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Citrus Blackfly 

A biological control program was initiated against the citrus blackfly in south Louisiana with release of two parasitoids, Amitus hesperidum and Encarsia opulenta. A total of 1500 Encarsia opulenta and 2550 Amitus hesperidum were released at 7 different sites in Terrebonne and Lafourche Parishes in July for the biological control of citrus blackfly. Parasitoids came from citrus orchards in Florida or from colonies at Florida DPI. First season parasitism averaged 25.7% and varied from 18.4 to 36.9%. Successful establishment and control of the citrus blackfly with these parasitoids will reduce blackfly damage to citrus trees and eliminate several pesticide applications per season, reducing grower costs and quantities of pesticide applied which will in turn conserve beneficial arthropods important in natural control of other pests.

Red Imported Fire Ant

A survey was conducted to determine the distribution of Pseudacteon curvatus in Louisiana and spread from the three release sites in the state. The red imported fire ant parasitoid Pseudacteon curvatus was present 17 months after release at our third release site at Flora and considered established. Current distribution of P. curvatus resulting from the 3 releases, Waverly (2005), Clinton (2006) and Flora (2007) was determined in October. Pseudacteon curvatus was found in Madison, East Carroll, West Carroll, Richland, Franklin, Morehouse, Union, Ouachita, Claiborne, Tensas, Jackson, East Feliciana, West Feliciana, St. Helena and Natchitoches Parishes. A state survey for P. tricuspis was initiated. Classical biological control efforts against red imported fire ants, if successful, will result in lower populations of this pest and reduced pesticide use for its control. 

Salvinia

The biological control program against common salvinia, Salvinia minima, was expanded with the establishment of a third release site. Impact of the Florida salvinia weevil on common salvinia was determined at monthly intervals. Experiments were initiated to determine the impact of the red imported fire ant on the Florida salvinia weevil released to control common salvinia. A Florida salvinia weevil was observed at the release site in Gramercy on April 14, 2008 and is the first record of successful overwintering by this introduced biological control agent outside of Florida. Establishment of the Florida salvinia weevil was confirmed at both release sites on June 17, 2008 by Berlese of salvinia samples from release sites. Sample from site 1 had 189 weevils/ 1.4 kg common salvinia and site 2 had 18 weevils/ 1.46 kg common salvinia. A third release site was established at Gramercy with 300 weevils out of 1600 collected from Lake Miccosukkee in Florida in July. A monthly sample of salvinia biomass in release plots averaged 208.7g/ 0.1m² and was significantly less than 391.2g/0.1 m² found in control plots. The average monthly number of terminal buds damaged in a sample of 100 buds in the release plots was 29.3 and was and was significantly greater than 7.86 observed in the control plots. The impact of red imported fire ants on Florida salvinia weevil populations was studied in a replicated field exclusion experiment with a moat of open water maintained by an outer 1.5 m² PVC quadrat surrounding 1m² PVC quadrats with weevils on salvinia. Weevil counts were 50% higher in exclusion plots but the difference was not significant due to high variability in data. Classical biological control efforts against common salvinia will reduce the amount of water surface area infested with this invasive aquatic fern and reopen many areas in south Louisiana where duck hunting had been eliminated.  

Publications:
Henne, D.C., Hilbun, W.S., and Johnson, S.J. 2008. Spatio-temporal population sampling of a fire ant parasitoid. Entomologia experimentalis et Applicata 129: 132-141. 
Henne, D.C. and Johnson, S.J. 2008. Sampling and dynamics of a fire ant parasitoid. Environmental Entomology (In press) 
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ACCOMPLISHMENTS

Objective 3. 
Implementation, evaluation, and enhancement of biological control.

Continued evaluation of cereal aphid + parasitoid ‘Glance n’ Go’ sampling and management 
Plan.  Published information on parasitoid life history has been incorporated into

the sampling model.  Continued evaluation of impact of tillage on colonization of cropping

systems by ground beetles. 
Objective 4. 
Evaluate the benefits and risks of introduced and indigenous natural enemies.
Field and laboratory studies continued to examine intraguild dynamics among aphid parasitoids

and Coccinellidae predators.  Available data continue to indicate that parasitized aphids reduce 

ladybeetle survival and increase developmental times in annual cropping systems. 
UTILITY OF FINDINGS:  

WORK PLANNED FOR NEXT YEAR (2008):  

Continued evaluation of ‘Glance n’ Go’, ground beetle movement, and intraguild dynamics.

PUBLICATIONS (2008)

Regional (Joint) Publications: 

State Station or Agency Publications: 

Journal Articles: 

Phoofolo, M. W., K. L. Giles and N. C. Elliott.  2008.  Life History Responses to Food Deprivation in Three Species of Predatory Lady Beetles (Coleoptera: Coccinellidae).  Environ. Entomol.  37: 315-322.

Jones, D. B., K. L. Giles and N. C. Elliott.  2008.  Supercooling points of Lysiphlebus testaceipes and its host Schizaphis graminum.  Environ. Entomol.  37: 1063-1068.

Royer, T. A., K. L. Giles and M. M. Lebusa.  2008.  Preference and suitability of greenbug, Schizaphis graminum (Hemiptera: Aphididae) parasitized by Lysiphlebus testaceipes (Hymenoptera: Braconidae) as a food source for Coccinella septimpunctata and Hippodamia convergens (Coleoptera: Coccinellidae).  Biological Control. 47: 82-88. 

Giles, K. L., G. Hein, and F. Peairs.  2008.  Areawide Pest Management of Cereal Aphids in Dryland Wheat Systems of the Great Plains.  In (Koul et al. Eds.)  Areawide pest management: Theory and Implementation.  CABI, UK.  Pgs. 441-466.

Addendum: Theses, Articles in Press, Abstracts, Unpublished Reports, etc.:
Phoofolo, M. W., N. C. Elliott and K. L. Giles.  2009.  Analysis of growth and development in the final larval instar of three species of predatory Coccinellidae under varying prey availability.  Entomol. Exper. Appl.  In Press.
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ACCOMPLISHMENTS

Objective 1. 
Characterize and evaluate the effect of established introduced natural enemies.


A study was completed to determine the natural enemies of elongate hemlock scale, Fiorinia externa, on eastern hemlock in the southern Appalachians.  As part of this study, the genetic similarity of elongate hemlock scale populations using PCR procedures was investigated to determine any differences among populations of elongate hemlock scale in the southern Appalachians (North Carolina and Tennessee) and in the northern United States (Massachusetts).  No significant genetic differences among elongate hemlock scale populations from these three distinct areas of the eastern United States were inferred using PCR procedures.   Interesting, amplifications using genomic DNA isolations from three pools of elongate hemlock scales yielded two distinct bands (1,000 and 900 base pairs in length) from samples representing the three geographical areas.  Excision, purification, and direct sequencing of these fragments confirmed the predicted sizes of these bands and established the smaller band (900) from the elongate hemlock scale and the larger band from the parasitoid, Encarsia citrina, based upon the most similar matches recovered from the GenBank database.  Field collections and laboratory rearings confirmed that E. citrina contributed ca. 25% mortality to populations of elongate hemlock scale.  This genetic tool may assist in determining if E. citrina populations are present on elongate hemlock scale in a specific region.  Following limited releases of the parasitoid Pseudacteon curvatus (a phorid fly known as the decapitating fly) in several counties in Tennessee in 2002 and 2003, this parasitoid has now been documented to be established in 40+ counties, mainly along the southern border of Tennessee.  
Objective 2. 
Exploration, characterization and assessment of natural enemies for invasive species.
Large, whole-tree enclosures (ca. 9 m tall, 24 m base) were designed to assess the survival, establishment, and reproduction of introduced predators against the hemlock woolly adelgid, Adelges tsugae.   Cages were placed over adelgid-infested trees using a bucket lift truck.  Three introduced predator species (Sasasjiscymnus tsugae, Laricobius nigrinus, and Scymnus sinuanodulus) were released in these cages (one species/cage).  Tree growth parameters, aldegid population characteristics, and predator incidence, density, etc. were assessed inside each cage every three months.  Uncaged and caged (no beetles) trees (control) also were monitored and compared to beetle release trees.  All three species of introduced beetle reproduced inside the cages, as larvae of each species were recovered in 2008 (34 larvae of L. nigrinus found in April, 6 larvae of S. sinuanodulus in June, and 7 larvae of S. tsugae in June).  Adult L. nigrinus was found inside the cages in March and November 2008, adult S. sinuanodulus was found in April, June, and July 2008, and adult S. tsugae was found in April, May, June, July, and November 2008.  Adult L. nigrinus (ca. 25) and S. tsugae (3) were recovered inside the cages on 19-20 November 2008 (about one year after L. nigrinus were placed initially in the cages and about 8 months after S. tsguae were placed in the cages).  No S. sinuanodulus were found in the cages after 8 months (November sampling); please note, however, that no samples were collected from July to November to reduce movement and possible human interference in the cages.  After 11 months, adelgid densities in all beetle cages had declined.  The lowest decline (ca. 28%) was observed in the S. sinuanodulus cages, while S. tsugae and L. nigrinus cages showed a decline in adelgid densities of ca. 70 and 91%, respectively.  Adelgid densities on non-caged, non-release trees increased slightly (ca. 1%), while densities on the control, caged trees increased ca. 38%.  

Objective 3. 
Implementation, evaluation, and enhancement of biological control. The Lindsay Young Beneficial Insects Laboratory (LYBIL) at the University of Tennessee rears two predators of the hemlock woolly adelgid: the coccinellid Sasajiscymnus tsugae and the derodontid Laricobius nigrinus.  Since 2003, more than 560,000 beetles have been produced at LYBIL with almost 500,000 released on public lands in Tennessee.  Most (more than 365,000) have been released in the Great Smoky Mountains National Park. Beetle production in 2008 (reared about 120,000 Sasajiscymnus beetles and about 3,200 Laricobius beetles) was down from the previous record-breaking year, primarily due to the 2007 drought that affected quantity and quality of field-collected hemlock woolly adelgids used to rear beetles in the laboratory.  
Objective 4. 
Evaluate the benefits and risks of introduced and indigenous natural enemies.  

The impact, both on target (Carduus nutans) and non-target (Cirsium spp.) plant species, of two introduced weevil species, Rhinocyllus conicus and Trichosirocalus horridus, in an area where both exotic insect species are widely established was documented using caged plant studies.   The plant species included the three introduced (Carduus nutans, Cirsium arvense, and C. vulgare) and five native (C. altissimum, C. carolinianum, C. discolor, C. horridulum, and C. muticum) thistle species that occur in Tennessee. 
Eggs and larvae of R. conicus were recovered from Carduus nutans, Cirsium arvense, C. carolinianum, C. horridulum, and C. vulgare (all species that bud and/or bloom when R. conicus is laying eggs), and fewer seeds were produced in cages with R. conicus than by plants not exposed to the weevil (control plants). No eggs or larvae of R. conicus were recovered from C. altissimum, C. discolor, or C. muticum, as these species bloom in the fall and do not supply the appropriate plant material on which R. conicus can lay eggs and complete its life cycle.  Numbers of seeds produced by plants exposed to T. horridus were similar to numbers of seeds produced by control plants.  This is expected, as T. horridus does not feed in the seed heads, but rather on the developing shoots as the plant grows.  Because it feeds on developing rosettes and stems instead of within seed heads (thus not directly impacting seed numbers), the impact of T. horridus is difficult to estimate.  It is important to note that of the approximately 600 plants examined for non-target activity during 2008, little non-target feeding by either weevil species was documented.  Although found at low levels, T. horridus was found on more species of thistles [(C. discolor (n=2 plants), C. horridulum (n=3 plants), C. muticum (n=1 plants), and C. vulgare (n=1 plants)] than R. conicus [C. arvense (n=2 plants) and C. vulgare (n=1 plant)].      
A spatial model is being developed using GIS to predict where suitable habitats for selected thistle species may occur.  Mahalanobis distance, a multivariate statistic that estimates levels of dissimilarity among habitats, is being used to generate the spatial model.  This type of analysis is appropriate for presence only data, as it does not require absence locations.  Therefore, spatially referenced population data from herbaria and/or state or other agencies could be incorporated into the model as needed. Four thistle species are being used to generate the model; Carduus nutans and Cirsium vulgare (introduced species) and C. carolinianum and C. discolor (native species). 
UTILITY OF FINDINGS:  

While commonly used approaches (Petri dishes, small arenas, growth chambers, greenhouse studies, sleeve cages, etc.) to evaluation of natural enemies provide important information, the small size of these arenas may limit their usefulness when evaluating introduced natural enemies for release against pests of tree species.  Can methods be improved to evaluate natural enemies of these pests?  A project was developed to assess the use of large tree cages to enhance our understanding of the survival, colonization, and establishment of introduced biological control agents against the hemlock woolly adelgid, Adelges tsugae Annand, on eastern hemlock, and to assess the impact of these agents on population densities of this serious invasive pest and on tree health.  Whole-tree, canopy enclosure cages are a new and innovative approach to assess introduced natural enemies for release (single species or species complexes) against insect pests of trees (such as the hemlock woolly adelgid).  This research is expected to provide a better understanding of the role of natural enemies in suppressing hemlock woolly adelgid in forests.  
Non-target feeding of T. horridus on native thistles (ca. 6%) is disconcerting. While all observed activity of T. horridus on native thistles was restricted to foliar feeding with little observed apparent negative impact, prolonged interaction between T. horridus and native thistles could lead to this weevil impacting thistle populations by feeding on meristematic tissue.  By conducting caged studies that expose each thistle species to the introduced weevils, the impact of feeding by each weevil species can be quantified.  Quantifying the non-target impacts of these weevils is important to estimate what, if any, detriment they may have on native species in Tennessee.  Periodic monitoring of populations of each thistle species throughout the year will help to assess the level of naturally-occurring non-target feeding and impact of these weevils.
The development and testing of a spatial, habitat suitability model will further help ascertain the extent to which non-target feeding of these introduced weevils may occur.  Knowledge of the quantified impact of weevils on thistles under controlled study conditions, in conjunction with the “real world” occurrence of non-target feeding, will add to the relevance of the spatial model.  This information will assist land managers in future efforts to monitor and/or evaluate the risk of these introduced biological control agents to native thistle species.

WORK PLANNED FOR NEXT YEAR (2009): 

Objective 1. 
Characterize and evaluate the effect of established introduced natural enemies.
1) Evaluate establishment of introduced predators (Sasajiscymnus tsugae and Laricobius nigrinus) of hemlock woolly adelgid at release sites in the Great Smoky Mountains National Park; provide a qualitative and quantitative assessment of previous releases.

2) Continue to assess the establishment, spread, distribution, and impact of Pseudacteon curvatus on fire ants in Tennessee.

3) Continue to assess the effect of established introduced and indigenous natural enemies on the elongate hemlock scale, Fiorinia externa.

4) Conduct 20-year post-release study to assess establishment and effect of established introduced natural enemies of musk thistle, Carduus nutans.

Objective 2. 
Exploration, characterization and assessment of natural enemies for invasive species.
1) Continue to evaluate establishment of introduced predators of, and assess their impact on, hemlock woolly adelgid in large tree enclosures.

2) Investigate effect of multiple species of predators (species complexes) on hemlock woolly adelgid using large tree enclosures.
Objective 3. 
Implementation, evaluation, and enhancement of biological control.
1) Improve rearing methodology for predators (Sasajiscymnus tsugae and Laricobius nigrinus) of hemlock woolly adelgid; rear large numbers for field release.

2) Improve the Sasajiscymnus tsugae (St) beetle colony with fresh genetic material (new beetles) collected recently in Japan, where hemlock woolly adelgid and its predators orgininated.
3) Develop methodology to mass rear two additional beetle species, Scymnus sinuanodulus and Scymnus coniferarum.

4) Continue to mass rear and release predator species against the hemlock woolly adelgid.  

5) Begin renovations of an existing structure to develop a quarantine laboratory where new natural enemies can be assessed for environmental safety and efficacy against exotic pests.
Objective 4. 
Evaluate the benefits and risks of introduced and indigenous natural enemies.  

1) Finalize habitat suitability model to predict areas of interaction among introduced and native thistles and the introduced herbivores released against musk thistle; use a stratified field-testing method to field test the predictability of the model

2) Continue to assess impact of introduced herbivores on native and exotic thistle species.

3) Repeat caged field studies to assess impact of introduced weevils on native and introduced thistle species.

PUBLICATIONS (2008)

Regional (Joint) Publications: 

None.

State Station or Agency Publications: 

None.

Journal Articles: 

 SEQ CHAPTER \h \r 1Gibbs, M. M.,  P. L. Lambdin, J. F. Grant and A. M. Saxton. 2008. Diversity of ground-dwelling 
insects in a mixed hardwood southern Appalachian forest in eastern Tennessee. TN Acad 
Sci.  82:49-56. 

Lambdin, P. J. Grant, and R. Reardon. 2008. Density and distribution of the elongate hemlock 


scale on eastern hemlock in the southern Appalachians, pp. 36-38. IN Proc. International 
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horni (Coleoptera: Coccinellidae) on the elongate hemlock scale, Fiorinia externa 
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Dilling, C., P. Lambdin, J. Grant, and R. Rhea.  2009.  Community response of insects associated 
with eastern hemlock to imidacloprid and horticultural oil treatments.  Environ. Entomol.  
38:53-66. (In Press)


Dilling, C. I., P. L. Lambdin, J. F. Grant, and J. R. Rhea.  2008.  Assessment of imidacloprid and 
horticultural oil on non-target phytophagous and transient canopy insects associated with 
eastern hemlock in the southern Appalachians, pg. 224.  IN Proc. of the Fourth 
Symposium on Hemlock Woolly Adelgid in the Eastern United States, Onken, B. and R. 
Reardon (Eds.).  February 12-14, Hartford, CT. 

Dilling, C., P. Lambdin, J. Grant, J. Rhea. 2008. Community response of phytophagous and 
transient non-target canopy insects associated with eastern hemlock, Tsuga canadensis 
(L.) Carrière, to imidacloprid and horticultural oil applications. Proceedings of the XXIII 
International Congress of Entomology, pg. 135. July 6-12, 2008, Durban, South Africa.

Grant, J. F., P. L. Lambdin, and R. Rhea.  2008.  Establishing Sasajiscymnus tsugae in the South, 
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United States, Onken, B. and R. Reardon (Eds.).  February 12-14, Hartford, CT.

Grant, J., P. Lambdin, G. Wiggins, and J. Rhea. 2008. Impact of invasive insect pests on eastern 
hemlock in the southern Appalachians, USA: Novel approaches to evaluating biological 
control agents for forest health management. Proceedings of the XXIII International 
Congress of Entomology, pg. 1260. July 6-12, 2008, Durban, South Africa.  

Grant, J., A. Hakeem, P. Lambdin, F. Hale, J. Rhea. 2008. Impact of selected pesticides on 
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the XXIII International Congress of Entomology, pg. 1491. July 6-12, 2008, Durban, 
South Africa.

Hakeem, A.   SEQ CHAPTER \h \r 12008 (May).  Non-target effect of imidacloprid on the predatory arthropod guild on 
eastern hemlock, Tsuga canadensis (L.) Carriere, in the Southern Appalachians.  M.S. 
Thesis, The University of Tennessee, 78 pp.

Wiggins, G., J. Grant, and P. Lambdin. 2008. Use of GIS to characterize areas of non-target 
feeding by biological control agents of invasive weeds: A case study in Tennessee, USA. 
Proceedings of the XXIII International Congress of Entomology, pg. 1665. July 6-12, 
2008, Durban, South Africa. 

Wiggins, G., J. Grant, and P. Lambdin. 2008. Identifying areas of potential non-target feeding by 
biological control agents of invasive weeds using GIS. Proceedings of the Tennessee 
Entomological Society (The Firefly) 23:[in press]. 
PRIORITY AREAS FOR COLLABORATION
In 2008, a series of Priority Areas were identified for regional collaboration. Progress reports for those Action Items that are currently underway and actively being developed between states are described below.

1. Brazilian peppertree
On 23 January 2008, a series of reports were received from the FL Dept of Environmental Protection’ Bureau of Invasive Plant Management (now FL Fish and Wildlife Conservation Commission, Invasive Plant Management Section) and the Florida Natural Area’s Inventory that Brazilian peppertree was expanding its range into north Florida (including the Panhandle) and perhaps Georgia. The occurrence of Brazilian peppertree in Georgia was unconfirmed although it was reported to be established near the coastal communities of Savannah and Brunswick, GA, near a large golf resort. James Cuda (University of FL) contacted two individuals for specific locality info for Brazilian peppertree in Camden Co., GA; one was associated with the GA Game and Fish Commission (Mr. James Johnson ) and the other was affiliated with the WayCross District Forestry Commission (Mr. Jason Gillis). These two individuals were unable to provide specific Brazilian peppertree locations. Samples will continue to be collected in 2009.

On 11 April 2008, James Cuda contacted Seth Johnson (Louisiana State University) to see if he could find out if Brazilian peppertree had been reported in LA. Several weed scientist colleagues as well as an LSU botanist, Dr. Lowell Urbatsch, were contacted. According to Dr. Urbatsch, Brazilian peppertree is now known to occur in LA or MS. However, he also indicated that it might establish in LA during periods of frost free winters.

2. Tropical soda apple

In June 2008, James Cuda (University of FL) contacted Julio Medal (University of FL) who is the lead scientist working on Tropical Soda Apple biological control. The contact info for the S-1034 regional project participants was provided and these individuals were included in the current list of cooperators. It was also mentioned that the Experiment Stations in those states with TSA infestations were interested in developing collaborative projects. According to Dr. Medal, the states of Alabama and Georgia received about 30,000 insects during the past 2 years and were no longer interested in receiving shipments of the leaf beetle Gratiana boliviana. These releases were coordinated by state agencies and USDA, APHIS PPQ.
3. Hemlock woolly adelgid

In May 2008, James Harwood (University of KY) began to develop a molecular protocol for assessing the various predators of the adelgid, and understand the impact of native and exotic predators. The development protocols were designed to be of broad utility, across the region, and therefore screening protocols included specimens collected from multiple regions. Development is ongoing and preliminary field-trials are due to be conducted.
4. Diamondback moth

In June 2008, James Cuda (University of FL) sent a package to John Ruberson (University of GA), containing a new bio-rational compound patented by UF for controlling various insects, including the Diamondback moth. Our laboratory bioassays showed the diamondback moth was susceptible to the material and that natural enemies were unaffected by it. John Ruberson expressed an interest in field testing the material in GA.

The package contained the biorational material, an adjuvant (NuFilm) and mixing instructions. Weather conditions in GA in 2008 were not conducive to an outbreak of the Diamondback moth. John Ruberson will be conducting the field test during the next Diamondback moth outbreak.

5. Slugs
James Harwood (University of KY) has established a slug monitoring program in KY, recording several new State records of invasive species. Tim Kring (University of Arkansas) is also scouting for slugs. However, weather conditions in the southern region were not conducive to surveys. Further collaboration and survey work will be established in 2009.
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