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GOOD LABORATORY PRACTICE STANDARDS (FIFRA), as promulgated in Federal
Register, 54, No. 158, 34067-34704, 17 August 1989
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Summary

The performance of the organophosphate Naled (1,2-dibromo-2, 2-dichloroethyl dimethyl
phosphate) as an insecticide for use in the control of mosquitoes, black flies, and biting midges,
is demonstrated in this presentation of 100 peer-reviewed scientific publications representing 39

years of laboratory and field research performed under a variety of conditions.

Introduction

First registered in the United States in 1959, Naled (a.k.a. DIBROM®) has proven to be an
effective adulticide for the control of mosquitoes/blackflies. Applied primarily as an Ultra-Low-
Volume (ULV) aerial spray, Naled’s usage has grown to the point that millions of acres are

routinely treated for adult mosquito control in the U.S. each year.

It is difficult to find any source that disputes Naled’s efficacy against the adult mosquito. This
can best be demonstrated through the use of peer-reviewed scientific publications representing

years of testing conducted by independent researchers that present un-biased results.

Procedures

No new testing was performed for this study. A search for peer-reviewed scientific publications

on the efficacy of Naled (DIBROM®) was conducted by the following:

C. Roxanne Rutledge, Ph.D.

Assistant Professor, Extension Specialist
Florida Medical Entomology Laboratory
Institute of Food and Agricultural Sciences
200 9" Street SE

Vero Beach, Fl 32962

772-778-7200

crr@mail ifas.ufl.edu
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Dr. Rutledge used the following databases:

hrd

AGRICOLA database search engine

Cambridge Scientific Abstracts Internet Database Service (>60 databases)

Y v

ISI Web of Knowledge Current Contents search engine
ProQuest (5 databases)
SilverPlatter WebSpirs (9 databases)

Y v

Additionally, the literature cited section of each reviewed article was crosschecked for additional

references.

Acceptance criteria were defined based upon required elements of the U.S. EPA Pesticide
Assessment Guideline (OPPTS 810.3400). One hundred of the two hundred fifteen articles
reviewed met the criteria for the literature review. The review covered publications from 1960 —
1999. A search of the current contents (2001 — 2003) revealed no relevant publications on the

efficacy of Naled/DIBROM for use against mosquitoes or other biting flies.

Table 1 lists the genus and species for all mosquitoes and biting flies that were included in these
studies. There are two taxonomic name changes that occwrred since the time of the publications
reviewed. In many references, the name Psorophora confinnis appears. This species is currently
known as Psorophora columbiae. Additionally, all references to 4 edes, excluding aegypti,
albopictus, vexans, and cinereus, is now known as Ochlerotatus. For examples, for every

oceurrence of dedes taeniorhynchus, it is now known as Ochlerotatus taeniorhynchuis.
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Summary of Literature Reviewed

The following required information, extracted from each article by Dr. Rutledge, is presented in

Appendix A to facilitate a summary review of the literature:

SPECIES

STAGE

AGE

SEX

PLOT SIZE

NUMBER TRIALS

APPLICATION TECHNIQUE / EQUIPMENT
EVALUATION PROCEDURES

SAMPLING TECHNIQUE

PERFORMANCE

Y W YV ¥V ¥

v ¥V v

v v

However, the reviewer is encouraged to examine the entire article reproduced in Appendix B for

complete details.

Conclusions

Research of peer-reviewed scientific publications has been conducted to demonstrate the
performance of Naled in the control of mosquitoes, black flies, and biting midges. Any
published articles found to meet the acceptance criteria established by the U.S. EPA Guideline
(OPPTS 810.3400) were included in the review to present un-biased results, regardless of the

level of product performance.

Overall, the literature indicates Naled’s ability, regardless of formulation, to consistently control
a variety of adult mosquito/blackfly species when used under proper conditions. Further, this
report clearly demonstrates the magnitude and diversity of the laboratory and field research
conducted over the past forty years with Naled, with consideration given to the performance of

evolving field application technologies.
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TABLE 1

Mosquitoes and biting flies used in naled (Dibrom) efficacy studies published from 1960-1999

Genus

species

Aedes

aegypti, albopictus, atlanticus,
canadensis, cantator, cCommuinis,
fitchii, intrudens, nigromaculis,

punctor, sollicitans,

taeniorhynchus, friseriatus

frivittatus, vexans

Arnopheles

albimanus
crucians/bradelyi
punctipennis
guadrimaculatus

Coquillettidia

perturbans

Culex

nigripalpus
pipiens
quinquefasciatus
salanarius
tarsalis
tritagniorhynchus

Culiseta

melanura

Psorophora

ciliata
confinnis/columbiae
cyanescens

ferox

Toxorhynchites

rutilus rutilus
splendens

Wyeomyia

vanduzeel
mitchellii

Culicoides

furens

hollensis
mississippiensis
mellus

Chrysops

atlanticus
fuliginosus

Tabanus

nigrivittatus

Stomoxys

calcitrans
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APPENDIX A

Summary of Literature Reviewed

The following summarizes information from reviewed literature, with criteria selected in accordance with the EPA
Product Performance Test Guidelines: OPPTS 810.3400, Mosquito, Black Fly, and Biting Midge (Sand Fly) Treatments
(EPA 712-C-98-419, March 1998). Referenced literature is presented in the order of most recent publication first, in

descending chronological order. Refer to reproduced article in Appendix B for complete details.

1999 Ham, C. M., M. V, Meisch, and C. L. Meek
Efficacy of Dibrom®, Trumpet®, and Scourge® Against Four Mosquito Species in Louisiana
J. American Mosquito Control Association  15: 433-436 (Amvac Ref. #1003)

SPECIES: Anopheles quadrimaculatus

STAGE: Adult

AGE: Unknown/Wild

SEX: Not reported

PLOT SIZE: 61lmx 61m

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Six 80015 tee-jet nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment conducted

PERFORMANCE: (Dibrom) 69% mortality; {Trumpet) 64% mortality

SPECIES: Culex quinquefasciatus

STAGE: Adult

AGE: Unknown/Wild

SEX: Not reported

PLOT SIZE: 61mx 61m

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Six 80015 tee-jet nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Dibrom) 63.2% mortality; (Trumpet) 65.0% mortality

SPECIES: Aedes sollicitans/taeniorhynchus

STAGE: Adult

AGE: 3 days old (wild from larvae)

SEX: Notreported

PLOT SIZE: 6Imx 61m

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Six 80015 tee-jet nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Dibrom) 99.7% mortality; (Trumpet) 99.8% mortality
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SPECIES: Culex quinquefasciatus

STAGE: Adult

AGE: Unknown/Wild

SEX: Not reported

PLOT SIZE: 6lmx 61m

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV and Londonaire 1820 sprayers
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Dibrom) 20.7% mortality; (Trumpet) 15.6% mortality

SPECIES: Aedes sollicitans/taeniorhynchus

STAGE: Adult

AGE: 3 days old (wild from larvae)

SEX: Not reported

PLOT SIZE: 61mx 61m

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV and Londonaire 1820 sprayers
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Dibrom) 96% mortality; (Trumpet) 99.2% mortality

1998 Sukentason, K., J. K. Olson, W, K. Hartberg, and R. E. Dulirkopf
Organophosphate and Pyrethroid Susceptibilities of Culex salinarius Adults from Texas and New Jersey
J. American Mosquito Control Association 14: 477-480 (Amvac Ref. #927)

SPECIES: Culex salinarius

STAGE: Adult

AGE: 3 —4 days old (lab—~NI))

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Scintillation vial assay

EVALUATION PROCEDURES: 24-hour mortality; LC50 and LC95

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: LC50 = 0.076 ug/vial; LC95 = 0.162 ug/vial; Resistance ratio <1 (no resistance)

SPECIES: Culex salinarius

STAGE: Adult

AGE: 3 —4 days old (lab - TX))

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Scintillation vial assay

EVALUATION PROCEDURES: 24-hour mortality; LC50 and LC95

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: LC50 = 0.043 ug/vial; LC95 = 0.106 ug/vial; Resistance ratio <1 (no resistance)
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1998 Moore, C.G.
Letter to Editor RE: Iinpact of Naled (Dibrom 14) on the Mosquito Vectors of Eastern Equine Encephalitis Virus
J. American Mosquito Control Association  14: 482-484 (Amvac Ref. #1424)

SPECIES: N/A.

STAGE: N/A

AGE: N/A

SEX: N/A

PLOT SIZE: N/A

NUMBER TRIALS: N/A

APPLICATION TECHNIQUE/EQUIPMENT: N/A

EVALUATION PROCEDURES: N/A

SAMPLING TECHNIQUE: N/A

PERFORMANCE: Comments on the appropriateness of methodology used in: 1997 Howard, J.J., and J. Oliver
Tmpact of Naled (Dibrom 14) on the Mosquito Vectors of Eastern Equine Encephalitis Virus
J. American Mosquito Control Association 13: 315-325 (Amvac Ref. #1416)

1997 Howard, J.J., and J, Oliver
Impact of Naled (Dibrom 14) on the Mosquito Vectors of Eastern Equine Encephalitis Virus
J. American Mosquito Control Association  13: 315-325 (Amvac Ref. #1416)

SPECIES: Culiseta spp. & Aedes spp.

STAGE: Adult

AGE: Unknown (wild)

SEX: Not given

PLOT SIZE: Swamp area total approx. 1600 ha (Cicero)

NUMBER TRIALS: 15

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Piper Aztecs equipped with Micromist 900 spray
systems

EVALUATION PROCEDURES: Mortality of trap-collected mosquitoes

SAMPLING TECHNIQUE: Yearly trap collections at 2-week post-treatment

PERFORMANCE: For 13 of 15 applications mortality ranged from 81% to 99%with an average of 96%; 2
applications showed no reduction

SPECIES: Culiseta spp. & Aedes spp.

STAGE: Adult

AGE: Unknown (wild)

SEX: Not given

PLOT SIZE: Swamp area total approx. 2000 ha (Toad Harbor)

NUMBER TRIALS: 7

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Piper Aztecs equipped with Micromist 900 spray
systems

EVALUATION PROCEDURES: Mortality of trap-collected mosquitoes
SAMPLING TECHNIQUE: Annual trap collections at 2-week post-treatment
PERFORMANCE: Mortality ranged from 32% to 98% with an average of 81%
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1996 Burkett, D. A,, T. L. Biery and D. G. Haile
An Operational Perspective on Measuring Aerosol Cloud Dynamics
J. American Mosquito Control Association  12: 380-383 (Amvac Ref. #1415)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 3 -5 days old (lab)

SEX: Female

PLOT SIZE: Distance: 0.5 — 2.1 miles

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Teelet 8005 nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: >90% mortality (or better): no data given

1996 Mount, G.A., Biery, T.L., and D.G. Hailey
A Review of Ultralow-Volume Aerial Sprays of Insecticide for Mosquite Control
J. American Mosquito Control Association  12: 601-618 (Amvac Ref. #1210)

SPECIES: dedes spp., Culex spp., Psorophora spp.

STAGE: Adult

AGE: unknown (wild)

SEX: Not given

PLOT SIZE: Various, ranging from 3 to 2112 square miles

NUMBER TRIALS: 24

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV, large and small target areas
EVALUATION PROCEDURES: Various, not given — review of several articles
SAMPLING TECHNIQUE: Various, not given — review of several articles
PERFORMANCE: Mortality range from 14% to 100%; Average mortality >80%
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1993  Tietze, N. S., E. T. Schreiber, P. G. Hester, C. F. Hallmon, M. A. Olson, and K. R. Shaffer
Susceptibility of First Instar Toxorhynchites splendens to Malathion, Naled and Resmethrin
J. American Mosquito Control Association  9: 97-99 (Amvac Ref. #1414)

SPECIES: Toxorhynchites splendens

STAGE: Larvae

AGE: 1%instar; <24 hours old (lab)

SEX: Not reported

PLOT SIZE: 50-ml Pyrex beakers (40 ml water)

NUMBER TRIALS: 3 reported

APPLICATION TECHNIQUE/EQUIPMENT:
EVALUATION PROCEDURES: Lethal concentration (LC50)
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: 24hours: LCS50 = 623ng Al/ml; 48 hours: C50 = 488ng Al/ml; Relative to Malathion and
Resmethrin, Naled was least toxic *

*This study was to determine the susceptibility of a predacious mosquito used for biological control. Naled was
least toxic to this species, which in this case, is better. The goal is NOT mortality for this mosquito species.

1992 Linley, J. R. and S. Jordan

Effects of Ultra-Low Volume and Thermal Fog Malathion, Scourge® and Naled Applied Against Caged Adult
Culicoides Furens and Culex QuinqueFasciatus in Open and Vegetated Terrain

J. American Mosquito Control Association  8: 69-76 (Amvac Ref. #1413}

SPECIES: Culex quinguefasciatus

STAGE: Adult

AGE: Not reported (lab)

SEX: Female

PLOT SIZE: Out to 500° from line of spray

NUMBER TRIALS: 12

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV, Curtis Dynafog ULV machine; Thermal fog, Leco
HD 120

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Open terrain: 90% control out to 35°; Vegetated terrain: did not achieve 90% control
As effective as Scourge®; ULV provided greater mortality

SPECIES: Culicoides furens

STAGE: Adult

AGE: Not reported (wild)

SEX: Female

PLOT SIZE: Outto 500° from line of spray

NUMBER TRIALS: 12

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV, Curtis Dynafog ULV machine; Thermal fog, Leco
HD 120

EVALUATION PROCEDURES: Mortality of caged biting midges

SAMPLING TECHNIQUE: Neo population assessment

PERFORMANCE: Open terrain: Strikingly more effective than malathion and Scourge® against biting midges;
90% control to 117°; 86% mortality at 500”; 75% kill sustained out to 928’

Vegetated terrain: poor level of control. ULV was most effective method of application of naled against the
biting midges
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1990 Curtis, G. A., and D. B. Carlson
Evaluation of Hand Applied Naled Thermal Fog for Wyeomyia Control
J. American Mosquito Control Association  6: 421-424 (Amvac Ref. 1412)

SPECIES: Wyeomyia vanduzeei, Wyeomyia mitchellii

STAGE: Adult

AGE: Unknown; natural field population

SEX: Female

PLOT SIZE: 0.3 acres

NUMBER TRIALS: 11 (one day); 6 (3 consecutive days)

APPLICATION TECHNIQUE/EQUIPMENT: Thermal fog; London Turbo Hand Fogger; One day application
and 3 consecutive days application

EVALUATION PROCEDURES: Landing rate

SAMPLING TECHNIQUE: 5 minute landing rates daily for 30 days prior to test and 24 hours post treatment
PERFORMANCE; One day: mean decrease of biting population by 13%; 3-day: mean decrease of biting
population of 14.3%

1989 Boike, Jr., A. H., C. B. Rathburn, Jr., T. G. Floore, H. M. Rodriguez, and J. S. Coughlin
Insecticide Tolerance of Culex Nigripalpus in Florida
J. American Mosquito Control Association  5: 522-528 (Amvac Ref. #1410)

SPECIES: Culex nigripalpus

STAGE: Larvae (from wild adults)

AGE: 3" instar

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: 12

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: Mortality in beaker at 24 hours; LC 50 and LC 90 compared to susceptible
strain

SAMPLING TECHNIQUE: Larvae were reared from natural adult populations at various locations
PERFORMANCE: Resistance ratios ranged from 0.9 to 7.2; Increase in tolerance from 2.8X —4.9X from
different areas of the state; no resistance detected

1989 Brown, J. R., R. O. Melson, and G. E. Tetreaunlt. United States Navy Pesticide Aerial Unit
J. Florida Anti-Mosquito Association 4-6 (Amvac Ref. #1411)

SPECIES: Aedes aegypti

STAGE: Adult

AGE: 3 -6 days old (lab)

SEX: Not reported

PLOT SIZE: Distances of 15.2m ~ 91.4m perpendicular to flight path

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Acrial; Beecomist rotary nozzle Model 360
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Dibrom 14) 100%
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1989 Robert, L. L. and J. K. Olson
Susceptibility of Female Aedes Albopictus from Texas to Commonly Used Adulticides
J. American Mosquito Control Association  5: 251-253 (Amvac Ref. #1409)

SPECIES: Aedes albopictus

STAGE: Adult

AGE: 3 -4 day old (reared from wild eggs: Houston, Liberty)

SEX: Female

PLOT SIZE: 20-ml glass vials

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Plapp bicassay; mosquitoes exposed to vials coated with
insecticide.

EVALUATION PROCEDURES: LC50 and LC95 per vial compared to susceptible strain of dedes aegypti
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Houston LC50 = 0,07 ug/vial, LC95 = 0.35 ug/vial. Liberty LC50 = 0.05 ug.vial, LC95 =
0.13 ug/vial. Different from control at LC95; no resistance reported.

1988 Curtis, G. A., and J. Mason

Evaluation of Equipment Modifications and Dosage Rates of Ground ULV Applications of Naled Against Aedes
Taehniorliynchus in a Florida Citrus Grove

J. American Mosquito Control Association  4: 345-350 (Amvac Ref. #1407)

SPECIES: Aedes taehniorhynchus

STAGE: Adult

AGE: 3 -6 day old (lab)

SEX: Female

PLOT SIZE: 120 acres

NUMBER TRIALS: 110 total

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Curtis-Dyna, Leco, London Aire
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Dibrom 14 (3.6 fl 0z/min) = 56.5%, 39.6%, 32.8% (respectively)
Dibrom 14 (10.8 fl oz/min) = >95%

1988 Linley, J. R., R. E. Parsons, and R. A. Winner
Evaluation of ULV Naled Applied Simultaneously Against Caged Adult Aedes Taeniorhynchus and Culicoides

Furens
J. American Mosquito Control Association  4: 326-332 (Amvac Ref. #1406)

SPECIES: Aedes taenioriiynchus

STAGE: Adult

AGE: Not reported (lab colony)

SEX: Not reported

PLOT SIZE: Open field, not reported

NUMBER TRIALS: 2

APPLICATION TECHNIQUE/EQUIPMENT: Ground, vehicle mounted ULV Leco Model HD
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 90% mortality extended only to 5 meters; 70% mortality out to 23 meters
SPECIES: Culicoides furens
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STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: Open field, not reported

NUMBER TRIALS: 2

APPLICATION TECHNIQUE/EQUIPMENT: Ground, vehicle mounted ULV Leco Model HD
EVALUATION PROCEDURES: Mortality of caged biting flies

SAMPLING TECHNIQUE: Wild populations were used for the test

PERFORMANCE: 90% mortality not attained; 70% mortality out to 18 meters

1987 Linley, J. R., R, E. Parsons, and R. A. Winner
Evaluation of Naled Applied as a Thermal Fog Against Culicoides Furens (Diptera: Ceratopogonidae)
J. American Mosquito Control Association  3: 387-391 (Amvac Ref. #1408)

SPECIES: Culicoides furens

STAGE: Adult

AGE: Not reported (wild)

SEX: Female

PLOT SIZE: Distance 50m from application site to test cages

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Ground thermal fog, London Turbo Hand Fogger
EVALUATION PROCEDURES: Mortality of caged midges

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 24 hours: 14.8% mortality

1986  Rathburn, Jr., C. B., J. C. Dukes, A. H. Boike, Jr., T. G. Floore and C. F. Hallmon
The Efficacy of Formulations of Dibrom 14 in Citrus Oil For The Control of Mosquitoes and Stable Flies
J. Florida Anti-Mosquito Association 4-8 (Amvac Ref. #1404)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported (lab)

SEX: Not reported

PLOT SIZE:

NUMBER TRIALS: 8

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: LC50 and LC90
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Dibrom LC50= 0.033 mg/mi, LC90 = 0.104 mg/ml; Dibrom in citrus oil LC50 - 0.025
mg/ml, LC90 = 0.092 mg/ml

SPECIES: Culex quinquefasciatus

STAGE: Adult

AGE: Not reported (lab)

SEX: Not reported

PLOT SIZE:

NUMBER TRIALS: 8

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: LC50 and LC90
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Dibrom LC50 = 0.067 mg/ml, LC90 = 0.161 mg/ml; Dibrom in citrus oil LC50 - 0.074
mg/ml, LC90 = 0.148 mg/ml
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SPECIES: Aedes taeniorhiynchus

STAGE: Adult

AGE: Not reported (lab)

SEX: Female

PLOT SIZE: Distance - up to 600 feet downwind of application

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV generator.

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Dibrom in citrus oil: 98.2 — 98.5% mortality; Dibrom in soybean oil: 100% mortality

SPECIES: Culex quinguefasciatus

STAGE: Adult

AGE: Not reported (lab)

SEX: Female

PLOT SIZE: Distance — up to 600 feet downwind of application

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Dibrom in citrus oil: 53.6 — 79.9 % mortality; Dibrom in soybean oil: 89.6 — 94.3% mortality

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: Not reported (lab)

SEX: Female

PLOT SIZE: Distance — up to 600 feet downwind from application

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Dibrom in citrus oil: 93.3 - 100 % mortality; Dibrom in soybean oil: 100% mortality

SPECIES: Stomoxys calcitrans

STAGE: Adult

AGE: 3 days old (lab)

SEX: Female

PLOT SIZE: Distance — up to 600 feet downwind from application

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV generator
EVALUATION PROCEDURES: Mortality of caged stable flies

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 0.5 hour: Dibrom in citrus oil: 52 - 78 % mortality; Dibrom in soybean oil: 98-99%
mortality; 12 hour: Dibrom in citrus oil: 78 - 96% mortality; Dibrom in soybean oil: 100% mortality
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1986 Weathersbee, A. A., ITI, M. V., Meisch, C, A. Sandoski, M. F. Finch, D. A. Dame, J. K. Olson, and A. Inman
Combination Ground and Aerial Adulticide Applications Against Mosquitoes in an Arkansas Riceland

Community
Journal of the American Mosquito Control Association 2: 456-460 (Amvac Ref. #1405)

SPECIES: Anopheles quadrimaculatus, Psorophora columbiae

STAGE: Adult

AGE: Unknown (wild populations)

SEX: Mixed

PLOT SIZE: 10.4 km’

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Aerial; 5 Teejet 8535 nozzles with D; orifices
EVALUATION PROCEDURES: Change in landing rates (2 days pre-treat and 2 days post-treat); change in
density of females collected in resting stations (3 days pre-treat and 2 days post-treat); Mortality of caged
mosquitoes

SAMPLING TECHNIQUE: Landing rates; resting collections of natural populations

PERFORMANCE: Anopheles resting collections: 90% and 77% reduction at 12 hours; 81% and 84% reduction
at 36 hours; Landing rates: Initial reduction at 24 hours for both species; increase in both species at 48 hours;
Caged mosquito mortality: 4 —52.8%

1985 Floore, T. G.
Laboratory Wind Tunnel Tests of Nine Insecticides Against Adult Culicoides Species (Diptera: Ceratopogonidae)
Florida Entomologist 68: 678-682 (Amvac Ref. #1403)

SPECIES: Culicoides mississippiensis, C. furens, C. mellus (not separated in results)
STAGE: Adult

AGE: Unknown (wild)

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC50 and LC 90

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 24 hour LC50 = 0.0586 mg Al/ml, LC90 = 0.1530 mg Al/ml
Compared to 8 other insecticides, naled was least effective

1985 Boike, Jr., A. H,, C. B. Rathburn, Jr., K. L. Lang, H. M. Masters and T. G. Fleore

Current Status en the Florida Abate Monitoring Program - Susceptibility Levels of Three Species of Mosquitoes
During 1984

J. American Mosquito Control Association  1: 498-501 (Amvac Ref. #1402}

SPECIES: Culex nigripalpus

STAGE: larvae (reared from wild)

AGE: 3" instar

SEX: Not reported

PLOT SIZE: 250 m! solution in beakers

NUMBER TRIALS: 12

APPLICATION TECHNIQUE/EQUIPMENT: Laboratory bioassay in beakers
EVALUATION PROCEDURES: L(C50 and LC90

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 1981: 1.C50 = 0.0528 ug Al/ml, LC90 = 0.0895 ug Al/ml; 1984: LC50 = 0.0722 ug Al/ml,
1.C90 =0.1822 ug Al/m!: (Slight increase in tolerance to naled)

Page 18 of 632 200-EFF-024



SPECIES: Culex quinguefasciatus
STAGE: larvae (reared from wild)

AGE: 3" instar
SEX: Not reported

PLOT SIZE: 250 ml solution in beakers

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Laboratory bioassay in beakers

2

EVALUATION PROCEDURES: LC50 and LCS0
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE:

Collier 1982:
Collier 1984:
Collier 1984
Lee 1981:
Lee 1984:
Manatee 1984:
Polk 1980:
Polk 1984:

LC50 = 0.356 ug Al/m], LC90 = 0.644 ug Al/ml
LC50 = 0.399 ug Al/ml, LC90 = 0.759 ug Al/ml
LC50 = 0.147 ug AUV/mi, LC90 = 0.215 ug Al/m]
LC50 = 0,142 ug Al/ml, LC90 = 0.240 ug Al/ml
LC50 = 0.334 ug AUml, LC90 = 0.655 ug Al/ml
LC50 = 0.338 ug Al/ml, LC90 = 0.777 ug Al/ml
LC50 = 0.646 ug Al/ml, LC90 = 1.140 ug AV/ml|
LC50 = 0.249 ug Al/ml, LC90 = 0.521 ug Al/ml

Lesg resistant to naled than the other Al's tested

1985 Dukes, J. C., C. F. Hallmon, J. P, Ruff, and J. C. Moore
Downwind Drift and Droplet Distribution of Naled Aerial Sprays Applied for Stable Fly Control Over Gulf

Beaches

J. Florida Anti-Mosquito Association 86-90 (Amvac Ref. #950)

SPECIES; Stable flies
STAGE: Adult

(no scientific name given)

AGE: Not reported. Lab reared

SEX: Notreported

PLOT SIZE: 3000 linear feet

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application; DC3; 36 flat fan nozzles

EVALUATION PROCEDURES: Mortality of caged stable flies
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 92

— 100% mortality
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1984 Boike, Jr., A. H., C. B. Rathburn, Jr., L. A. Sizemore, and M. W. Peters

Susceptibility of Eighteen Strains of Culex quinquefasciatus Say from Florida to Five Organophosphate
Insecticides

J. Florida Anti-Mosquito Association 55: 1-5 (Amvac Ref. #1400)

SPECIES: Culex quinquefasciatus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bicassays in the laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 established and compared to populations in various areas of
the state

SAMPLING TECHNIQUE: Larvae tested were from eggs of wild populations

PERFORMANCE: Polk County — Least susceptible to naled at LC 50 = 0646 ug Al/ml; Most susceptible from
Cottondale — LC 50 = 0.070 ug Al/ml; 5 strains had LC 50 ranging from 0.356 to 0.210 ug AV/ml; 8 strains had
LC 50 ranging from 0.179 to 0.112 ug Al/ml.

1984 Haile, D. G., D. L. Kline, J. F. Reinert, and T. L. Biery

Effects of Aerial Applications of Naled on Culicoides Biting Midges, Mosquitoes, and Tabanids on Parris Island,
South Carolina

Mosquito News 44: 178-183 (Amvac Ref. #1401)

SPECIES: Culicoides hollensis, C. mellus, C. furens

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 8047 acres

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application; Teelet nozzles
EVALUATION PROCEDURES: Mortality of caged biting midges, landing rates, trap collections
SAMPLING TECHNIQUE: Landing rates

PERFORMANCE: 1981: 24% control based on landing rates, 58% mortality in caged biting midges;
1982: 99% reduction in trap collections; 95% mortality in caged biting midges

SPECIES: Aedes taeniorhynchus, Culex quinguefasciatus

STAGE: Adult

AGE: Lab reared Aedes; Culex unknown, wild

SEX: Female

PLOT SIZE: 8047 acres

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application; Teelet nozzles
EVALUATION PROCEDURES: Mortality of caged biting midges, trap collections
SAMPLING TECHNIQUE: Trapping of natural populations

PERFORMANCE: 1981: 67% mortality in caged mosquitoes

1982: 96% mortality in caged mosquitoes; 63% reduction in trap collections
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SPECIES: Tabanus spp

STAGE: Adult

AGE: Unknown, wiid

SEX: Female

PLOT SIZE: 8047 acres

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application; Teelet nozzles
EVALUATION PROCEDURES: Trap counts

SAMPLING TECHNIQUE: Trap counts of natural population
PERFORMANCE: 69% reduction in trap counts

1982 Boike, A. H., Jr., C. B, Rathburn, Jr., L. A. Sizemore, and M. W. Peters
Results of the Florida Program for Monitoring Mosquito Susceptibility to Temephos, 1980-82
Journal of the Florida Anti-Mosquito Association  84-92 (Amvac Ref. #1395)

SPECIES: Aedes taeniorhynchus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strain
SAMPLING TECHNIQUE: Larvae reared from wild populations

PERFORMANCE: Resistance ratios: 0.9 — 1.5. No resistance. Almost as susceptible as lab strains

SPECIES: Culex nigripalpus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strain

SAMPLING TECHNIQUE: Larvae reared from wild populations

PERFORMANCE: Resistance rations: 1.1 —1.7. No resistance. Almost as susceptible as lab strains

SPECIES: Culex quinquefasciatus

STAGE: Larvae

AGE: Not reported

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory
EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strain
SAMPLING TECHNIQUE: Colony from eggs, larvae, and adult from wild
PERFORMANCE: Resistance ratios: 1.0 —5.6. One population had high RR (5.3 and 5.6); remainder was
almost as susceptible as lab strains.
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1982 Erickson, L. A.
Effectiveness of Aerial Applications of Naled 85 Concentrate on Rocky Point, Florida
J. Florida Anti-Mosquito Association 34-38 (Amvac Ref. #1396)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown, wild

SEX: Mixed

PLOT SIZE: 9000 acres

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV

EVALUATION PROCEDURES: Change in New Jersey light trap counts

SAMPLING TECHNIQUE: Trapping of natural populations

PERFORMANCE: Reduction of New Jersey light trap counts: 147 to 9; 142 to 76 to 17; 62 to 35 to 1. Reduced

complaints.

1982 Haile, D. G., T. L. Biery, J. F. Reinert, and N. W. Pierce
Aerial Applications of Naled Diluted in HAN with UC-123K Aircraft for Adult Mosquito Control
Mosquito News 42: 41-48 (Amvac Ref. #1397)

SPECIES: Aedes taeniorhiynchus

STAGE: Adult

AGE: 3 —-6daysold (lab)

SEX: Not reported

PLOT SIZE: 1.4~ 2.0 miles

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 8003 — 8004 TeeJet nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Mortality = 56% (1 test ); 92% (average of 3 tests); 70% (average of 2 tests); 93% (1 test).
1.5 oz/acre more effective than 0.25 oz/acre

1982 Parsons, R. E.
Effect of Ground Ultra Low Volume Insecticide Applications on Nataral Mosquito Populations
Journal of the Florida Anti-Mosquite Association  53: 31-35 (Amvac Ref. #1398)

SPECIES: Various (natural populations)

STAGE: Aduit

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: Small community, not reported

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Leco HD ULV aerosol generator

EVALUATION PROCEDURES: Changes in CDC light trap collections; changes in truck trap collections;
SAMPLING TECHNIQUE: All counts were based on natural populations

PERFORMANCE: 60% reduction in light traps; 40% reduction in truck trap collections; controls were reduced

by 50%
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1982 Rathburs, Jr., C. B,, A. H. Boike, Jr., L. A, Sizemore, and M. W, P'eters
Laboratory Tests of Mosquito Adulticides
J. Florida Anti-Mosquito Association 92-96 (Amvac Ref. #1394)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 3~ 8 days old (iab colony)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: Mortality at 24 hours, LC 50 and 1.C 90

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: LC 50 =0.079 mg Al/ml, LC 90 = 0.161 mg Al/ml; Naled more toxic than Malathion

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 3 - 8 days old (lab colony)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: Mortality at 24 hours, LC 50 and LC 90

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: LC 50 = 0.057 mg Al/ml, LC 90 = 0.110 mg Al/ml; Naled more toxic than Malathion

SPECIES: Culex quinguefasciaius

STAGE: Adult

AGE: 3 - 8 days old (lab colony)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: Mortality at 24 hours, LC 50 and LC 90
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: LC 50 = 0.071 — 0.098 mg AV/ml, LC 90 = 0.118 — 0.266 mg Al/ml; Naled more toxic than
Malathion
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1981 Kline, D. L., D. G. Haile, and K. F. Baldwin
Wind Tunnel Tests with Seven Insecticides Against Adult Culicoides mississippiensis
Mosquito News 41: 745-747 (Amvac Ref. #1393)

SPECIES: Culicoides mississippiensis

STAGE: Adult

AGE; Unknown, wild

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel, air atomizing nozzle #12891 1/8 1J
EVALUATION PROCEDURES: Mortality and knockdown at 1 and 24 hours to establish LD 50 and LD 90
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: % concentration for 1-hour knockdown: 0.03523; 24 hour LC 50 = 0.01143; 24 hour LD 90
=0.07379

Naled and Malathion had equal knockdown capability; naled was more effective than Malathion; data will be
used to design field application experiments

1981 Rathburn Jr., C. B., A. H. Boike, Jr., C. F. Hallmon and R, L. Welles
Field Tests of Insecticides Applied as ULV Sprays by Ground Equipment for the Control of Adult Mosquitoes
Mosquito News 41: 132-135 (Amvac Ref. #1399)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2 - 8 days old (lab colony, OP susceptible)

SEX: Female

PLOT SIZE: Notreported {open beach residential area)

NUMBER TRIALS: 3 -4

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV cold aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: naled + HAN: 97% mortality; naled + Chevron 400: 99% mortality; naled + 3% diesel oil:
94% mortality; naled + 2% diesel oil: 81% mortality

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 2 - 8 days old (lab colony, OP susceptible)

SEX: Female

PLOT SIZE: Not reported (open beach residential area)

NUMBER TRIALS: 3-4

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD ULV cold aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: naled + HAN: 99% mortality; naled + Chevron 400: 100% mortality; naled + 3% diesel oil:
100% mortality; naled + 2% diesel oil: 95% mortality
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1979  Boike, A. H., J1., C. B. Rathburn, Jr., C. F. Hallmon, and 8. G. Cotterman
Insecticide Susceptibility Levels of Some Florida Mosquitoes
Proceedings of the Florida Anti-Mosquito Association 62-67 (Amvac Ref. #1392)

SPECIES: Adedes taeniorhynchus

STAGE: Larvae, Adults

AGE: Not reported

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: 70 (L); 7 (A)

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory (L), Wind tunnel (A)
EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strains
SAMPLING TECHNIQUE: Test specimens were from wild collections

PERFORMANCE: Still susceptible to naled; no differences in lab strain

SPECIES: Culex nigripalpus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 22 (L)

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory (L)
EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strains
SAMPLING TECHNIQUE: Test specimens were from wild collections
PERFORMANCE: Still susceptible to naled; no differences in lab strain

SPECIES: Culex quinquefasciatus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 37 (L)

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory (L)

EVALUATION PROCEDURES: LC 50 and LC 90 compared to lab susceptible strains

SAMPLING TECHNIQUE: Test specimens were from wild collections

PERFORMANCE: One strain resistant : 3.0X (LC 50) — 8.1X (LC 90); other strains still susceptible to naled
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1979 Focks, D. A., D. A. Dame, A. L. Cameren, and M. D. Boston
Susceptibility of Toxorhynchites Rutilus Rutilus to Five Adulticides Currently Used for Mosquito Control
Mosquito News 39: 304-306 (Amvac Ref, #1391)

SPECIES: Toxorhynchites rutilus rutilus

STAGE: Adult

AGE: 14 days old (lab colony)

SEX: Male and female

PLOT SIZE: N/A

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: 1-hour knockdown and 24 hour mortality of caged mosquitoes; LC 50 and LC
90

PERFORMANCE: Relatively quick knockdown — within one hour (no data presented); % concentration LC 50 =
0.0139; LC 90 =0.0212*

*Naled was the second least toxic of five adulticides; this species is predacious on other mosquitoes, the more
tolerant they are to the insecticide, the better for biological control efforts.

1978 Boike, A. H., Jr., C. B. Rathburn, Jr., C. F. Hallmon, and 8. G. Cotterman
Insecticide Susceptibility Tests of Aedes Taeniorhynchus and Culex Nigripaipus in Florida, 1974-1976
Mosquito News 38: 210-217 (Amvac Ref. #1384)

SPECIES: Aedes taeniorhynchus

STAGE: Larvae from wild adults

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 104

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: LC 50 and L.C 90 compared to laboratory susceptible strain
SAMPLING TECHNIQUE: Test samples were from wild material and compared to colony material
PERFORMANCE: Larvae from over 3-year period were as susceptible as the laboratory-susceptible strain

SPECIES: Aedes taeniorhynchus

STAGE: Adults from wild adults

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 15

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory susceptible strain
SAMPLING TECHNIQUE: Test samples were from wild material and compared to colony material
PERFORMANCE: Adults from over 3-year period were as susceptible as the laboratory-susceptible strain
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SPECIES: Culex nigripalpus

STAGE: Larvae from wild adults

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 50

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory susceptible strain
SAMPLING TECHNIQUE: Wild larvae were compared to lab larvae

PERFORMANCE: Larvae were as tolerant as the laboratory strain

SPECIES: Culex nigripalpus

STAGE: Adults from wild adults

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 11

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory susceptible strain
SAMPLING TECHNIQUE: Wild adults were compared to lab adults

PERFORMANCE: Adults were 2X (LC 50) and 4X (LC 90) less tolerant than the laboratory strain

1978 Bourg, J. A, M. K. Carroll and A. J. Blake
AG-CAT ULV Spray System Development, Calibration, and Field Tests Using Naled.
Mosquito News 38: 36-38 (Amvac Ref. #1385)

SPECIES: Aedes sollicitans, Culex salinarius

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 125 ha

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Grumman Ag-Cat; 8001 Teejet nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: 1.5 hour mortality = 100%; 71% (dedes) - 88% (Culex) reduction in landing rate counts

1978 Hester, P. G., B. W. Clements, Jr., J. C. Dukes, and W. N. Swenson
Effects of Dibrom Applied as Aerial Sprays on Non-Target Salt Marsh Organisms in Northwest Florida
Proceedings of the Florida Anti-Mosquito Association 3-5 (Amvac Ref. #1388)

SPECIES: Stomoxys calcitrans

STAGE: Adult

AGE: Not reported (lab colony)

SEX: Not reported

PLOT SIZE: 840 acres

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial; 25% Dibrom by velume in soybean oil
EVALUATION PROCEDURES: 24 hour Mortality of caged stable flies

SAMPLING TECHNIQUE: No population assessment; studied effects on non-targets
PERFORMANCE: Average mortality in four tests = 91%*

*Non-target effects = no obvious adverse effects to any of the marsh inhabiting organisms tested.
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1978 Meek, L., G. Faget, and T. Meorganti
Horse Flies Target Of Insecticide Tests
Louisiana Agriculture 21: 14-15 (Amvac Ref. #1386)

SPECIES: Tabanus nigrivittatus

STAGE: Adult

AGE: Unknown (wild)

SEX: Not reported

PLOT SIZE: Up to 300° from line of spray

NUMBER TRIALS: 8

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted ULV
EVALUATION PROCEDURES: Mortality of caged flies
SAMPLING TECHNIQUE: Flies were trapped from local populations
PERFORMANCE: Average mortality over 8 tests at various distances:
1 hour post-treat: 50° = 100%; 6 hours post-treat = 100%

1 hour post-treat 100° = 100%; 6 hours post-treat = 100%

1 hour post-treat 150’ = 100%; 6 hours post-treat = 100%

1 hour post-treat 200° = 98.7%; 6 hours post-treat = 100%

1 hour post-treat 250° = 98.7%; 6 hours post-treat = 100%

1 hour post-treat 300" = 85%; 6 hours post-treat = 100%

1978 Meisch, M. V.
Ultralow Volume Aerial Applications Of Insecticides For Mosquito Control In Arkansas Riceland Communities
Mosquito News 38: 343-346 (Amvac Ref. #1387)

SPECIES: Mixed, wild. Primarily Psorophora columbiae, Anopheles quadrimaculatus

STAGE: Adult

AGE: Unknown, wild

SEX: Mix

PLOT SIZE: 16 sq. miles

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; Hollow cone Flat fan Tee Jet nozzles (D-3)
EVALUATION PROCEDURES: Percent reduction in landing rates and light trap counts

SAMPLING TECHNIQUE: Landing rates; New Jersey light trap counts

PERFORMANCE: Light traps = 89% reduction night of treatment; 50% reduction at 24 hours post-treat; 50%
reduction at § days post-treat; Landing rates = 92% reduction night of treatment; 76% reduction at 24 hours post-
treat; 74% reduction at 5 days post-treat
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1978 Mount, G. A., N. W. Pierce, K. F. Baldwin and F. Washington

Control Of Aedes Taeniorhynchus At Crescent Beach, Florida, With Aerosols Of Propoxur (Baygon® Mos) And
Naled (Dibrom® 14)

Mosquito News 38: 54-56 (Amvac Ref. #1389)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Caged: 3 -5 days old (OP susceptible lab colony); Natural population: age unknown

SEX: Female

PLOT SIZE: 50 acres

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco HD aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes; Percent control of natural population
SAMPLING TECHNIQUE: Landing rates before and after treatment

PERFORMANCE: 24 hour mortality of caged mosquitoes: 65%; Control of native population: 85%

1978 Sutherland, D. J., R. Kent and J, Downing
The Effect Of Aerial ULV Adulticiding With Malathion And Naled On Field Populations Of Aedes Sollicitans

Mosquito News 38: 488-491 (Amvac Ref. #1390)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 1600 ha

NUMBER TRIALS: 50 operational applications

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 8 - 14 nozzles (size range 80015 to 8005)
EVALUATION PROCEDURES: Change in landing rates 3 days pre- and post-application

SAMPLING TECHNIQUE: Landing rates

PERFORMANCE: Day 1 post-treat = reduction occurs 77.75 of time; Day 2 post-treat = reduction occurs 92% of
time; Day 3 post-treat = reduction occurs 83.4% of time

Decrease in landing rates on day 1 higher than Malathion; general decrease in the reduction over the 3 days

1978 Aliman, R.
Maryland Uses Naled Against Salt March Mosquitoes
Pest Control  14-18 (Amvac Ref, #1423)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: Unlknown, wild

SEX: Not given

PLOT SIZE: 640 Acres

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; single engine aircraft
EVALUATION PROCEDURES: Mortality estimated post-application
SAMPLING TECHNIQUE: Not given

PERFORMANCE: Estimated >80% mortality
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1977 Dukes, J. C. and R. C. Axtell
Chemical Control Of Coastal Biting Flies And Gnats
Proceedings of the New Jersey Mosquito Extermination Association 62: 232-233 (Amvac Ref. #1382)

SPECIES: Chrysops atlanticus, C. fuliginosus, Tabanus nigrovittatus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: Up to 150’ downwind of spray

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV aerosol; Leco ULV-HD
EVALUATION PROCEDURES: Mortality of caged flies

SAMPLING TECHNIQUE: Unknown

PERFORMANCE: 90% or better at 12 oz/acre

1977 Moseley, K., J. Mullenix, and R. T. Taylor
Organophosphorous Resistance In The Memphis, Tennessee, Crlex Pipiens Complex
Mesquito News 37: 271-275 (Amvac Ref, #1383)

SPECIES: Culex pipiens complex

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 150 — 300 ft from spray discharge

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground; truck mounted Leco HC ULV Fog Generator
EVALUATION PROCEDURES: Mortality at 12 and 24 hours post-treat

SAMPLING TECHNIQUE: Test mosquitoes were from natural field collections

PERFORMANCE: 24 hour mortality: 75° =21%; 150’ = 25%; 300° = 37%

SPECIES: Culex pipiens complex

STAGE: Adult

AGE: 3 day old (laboratory colony)

SEX: Female

PLOT SIZE: 150 — 300 ft from spray discharge

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Hoskins-Caldwell Spray Chamber, No. 631 Atomizer
EVALUATION PROCEDURES:

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: High mortality at lower dosages; 30% kill
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1977 Jolivet, P.H.A., Hong, HK., Lee, C.S., and H.L. Mathis
Ground Aerosol of Ultra-Low-Volume Dibrom Against Culex tritaeniorhynchus in Pusan, Korea
Korean Journal of Entomology 2: 29-32 (Amvac Ref. #1427)

SPECIES: Culex tritaeniorhiynchus

STAGE: Adult

AGE; Unlknown, wild

SEX: Not given

PLOT SIZE: 76 ha

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground; trailer mounted LECO cold aerosol machine
EVALUATION PROCEDURES: Mortality at 1, 2, 3, and 4 days post-treat

SAMPLING TECHNIQUE: Bioassays of caged adults

PERFORMANCE: 24 hour mortality: 40% to 50%; Overall 4-day mortality: 24% to 32%

SPECIES: Culex tritaeniorhynchus

STAGE: Larva

AGE: Unknown, wild

SEX: Not given

PLOT SIZE: 76 ha

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Ground; trailer mounted LECO cold aerosel machine
EVALUATION PROCEDURES: Mortality at 1, 2, 3, and 4 days post-treat

SAMPLING TECHNIQUE: Bioassays of caged larvae

PERFORMANCE: Natural reductions similar to control group

1976 Palmisano, C. T., C. D. Steelman and P. E. Schilling

Relative Effects Of Insecticide Usage In Louisiana Mosquito Control Programs On The Susceptibility Of Adult
Female Culex Pipiens Quinquefasciatus Populations

Mosquito News 36: 521-527 (Amvac Ref. #1380)

SPECIES: Culex pipiens quinquefasciatus

STAGE: Adult

AGE: 3 -7 dayold

SEX: Females

PLOT SIZE: Not applicable

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: Comparison of LC 50 and LC 90 for different localities
SAMPLING TECHNIQUE: Test adults were from wild larvae

PERFORMANCE: Less than 2X difference (LC 50) in 6/7 localities; LC 50 significantly different in Jefferson
(area where MCD used naled for 5 years)
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1976 Steelman, C. D., and D. 8. Devitt
Development Of Organophosphate Tolerance In Field Populations Of Culex Pipiens Quinquefasciatus Say In

Lonisiana
Mosquito News 36: 361-363 (Amvac Ref. #1381)

SPECIES: Culex pipiens quinquefasciatus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 11

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared over years

SAMPLING TECHNIQUE: Test larvae were field collected from 4 areas of Louisiana

PERFORMANCE: Orleans = no change in susceptibility; Jefferson = 2X increased in LC 50 over 5 years; St.
Tammany = 20x (L.C50) and 50X (LC90) less susceptible over 5 year period; St. Bernard = no comparative data,
only one year

1975 Boike, A. H., and C. B. Rathburn, Jr.

Laboratory Susceptibility Tests Of Some Florida Strains Of Aedes Taeniorhynchus (Wied.) And Culex Nigripalpus
Theob. To Malathion And Naled, 1972-1974

Mosquito News 35: 137-140 (Amvac Ref. #1379)

SPECIES: Aedes taeniorhynchus

STAGE: Adults

AGE: 2~ 8 days old

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 8

APPLICATION TECHNIQUE/EQUIPMENT: Wild tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory colony
SAMPLING TECHNIQUE: Test samples were from various wild collections
PERFORMANCE: No resistance to naled.

SPECIES; Adedes taeniorhynchus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: LC 50 and L.C 90 compared to laboratory colony

SAMPLING TECHNIQUE: Test samples were from various wild collections

PERFORMANCE: LC 50 and LC 90 values were less than twice the lab colony; No resistance to naled.
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SPECIES: Culex nigripalpus

STAGE: Adults

AGE: 2 -8 days old

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory colony
SAMPLING TECHNIQUE: Test samples were from various wild collections
PERFORMANCE: Generally susceptible to naled. No resistance found.

SPECIES: Culex nigripalpus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory
EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory colony
SAMPLING TECHNIQUE: Test samples were from various wild collections
PERFORMANCE: Some populations were more tolerant to naled than the lab colony, however, no resistance
found.

1975 Boike, A. H., Jr., and C. B. Rathburn, Jr.
Laboratory Non-Thermal Aerosol Tests Of Insecticides For The Control Of Adult Mosquitoes
Mosquito News 35: 488-490 (Amvac Ref. #151)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 34

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 comparisons to Malathion
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 1.7 - 1.3X more toxic than Malathion

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 34

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 comparisons to Malathion
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 11 -~ 13X more toxic than Malathion
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1975 Rathburn, C. B., Jr., and A, H. Boike, Jr.
Ultra Low Volume Tests Of Several Insecticides Applied By Ground Equipment For The Control Of Adult

Mosquitoes
Mosquito News 35: 26-29 (Amvac Ref. #149)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2 - 8 days old (Iab colonies)

SEX: Female

PLOT SIZE: Not reported

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Buffalo Turbine Model M; 5 Sonicore nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes at 15 hours post-treat

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Average kill = 95%

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 2 — 8 days old (lab colonies)

SEX: Female

PLOT SIZE: Not reported

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Buffalo Turbine Model M; 5 Sonicore nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes at 15 hours post-treat

SAMPLING TECHBNIQUE: No population assessment

PERFORMANCE: Average kill = 95%

1974 Gorham, J. R.
Malathion And Naled As Mosquito Adulticides In Alaska
Mosquito News 34: 286-290 (Amvac Ref, #1375)

SPECIES: 15 species including Aedes intrudens, Ae, fitchii, Ae. communis, Ae. punctor
STAGE: Adult

AGE: Not reported

SEX: Females

PLOT SIZE: 100, 200, 300 ft from spray discharge

NUMBER TRIALS: 2-23

APPLICATION TECHNIQUE/EQUIPMENT: Ground; low volume fog
EVALUATION PROCEDURES: Mortality of caged mosquitoes at 6’ and on ground
SAMPLING TECHNIQUE: Test specimens were from natural wild populations
PERFORMANCE: Mortality at 100° = 99% (100% at 6°: 65% on ground};

200° = 86% (100% at 6°: 18% on ground);

300’ = 66% (44% at 6°, 4% on ground)

Naled is effective and reduced satisfactory levels of mortality of caged mosquitoes

Page 34 of 632 200-EFF-024



1974 Mount, G. A. and N. W, Pierce

Uttralow Volume Ground Aerosols Of Naled For Control Of Aedes Taeniorhynchus (Wiedemann) In The Florida
Keys

Mosquito News 34: 268-269 (Amvac Ref, #1376)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 120 - 350 acres

NUMBER TRIALS: 4 (0.01 lb/acre) ,3 (0.015 1b/acre), and 3 (0.02 Ib/acre)
APPLICATION TECHNIQUE/EQUIPMENT: Ground; Leco HD ULV aerosol generator
EVALUATION PROCEDURES: Change in pre- and post-treat landing counts
SAMPLING TECHNIQUE: Landing counts

PERFORMANCE: Average reduction in landing counts after 30 — 45 min = 72% (0.01 Ib.acre), 73% (0.015
Ib/acre), and 86% (0.02 Ib/acre). Early morning applications gave more satisfactory control

1974 Mount, G. A, J. A. Seawright, and N. W. Pierce

Selection Response And Cross Susceptibility Of A Malathion-Resistant Strain Of Aedes Taehiorhynchus
(Wiedmann) To Other Adulticides

Mosquito News 34: 276-277 (Amvac Ref. #1377)

SPECIES: Aedes taehiorhynchus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 90 at 24 hours compared to resistant and susceptible strain

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: High degree of resistance to Malathion in this species does not cause cross-resistance to naled

1974  Stains, G. §
Emergency Mosquito Adulticiding Operations Conducted In The Palo Verde Valley, Eastern Riverside County,

California
Proceedings of the California Mosquito Control Association, Inec. 98 (Amvac Ref. #1378)

SPECIES: Culex tarsalis

STAGE: Adult

AGE: Unknown (wild)

SEX: Mixed

PLOT SIZE: 42 square miles

NUMBER TRIALS: Operational, not reported

APPLICATION TECHNIQUE/EQUIPMENT: Micro-Gen Non-thermal aerosol generators
EVALUATION PROCEDURES: Changes in light trap counts

SAMPLING TECHNIQUE: Natural populations were trapped

PERFORMANCE: Trap counts reduced from 246 per night to 3 per night
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1973 Ludlam, K. W., R. A. Berry, and S. R. Joseph
The Effect Of Ground ULV Applications On Natural Populations As Evaluated By Landing Rate Counts
Proceedings of the New Jersey Mosquito Extermination Association 60: 93-96 (Amvac Ref. #1373)

SPECIES: Adedes sollicitans, Ae. atlanticus, Ae. canadensis, Ae. taeniorhynchus, Ae. cantator, Ae. vexans, Ae.
triseriatus, Ae. trivittatus, Psorophora ferox, Ps. ciliata, Ps.confinnis, Ps. cyanescens, Anopheles
crucians/bradelyi, An. punctipennis, An. quadrimaculatus, Culex salinarius, Coquillettidia perturbans
STAGE: Adults

AGE: Unknown (wild)

SEX: Female

PLOT SIZE:

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Leco Model HD cold aerosol fog generator
EVALUATION PROCEDURES: Percent change in landing rates

SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: Night treatments: 1 hour: 44% reduction; 24 hours: 80% reduction; 48 hours: 82%
reduction; 72 hours: 72% reduction

Day treatments: 12 hours: 49% reduction

1973 Mount, G. A., and N, W. Pierce
Toxicity Of Selected Aduiticides To Six Species Of Mosquitoes
Mosquite News 33: 368-370 (Amvac Ref. #1374)

SPECIES: Aedes taeniorhynchus, Aedes aegypti, Culex p. quinquefasciatus, C. nigripalpus, Anopheles
quadrimaculatus, An. albimanus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 1-4

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 90 at 24 hours

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 2-fold range between the most and least susceptible species. Naled was most consistent of
the adulticides

1972 Boike, Jr. A. H., and C. B. Rathburna, Jr.
The Susceptibility Of Mosquito Larvae To Insecticides In Florida, 1969-1971
Mosquito News 32: 328-331 (Amvac Ref. #1366)

SPECIES: Aedes taeniorhynchus, Aedes sollicitans, Culex nigripalpus, Culex salinarius

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 45

APPLICATION TECHNIQUE/EQUIPMENT: Beaker tests in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared to laboratory susceptible colony
SAMPLING TECHNIQUE: Test specimens were collected from natural populations in various areas over two
years

PERFORMANCE: Little variation in susceptibility for all populations when compared to 1ab strains. No
resistance detected.
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1972 Gillies, P. A., E. M. Fussell, and D. J. Womeldorf
Mortality Of Cages Organophesphorous-Resistant Culex Tarsalis Coquillette Using Various Adulticides Applied
As Nonthermal Aerosols (Amvac Ref. #1367)

SPECIES: Aedes nigromaculis

STAGE: Adults

AGE: Unknown (wild)

SEX: Not reported

PLOT SIZE: Up to 5000° downwind

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted nonthermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Tests conducted on wild caught mosquitoes

PERFORMANCE: 100% mortality out to 1500’

SPECIES: Culex tarsalis

STAGE: Adults

AGE: Unknown (wild)

SEX: Not reported

PLOT SIZE: Up to 5000’ downwind

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted nonthermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Tests conducted on wild caught mosquitoes

PERFORMANCE: 100% mortality out to 1500

SPECIES: Culex pipiens

STAGE: Aduits

AGE: Not reported (lab)

SEX: Not reported

PLOT SIZE: Up to 5000’ downwind

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted nonthermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 100% mortality at all distances

1972  Gilotra, S., W. Schulte, C. Anderson, G. Carmichael, G. Stokes, and 8. Richie.
Determination Of Susceptibility Levels Of Mosquitoes To Non-Persistent Insecticides By Microinjections
Mosquite News 32: 358-362 (Amvac Ref, #1368)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: 2-5 days old

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Microinjections of technical grade naled under the cuticle
EVALUATION PROCEDURES: Percent mortality per nanogram of material

SAMPLING TECHNIQUE: Cannot determine

PERFORMANCE: 100% mortality with 8 nanograms/mosquito; 90% mortality with 4 nanograms/mosquito
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SPECIES: Aedes aegypti

STAGE: Adult

AGE: 2-5 days old

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Microinjections of technical grade naled under the cuticle
EVALUATION PROCEDURES: Percent mortality per nanogram of material

SAMPLING TECHNIQUE: Cannot determine

PERFORMANCE: 100% mortality with 4 nanograms/mosquito

SPECIES: Culex quinquefasciatus

STAGE: Adult

AGE: 2-5daysold

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Microinjections of technical grade naled under the cuticle
EVALUATION PROCEDURES: Percent mortality per nanogram of material

SAMPLING TECHNIQUE: Cannot determine

PERFORMANCE: 100% mortality with 8 nanograms/mosquito with 4 different strains; 100% mortality with 4
nanograms/mosquito with 2 strains

SPECIES: Culex salinarius

STAGE: Adult

AGE: 2-5 days old

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Microinjections of technical grade naled under the cuticle
EVALUATION PROCEDURES: Percent mortality per nanogram of material

SAMPLING TECHNIQUE: Cannot determine

PERFORMANCE: 98% - 100% mortality with 8 nanograms/mosquito with 3 different strains; 81 — 90%
mortality with 4 nanograms/mosquito with 3 different strains.

1972 Mount, G. A., M. V. Meisch, J. T. Lee, N. W. Pierce, and K. F. Balkdwin.
Ultralow Volume Ground Aerosols Of Insecticides For Control Of Rice Field Mosquitoes In Arkansas.
Mosquito News 32: 444-446 (Amvac Ref. #1370)

SPECIES: Mixed, wild; Primarily Psorophora confinnis

STAGE: Adult

AGE: Unknown, wild

SEX: Mixed, wild

PLOT SIZE: Large scale, no precise size reported

NUMBER TRIALS: 2

APPLICATION TECHNIQUE/EQUIPMENT: ULV ground; Leco ULV aerosol generator
EVALUATION PROCEDURES: Percent change in landing rates; Comparison of New Jersey light trap
collections in treated and control areas

SAMPLING TECHNIQUE: Landing rates; Light trap counts

PERFORMANCE: Trial 1: 1 -2 hours: 100% reduction in landing; 24 hours: 62% reduction in landing. 24
hours: 58% reduction in light trap counts

Trial 2: 1~ 2 hours: 93% reduction in landing rates; 24 hours: 74% reduction in landing. 24 hours: 90%
reduction in light trap counts
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1972 Mount, G. A. and N. W, Pierce.
Adult Mosquito Kill And Droplet Size Of Ultralow Volume Ground Aerosols Of Insecticides.
Mosquito News 32: 354-357 (Amvac Ref. #1369)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 25 days old

SEX: Female

PLOT SIZE: 150" — 300’ downwind

NUMBER TRIALS: Various

APPLICATION TECHNIQUE/EQUIPMENT: Ground ULV; Leco ULV cold aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes at 18 hours; Estimation of LD 90
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Naled in HAN: 7 reps at 1.5 PSI; 94% mortality (0.025 Ib/acre) 80% (0.0125 1b/acre), LD 90
= (.019 Ib/acre;

Naled in HAN: 2 reps at 2.5 PSI; 67% mortality (0.025 Ib/acre), LD 90 > 0.025 Ib/acre;

Naled in HAN: 5 reps at 4.0 PSI; 64% mortality (0.025 Ib/acre), 28% (0.0125 Ib/acre), LD 90> 0.025 1b/acre;
Naled in mineral seal oil: 2 reps at 1.5 PSI; 92% mortality (0.025 Ib/acre), LD 90 = 0.022 Ib/acre;

Naled in mineral seal oil: 1 rep at 4.0 PST; 53% mortality (0.025 1b/acre), LD 90 > 0.025 Ib/acre;

Naled in soybean oil: 5 reps at 4.0 PS]; 88% mortality (0.025 Ib/acre), 60% mortality (0.0125 Ib/acre), LI 90 =
0.027 b/acre;

Dibrom 14: 5 reps at 4.0 PSI; 89% mortality (0.025 1b/acre), 73% mortality (0.0125 Ib/acre), LD 90 = 0.025
J/acre

Dibrom 14: 2 reps at 2.5 PSI; 86% mortality (0.025 Ib/acre), LD 90 = 0.03 lb/acre

1972 Pinkovsky, D. D.
United States Air Force Aerial Spray Activities In Operation Combat VEE.
Mosquito News 32: 332-334 (Amvac Ref. #1371)

SPECIES: Mixed; Unknown; 12 target species including dedes sollicitans, Psorophora confinnis, Psorophora
discolor

STAGE: Adult

AGE: Unknown; wild

SEX: Mixed; wild

PLOT SIZE: 586,287 acres

NUMBER TRIALS: Operational

APPLICATION TECHNIQUE/EQUIPMENT: Aerial; 14 nozzles with 8004 tips; 45 PSI
EVALUATION PROCEDURES: Percent change in landing rates

SAMPLING TECHNIQUE: Landing rates of adult mosquitoes

PERFORMANCE: 94% ~ 98% control
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1972 Rathburs, Jr., C. B. and A, H. Boike, Jr.
Laboratory Thermal Aerosol Tests Of New Insecticides For The Control Of Adult Mosquitoes
Mosquito News 32: 179-183 (Amvac Ref. #156)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2 - 8 days old (lab colony)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 14 (in kerosene), 16 (in diesel oil)
APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: LC 50 and LC 90
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Naled in kerosene: LC 50 = 0.53 mg/ml, LC 90 = 0.80 mg/ml;
Naled in diesel oil: LC 50 = 1.93 mg/ml, LC 90 = 2.77 mg/ml
Naled was more toxic than the Malathion standard

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 2 - 8 days old (lab colony)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 10 (in kerosene), 12 (in diesel oil)
APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: 1.C 50 and LC 90
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Naled in kerosene: LC 50 = 0.48 mg/ml, LC 90 = 0.78 mg/ml;
Naled in diesel oil: LC 50 = 1.34 mg/ml, LC 90 = 2.10 mg/ml
Naled was more toxic than the Malathion standard

1972  Rogers, A. J., B. W. Clements, Jr., C. B. Rathburn Jr., A. H. Boike, Jr., and N. E. Thomas, Jr.
ULV Strip Spraying Of Naled By Aircraft For Control Of Adult Stable Flies And Mosquitoes
28-32 (Amvac Ref. #1372)

SPECIES: Aedes taeniorhynchus, Culex nigripalpus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: 2700 acres

NUMBER TRIALS: 7 Culex nigripalpus; 4 Aedes taeniorhynchus

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 32-800067 flat spray nozzles; 40 PSI boom pressure
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 90% and greater mortality in vegetation: average distance downwind 1500 — 2500 feet
(Culex nigripalpus), 800 — 1200 feet (Aedes taeniorhynchus)
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SPECIES: Aedes taeniorhynchus

STAGE: Aduit

AGE: Not reported

SEX: Not reported

PLOT SIZE: 2700 acres

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 32-800067 flat spray nozzles; 40 PSI boom pressure
EVALUATION PROCEDURES: Mortality of caged mosquitoes; % control through trapping

SAMPLING TECHNIQUE: Trapping of natural populations

PERFORMANCE: 100% cage mortality (pine); 52 — 100% cage mortality (cypress); 56 — 96% cage mortality
(titi); % control from trapping at day 1: 65 —95%; day 2: 48 - 80%

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: 2700 acres

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 32-800067 flat spray nozzles; 40 PSI boom pressure
EVALUATION PROCEDURES: Mortality of caged mosquitoes; % control through trapping

SAMPLING TECHNIQUE: Trapping of natural populations

PERFORMANCE: 100% cage mortality (pine); 83 - 89% cage mortality (cypress); 100 % cage mortality (titi}; %
control from trapping at day 1: 65 — 95%; day 2: 48 — 80%

SPECIES: Stomoxys calcitrans

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: 8- 25 miles long

NUMBER TRIALS: 5 per test period

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 32-800067 flat spray nozzles; 40-50 PSI boom
pressure

EVALUATION PROCEDURES: Change in landing rates

SAMPLING TECHNIQUE: Landing rates

PERFORMANCE: Morning — afternoon: Immediately after treatment: 86% reduction in landing rates; 13-24
hours post-treat 79% reduction in landing rates.;

Afternoon ~next morning: Immediately after treatment: 97% reduction in landing rates; 13-24 hours post-treat
86% reduction in landing rates;

SPECIES: Stomoxys calcitrans

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: 2700 acres

NUMBER TRIALS: 22

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV; 32-800067 flat spray nozzles; 50 - 55 PSI boom
pressure

EVALUATION PROCEDURES: Mortality of caged stable flies

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 90% and greater mortality open roadway: average distance downwind 1700 — 5200 feet;
In vegetation: average distance downwind 1000 — 5200 feet
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1971 Mount, G. A., D. A. Dame and C. S. Lofgren.
Susceptibility Of A Florida Strain Of Aedes Taeniorhynchus (Weidemann) To Insecticides.
Mosquito News 31: 438-440 (Amvac Ref. #1364)

SPECIES: Aedes taeniorhynchus

STAGE: Larvae

AGE: 4" Instar (F1 reared from wild adults)

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Laboratory bioassay in beakers
EVALUATION PROCEDURES: Mortality at 24 hours (Lethal concentration: LC 50, 90, and 99)
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Wild)LC 50 = 0.1 ppm; LC 90 = 0.2 ppm; LC 99 = 0.3 ppm.
(Laboratory) LC 50 =0.06 ppm; LC 90 = 0.07 ppm; LC 99 =0.09 ppm.
Susceptibilities of wild and lab strain were not significantly different.

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported (F1 reared from wild adults)

SEX: Female

PLOT SIZE: N/A

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: Knockdown and mortality counts at 1 and 24 hours

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: (Wild ) One hour knockdown concentration = 0.032%; LC 50 = 0.013%; L.C 90 = 0.027%;
LC 99 = 0.048%.

(Laboratory) One hour knockdown concentration = 0.035%; LC 50 = 0.016 %; LC 90 = 0.031%; 1.C99=
0.054%.

Susceptibilities of wild and lab strain were not significantly different.

1971 Wilkinson, R. N., W. W, Barnes, A. R. Gillegly, and C. D. Minnemeyer.
Field Evaluation Of Slow-Release Mosquito Larvicides.
Journal ef Economic Entomology 64: 1-3 (Amvac Ref. #1365)

SPECIES: Culex quinquefasciatus

STAGE: Larvae

AGE: 2™ Instar (lab reared)

SEX: Not reported

PLOT SIZE: 4 x 5 x 1.5 ft holes

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: In-pool bioassays

EVALUATION PROCEDURES: Mortality at 48 hours

SAMPLING TECHNIQUE: Larval dipping of natural populations (# weeks control)
PERFORMANCE: 0.5 ppm = 2 2/3 weeks control; 1.0 ppm = 2 1/3 weeks control; 2.5 ppm =2 2/3 weeks
control
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1971 Rathburn, C.B. Jr., Rogers, A.J., Boike, A.H. Jr., and R.M. Lee
The Effectiveness of Aerial Sprays For The Control of Adult Mosquitoes In Florida As Assessed By Three Methods
Mosquite News 31:1:52-54 (Amvac Ref. #145)

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: unknown, wild (2 to 8 days for caged)

SEX: Female

PLOT SIZE: 575 to 1400 Acres

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV, Stearman aircraft

EVALUATION PROCEDURES: Percent change in landing rates / trap collections, and mortality of caged
mosquitoes

SAMPLING TECHNIQUE: Miniature CDC light traps baited with dry ice (3 or 4 /treatment area); landing rates
taken from 5 minutes to several hours (dark) after treatment

PERFORMANCE: Mortality of caged mosquitoes ranged from 58% to 100%; Trap collections ranged from - - -
-57% to 58% reduction; Landing rates ranged from -22% to 100% reduction.

1970  Berry, R. A,, S. R. Joseph, and J. Mallack
The Status Of ULV Sprays For Aduit Mosquito Control In Maryland
Proceedings of the New Jersey Mosquito Extermination Association 57: 159-162 (Amvac Ref. #154)

SPECIES: Culex pipiens, Culex salinarius, Culiseta melanura, Aedes sollicitans, Aedes taeniorhynchus,
Anopheles bradleyi

STAGE: Aduilt

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: Not reported

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV

EVALUATION PROCEDURES: Mortality of caged mosquitoes, landing rates

SAMPLING TECHNIQUE: Landing rates of local populations

PERFORMANCE: 94 — 100% mortality after 8 hours; Reduction in landing counts from 4.27/min to zero at 6 ~ 8
hours post-treat.

1970 Mount, G. A., N. W, Pierce, C. S. Lofgren, and J. B. Gahan
A New Ultra-Low Volume Cold Aerosol Nozzle For Dispersal Of Insecticides Against Adult Mosquitoes
Mosquito News 30: 56-59 (Amvac Ref. #13063)

SPECIES: Aedes taenirohyncins

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE:

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: LECO ULV cold aerosol nozzle used on Leco 120 thermal
aerosol generator and Curtis 55,000 cold aerosol generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Average percent mortality at 18 hours: 0.006 Ib/acre = 76% mortality; 0.012 lb.acre = 94%
mortality
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1976 Taylor, D. J. and C. B. Rathburn.
Large Area Tests Of Ultra Low Volume Naled For Control Of Adult Mosquitoes
Mosquito News 30: 383-387 (Amvac Ref. #147)

SPECIES: Culex nigripalpus

STAGE: Adult

AGE:

SEX: Female

PLOT SIZE: 17,920 acres, 2,880 acres, and 2,485 acres

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial, Nozzles 80015 and 8003

EVALUATION PROCEDURES: Percent reduction on landing counts, Percent change in CDC traps, Mortality
of caged mosquitoes

SAMPLING TECHNIQUE: Landing counts and trapping of local populations

PERFORMANCE:

Test I: 81% reduction in landing counts; 80% reduction in trap counts; 44% mortality in caged mosquitoes
Test 2: 64% reduction in landing counts; 14% reduction in trap counts; 3% mortality in caged mosquitoes
Test 3: 84% reduction in landing counts; 59% reduction in trap counts; 85% mortality in caged mosquitoes

1969 Boike Jr., A. H., and C. B. Rathburn.
Laboratory Tests Of The Susceptibility Of Mosquite Larvae To Insecticides In Florida, 1968
Mosquito News 29: 392-395 (Amvac Ref. #1358)

SPECIES: Aedes taeniorhynchus, Aedes aegypti, Culex nigripalpus, Culex salinarius
STAGE: Larvae

AGE: 3“ Instar

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 4 -40

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory
EVALUATION PROCEDURES: LC 50 and LC 90 compared to susceptible strain
SAMPLING TECHNIQUE: Larvae from wild populations

PERFORMANCE: No resistance reported

1969 Machado, W. C., E. S. Bordes, Jr., A. J. Blake and G. T. Carmichael.
A Technique For ULV Insecticide Application From High Altitudes.
Mosquito News 29: 353-360 (Amvac Ref. #1359)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: 8,000 and 7,000 acres

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV

EVALUATION PROCEDURES: Change in landing rates

SAMPLING TECHNIQUE: Landing rates pre-and post-treat

PERFORMANCE: Treat 1 = 69% and 58% reduction in 16 hours; both zones reinfested within 24 hours;
Treat 2 = 90% and 65% reduction; Treat 3 = 71% reduction, no reinfestation; Treat 4 = 95% and 77% reduction.
Control was less than desirable.
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1969 Mount, G. A., N. W Pierce, and C. S. Lofgren
New Insecticides Evaluated As Nonthermal Aerosols Against Aedes Taeniorhynchus (Weidmann)
Mosquito News 29: 53-54 (Amvac Ref, #1360)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2 -7 days old

SEX: Female

PLOT SIZE: Open field, not reported

NUMBER TRIALS: 1-4

APPLICATION TECHNIQUE/EQUIPMENT: Curtis Model 55,000 nonthermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes at 18 hours post-treat
SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 18 hour mortality: 4% naled = 100% mortality; 2% naled = 100% mortality; 1% naled =
57%; 0.5% naled = 76%; 0.25% naled = 11%

1969 Shepard, M., and J. D. Gorman
The Effects Of Ultra-Low Volume Dibrom From A C-47 Aircraft On Adult Mosquitoes
Proceedings of the Florida Anti-Mosquito Association 31-36 (Amvac Ref. #1361)

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: Unknown (wild)

SEX: Notreported

PLOT SIZE: 12 square miles

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: ULV spray system; 4 — 80015 Tee Jet flat fan nozzles
EVALUATION PROCEDURES: Mortality of caged mosquitoes; Changes in New Jersey light trap collections;
Landing rates

SAMPLING TECHNIQUE: Landing rates and trapping of natural populations

PERFORMANCE: Mortality of caged mosquitoes: 100% at 3.5 hours post-treat in clear, medium, and heavy
vegetation; 70 —~ 100% at 24 hours. Some reduction in New Jersey traps; difficult to assess. Landing rates not
reported.

SPECIES: Aedes taeniorhynchus, Culex nigripalpus, Psorophora columbiae

STAGE: Adult

AGE: Unknown (wild)

SEX: Not reported

PLOT SIZE: 12 square miles

NUMBER TRIALS: 4

APPLICATION TECHNIQUE/EQUIPMENT: ULV spray system; 4 — 80015 Tee Jet flat fan nozzles
EVALUATION PROCEDURES: Changes in CDC light trap counts

SAMPLING TECHNIQUE: Trapping of natural populations

PERFORMANCE: Percent reduction in CDC light traps at 24 hours: Ade. . 78% reduction, Cx. n: 5%
reduction,, Ps. ¢. 74% reduction
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1969 Stains, G. S., E. M. Fussell, and J. P, Keathley
Caged Insect Kills Of Up To Two Miles Utilizing A New Low-Volume Aerosol Generator
Mosquito News 29: 535-544 (Amvac Ref, #1362)

SPECIES: Culex tarsalis

STAGE: Adult

AGE: Not reported

SEX: Mixed

PLOT SIZE: Six square miles

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: ULV aerosol generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: 100% mortality out to 5550 feet; 97% cumulative mortality at 21 hours post-treat

SPECIES: Musca domestica

STAGE: Adult

AGE: Not reported

SEX: Mixed

PLOT SIZE: Six square miles

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: ULV aerosol generator
EVALUATION PROCEDURES: Mortality of caged flies
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: 98% cumulative mortality at 21 hours post-treat

1969 Berry, R., Joseph, S., and E.E. Lynch

Adult Mosquito Control With ULV Ground Equipment

Reprinted from the Proceedings of the 56" Annual Meeting of the New Jersey Mosquito Extermination
Association, Atlantic City, March 1969 in Maryland State Board of Agriculture 30: 137-141 (Amvac Ref. #143)

SPECIES: Culex pipiens

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: 50, 100, and 200 feet from spraying unit

NUMBER TRIALS: 10

APPLICATION TECHNIQUE/EQUIPMENT: Ground truck mounted LECO 120 cold-fogger
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Mortality measured at 1, 2, 4, and 8 hours after treatment

PERFORMANCE: 100% mortality at 1 hour for most treatments, 2 hours required for 100% kill at 200 feet.
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1968 Boeike, Jr., A. H., and C. B. Rathburn.
Tests of The Susceptibility Of Florida Mosquitoes To Insecticides, 1967
Mosquito News 28: 313-316 (Amvac Ref. #1350)

SPECIES: Aedes taeniorhynchus, Aedes aegypti, Culex nigripalpus, Culex salinarius, Culex quinquefasciatus
STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 102

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory

EVALUATION PROCEDURES: LC 50 and LC 90 compared to susceptible lab strain

SAMPLING TECHNIQUE: Test specimens reared from wild populations

PERFORMANCE: No resistance o naled detected

1968 Craven, B. R. and C, D. Steelman
Studies On A Biological And A Chemical Method Of Controlling The Dark Rice Field Mosquito In Louisiana

Journal of Economic Entomology 61: 1333-1336 (Amvac Ref. #1351)

SPECIES: Psorophora confinnis

STAGE: Larvae

AGE: Unknown (wild}

SEX: Notreported

PLOT SIZE: 5-3x6m

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Small plot logarithmic sprayer prior to flooding
EVALUATION PROCEDURES: Change in population densities

SAMPLING TECHNIQUE: Density of wild larvae

PERFORMANCE: 28.1% control at 0.005 Ib/acre; 56.6% control at 0.05 Ib/acre; 12.1% control at 0.1 lb/acre

1968 Craven, B. R,, and C, D, Steelman

Relative Susceptibility Of Psorophora Confinnis (Lynch-Arribalzaga) Larvae In The Rice Producing Area Of
Southern Louisiana To Selected Insecticides.

Mosquito News 28: 586-597 (Amvac Ref. #1352)

SPECIES: Psorophora confinnis

STAGE: Larvae

AGE: F1 from wild adults; late 3" and 4 instar

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Serial dilutions in distilled water
EVALUATION PROCEDURES: Mortality assessed at 24 hours; relative LC 50 and L.C 90
SAMPLING TECHNIQUE: F1 from wild populations were tested

PERFORMANCE: LC 50 = 0.0365 ppm, LC 90 = 0.1373 ppm: Baselines only.
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1968 Harden, F. W.,, and B. J. Ethridge
Unique Problems In Insect And Pest Control Of NASA’s Mississippi Test Facility
Mosquito News 28: 141-143 (Amvac Ref. #1353)

SPECIES: Aedes sollicitans, Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: Not reported

NUMBER TRIALS: On going control program

APPLICATION TECHNIQUE/EQUIPMENT: nonthermal fogger
EVALUATION PROCEDURES: Change in work efficiency
SAMPLING TECHNIQUE: Natural populations at the facility site
PERFORMANCE: No loss of work efficiency since 1964 when control program began; Down from 25% lost
efficiency in 1963

1968 Knapp, F. W,, and C, E. Rogers
Low Volume Aerial Insecticide Application For The Control Of Aedes Sollicitans Walker
Mosquito News 28: 535-540 (Amvac Ref. #1354)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: 200 - 300 acres

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application; Fischer EA-12 electro atomizers
EVALUATION PROCEDURES: Landing rates

SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: 0.05 Ib/acre: % reduction post-treat—0.5hr=0-43; 1.0 lhr=78-83; 1.5hr=87-96; 2.0 hr
=440 -98.9; 6.0 hr = 97 - 100; 10 hr= 66 - 100; 36 hr= 86 - 90

0.10 Ib/acre: % reduction post-treat — 0.5 hr = 85 - 88; 1.0 hr = 97 - 100; 1.5 hr = ; 6.0 hr = 100; 10 hr = 100; 36
hr = 84,
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1968 Mount, G. A., C. S. Lofgren, N. W. Pierce and C. N. Husman,
Ultra-Low Volume Nonthermal Aerosols Of Malathion And Naled For Adult Mosquito Control.
Mosquite News 28: 99-103 (Amvac Ref. #1355)

SPECIES: Aedes taeniorhynchus

STAGE: Aduit

AGE: Not reported

SEX: Female

PLOT SIZE: Not reported for caged trials; 6 acres for landing rates

NUMBER TRIALS: 2 -3

APPLICATION TECHNIQUE/EQUIPMENT: ULV non-thermal and high volume thermal aerosol; Leco Model
120 for thermal aerosols; Curtis 55,000 for nonthermal generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes; Landing rates

SAMPLING TECHNIQUE: Landing rates

PERFORMANCE: Average percent mortality in ULV applications: 0.0045 Ib/acre = 53%; 0.009 lb/acre = 87%;
0.018 Ib/acre = 88%;

Average percent mortality in High Volume applications: 0.0045 Ib/acre = 14%; 0.009 Ib/acre = 47%; 0.018
ib/acre = 81%; ULV more effective;

Percent reduction in landing rates:

High volume (0.036 Ib/acre) = 74% (0.5 hours}); 20% (12 hours)

ULV (0.036 lb/acre} = 95% (0.5 hours); 24% (12 hours)

ULV ( 0.018 Ib/acre) = 85% (0.5 hours); 0% (12 hours)

1968 Taylor, R. T., and H. F. Scheof
Fvaluation Of Thermal And Nonthermal Fogs Against Four Species Of Mosquitoes
Mosquito News 28: 8-11 (Amvac Ref. #1356)

SPECIES: Aedes aegypti

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE:

NUMBER TRIALS: 10-12

APPLICATION TECHNIQUE/EQUIPMENT: Leco 120 thermal fog generator; Curtis “Cold Fogger”
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE:

Thermal

10 reps: 150° = 69%; 300’ = 24%

Nonthermal

12 reps: 150° = 74%; 300" = 24%
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SPECIES: Anopheles albimanus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE:

NUMBER TRIALS: 10-12

APPLICATION TECHNIQUE/EQUIPMENT: Leco 120 thermal fog generator; Curtis “Cold Fogger”
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE:

Thermal

10 reps: 150° = 84%; 300" = 49%
Nonthermal

12 reps: 150’ =92%; 300° = 51%

SPECIES: Culex quinquefasciatus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE:

NUMBER TRIALS: 10-12

APPLICATION TECHNIQUE/EQUIPMENT: Leco 120 thermal fog generator; Curtis “Cold Fogger”
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE:

Thermal

10 reps: 150" = 71%; 300’ = 28%

Nonthermal

12 reps: 150" = 75%; 300° = 31%

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE:

NUMBER TRIALS: 2

APPLICATION TECHNIQUE/EQUIPMENT: Leco 120 thermal fog generator; Curtis “Cold Fogger”
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE:

Thermal

2 reps: 150" = 59%; 300" = 27%

Nonthermal

2 reps: 150° = 62%; 300° = 3%

Page 50 of 632 200-EFF-024



1968 Whitlaw, J. T., Jr., and E. S. Evans, Jr.
Selected Plastic Formulations For Use As Mosquito Larvicides
Journal of Economic Entomology 61: 889-892 (Amvac Ref, #1357)

SPECIES: Culex pipiens quinquefasciatus

STAGE: Larvae

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 37 (polyvinyl chloride); 24 (polyamide)
APPLICATION TECHNIQUE/EQUIPMENT: Naled incorporated into various plastics; Beaker bioassay in
laboratory

EVALUATION PROCEDURES: Mortality of larvae at 24 hours
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Number of tests with 90 — 100% at various concentrations
POLYVINYL CHLORIDE

0.5% naled = 17/37

1.0% naled = 23/37

5.0% naled = 33/37

10.0% naled = 33/37

20.0% naled = 34/37

POLYAMIDE

0.5% naled = 3/24

1.0% naled = 5/24

5.0% naled = 8/24

10.0% naled = 9/24

20.0% naled = 16/24

1967 Mount, G. A,, and C, 8. Lofgren
New Insecticides As Nonthermal Aerosols For Control Of Adult Mosquitoes
Mosquito News 27: 470-473Amvac Ref, #1346)

SPECIES: Aedes taeniorhynchus, Culex pipiens quinquefasciatus, Anopheles quadrimaculatus

STAGE: Adult

AGE: 2 -7 days old

SEX: Female

PLOT SIZE: 150 — 300" downwind

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted Curtis Model 55,000 nonthermal aerosol
generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Average mortality of 3 species : 0.5% naled = 61%; 1.0% naled = 67% 2.0% naled = 94%;
4% naled = 98%; 96 — 100% for all species at 4% naled
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1967 Mount, G. A., and C. S, Lofgren.

Ulira-low Volume And Conventional Aerial Sprays For Control Of Adult Salt-Marsh Mosquitoes, Aedes
Sollicitans {Walker) And Aedes Taeniorhynchus.

Mosqnito News 27: 473-477 (Amvac Ref. #1347)

SPECIES: Aedes sollicitans, Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: 10— 40 acre citrus groves

NUMBER TRIALS: 2 -10

APPLICATION TECHNIQUE/EQUIPMENT: Aerial; For ULV - self-contained system with four flat fan Tee Jet
nozzles, No. 800067 to 8003; conventional — 17 flat fan Tee Jet (#6510) nozzles

EVALUATION PROCEDURES: Change in landing rates

SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: Percent reduction in landing rates at various times and concentrations of Dibrom:
ULV:

0.05 Ib/acre: 10 reps — 6 hours: 65% reduction; 24 hours: 17% reduction

0.1 Ib/acre: 6 reps — 6 hours: 88% reduction; 24 hours: 36% reduction

0.2 Ib/acre: 5 reps — 6 hours: 94% reduction; 24 hours: 78% reduction; 48 hours: 33% reduction
CONVENTIONAL

0.05 Ib/acre: 4 reps — 6 hours: 79% reduction; 24 hours: 24% reduction

0.1 Ib/acre: 2 reps -6 hours: 82% reduction; 24 hours: 44% reduction

0.2 Ib/acre: 2 reps — 6 howrs: 99% reduction; 24 hours: 73% reduction

1967 Knapp, F. W., and C. H. Gayle
ULV Aerial Insecticide Application For Adult Mosquite Control In Kentucky
Mosquito News 27: 478-482 (Amvac Ref, #1345)

SPECIES: Aedes sollicitans

STAGE: Adult

AGE: Unknown, wild

SEX: Female

PLOT SIZE: 250 — 400 acres

NUMBER TRIALS: 5

APPLICATION TECHNIQUE/EQUIPMENT: Aerial ULV, TeeJet nozzles

EVALUATION PROCEDURES: Changes in landing rates

SAMPLING TECHNIQUE: Landing rates of natural population

PERFORMANCE: PM Treatment: 0.5 hours post-treat: 97.7% reduction in landing rates; 1 hour post-treat:
100% reduction in landing rates; 2 hours post-treat: 100% reduction in landing rates; 6 hours post-treat: 100%
reduction in landing rates; 24 hours post-treat: 100% reduction in landing rates

AM Treatment: 0.5 hours post-treat: 90.7% reduction in landing rates; 1 hour post-treat: 72.7% reduction in
landing rates; 2 hours post-treat: 96% reduction in landing rates; 6 hours post-treat: 100% reduction in landing
rates; 24 hours post-treat: 82.7% reduction in landing rates
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1967 Rathburn, Jr., C. B. and A, H. Boike, Jr.
Studies of Insecticide Resistance In Florida Mosquitoes.
Mosquito News 27: 377-387 (Amvac Ref, #1348)

SPECIES: Aedes taeniorhynchus, Aedes sollicitans, Culex nigripalpus, Culex salinarius

STAGE: Larvae

AGE: 3" Instar

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory

EVALUATION PROCEDURES: Larval mortality; LC 50 and LC 90 compared to susceptible strain
SAMPLING TECHNIQUE: Larvae were reared from wild adults from various arcas of the state
PERFORMANCE: No resistance reported

1967 Steelman, C. D., J. M. Gassie, and B. R. Craven
Laboratory And Field Studies On Mosquito Control In Waste Disposal Lagoons In Louisiana
Mosquito News 27: 57-59 (Amvac Ref, #1349)

SPECIES: Culex quinguefasciatus

STAGE: Larvae

AGE: Unknown (wild)

SEX: Unknown

PLOT SIZE: Not reported

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Material applied to water with hand sprayers and pressure
sprayers

EVALUATION PROCEDURES: Number of days with 100% control
SAMPLING TECHNIQUE: Larval dipping of natural populations in lagoons
PERFORMANCE: 19 days of 100% control

1966 Gahan, J. B., C. N. Smith and B. M. Glancey.
Resistance In Florida And Countermeasures Involving Chemicals.
Mosquito News 26: 330-337 (Amvac Ref, #1341)

SPECIES: Adedes taeniorhynchus

STAGE: Larvae

AGE: Not reported

SEX: Notreported

PLOT SIZE: Not reported

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Not reported

EVALUATION PROCEDURES: LC 50 and LC 90 compared to susceptible lab strain
SAMPLING TECHNIQUE: Larvae from natural populations of 4 different Florida counties
PERFORMANCE: No resistance to naled in 4 different strains
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SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel

EVALUATION PROCEDURES: LC 50 and LC 90 compared to susceptible laboratory colony
SAMPLING TECHNIQUE: Adult mosquitoes from wild population

PERFORMANCE: No resistance reported

1966 Glancey, B. M., A. C. White, C. N. Husman, and J. Salmela.
Low Volume Applications Of Insecticides For The Control Of Adult Mosquitoes
Mosquito News 26: 356-359 (Amvac Ref. #1342)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown/wild

SEX: Female

PLOT SIZE: 50 acres

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Aerial; low volume; mini-spin nozzles; undiluted technical
material

EVALUATION PROCEDURES: Pre and post-treatment landing rates

SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: 6 hours post-treat: 98.5% reduction; 24 hours post-treat: 32% reduction

1966 Lofgren, C. S., N. Pennington, and W. Young
Evaluation Of Insecticides Against Two Species Of Culex Mosquitoes On Okinawa
Mosquito News 26: 52-59 (Amvac Ref. #1343)

SPECIES: Culex tritaeniorhynchus

STAGE: Adult

AGE: 3-11 days old

SEX: Female

PLOT SIZE: Small airfield; not reported

NUMBER TRIALS: Average 3 - 8

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted nonthermal aerosol generator developed by US
Army Engineer Research and Development Laboratories

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Adult mosquitoes were collected as wild larvae or pupae
PERFORMANCE: Average percent mortality at various concentrations:

6 oz/gal: 99.7%

4 oz/gal: 99%

2 oz/pal: 96%

1 oz/gal: 57%
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SPECIES: Culex quinguefasciatus

STAGE: Adult

AGE: 3-11 daysold

SEX: Female

PLOT SIZE: Small airfield; not reported

NUMBER TRIALS: Average 3 - 8

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted nonthermal aerosol generator developed by US
Army Engineer Research and Development Laboratories

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Adult mosquitoes were collected as wild larvae or pupae
PERFORMANCE: Average percent mortality at various concentrations:

6 oz/gal: 98%

4 oz/gal: 91%

2 oz/gal: 89%

1 oz/gal: 57%

SPECIES: Culex tritaeniorhynchus

STAGE: Larvae

AGE: Late 3" and early 4" instar

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 3 per concentration

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in Laboratory
EVALUATION PROCEDURES: WHO larval resistance kit (mortality in beakers at 24 hours post-treat)
SAMPLING TECHNIQUE: Larvae were collected from field populations
PERFORMANCE: Percent mortality at various concentrations

0.04 ppm = 100%

0.02 ppm = 70%

0.01 ppm=12%

0.008 ppm = 4%

LC50=0.017; LD 90 = 0.026

SPECIES: Culex quinguefasciatus

STAGE: Larvae

AGE: Late 3" and early 4" instar

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: 2 per concentration

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in Laboratory
EVALUATION PROCEDURES: WHO larval resistance kit (mortality in beakers at 24 hours post-treat)
SAMPLING TECHNIQUE: Larvae were collected from field populations
PERFORMANCE: Percent mortality at various concentrations

0.1 ppm = 100%

0.08 ppm = 99%

0.06 ppm = 72%

0.05 ppm = 59%

0.04 ppm = 34%

0.03 ppm = 6%

LC50 = 0.017; LD 90 = 0.026

Page 55 of 632 200-EFF-024



1966 Mount, G. A., C. S. Lofgren, J. B. Gahan, and N. W, Pierce

Comparisons Of Thermal And Nonthermal Aerosols Of Malathion, Fenthion, And Naled For Control Of Stable
Flies And Salt-Marsh Mosquitoes

Mosquito News 26: 132-138 (Amvac Ref. #1344)

SPECIES: Stomoxys calcitrans

STAGE: Adult

AGE: 2~ 7-days old

SEX: Mixed

PLOT SIZE: 300 from discharge line

NUMBER TRIALS: 16

APPLICATION TECHNIQUE/EQUIPMENT: Leco Model 120 thermal aerosol generator; Curtis Moedel 55,000
nonthermal generator

EVALUATION PROCEDURES: Mortality of caged flies

SAMPLING TECHNIQUE:
PERFORMANCE: Percent mortality at various concentrations:
Thermal (fuel oil diluent): 5% = 99% mortality; 2.5% = 97% mortality; 1.25% = 89% mortality; 0.62% =

61% mortality; 0.31% = 34% mortality

Non-Thermal (fuel oil diluent): 5% = 100% mortality; 2.5% = 94% mortality; 1.25% = 92% mortality; 0.62%=
52% mortality; 0.31% = 33% mortality

Non-Thermal (water diluent): 5% = 100% mortality; 2.5% = 100% mortality; 1.25% = 97% mortality; 0.62%
= 64% mortality; 0.31% = 30% mortality

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2-7-days old

SEX: Female

PLOT SIZE: 300’ from discharge line

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Leco Model 120 thermal aerosol generator; Curtis Model 55,000
nonthermal generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Percent mortality at various concentrations:

Thermal (fuel oil diluent): 2% = 96% mortality; 1.5% = 89% mortality; 1% = 82% mortality; 0.5% = 64%
mortality; 0.25% = 45% mortality

Non-Thermal (fuel oil diluent): 2% = 96% mortality; 1.5% = 93% mortality; 1% = 92% mortality; 0.5% = 57%
mortality; 0.25% = 68% mortality

Non-Thermal (water diluent): 2% = 93% mortality; 1.5% = 94% mortality; 1% = 89% mortality; 0.5%
= 38% mortality; 0.25% = 24% mortality
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SPECIES: Aedes taeniorhynchus, Aedes sollicitans

STAGE: Adult

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: Citrus groves, not reported

NUMBER TRIALS: 4 -8

APPLICATION TECHNIQUE/EQUIPMENT: Leco Model 120 thermal aerosol generator; Curtis Model 55,000
nonthermal generator

EVALUATION PROCEDURES: Mortality of caged mosquitoes and changes in landing rates
SAMPLING TECHNIQUE: Landing rates of natural populations

PERFORMANCE: Average percent reduction of landing rates:

Thermal: 8 trials: 1— 3 hours post-treat: 77%; 15 — 24 hours post-treat = increase of 17%
Nonthermal: 4 trials: 1— 3 hours post-treat: 82%; 15 — 24 hours post-treat = increase of 37%
Nonthermal: 7 trials: 1 — 3 hours post-treat: 79%; 15 — 24 hours post-treat = 41%

Average mortality of caged mosquitoes:
Thermal = 70%; Nonthermal = 76%

1965 Gahan, J. B.,, W. W. Young, N. E. Pennington, and G. C. Lebrecque

Thermal Aerosol And Larvicide Tests With New Insecticides To Control Two Species Of Culex Mosquitoes On
Okinawa

Mosquito News 25: 165-169 (Amvac Ref. #1340)

SPECIES: Culex tritaeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: Airstrip, not reported

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Tifa 4145 (P.E. #608) Fog Generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Average mortality a various dosages:

1 oz/gal = 69%; 2 oz/gal = 95%; 4 oz/gal = 97%; 6 oz/gal = 100%

SPECIES: Culex quinguefasciatus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: Airstrip, not reported

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Tifa 4145 (P.E. #608) Fog Generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Average mortality a various dosages:

1 oz/gal = 52%; 2 oz/gal = 94%; 4 oz/gal = 90; 6 oz/gal = 100%
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SPECIES: Culex tritaeniorhynchus

STAGE: Larvae

AGE: all instars

SEX: Not reported

PLOT SIZE: Rice fields, not reported

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Compressed air sprayer with fan-type nozzle
EVALUATION PROCEDURES: Change in density of larval population

SAMPLING TECHNIQUE: Larval dipping of natural populations

PERFORMANCE: Average mortality a various concentrations:

3" and 4% instar: 0.05 Ib/acre = 44%; 0.1 b/acre = 95%; 0.25 lb/acre = 93%; 0.5 Ib/acre = 97%
All instars: 0,05 Ib/acre = 22%; 0.1 Ib/acre = 88%; 0.25 Ib/acre = 89%; 0.5 Ib/acre = 93%

1965 Rogers, AJ., Rathburn, C.B. Jr., and R.W. Clements, Jr.
Tests with Aerial Fogs and Sprays Against Adult Mosquitoes
Mosquite News 25: 94-100 (Amvac Ref. #159)

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 2to 8 days

SEX: Female

PLOT SIZE: 40 to 100 Acres

NUMBER TRIALS: 54

APPLICATION TECHNIQUE/EQUIPMENT: Aerial -- Stearman airplane at 80 mph
EVALUATION PROCEDURES: Mortality of caged mosquitoes in different habitats
SAMPLING TECHNIQUE: Mortality counts 24 hours post-treatment
PERFORMANCE: Average mortality at various dosages:

0.05 Iv/A = 70%; 0.1 1b/A = 83%; 0.15 Ib/A = 93%

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2 to 8 days

SEX: Female

PLOT SIZE: 40 to 100 Acres

NUMBER TRIALS: 54

APPLICATION TECHNIQUE/EQUIPMENT: Aerial -- Stearman airplane at 80 mph
EVALUATION PROCEDURES: Mortality of caged mosquitoes in different habitats
SAMPLING TECHNIQUE: Mortality counts 24 hours post-treatment
PERFORMANCE: Average mortality at various dosages:

0.05 Ib/A = 80%; 0.1 Ib/A = 89%; 0.15 Ib/A =92%

1964 Rogers, A. J., and C. B, Rathburn, Jr.
Present Status Of Insecticides For Mosquito Control In Florida
Mosquito News 24: 286-291 (Amvac Ref. #1339)

SPECIES: Aedes taeniorhynchus

STAGE: Larvae

AGE: 4" Instar

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: WHO Resistance Test
EVALUATION PROCEDURES: WHO Resistance Test

SAMPLING TECHNIQUE: Larvae were collected from natural populations
PERFORMANCE: LC 50 = 0.140 ppm; No resistance reported

Page 58 of 632 200-EFF-024



SPECIES: Culex nigripalpus

STAGE: Larvae

AGE: 4" Instar

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS: Not reported

APPLICATION TECHNIQUE/EQUIPMENT: WHO Resistance Test
EVALUATION PROCEDURES: WHO Resistance Test

SAMPLING TECHNIQUE: Larvae were collected from natural populations
PERFORMANCE: LC 50 = 0.047 ppm; No resistance reported

1964 Rathburn, C. B., Jr., B. W. Clements, Jr., and A. J. Rogers
Comparative Thermal Aerosol Tests With Dibrom And Malathion Against Aedes Taeniorhynchus (Weid) And

Culex Nigripalpus Theeb.
Mosquito News 24: 292-294 (Amvac Ref, #142)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: 2-8daysold

SEX: Female

PLOT SIZE: Up to 330’ downwind

NUMBER TRIALS: 15

APPLICATION TECHNIQUE/EQUIPMENT: Ground; Leco 80 or Tifa 40-E thermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Average percent mortality at various rates:
1.75 02 = 96%; 1.5 0z =90%

SPECIES: Culex nigripalpus

STAGE: Adult

AGE: 2 -8 days old

SEX: Female

PLOT SIZE: Up to 330’ downwind

NUMBER TRIALS: 15

APPLICATION TECHNIQUE/EQUIPMENT: Ground; Leco 80 or Tifa 40-E thermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Average percent mortality at various rates:
1.75 0z=93%; 1.5 oz = 86%

1963 Rathburn, C. B., Jr,, and A. J. Rogers
Thermal Aerosol Insecticide Tests For The Control Of Adult Mosquitoes, 1961-62
Mosquito News 23: 218-220 (Amvac Ref. #144)

SPECIES: Aedes taeniorhyncinis

STAGE: Adult

AGE: 2 -8 days old

SEX: Female

PLOT SIZE: up to 330" downwind

NUMBER TRIALS: 42

APPLICATION TECHNIQUE/EQUIPMENT: Ground; Leco thermal aerosol generator
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE: Average percent mortality at various application rates:
loz="71%:; 1% oz~ 83%; 1 % 0z=92%; 1 % oz =96%
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1961 Davis, A. N,, and J. B. Gahan
New Insecticides For The Control Of Salt-Marsh Mosquitoes
Florida Entomologist 44:11-14 (Amvac Ref. #1337)

SPECIES: Aedes taeniorhynchus

STAGE: Larvae

AGE: 4" Instar

SEX: Notreported

PLOT SIZE: N/A

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Beaker bioassay in laboratory
EVALUATION PROCEDURES: Mortality at 24 hours

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Percent mortality at various concentrations:

1 ppm = 100% mortality; 0.1 ppm = 84% mortality; 0.05 ppm = 27% mortality; 0.025 ppm = 5% mortality

1961 Rathburn, C. B., and A. J. Rogers
Tests Of Insecticides For The Control Of Adult Mosquitoes, 1959-1960
Proceedings of the Florida Anti-Mosquito Association 36-40 (Amvac Ref. #1338)

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Female

PLOT SIZE: Up to 330’ downwind

NUMBER TRIALS: 3 -4

APPLICATION TECHNIQUE/EQUIPMENT: Ground application; Jeep mounted Leco fogger
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: No population assessment

PERFORMANCE: Average mortality at 1.75 oz =96%; 1.00 oz. = 73%

SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Not reported

SEX: Not reported

PLOT SIZE: N/A

NUMBER TRIALS:

APPLICATION TECHNIQUE/EQUIPMENT: Wind tunnel
EVALUATION PROCEDURES: Mortality of caged mosquitoes
SAMPLING TECHNIQUE: No population assessment
PERFORMANCE:

Mortality at various concentrations:

0.025 ppm = 100%; 0.01 ppm = 78%; 0.005 ppm = 17%; 0.0025 = 2%
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SPECIES: Aedes taeniorhynchus

STAGE: Adult

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: 50 acres

NUMBER TRIALS: 9

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application

EVALUATION PROCEDURES: Change in landing counts

SAMPLING TECHNIQUE: Landing counts of natural population

PERFORMANCE: Percent reduction of landing counts at various concentrations 6 hours post-treat:
0.05 Ib/acre = 100% reduction; 0.025 1b/acre = 99% reduction; 0.012 Ib/acre = 56% reduction

1961 Joseph, S.R., Berry, R.A. Jr., and L.W, Smith
Some Results on Insecticides Used As Mist Sprays For Adult Mosquito Control
Reprinted from the Proceedings of the 48" Annual Meeting of the New Jersey Mosquito Extermination Association

422: 131-134 (Amvac Ref. #153)

SPECIES: Culex pipiens

STAGE: Adult

AGE: Not given

SEX: Not given

PLOT SIZE: 100, 200, and 300 feet from spraying unit

NUMBER TRIALS: 3

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted John Bean Rotomist 100-E mister
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Mortality measured at 1, and 4 hours after treatment

PERFORMANCE: 100% mortality for all treatments except at 300 feet, which resulted in average 90%

mortality.

1961 Mallack, J., Kulp, L.A., Joseph, S.R., and R.A. Berry, Jr.
Dibrom as an Adulticide for Mosquito Control
Reprinted from the Proceedings of the 48" Annual Meeting of the New Jersey Mosquito Extermination Association

418: 183-185 (Amvac Ref, #148)

SPECIES: Culex pipiens

STAGE: Adult

AGE: Not given

SEX: Not given

PLOT SIZE: 100, 200, and 300 feet from spraying unit

NUMBER TRIALS: 13

APPLICATION TECHNIQUE/EQUIPMENT: Truck mounted John Bean Rotomist 100-E mister
EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Mortality measured at 1, 4, and 8 hours after treatment
PERFORMANCE: Generally 100% mortality achieved at 100 feet for all concentrations; Inconsistent results at
200 and 300 feet at the less that 6 Ibs rate.
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SPECIES: Salt-marsh (wild) Aedes spp

STAGE: Adult

AGE: Not given

SEX: Not given

PLOT SIZE: 400 Acres

NUMBER TRIALS: 1

APPLICATION TECHNIQUE/EQUIPMENT: Aerial spray

EVALUATION PROCEDURES: Mortality of caged mosquitoes

SAMPLING TECHNIQUE: Mortality measured at 20 and 50 minutes after treatment
PERFORMANCE: 100% mortality achieved at 20 minutes for open-area caged mosquitoes; 98% mortality at 20
minutes for cover of trees caged mosquitoes—100% at 50 minutes

SPECIES: Not given

STAGE: Adult

AGE: Unknown (wild}

SEX: Not given

PLOT SIZE: Not given

NUMBER TRIALS: 11

APPLICATION TECHNIQUE/EQUIPMENT: Ground — Todd “Tifa” Series 40-E fogger

EVALUATION PROCEDURES: Landing rate counts or NJ light traps

SAMPLING TECHNIQUE: Landing rate counts performed each evening before and after momning applications
PERFORMANCE: At 12 Ib rate, average reduction of 81% based on landing counts and 92% based on light
traps; At 10 Ib rate, average reduction of 43% for landing counts and 67% for light traps; At 8 Ib rate, average
reduction of 7% for landing counts and 29% for light traps; No reduction noticed at 3 Ib or less rate.

1960  Davis, A. N., J. Salmela, and C. B. Spencer, Jr.
Aerial Spray Tests Against Adult Salt-Marsh Mosquitoes In Florida, — 1959
Proceedings of the New Jersey Extermination Association  47: 92-94 (Amvac Ref, #1336)

SPECIES: Salt-marsh (wild) Adedes spp.

STAGE: Aduit

AGE: Unknown (wild)

SEX: Female

PLOT SIZE: 50 acres

NUMBER TRIALS: 6

APPLICATION TECHNIQUE/EQUIPMENT: Aerial application

EVALUATION PROCEDURES: Change in landing counts

SAMPLING TECHNIQUE: Landing counts of natural populations

PERFORMANCE: Landing count reduction:

0.1 lb/acre: 3 hours post-treat: 100%; 4 hours post-treat: 100%; 24 hours post-treat: 61%
0.05 lb/acre 3 hours post-treat: 99%; 4 hours post-treat: 99%; 24 hours post-treat: 0%
0.025 Ib/acre 3 hours post-treat: 56%; 4 hours post-treat: 56%; 24 hours post-treat: 54%
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1999 Ham, C. M., M, V. Meisch, and C. L. Meek
Efficacy of Dibrom®, Trumpet®, and Scourge® Against Four Mosquito Species in

Louisiana
J. American Mosquito Control Association  15: 433-436 (Amvac Ref. #1003)
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FEFICACY OF DIBROM®, TRUMPET®, AND SCOURGE® AGAINST
FOUR MOSQUITO SPECIES IN L.OUISIANA

C. M. HAM,! M. V MEISCH' anp C L. MEEK?

ABSTRACT. Adult mortality of Anopheles quadrimaculatus, Culex quinquefasciatus. and the Aedes spp
complex (Aedes sellicitans and Aedes taeniorhynchus) was observed after aerial ultra-low volume {ULV) ex-
posure to Dibrom®, Trumpat®. and Scourge®. Dibrom was applied ar 112 g active ingredient (Alyha, Trumpet
at 112 g AlMma, and Scourge at | 96 g Al/ha, At all time intervals, Dibrom and Trumper were significantly more
effective against the Aedes spp. complex than against An. quadrimaculotes and Cx. guinguefascians. Scourge
was significantly more effective against An. quadrimaculatus and Cx. quinguefasciatus than Dibrom or Trumpes.
Trumpet was evaluated at Jower labeled rates {28. 56. and 84 g Alha) against Cr. guinguefasciatus and the
Aedes spp. complex. Adult mortality with Trumpet increased significandy at | and 24 h against Cx. quinque-
fascianes. With the Aedes spp. complex. monality increased with rate at | b, but ac 12 and 24 h. the medium
and high dosages were not significantly different from each other. Cufex quinquefasciatus and the Aedes spp.
complex were aiso subjected 1o ULV ground applications of Dibrom. Trumpet. and Scourge. Dibrom was applied
at 724 g Alma, Trumpet at 22 4 g Al/ha. and Scourge as 2 1:6 mineral ofl mixture at £.96 g Al/ha Relative to
Dibrom and Trumpet, morality from Scourge differed greatly with mosquito species. Against Cx. quinguefos-
ciatus. Scourge was significantly more effective than Dibrom and Trumpet at all times and distances. but against
the Aedes spp. complex Scourge was significantly less effective.

KEY WORDS Adulticide. Dibrom®. Trumpet®. Scourge®. Anopheles quadrimaculats Culex quinquefas-

ciatus. Aedes sollicitans. Aedes raeniorkynchus

INTRODUCTION

Pest mosquito management programs rely on
economical and effective means for the control of
adult mosquito populations. The use of aerial and
ground ultra-low volume (ULV) adulticide appli-
cations of organophosphate and synthetic pyte-
throid insecticides is an important components of
these management programs Because organophos-
phates and syathetic pyrethroids have long been
used in abaternent programs to control adult mos-
guitoes. studies are continually necessary 1o eval-
ite effectiveness of control and to menitor poten-
il development of insecticide resistance in
mosquito species (Meek and Meisch 1997). The
frequent use of the few avajlable materials that per-
form adequately as mosquito adulticides demands
a search for new aliernative conirol methods
{Weathersbee et al. 1991} In an etfort to reduce
insecticide resistance. aliernative insecticides must
be placed in a rotational scheme to reduce the se-
lective pressure placed on mosquito populations by
the few available compounds (Efird et al 1991)

A study was conducted in the summer of 1997
o compare 2 formulations of naled (Trumpet® und
Dibrom®} and | formulation ot resmethrin
{Scourge®) in seral and ground srisls against
Anopheles quadrimuculatus Say. Culex quinguefes-
ity Say. and the Aedes spp. complex (i e . Aedes
sollicitany {Walker) and Aedes taeniorhynchus
{Wiedemanny). An aerial trial also was conducted

' Depurtment of Entomedogy Uniserity of Arkinsas

wettevifie, AR 72701

" Department ol Entomalogy Loubvauna State Univer:
sty Buton Rouge LA TOR(G

to evaluate Trumpet at 3 lower labeled rates against
Cx. quinguefasciatus and the Aedes spp complex.

MATERIALS AND METHODS

Three adulticide tests were conducted on the eve-
nings of July 14, I5. and 16. 1997, at Calcasieu
Parish Mosquito Control Distret in Lake Charles,
LA. Adult Cr. guinguefasciains were collected
atong septic ditches in East Baton Rouge Parish 24
n before treatrment For all tests and adult An. quad-
rimaculates were collected in Vermillion Parish
with battery-powered. handheld aspirators de-
scribed by Meek et al. (1985) and battery-powered.
backpack aspirators equipped with screened collec-
tion cups as developed by the U 5. Department of
Agriculture a1 the Medical and Veterinary Ento-
mology Research Laboratery in Gainesville. FL.
Aedes spp. complex (Ae sollicitans and Ae Iae-
niorhvnchust were coliected as 4th instars from St
Bernard Parish before the test and allowed to
emerge inio adults The Aedes spp. adults used in
the test were approximately 3 days old for each test.
The ratio of Ae sellicitans w0 Ae. tweniorinnchuy
was approximately 50:50

Muosguito adults of all species were anesthetized
with CO. in the laboratory. and approximately 20
mostquitoes per each genus were transferred 10 sep-
arate 102 « 25.4-cm cylindrical screened cages (as
deseribed by Weathersbee et ab 19%1). The cages
were held at room temperature until testing time

Each evening beFore the aerial or ground adul-
ticide applications. screened cages of each mosqui-
1o species {ca 20 mosquitoes/cage) used as the un-
treated  mosguitoes {controbsy were placed v 9
| 3-m-high stakes (e 3 < 3 pattern with stakes
separated by 305 m) within each of 3 test plots tor

RN
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Table 1

Meun pereentage morthitics for Dibrom®, Trumpet™. and Scourge™ applicd as an acrial application

tregtment apainst the Acdey spp. complex (suh-marsh maosguitoes . Anesphiclcs guadrimuculates, and Crles
yuinguefasciatus adults in Lake Charles. LA in 1997,

Time

Pereomt montality™

postireatment Formulation/rale

{h) {g Al/ha} Acdes' Anapheles Culex

| Dibsom (112} 99 BaA 64.008 56.1bB

H Trumpet (1§2) 99 5aA 56.2hB 554bB

1 Scourge (156} 59 duA 99 buA 97 TuA
12 Dibrom (112} 99 TuA 69 7hB 65 6hB
12 Trumpet (112} 1N0aA 66.7hB 6% 9B
12 Scourge {1 96) 100aA 100uA 9% QuA
24 Dibrom (112} 99 TaA 73 4bB 68 OhB
24 Trumpet (113) 1002A 69.2bB 706908
24 Scourge {1.96) 1002 A 100aA 98 RaA

V Acdes salticiians snd Acdes sacninrinchus complex

* Means for gach tme perind followed by a diffesent Ieuer within rows lowercme and columny (UPPEICIsE) arc significunily diticeenl

(P = 005) fos species and formulationfrute respectively
* Untreated conirals did nnt exceed %

10 min, removed, and transported (o the laboratory.
The untreated mosquiloes were anesthetized again
with CO, and transferred 0 clean 237-ml unwaxed
paper cups with screened lids (=half-pint ice cream
contaipers). Each screened lid was supplied with a
cotton pad of 10% sucrose solution for adult sus-
lenance.

Aerial test 1. Three identical test plots consisting

of 3 rows of 3 1.5-m-high stakes {Le., 3 X 3 pat-

tern) were aranged in 2 flat grassy field on the
evening of July 14. Rows were separated from one
another by 30.5 m. Slide rotators {Hock Equipment
Co., Gainesville. FL} were used to monitor the
spray cloud in each adulticide test. Rotators
equipped with Teflon®-coated slides were placed on
each of the 3 stakes in the center row of each plot
to collect droplets. The rotators were started im-
mediately before spraying and were allowed 1o spin
for approximately 10 snin after application. Before
the adulticide applications. I cage of each mosquito
species (Cx. quinquefasciatus. An. gquadrimacula-
tus, and Aede’s complex) was suspended from each
stake Aerial ULV applications of 1 of 3 chemicals
(Dibrom, Trumpet, or Scourge) were applied using
a single-engine Cessna Ag Wagon plane equipped
with an Obendorfer 24-V motor, 2 brass-geared
pump (Cessna Aireraft Co., Wichita, KS), and 6
80015 tee-jet® nozzles (Spraying Systems, St. Lou-
is, MQ). Three swaths were made, ! test with 1
pass directly over the plot and the subsequent pass-
es 150 m upwind. Altitude was 33 m, air speed
177 kph, and windspeed > 3.2 kph. Dibrom was
applied at a rate of 112 g Alha, Trumpet at liz g
Al/ha, and Scourge at 1.96 g Alha FEach of the 3
plots was treated individually with each insecticide,
that is, replicated 3 1imes. Droplet sizes {mass me-
dian diameters [MMDs]} for compounds tested av-
eraged 30.1, 37.1. and 43 6 pm for Dibrom, Tram-
pet, and Scourge, respectively, for all replications,

Aerial test 20 Trumpel was administered as de-
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scribed above at 28 g Al/ha. 56 g Alma. and 84 g
Abha. Each treatment was replicated 3 times as de-
seribed above. Three test plots consisting of 3 rows
of 3 I 5-m-high sitakes {ie. 3 X 3 paltern} were
arvanged in a fat grassy field on the evening of July
15. Rows were seperated from one another by 303
m. Before the adulticide applications. 1 cage of
each mosquito species (Cx. guinquefasciatus and
Aedes spp. complex) was suspended {rom each
siake. Aeral ULV applications of 3 dosages of
Trumpet were applied as described above. Droplet
sizes (MMDs) for Trumpet dosages tested averaged
512, 47.3, and 40 5 pm for 28 g Al/ha. 56 g Al
ha, and 84 g Al/ha. respectively. for all replications

Ground tesr: Three test plots conststing of 3 rows
of 3 1.5-m stakes {ie. 3 X 3 pattern as described
previously) were arranged in a flat grassy field on
the evening of July 16 Rows were situated perpesn-
dicular to and downwind of the spray route and
separated from one another by 30.5 m. Stakes with-
in each row were set al 30.5, 61.0, and 914 m.
respectively, downwind from the spray route. Be-
fore the aduhicide applications, 1 cage of each spe-
cies of mosquitoes (Cx quinguefasciatus and Aedes
spp. complex) was suspended from each stake ap-
proximately 1.5 m from the ground. Ground uLv
applications of 3 chernicals (Dibrom, Trumpet, and
Scourge) were applied using 3 separate cold fog-
gers. Two of the cold fogger trucks were equipped
with identical Leco HD ULV sprayers {Lowndes
Engineering, Valdosa. GA), and 1 Londonaire 1820
sprayer (London Fog. Long lLake. MN) was used
Dibrom was administered at 22.4 £ Alha with the
Londonaire sprayer, Trumpet at 224 g Al/ha with
the Leco sprayer, and Scourge as a 1:6 mineral oil
rmixture at 177 .6 ml/min using a l.eco sprayer. EFach
wreatment was replicated 3 times, and ca 25 min
iapsed between applications.

Ten minutes after each insecticide ireatment, the
cages of mosquiloes were collected from the plot
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Table 2. Mean percentage mortalities for 3 dosages of
Trumpes® applied as an aerial application treatment
agninst the Aedes spp. complex (salt-marsh mosquitoes}y'
and Culex quinguefasciatus adults in Lake Charles. LA.

in 1997,
Time Percent mortality™
postirzatment Rate

" {g AlMa) Aedes Culex
1 Low (28) 64 8aC 17.16C

I Medium (56} 98 YaA 57 ObA

i High {84) 89.04B 43.0bB
[ud Low {28) 85.7aB 24.6bC
12 Medium (56} 1G0aA 69.0bA
12 High (84) 98 524 51.4bB
24 Low (28) 89.5aB 27.0bC
24 Medium (56) 100aA 72.6bA
4 High (B4) 98.8aA 56.7bB

' Aedes solficitans and Aedes toeniorhyachos complex

* Means for each time period followed by a different Jetter within
rows (lowercase) and columns (upperease) are significandly differ.
ent (P = 005) for species und dosage. respectively

*Untreated controls did rot exceed 3 0%.

and transported to the Iaboratory. The treated mos-
juitoes were anesthetized with CO, and transferred
1o clean 237-ml paper cups with screened lids. Each
screened lid was supplied with a cotton pad of 10%
sucrose solution Posttreatment monality for un-
treated and treated adults was observed at 1, 12,
and 24 h. Percent mortality data were subjected to
a subsequent analysis of varance (GLM) and mean
separation was determined using least squared dif-
ference (SAS Institure 1985}

RESULTS AND DISCUSSION
Aerial test 1

Against the Aedes spp. complex. mortality was
higher than 99% at | 12, and 24 h, and did not

Tuble 3

significantly differ with formulation (Table 1). At
all time intervals, Dibrom and Trumpet were sig-
nificantly more effective against the Aedés spp

complex than against An. quadrimaculas and Cx
quinguefasciatus. No significant difference was
found between Dibrom and Trumpet. Scourge
caused greater than 97% mortality against all 3 spe-
cies, and mortality did not differ significantly with
species. Scourge also was significantly more effec-
tive against An. guadrimaculatus and Cx. quingue-

fasciatus than Dibrom and Trumpe:. Mortality

between An. quadrimaculatus and Cx gquinguefas-
ciarus was not significantly different (Table 1).

Aerial test 2

Adult mortality increased significantly at 1 and
24 h with Trumpet at the medium rate against Cx
guinguefasciatus {Table 2). With the Aedes spp.
complex, mortality increased with Trumpet at the
medium rate at 1 h, but at 12 and 24 h, the inedium
and high rates were not significantly different from
zach other Mortality of Aedes was significantly
greater than that of Cx guinguefasciatus at ali 3
Trumpet rates and time intervals. The medium dos-
age of Trumpet was significantly more effective
than the high dosage at 1 h positreatment against
the Aedes spp complex and at all time intervals
against Cx. quinquefasciatus (Table 2).

Ground test

No interspecies comparison is given in Table 3
However the Dibrorm and Trumpet numbers exhibit
a greater difference between species than does
Scourge Against Cr. guinguefusciuis, Scourge
was significantly more effective than Dibrom and
Trumpert at all times and distances. but against the

Meun percentige mortalities for Dibrom®. Trumpet® and Scourge® spplied as an ultra-low volume

ground-application treatment against the Aedes spp complex (sali-marsh mosquitoes)* and Coler quinguefasciotuy
adults in Lake Charles. LA, in 1997,

Mean percentage mortality®!

Ti Aveles Culex
nme . (distance downwind m) {distapoe downwind. m)
swsttreatment Formulution/rate i
thi ta Alfha ot (O sphy R3] 68 914 R 609 Gl 4
i Dibseons 122 43 85 TaA 9i 2uA 78 8bA o NuB 16.9uB 12 6uB
i Trumpet t224) HaA HIDuA 37 SuA 3 daB §.7uB 6 8uB
| Scuurye 1 Y6 64 YuB 60 TuB 48 8aB 84 IuA 78 luA 75 duA
12 Dibronms (224 9y YuA 96 HuA K ANRHT: th luB 22448 17 228
12 Trumpet t22.4 100aA 94 SuA 94 JuA 17 6uB 14 ZaB Y 5uB
2 Svowrge {1 96 76 uB 67 9uB H)5uB 32 SaA 71 DubA 56 ObA
24 Dibrom (22 4 Y QuA U6 BuA 92 TuA 17 7aB 36 0uB 18 4uB
24 Trumpet (234 11 )A 9H duA 99 Tus 21 1aB 14 9uB 1 KuB
24 Scourge {1 96) FERD]:! 63} YuB 56 1uB PR SEEN 66 JabA 38 ThA
Sedde s seelfta itens and Nodde s tenmorehn hus complex
Means withen cach tene and ~pecies tollowed by @ different Jetter 2o rows Howergare - snd columns fuppereaee ) e sgnsicantly
S Terent 18 L 108 or distance and Tormulassonfrale. ruspectively

Urtreated comrods did nop wagued $007
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Aedes spp. complex. it was significantly less effec-
tive (Table 3). No significant difference was found
between Dibrom and Trumpet against either species
al any time or distance. Scourge resulted in a high
level of mortality against both species at 30 m
downwind, with monality across species and times
ranging from 69.9 10 89 2% Montality with Dibrom
and Trumpet was quitc high (>85%) at 30 m down-
wind against Aedes spp. complex. but was low
(<22%) against Cx. guinguefasciatus It was noted
that some recovery occurred with Cx. guinguefas-
ciatus 24 h after reaiment with Scourge.

In summary, Trumpet and Dibrom gave compa-
rable contro! of the 3 mosquito species in both the
aerial and ground tesis. The 3 lower labeled rates
of Trumpet were efficacious against the Aedes spp
complex after aerial application. Trumpet and Di-
brom were more cificacious than Scourge against
the Aedes spp. complex in the ground test How-
ever. Scourge was more efficacious against An
quadrimaculaius in the aerial test and against Cx
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quinguefasciatus in both the aerial and ground ap-
plications.
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ORGANOPHOSPHATE AND PYRETHROID SUSCEPTIBILITIES OF
CULEX SALINARIUS ADULTS FROM TEXAS AND NEW JERSEY'!

KABKAEW SUKONTASON JIMMY K. OLSON.? W. KEITH HARTBERG* anvp RICHARD E. DUHRKOPF!

ABSTRACT. Susceptibilities of adults from newly established colonies of Culex salinarius from New Jersey
and Texas to commonly used mosquito adulticides were assessed using the insecticide-coated vial bioassay
technique. Females from both colonies were similar in their susceptibilities to naled, chlorpyrifos, resmethrin,
and permethrin. However, fernales from the New Jersey colony (estabiished from collections made in Cape May
County, NT) were found to be 9 times more tolerant to malathion than were those from the Texas colony
{esiablished from collections made in Chambers- County, TX), with median lethal concentration values for
malathion tested against these 2 colonies of 0.70 and 0.08 pg malathion/vial. respectively. The differences
between these ? colonies with respect to their tolerances to malathion may be a product of the age of each
colony at the time assessments were made andfor the degree to which the parent stock used to start each colony

was previously exposed 1o malathion in the field.

KEY WORDS Mosguito adulticides. insecticide tolerance. resistance management. susceptibility boselines

-

Culex salinarius Coq., a major nuisance mos-
quito in the eastern one half of the United States,
has been implicated as a possible vector of 5t. Lou-
is encephalitis virus (Clark et al. 1977). Thus, not
only are new ways to more effectively manage this
pest mosquito necessary, but also ways are needed
to monitor the effectiveness of the current control
tactics used against it. Mosquito abatement pro-
grams penerally attempt to target both the larval
and adult stages of mosquito populations to be con-
trolled. However, the current control strategy for
Cx. salinarius, particularly as it occurs in the rice-
growing coastal region of southeastern Texas, rests
almost entirely on the use of effective chermicals
against adult populations. The chemical adulticides
are most commonly applied at ultra-low volume
(ULV) rates (3 oz. active ingredient or less per
acre) by truck-mounted. cold aerosol ground units
or by aircraft against adult Cx. salinarius popula~
tions just as they are emerging or as they migrale
fromn their larval development sites toward more
human-populated areas. This one-dimensional ap-
proach to controiling problems associated with Cr.
salinarius makes it imperative that the chemical ad-
ulticides being used against this mosquito species
are the most effective ones available and that the
effectiveness of these chemicals be preserved.

! This study was conducted in cooperation with the U.S,
Department of Agriculture (USDA). Agricultural Re-
search Service. as part of USDA. Cooperative State Re-
search. Education. and Extension Service ((CSREES)
Southern Region:! Project 5-260 involving State Agricul-
tural Experiment Station personnel in Arkansas. Califor-
nia. [linois. Louisiana. Mississippi, and Texus

: Department of Entomology, Texas A&M University,
College Station. TX 77843-2475.

' Present address; Department of Parasitology, Faculty
of Medicine. Chiang Mai University. Chiang Mai 507200.
Thailand.

+ Depurtment of Biology. Baylor University. Waco. TX
767987388,
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Until now, no in-depth laboratory studies have
been conducted on the various adulticides currently
available for use against mosquitoes as to their rel-
ative effectiveness against Cx. safinarius aduits be-
cause of the difficulty in rearing this species under
laboratory conditions. However, laboratory colo-
nies of Cx. salinarius were recently established at
Texas A&M University using wild mosquito stock
collected from Cape May County, NJ. and the U.S.
Fish and Wildlife Service’s (USFWS) Anahuac
Wildlife Refuge in Chambers County, TX. The es-
tablishment of these colonies made it possible for
us to determine some baselines of susceptibility for
Cx. salinarius to the adulticidal agents most com-
monly used against this species in the United
States.

Maosquito adulticide susceptibility tests were con-
ducted on 3- to 4-day-old females from the 2 Cx.
salinarius colonies using the insecticide-coated vial
bioassay technique of Plapp (1971). The females
used in these bioassays were obtained from the 1ith
laboratory generation of the Texas colony and the
2nd laboratory generation of the New Jersey colony
of Cx. salinarius established at Texas A&M Uni-
versity. Methods used in establishing and maintain-
ing these colonies will be the subject of a subse-
quent paper The 5 currently labeled adulticides
included in the bioassays were malathion, naled,
chiorpyrifos, resmethrin, and permethrin. Each
technical grade insecticide was serially diluted with
acetone to the appropriate concentrations. The in-
secticide dilutions were pipetted into 20-ml glass
scintillation vials (5 vials/concentrarion/mosquito
strain) and, if necessary, acetone was added (o
bring the total volume to 0.5 ml of liquid being
placed into each vial. Only acetone (0.5 mifvial)
was placed in the control vials (5 vials/insecticide/
mosquito strain). After adding the acetone solu-
tions, all vials were placed on their sides and rolled
manually until the solvent completely evaporated
leaving the insecticide residue (when present) even-
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Table 1. Results of insecticide susceptibility bioassay tests conducted on adult females from laboratory colonies of
Texas (TX) and New Jersey (NJ) strains of Culex salinarius during 1996
Insecticide and LC, LC,,
mosquito strain? (pg/vial) RR,? (pegfvial) RR,s' Slope = SE
Malathion
NI 0.701 9.22 1.159 3.38 7.527 x 1.914
X 0.076 — 0.343 —_ 2.526 = 0647
Naled
NI 0.076 1.77 0.162 1.53 5029 » 1.497
> 0.043 — 0.106 e 4.247 = 1132
Chlorpyrifos
NJ 0.087 223 0.505 234 2,152 = 0.357
X 0039 — 0216 — 2209 = 0297
Resmethrin
N3 0.033 1.83 0.311 057 3124 + 0,705
TX 0.018 e 0.194 — 1.594 = 0.296
Permethrin
NJ 0.039 4.33 G101 388 3996 + 1405
X 0.009 —_ 0.026 o 3.591 > 0.853

t Colonies were maintained at 20°C, BO% relative humidity, and 9 b2 13 h light: dark with a 2-hr morning and evening crepuscular
features. L.C,s median lethal concenration; L.C,,. 95% lethal concentration.

*The NI and TX colonies were in their F, and F,, laboratory generations, respectively. at the time of sesting.

*The LCy, and LC,, resistance ratios (RRy, and RR,,. respectively) were determined by dividing the LC,, and LC,, values recorded
for the New lersey strain by the comparable values recorded for the Texas sirain of Cx salinarius

ly coated over the inside surfaces of each vial. A
small cotton pad (ca. 0.75 cm”) soaked with 10%
sucrose solution was placed in the bottom of each
vial as a carbohydrate source for the mosquitoes.

Female C. salinarius aspirated from one of the
laboratory colonies, were lightly anesthetized with
carbon dioxide and placed on' a chill table (set at
ca. 7°C) for counting. Five females were placed into
each treated and control vial included in a test set
for a given insecticide. Separate test sets were pre-
pared for each of the 2 mosquito colonies. The vials
of mosquitoes were plugged with cotton, placed in
the holding compartments of a scintillation vial car-
ton, covered with moist paper toweling, and held
at room temperature for 24 h.

Mosquito mortality occurring in each vial was
recorded at the end of the 24-h exposure period,
The resuiting data were analyzed using the SAS

Table 2. Insecticide resistance ratios for adult fernales
of the colonized Texas stwain of Culex salinarius vs. the
colonized. insecticide-susceptible UTMB strain of Culex

quinguefasciatus.

Insecticide RR,' RR,,'
Malathion LO7 243
Naled 0.57 0.82
Chlorphyrifos® — —
Resmethrin Q.17 0.48
Permethrin 0.05 0.06

* The median lethal concentration (L.C,,) and 95% lethal concen-
tration (LCy) resistance ratios (RR,, and RR.,, respectively) were
determined by dividing the LC,, and LC,, values recorded for the
Texas strain of Cx. salinarius by the comparable values recorded
for the UTMB strain of Cx. quinguefasciatus.

* Chlorpyrifos was not tested against the UTMB strain of Cx
quinguefasciatus.

Probit Program (SAS 1985). The analyses corrected
for control mortalities and provided median lethal
concentration (LC,,), 95% lethal concentration
(LCys), and 95% confidence interval values in mi-
crograms of insecticide per vial. Slopes {indicators
of the degree of homogeneity in each population’s
response to the insecticides tested) were also pro-
vided by this program.

Results of the bioassays involving the 2 colo-
nized strains of Cx. salinarius are summarized i:
Table 1. At the LC,, level of comparison, the Texas
strain of Cx. salinarius females tended to be slight-
ly more susceptible to each of the adulticides tested
than were the females of the New Jersey strain of
this species. This is indicated by the New Jersey
strain to Texas srain L.C,, resistance ratios (RR,;8)
ranging from a low of 1.77 for naled to a high of
9.22 for malathion (Table 1).

To gain further insight as to the meaning of these
results, the LC,, and L.C,, values for the insecticides
tested against the Texas strain of Cx. salinariu
were compared, via the computation of additional
resistance ratios, to the values recorded for tests
conducted during the same time period on females
from the colony of the insecticide-susceptible
UTMB strain of Culex quinquefasciarus Say main-
tained at Texas A&M University. The results of
these comparisons are shown in Table 2 and ind:-
cate the Texas Cx. salinarius strain was just as sus-
ceptible {e.g., to malathion) and in most cases,
more susceptible to the adulticides tested than was
the UTMB sirain of Cx. quinquefasciaius. The Tex-
as strain of Cx. salinarius was thus deemed the best
colony to keep on hand as a reference base for fu-
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of resistance in wild populations of this mosquito
species in Texas and elsewhere in the United States.

Based on the Texas A&M laboratory’s experi-
ence in monitoring resistance levels in wild popu-
lations of Cx. gquinguefasciarus using the UUTMB
strain of this species as a reference base, resistance
ratio values that begin to approach a value of 10
indicate that the wild populations for which such
values are being recorded are beginning td develop
a tolerance to the particular pesticide in question,
Ratios exceeding 10 indicate that a significant level
of insectictde resistance is present in the target pop-
ulation. If the same wend holds tue for Cr. sali-
narius, the RR,, value of 9.22 recorded for the New
Jersey strain of this species against malathion (Ta-
ble 1) indicates that resistance- to this particular
chemical is beginning to develop in theNew Jersey
population of Cx. salinarius from which stock was
taken to start our laboratory colony.

Judy A. Hansen (Director of the Cape May
County Mosquito Control Commission, personal
communication) indicated that the particular Cx
salinarius population from which our colonizing
stock came had been periodically treated with mal-
athion on an annual basis with aeral ULV appli-
cations of malathion for several years prior to our
investigation. The overall adulticiding strategy used
by the Cape May Mosquito Control Commission is
to interdict adult populations of Aedes sollicitans
(Walker} and sometimes those of Cx. salinarius as
they migrate enrass from their marshland devel-
opment sites upland and toward more human-pop-
ulated areas of the county. This exposure, although
limited in nature, may have been enough to cause
the elevated tolerances to malathion noted for the
New Jersey strain of Cx. salinarius used in our as-
sessments. If such is the case, it dernonstrates how
careful mosquito control agencies must be in using
any class of insecticides in their programs to avoid
the development of resistance.

In this regard, the continuous use of only one
kind or class of insecticide over long periads of
time as a sole tactic for controlling a target mos-
quito population can put a great deal of insecticidal
pressure on the population. Eventually, if such a
strategy is continued, resistance to the insecticide
or to a whole class of insecticides can be selected
for in a manner as described by Frisbie et al
(1987). Indeed. the continuous use of malathion
over a period of several years has caused increased
incidences of resistance in populations of such
mosquito species as Cx. quinguefasciatus (Bisset et
al. 1991) and Aedes albopictus (Skuse) (Herbert
and Perkins 1973, World Health Organization
1986). Although no evidence of insecticide resis-
tance has yet to be reported in Cx. salinarius, our
data indicate that such could happen in Cape May
County. NI, if it were not for the fact that the mos-
quito control commission in this county is follow-
ing good insecticide resistance management (IRM)
practices by using malathion sparingly and alter-

nating classes of chemicals in its adulticiding pro-
gram when possibie. Even with these IRM practices
in place, the wlerances of the Cape May County
adult Cx. salinarius populations appear to be ele-
vated for malathion and these tolerances need to be
regularly monijtored as long as this agent is used in
the Cape May County mosquito adulticiding pro-
gram.

In contrast to the situation in New Jersey, the
Texas population of Cx. salinarius included in our
bioassay appears to be quite susceptible to all the
adulticides tested. This may be due in part to the
fact that the Texas swain of this species had been
in colony longer (11 generations) than the New Jer-
sey strain (2 penerations) before it was tested
against insecticides, thereby giving more opportu-
nity for susceptibility to become reestablished in
the colony, as would occur in insecticide-free re-
fugia in nature (Frisbie et al 1987). Also, the fact
that the stock used to establish the Texas strain col-
ony of Cx. salinarius came from a wildlife refuge
that had not been treated with any type of insecti-
cide for at least 15 years (Hoyt Henry, Director,
Chambers County Mosquito Control District, An-
ahuae, TX, personal communications) could ex-
plain why the Texas strain of this species proved
s0 susceptible to the adulticides tested.

The research described herein established base-
lines of susceptibility for select populations of Cx.
salinarius to commonly used adulticides and estab-
lished a colony of a susceptible strain of this spe-
cies for use in subsequent insecticide resistance
monitoring programs. Also, our research points out
the care that must be taken in using a given chem-
ical in a mosquito control program and the value
of maintaining insecticide-free refugia. Guarded
and strategic use of any given insecticide and mak-
ing provision for refugia where susceptible mem-
bers of a target insect population can continue fo
survive and extend their susceptibility back into the
whole of the target insect population are essential
ingredients in any plan developed to proactively
manage insecticide resistance in an insect popula-
tion (Frisbie et al. 1987). Mosquito populations are
no exception in this regard.
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LETTER TO THE EDITOR

ABSTRACT. This letter questions the appropriateness of methodology used in a study by Howard and Oliver
(4. Am. Masq. Control Assoc. 13:315-325; 1988). Two independent data sets, collected for different purposes
by 2 different groups. were subjecied to statistical analysis to determine if the data sets differed. The experimental
""design.” as described by the authors. is an example of pseudoreplication. which arises when replicates age
collected at a scale finer than the one for which conclusions of statistical testing are inteaded to be drawn. Al
of the components of a properly designed field experiment {control. replication. randomization, and interspersion)
are missing from this study. The authors proceed to draw a series of conclusions from the data presented. Few,
if any. of the conclusions can be stpported by the evidence presented. The assertions put forward in this piy
could have a severe negative impact on efforts to prevent transmission of arbovinuses or other pathogens | .

humans and domestic animals,

KEY WORDS Vector control. naled, eastern equine encephalomyelitis. Culiseta melanura. experimental

desipn. pseudoreplication

Because I am identified as having “reviewed a
previous draft,” of the paper by Howard and Oliver
{1998), I wish to make several cornments about that
work. My comments relate to the appropriateness
of the methodology and experimental design and
the relation between conclustons drawn and the
data presented.

1. Methods were not appropriate 1o the question
being asked: In this report, 2 independent dala sets,
collected for different purposes by different groups,
were subjected to statistical analysis to determine
if the data sets differed. I pointed out several of the
problems in my review of the earlier version of the
manuscript, and I do not see thal those problems
have been corrected. The experimental “design,™
as described by the authors, is an example of pseu-
doreplication (Hurlbert 1984). Pseudoreplication
arises when replicates are collected at a scale “finer
than the one for which conclusions of statistical
testing are intended to be drawn™ (Dutilleul 1993).
All of the components of a properly designed Reld
experiment (control, replication, randomization,
and interspersion) are missing.

There were no control sites (i e.. sites that were
never treated; Howard and Oliver 1998, p. 317). A
3-year period in which Toad Harbor was not treated
is taken to be an indication of “‘nontreatment pop-
ulation trends of the species of interest. . .."” This
can hardly be called a proper control,

There was no replication. Each site basically
consisted of a single replicate, sampled multiple
times at severa) locations (pseudoreplicates) within
the replicate. A properly replicated study would
have followed trends in at least 4-§ swamp areas,
with the areas being randomly allocated 1o either
treatment or untreated control status (hence, the
randomization quality is also missing). It is impor-
tant o point oul that such an experiment is seldom
possible because of the ethical dilemma of not
treating an area in the event of an arbovirus out-
break. Finally, there is no interspersion of treated
and untreated areas, which would help to overcome
the natural variability between swamps. The au-

thors state (p. 321) that “the 2 swamps are remark-
ably similar™ Although this may be true at some
spatial scales, it is quite untrue at others, From the
air in midsummer, the 2 areas are visibly different,
suggesting some underlying ecological differences
that might impact the eastern equine encephalo-
myelitis {EEE) system.

Although the general linear model was probably
the best choice for the statistical analysis, I doubt
seriously that even the most robust analysis can
overcome (he basic flaws in the struciure of this
study.

Additional basic problems exist in the data used
in the study. For example, the authors attempted to
study the duration of impact of naled application
on EEE vectors. Unfortunately, at least at Cicero
Swamp. there seems (o have been a cessation of
trapping on the nights immediately following
spraying. In all of the sequences I have examined,
there is a gap of several days with no data (appar-
ently because trap collections were too low 1o make
it worthwhile). Alithough it is possible to confirm
that a reduction occurred and that the reductions
lasted no more than 1-2 wk, little else can be said
{but, see my comments below [2.a]).

2. The conclusions do not follow from the infor-
mation presenied. The authors offer the following
conclusions from their analysis:

a. Application of naled achieved short-term re-
ductions of the 4 vector species and seasbnal re-
ductions in the 3 univoltine species, but no long-
term impact was observed.

b. The 15-fold increase in Culisera melanura
and 83-fold decrease in Culiseta morsitans are at-
tributed to multiple long-term impacts of naled.

c. And, finally, “The possibility that applications
of naled contributed to increased populations of Cs.
melanira discredits the rationale that preventive
applications of naled reduce the risk of EEE

I offer the following observations and comments
on the conclusions: -

a. Naled clearly achieved short-term reductions
of the 4 vector species. 1 am not sure that all of the
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seasonal reductions (and the | multiyear reduction)
are due to naled, but it is certainly a possibility.
However, weather factors should have been taken
into account as well. It is not clear to me why the
authors expected to see a long-term {(multiyear) im-~
pact from the use of such a short-acting pesticide.
Their comments seem to indicate confusion be-
tween a philosophy of disease prevention and one
of disease eradication.

Theoretically, if the basic reproductive rate of a
disease (R,, the average number of secondary in-
fections attributable to a single infectious case in-
troduced into a fully susceptible population; Fine
et al. 1982} is driven below 1.0, transmission will
cease. Ahlhough the value of R, for EEE is nat
known, it is probably fairly low because of the
small number of cases per year in humans and do-
mestic animals, H this is the case, then it seems
likely that even an interruption of 1 wk might be
sufficient to prevent widespread transmission If
only the “'bridge veclors™ are of concern {i.e., we
do not worry about what happens to the enzootic
cycle), the interruption seems to be significantly
longer on the basis of the data in this paper. This
may be a risky strategy il Cs. melanura plays a
significant role in dispersing EEE virus outside the
swamp habitats (see below).

OCn the basis of a small study conducted by one
of my students, the rapid return of Cs. melanura at
Cicero Swamp appears to be because of immigra-
tion from surrounding areas (1. Welch et al., wn-
published research). In this study, female Cs. me-
lanura from collections before and after the applhi-
cation of naled in Cicero Swamp were dissected,
and the ovaries were examined to determine parity.
Our hypothesis was that the returning population
would be largely composed of newly emerged nul-
lipars because ultra low volume (ULV) has no ef-
fect on immatures. Ap alternate hypothesis is that
the population is replaced through irmmigration. No
significant difference in parity occurred between
pre- and postspray populations. Thus, apparently
migration is an important factor in the rapid return
_of Cs. melanura following spraying. In fact, How-
ard et al (1996) documented the importance of dis-
persal in moving *‘from swamp to upland areas and
between swamp complexes.” Thus, focusing on a
larger area than just Cicero and Toad Harbor
swamps may be important if an EEE prevention
program is to be effective. Knowing whether or not
the EEE enzootic cycle is being maintained in other
areas besides Toad Harbor and Cicero swamps is
important. Are there outlying foci that can re-seed
the primary foci following control? The data pre-
sented by Howard et al. (1996) suggest that either
multiple foci exist or Cs. melanura (and/or bridge
vector) females fly very long distances.

b. A basic tenet of science is that correlation
does not prove causation. There is absolutely no
reason, on the basis of the data presented, to con-
clude that the observed changes in the 2 specics
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resulted from the application of naled. The authors
mention, but quickly discard, several possible al-
terpative hypotheses (the original review panel
raised several of these hypotheses). Only conduct-
ing experiments in such a way that they can be
falsified can eliminate the alternate hypotheses. The
authors suggest, for example, that beavers are un-
likely to have had an impact in Cicero Swamp, but
beavers can have a massive impact on freshwater
habitats (see, e.g., Naiman et al. 1988, Langston
1998). The authors state that, if rising waler levels
(from beaver activily) were a factor, “one would
expect that the same factor would influence popu-
Jation levels of Cg perturbans. .. Unless their
fig. 1 is misiabeled, this is exactly what is shown
by the data. It seems to me that there is an oppor-
unity for a very interesting study that is being
missed.

Similarly, the “exponential increase in Cs. me-
lanura™ and concurrent ‘'significant reduction™ in
Cs. morsitany are, at this point, observations of
change in the numbers of 2 species, These changes
may have rcsulted from interspecific interactions,
or they may not. In fact, much of the authars’ case
rests on only a single year, 1993, which severely
skews the longer term trend.

At this point, one would be hard pressed to de-
cide if this was a pattern or simply random varia-
tion Another possibility that the authors do nol
mention is the impact of interannual/decadal cli-
mate patlerns. These patterns are known to have a
large impact on vectors and vector borne disease.

c. Conclusions in science should be based on
data gathered with an appropriate experimental de-
sign and interpreted after an appropriate statistical
analysis. Presentation of an unfounded ‘‘possibili-
ty" as a basis for a conclusion (other than that ad-
ditional study is indicated) is not warranted. In this
article, the authors attempt to discredit the use of a
public health tool (ULV adulticiding with naled) by
extrapolating a “possibility” from inappropriate
data and a poor study design.

The authors imply that there is sufficient evi-
dence 1o conclude that the mosquito Cs. melanura
is becoming more predominant because of the
spraying. Because of the deficiencies outlined
above, concluding that such a relationship exists is
impossible. Although a relation between spraying
with naled and the apparent increase in Cs. melan-
ura cannot be proved on the basis of the data pre-
sented, that possibility also cannot be excluded by
using these data.

One could ask if it is worthwhile {or even pos-
sible) 10 design and conduct an experiment that
would actually answer the question posed by How-
ard and Oliver. I think it would be worthwhile, but
there are a number of hurdles to overcome. A prop-
erly designed study, one that would overcome the
deficiencies of the present study, would be expen-
sive to design and carry out. In addition, there may
be ethical questions if some areas are (o be left as
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untreated controls. (What happens if EEE virus is
detected in an untreated control swamp?) Also, a
basic difference exists in the way vector surveil-
lance would be conducted in an experimental set-
ting as opposed to the disease surveillance setting,
In the latter, we want to have the greatest possible
chance of coliecting infected females at the earliest
possible date—that is an intentional bias that may
be undesirable in an experimental sesting.

On the other hand, it may be possible to design
smaller studies to answer specific questions, such
as the issue of beaver impacis on habitats and den-
sities of the major vector species. Similarly, some
fairly simple, but labor-intensive, studies might
shed light on the issue of competition/displacement
between (5. melanura and Cs. morsitans.
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IMPACT OF NALED (DIBROM 14%) ON THE MOSQUITO VECTORS OF
EASTERN EQUINE ENCEPHALITIS VIRUS

JOHN J. HOWARD anp JOANNE OLIVER

New York State Deparrment of Health. Room 133 flick Hall. SUNY-College ESF. Syracuse. NY 13210

ABSTRACT, In central New York, aerial mosquito adulticide applications have been used in response to
eastern equine encephalitis (EEE) outbreaks and have targeted the swamp habitats of the primary enzeotic vector
of EEE virus. Culisera melanura (Coquillert). The organophosphate insecticide naled (1. 2. dibromo-2. 2-di-
chioraethy! dimethy| phosphate) has been the insecticide of choice in this region This study reporis on analyses
of L1 years (1984-94) of mosquito collection data from Cicero and Toad Harbor swamps in relation to appii-
cations of naled. Naled applications were successful in achieving short-term reductions in mosquito abundance.
-+ .yever, despite repetitive applications. populations of the primary vector of EEE virus, Cs. melanura. have

_reased 15-fold at Cicero Swamp. Preventive applications had no noticeable impact on the enzootc amplifi-

cution of EEE virus. and isolations of virus following pr

eventive applications have resuited in additionai spraying.

The possibility that applications of naled contributed to increased populations of Cs. melanura discredits the
cationale that prevestive applications of maled reduce the risk of EEE.

INTRODUCTION

Ultra-tow volume (ULV) aerial applications of
the mosguito adulticide Cythion® in response to
outbreaks of arthropod-borne viruses gained accep-
tance during the 1960s when used during St. Louis

<halitis outbreaks in Texas (Kilpatrick and Ad-

ams 1967). In 1972 and 1974, aerial ULV appli-
cations were used in Massachusetts in response to
epidernics of eastern equine encephalitis (EEE). Al-
though evaluations of spraying efficacy produced
equivocal results {Grady et al. 1978), in Massachu-
setts the application of malathion continues to be
the recommended response during EEE epidemics
(Edman et al. £993). In central New York, serial
mosquito adulticide applications have also been
used in response to EEE outbreaks and have tar-
-1 the swamp habitats of the primary enzootic
vector of EEE virus, Culiseta melanura (Coquillett)
(Morzis 1988). The organophosphate insecticide na-
led (1, 2. dibromo-2, 2-dichloroethyl dimethyl
phosphate) has been the insecticide of choice in this
region. The formulation used is Dibrom 14% mixed
with heavy aromatic naphtha, a fast-acting, short-
residual adulticide developed for mosquito control
(Haile et al. 1982), applied at a rate of 0.2 liter/ha
{1 pint/acre). All applications have been performed
bv the same contractor using Piper Aztecs equipped
1 Micromist 900® spray systems (Warm 1986).
vlomris (1988) stated that a single well-timed ap-
plication of an adulticide could control Cs. melan-
wra. This statement was based on evaluation of 1-
day pre- and postefficacy data from the treated area
and the resultant absence of equine EEE from up-
land areas following adulticide applications (Mor-
ris. unpublished data) Following the second human
EEE faality in central New York (Howard et al
1988). a more liberal mosquite spraying policy was
adopted by focal municipalities. The 2 areas most
\uently subject to control were Cicero Swamp in

. aondaga County and Toad Harbor Swamp in Os-
wego County. the recognized enzootic foct of EEE

virus in central New York {Morrs et al. 1980,
Howard et al. 1996). Aerial applications of naled
have ocenrred as preventive measures in response
to large numbers of mosquitoes, as a reaction to the
detection of Highlands J (HJ; a mosquito-borne vi-
rus of birds that is not pathogenic to humans), the
detection of EEE virus in mosguitoes, or the oc-
currence of EEE. With the exception of 1993, when
25% of Toad Harbor Swamp was experimentally
treated with Altosid® (methoprene) pellets (Wood-
row et al. 1995), larval control activities have not
been undertaken in these swamps.

Yearly summaries of mosquito and virus sur
veillance data question Mormis’ conclusion regard-
ing the effectiveness of aerial adulticiding. These
summaries revealed a irend toward increasing num-
bers of Cs. melanura and EEE virus isolations dur-
ing the late 1980s and early 1990s (Howard et al.
1994) and led to the current study. During the 1983
EEE outbreak in central New York, a majority
(91%, n = 21) of EEE virus isolations were made
from mosquitoes collected in Cicero Swamp {How-
ard et al. 1988). There were 11 isolations of EEE
virus from 1.118 Cs melanura and 7 isolations
from 1,534 Culiseta morsitans (Theobald) collected
and assayed between July 1 and mid-October 1983.
In 1990, there were 86 EEE virus isolations from
central New York. of which 27 were from 21,857
Cs. melanura and | from 816 Cs. morsitans col-
lected and assayed from Cicero Swamp between
June 7 and late October 1990. In 1992, although
there were no EEE virus isolations from central
New York (Howard et al. 1994). 55,749 Cs. melan-
ura and 157 Cs. morsitans were collected and as-
sayed from Cicero Swamp between Jupe | and the
late September 1992 This paper reporis on the
evaluation of shor-term. seasonal, and long-term
guantitative mosquito population data in response
to aerial applications of naled 1o Cicero and Toad
Harbor swamps over an | [-year period, 1984-94.
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MATERIALS AND METHODS

Treatment areas. Cicero Swamp is a 1.600-ha
state-owned game management ares located in
northeastern Onondaga County. 16 km from the
city of Syracuse (Morris et al. 1980). Cicero
Swamp was sprayed twice prior to 1984 in Sep-
tember 1974 and September 1983 Toad Harbor
Swamp is 2.000 ha. of which approximately two-
thirds is the Three Mile Bay Game Management
Area Toad Harbor Swamp was sprayed twice pror
to 1984, in August 1976 and September 1983 We
assume that mosquito pupulations in both swamps
have recovered {rom any impact ol the 19704
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sprays and that the sprays in September 1983 oc-
curred o long after the peak of adult mosguito
activity to have an impact on the current study
Spray dates and number of hectares treated during
[984-94 were obtained from documents tiled with
the New York State Department of Health (NY3-
DOH) Spray events were categorized as preventive
or reactive Preventive applications were based on
aumbers of mosquitoes vniy Reactive applications
were in response to isolations of HI or EEE viruses
or the vecurrence of EEE

Mosguito population data—-=treatment areas.
Adult mosyuito population Jata were derived from
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Table |. Memoriat Day to Labor Day yearly trap-night
means' {Y) for ¢ vector species at Cicero Swamp. NY.
198404,

Cx. Cs. mor- Ae. Cqg.

aron melanura  sitans  canadensis periurbans

984 103 9.8h | Sbe 16 9¢ 10.0e
1985 99 333def 33a 298¢ 127 Bab
1986 100  l4.5gh HR4) 13.6cd 24 6de
1987 123 3l.2def 10cd 54de 121 .7ab
1988 121 Z20.Ifg 1 Oed 17 7c 23.0de
1989 101 63.0be 0.6d 44 6b 37 Ged
1990 110 3%.6cde 02le 94 7a 135 7ab
1991 134 2llefg  0Q3e 6.tde 185 tab
1992 147 103 5ab 02e 11640 79.7be
1993 132 1733a 0.08e 26 3be 154.9aby
1994 (18  585bcd  003e 14.0cd 219.0a

aeans with ditferent fetters are signiticantly different {genera
linear models. Duncan’s groupings. # < 00D

collections made in carbon dioxide-baited CDC
miniature light traps at 4 wap sites at Cicero
Swamp, Onondaga County, and 2 trap sites at Toad
Harbor Swamp. Oswego County. from 1984 to
1994, Generally. traps were operated 2 nights/fwk
throughout the active mosquito season {May-Sep-
romber). with more frequent trapping during the
weeks surounding spray events. Each collection
was speciated and enumerated by personnet from
the Onendaga and Oswego county health depart-
ments.

Mosquito population data—nonireatment data;
‘There were no trap sites in either Cicero or Toad
Harbor swamps that were not subject to treatment,
Additionally. there were no swamps within central
New York of similar physiography with significant
populations of Cs. melanura or that have been un-
*ar constant mosquito surveillance to use as control

sontreatment) collection data Thus. to determine
nontreatment population trends of the species of in-
terest. we used the surveillance data from Toad
Harbor Swamp collected during 3 years without ad-
ulticiding applications, 1984-1986. A comparable
data set was not available for Cicero Swamp
Weekly population trends were constructed for the
populations of all species colected and for the pri-
mary {enzootic) vectors of EEE virus. Cs. melanura
and Cs. morsitans, and secondary (epizootic) vec-
irs. Aedey canadensis (Meigen) and Coguiliettidia
crturbans (Coyuiilewr) (Howard et al 1994).

Data unalvsis- Raw data provided w the NYS-
DOH by both county heaith departments represent-
ed daily counts () of all species collected from the
6 wrap sites Analyses were performed for the pop-
alation indices of il mosquitoes collected and each
of the 4 vector species. Daily collections (n) were
log teanstormed (X = loguln + 15 Williams 1937.
Moure et al. 1993) und analyzed using version 6.08
of the statistical analysis system (SAS Institute. Inc

98Y) at Syracuse University. Yearly means for all

Jiection dates and For only eollection Jates be-
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rween Memorial Day and Labor Day (last week in
May 1o st week in September), representative of
the major mosquito activity period in central New
York. were compared using general linear models
(GLM) with Duncan’s mean groupings at £ = 001
for all species and for each of the vector species.
Weekly means were the sums of all collections oc-
curring during a 7-day period, Sunday-Saturday.
divided by the aumber of trap-nights, Yearly and
weekly trap-night means are reported as anti-fog
values (Y = 10¢[—1]). Impacts on all species and
on each of the 4 species were defined as short term
(reduced numbers of mosquitoes observed for a
week postsprayh, seasonal (reduced numbers for the
remainder of the year), and long term {reduced
numbers of mosquitoes seasonally and during the
following year[s]).

RESULTS

Cicero Swamp—Ilong-term trends: There has
been a trend for increased numbers of Cs. melanura
collected per year over the past 11 years (Fig. 1).
Yearly trap-night means (Y = SE) for Cs. melanura
ranged from 85 % 017 in 1984 10 129 = 0.13 in
1993 The 1993 yearly mean for Cs. melanura was
significantly higher than all other years and the
1984 mean significantly lower than afl other years
(GLM, Duncan’s groupings, £ = 0.01). For Cs.
morsitans, yearly means declined over the study pe-
riod (Fig. 1). Means ranged from 2.5 = (.1 in 1685
to 0.03 + 0.0l in 1994 The 1985 mean was sig-
nificantly higher than all other years. Means for
19901994 were significantly lower than ail pre-
vious years. Populations of Ae. canadensis and Cq.
perturbans were nore variable. There were no ob-
vious trends. and no yearly mean was either sig-
niticantly higher or significantly lower than other
years (Fig 1). Means for Ae. canadensis ranged
from 49 7 * 0.18 in 1992 to 2.0 & O.11 in 985
For Cgq. perturbans. means ranged from 729 *
028 in 1994 to 52 = 0.2 in 1984 Yearly means
{GLM, Duncan's grouping, P = 0.01) for the period
from Memorial Day to Labor Day did not result in
any substantial changes in the observed trends for
these 4 species {Table 1}

Toud Harbor Swump—Iong-term trends: There
were po distinguishing trends for Cs. melanura at
Toad Harbor Swamp (Fig. 2) Yearly means for Cs.
melunura ranged from 333 = 0.15 in {985 to 4.7
~ ()57 in 198%. but no mean was either signifi-
cantly higher or lower than any other year. Popu-
lations of Cs morsitans followed a trend similar to
that observed in Cicero Swamp {Fig. 2) The high-
est yearly mean was 40 = 017 in 1985 and the
towest was 0.25 # 003 in 1994, although neither
mean was significant. For Ae. canadensis and Cq.
periurbans. po mean was either significantly higher
or lower than all other years (Fig. 2). Yearly means
for Ae cunadensis ranged from 369 & 042 in
1989 0 2.4 * 0.19 in 1987 Yearly means for Cq
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Fig. 2. Yearly trap-night means (Y) for Cs. melanura
Harbor Swamp. NY. 1984-94

perturbans ranged from 267 9 = 046 in 1991 to
99 + 024 in 1988. Yearly means during 1991~
1993 were the 3 highest for Cgq perfurbans. Anal-
yses of data for the Memorial Day-Labor Day pe-
od did not result in any substantial changes in
these results (Table 2).

Nontreatment seasonal trends. Seasonal popu-
lation trends for all species and each of the 4 vector
species are illustrated in Figs 3 and 4. respectively.
Mosquitoes were collected from mid-May to the
end of September in baited light traps, with peak
collections occurring in mid-July {Fig. 3). Culisera
melanura was the only species collected throughout
the season This species initially peaked in mid-July
followed by 2 simifar peaks at 3-wk intervals in
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. Cs morsituns, Ae. canadensis. and Cq permrbans at Toad

mid-August and early September {Fig 4). Culisera
morsitans was collected during most of the sur-
veillance season. aithough at substantially lower
pumbers than Cs melenura (Fig. 4) Peak collec-
tions of Cs. maorsitans occurred during mid-June—
mid-July. and this spectes gradually declined during
the remainder of the season. Collections of Ae. can-
adensis peaked in early June and early July, and
then collections declined rapidly (Fig 4). Few Ae
canadensis were collected after mid-August. Co-
guillettidia perrurbuns was the most abundant of
the 4 species. Collections of this species peaked in
mid-July. with few individuals collected after mid-
August {Fig. 4).

Treatment history. Between 1984 and 1994. Cic-
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Table 2. Memorial Day to Labor Day yearly trap-night
means’ {Y) for 4 vector species at Toad Harbor Swamp.
NY. 198494,

Cs. Cs. mor- Ae. Cq.
Year n  melanura  sitans canadensis perturbuns
{984 52 15 3ab 4.0a 76 0a 36 5cd
1985 49 468a 6.ia 35.0ab 218.3ab
1986 51  Il.5he 1.8b 2400 5% 8ed
1987 69 6.de 0 6cd 3 0= 71.9b¢
1938 61 57e 07cd 19.7bc 20.6d
(989 52  1i2ede 2.1b 82.3a 64 1bcd
1990 35 8 Ode 1.7b 17.5bcd 31 Babe
1991 52  11%cde 1.2bc 7.9cde  267.9a
1992 35 16.6bed  1.3bc  30.0ab 206.8ab
1993 56 147bcd | lbe 35e 120.4abc
1994 53 11.0cde 0.3d 6 Ode 75 8be

' Means with ditferent letters are significantly different {generat
linear models. Duncan’s groupings. P < 0.01).

ero Swamp was sprayed with naled 15 times and
with resmethrin (Scourge®) once {Table 3). Cicero
Swamp was sprayed once in 1984 and at least once
each year from 1987 through 1994. Two applica-
tions per year occurred in 1987, 1988, and 15992,
Three applications per year occurred during EEE
outbreaks in 1990 and 1991, including the appli-
cation of Scourge on September 18, 1990. There
were § preventive and 7 reactive applications of
naled. The earliest and latest applications of naled
to Cicero Swamp were June 4 and September &,
and there were 2 sprays in June, 7 in July, 3 in
August, and 3 in September.

Toad Marbor Swamp has been sprayed 7 times
with naled, once as a preventive and 6 iimes as
reactive sprays (Table 3). Two naled applications
per year occurred in 1987, 1988, and 1990, and
there was one application in 1991 The ewrliest and
Intest applications at Toad Harbor Swamp were July
22 and September 4, and there were 3 sprays in
July and 2 each in August and September

Impuacts of naled—Cicero Swamp: Short-term
reductions in all mosquito populations occurred fol-
lowing 13 of the 15 applications of naled. Reduc-
tions in collections of all species during postspray
weeks ranged from 81% after the preventive appli-
cation in 1992 to 99% in 1984 (Table 3). Reduc-
tions in coilections of all species following the 9
initial applications {8 preventive and one reactive)
averaged 89% The average short-term impact is
illustrased in Fig. 3 for the preventive application
of July 20. 1988 The 2 applications where no
short-term impact occurred, and in fact populations
incrensed. were both reactive sprays. Populations
increased 200% following the reactive application
on September 8. 1988 (Fig. 4) and increased 87%
following the application on August 13, [991. With
the exception of the June 1984 spray. no seasonal
or long-term impact on collections of all species
was achieved by the applications of naled

The 4 vector spectes (Cs. melanura. Cs. morsi-
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tans, Ae canadensis, Cq. perturbans) represented
73.7% of all collections at Cicero Swamp during
the study period, with yearly percentages ranging
from 354.7% in 1984 to 82.5% in 1993. Short-term
impacts of naled applications for each of the 4 vec-
tor species were as described for all species. The
1988 applications are used to illustrate impacts on
the 4 vector species (Fig. 5). Additionally, there
were seasonal and long-term impacts evident for
some of these vector species. Within 2 wk post-
spraying, populations of Cs, melanura generally re-
bounded to prespray levels. In 1988 (Fig. 5) and
1992, collections of Cs. melanura peaked after pre-
ventive applications of naled. Naled did not pro-
duce any long-term impact on Cs. melanura pop-
ulations (Fig. 13. All applications during July and
early August resulted in seasonal impacts on Cs.
morsitans. This species was virtually absent from
collections following the 7 applicarions during July
and August. These applications also produced long-
term impacts on Cs. morsitans populations at Cic-
erc Swamp (Fig. 1).

Seasonal reductions in Ae. canadensis and Cg.
perturbans were achieved by sprays in June or mid-
luly. The preventive application in June 1984 also
achieved a long-term impact on Ae canadensis
through 1985 and possibly through 1987 (Fig. 1).
The spray in June 1991 produced a seasonal impact
on Ae. canadensis, but there was no long-term im-
pact (Fig. 1). Sprays in late July and August oc-
curred too late to produce seasonal or long-term
impacts on Ae. canadensis and Cq. perturbans.

Impacts of naled—Toad Harbor Swamp: Short-
term reductions in all species collected following
the 7 applications of naled to Toad Harbor Swamp
ranged from 32% in 1990 to 98% in 1991; the least
effective spraying was the 2nd application in Au-
gust 1990 (Table 3). With the exception of this ap-
plication, sprayings to Toad Harbor Swamp
achieved 81-98% reductions in all species as illus-
trated for the earliest spraying of Toad Harbor on
July 22, 1988 (Fig. 2). Because all applications to
Toad Harbor occurred 2 or more weeks following
peak collections of all species, no seasonal or long-
term impact was evident.

The 4 vector species accounted for 77% of ail
mosguitoes coilected at Toad Harbor Swamp during
the ll-year study period and ranged from 62% of
collections in 1984 1o 88% in 1985, Seasonal im-
pacts on individual species were similar to Cicero
Swamp. Culiseta melanura rebounded to prespray
levels within 2 wk postspray and, in 1988. reached
peak numbers following the naled application on
July 22. There was no evidence that naled had a
long-term impact on Cs. melanura populations
(Fig. 2) Applications generally achieved seasonal
impacts on Cs. morsitans. Ae canadensis. and Cq
perturbans but occurred too late each season o pro-
duce long-term impacts (Figs 2 and 4)
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Fig. 3. Weekly trap-night means (Y) for control (nontreatment) collections of all species at Toad Harbor Swamp.

198486 and for 1988 collections of all species at Cicero and Toad Harbor swamps. NY (! indicates nated applications).

DISCUSSION

Application of naled was successful in achieving
short-term reductions in mosquito populations, in-
cluding populations of the 4 vector species. Sea-
sonal reductions in numbers of the 3 univoltine spe-
cies were also achieved. However. with the excep-
tion of a single application in 1984. the use of naled
did not produce a long-tertn impact on veclor spe-
cies. and. despite repetitive applications, popula-
tions of the primary enzootic vector of EEE virus.
Cs. melunura. have increased at Cicero Swamp
from 1984 to 1994 Over the i-year study period,
populations of Cv melanura have increased 15-fold
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despite the 2-fold incrense in the area treated, Con-
current with this increase. there has been an 83-fold
decrease in populations of Cs. morsitans. The de-
crease in Cs. morsitans populatons at Cicero
Swamp during the study period is attributed to mul-
tiple long-term impacts of naled (Fig. 1)

Possible explanations for increases in Cs. melan-
ura populations at Cicero Swamp are that Cicero
Swamp naturally produces larger populations of
this species, that the data for Cicero 3wamp are
somehow biased. that Cs. mefanura in Cicero
Swamp are resistant to naled. or that pest resur-
gence has contributed to increased - populations of
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Cs. melanura coincident with declines in Cs. mor-
sitans populations
Larger populations: In terms of the physio-
graphic features that could influence mosqguito
abundance (habitat, size, and precipitation}, the 2
swamps are remarkably similar. They are 10 km
apart. both are approximately 3,000 ha of similarly
vegetated wetlands with muck-peat soil substrates,
and each is subjected to lake-effect precipitation
created by proximity to Lake Ontario (Morris et al
1980). It has been suggested that Cicero Swamp is
wetter than Toad Harbor Swamp because of the
presence of beaver (Castor canadensis). Above av-
erage populations of Cs. melanura in 1 year have
been associated with above average summer pre-
cipitation that followed excess precipitation the pre-
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Weekly trap-night means (Y) for control (nontreatment) po|
d on coflections at Toad Harbor Swamp. N, 1984-86.

putations of Cs, melanura. Cs. morsitans. Ae.

yes and Hess 1964). Presumably,

ceding fall (Ha
urvival

high water tables in the fall increase the s
of overwintering larvae. If the increases in Cs. me-
lanura were telated to higher water levels in Cicero
Swamp, one would expect that the same factor
would influence population levels of Cq. pertur-
bans. which also overwinters as larvae (Woed et al.
1979) This expectation for Cq. perturbans was not
observed during the study period (Fig. 1) A similar
comparison can be made between Cs. morsitans
and Ae canadensis. Both species overwinter in the
egg stage, albeit Cs. morsitans 25 egg rafts and Ae.
canadensis as individual eggs. deposited on vege-
ration above the waterline {Wood et al. 1979)
Spring rainfali influences seasonal populations of
these species. If the decline in Cs. morsitans pop-

200-EFF-024



. T R LA

31z JOURNAL OF THE AMERICAN MosQuito CONTROL ASSOCIATION VoL, 13 No 4
Table 3.  Applications of naled to Cicero and Toad Harbor swamps, NY, [98.4-94.
Year Date Hectares Rationale! Efficacy? (%)
Cicero Swamp
1984 Sune 32 2.833 Preventive -GG
1987 July I3 2,833 Preventive -85
Sept. 4 316 Reactive (EEE virus) -87
1988 July 20 3.116 Preventive —39
Sept. 8 3,116 Reactive (EEE virus) +200
1989 July 15 3.116 Preventive -92
1990 Aug 3 3.116 Preventive —87
Aug 23 4.856 Reactive (EEE virus) -~ 88
Sept. 18* 4.856 Reactive {EEE) —85
1991 June 4 3.116 Preventive -82
July 6 4.356 Reactive (EEE virus) -91
Aug 13 4856 Reactive (EEE) +87
1562 July 21 3.116 Preventive —-81
Sept. 4 3.541 Reactive (HJY virus) —05
1593 July 8 4,856 Reactive (HJ virus) ~93
1594 July 26 4.856 Preventive -93
Toad Harbor Swamp
1987 July 27 2,752 Preventive 36
Sept. 4 2,752 Reactive (EEE virus) -84
1988 July 22 2962 Reactive (EEE virus) -81
Sept. | 1.962 Reactive (EEE virus) -85
1690 Aug. 9 3.2537 Reactive (EEE virus) -84
Aug. 23 2978 Reactive (EEE) =32
199t July 30 3.2137 Reactive (EEE virus) -98

' EEE = eastern equine encephalitist HI = Highlands 1.

* Percent change in alf mosquite species collected 1 wk postspray.

! Application of resmethrin (Scourge®),

ulations at Cicero Swamp. and 1o a lesser extent at
Toad Harbor Swamp, were the result of a series of
drier than normal springs, then it would be reason-
able to expect that Ae. canadensis populations
would aiso decline. This expectation was not ob-
served during the study period. As to the influence
of beaver. we have conducted walking surveys
around the perimeters of both swamps and ob-
served an equal number of active beaver impound-
ments (JJ H., unpublished data).

Biased data. The data sets analyzed were com-
piled from routine mosquito and virus surveillance
activities conducted by county health departments.
The extent and nature of surveillance activities are
directly related to the level of interest of the partic-
ipating municipalities and availability of personnel.
There are a number of ways in which unintentional
biases could have been introduced into the data.
such as misidentification of specimens. increased
surveillance activities either by number or focation
of traps set, length of trapping seasons, and differ-
ent trapping methodologies. Although we had no
control over these influences. it is unlikely that they
contributed significantly to the results presented
herein. Both counties rely on seasonal employees
1o conduct the surveillance. speciate collections.
and tabulate data. but the same supervisors trained
surveillance personnel throughout the duration of
this study Certainly minor errors in identification
muay have occurred. but it would be unreasonable
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1o expect that a majority of the collections were
misidentified. Although Onondaga County does op-
erate more waps for longer periods of time in Cic-
ero Swamp, data were analyzed as log transformed
values per trap-night for both the season and for a
comparable peried. Memorial Day-Labor Day. Re-
purted trends appeared in both data sets. Finally.
both counties used the same surveillance equipment
and generally operated traps the same nights, Moa-
day and Wednesday, each week (Howard et al
1994).

Resistance: Resistance of mosquitoes has been
reported for organophosphates but has not been
noted for naled {Boike and Rathburn 1975, Linley
and Jordan 1992). A resistant species would not be
affected by the chemical. Culiseta melanura was
affected for 1-2 wk following an application of na-
led but then rebounded and sometimes exceeded
prespray levels. Although repopulation probably re-
sults Ffrom the staggered larval development of the
surmmer brood of Cs. melanura (Joseph and Bick-
ley 1969, Oliver et al. 1996), this does not account
for the observed resurgence of this species.

Pest resurgence: Resurgences of pest popula-
tions are associated with the elimination of natural
predators or parasites {Metcalf 1986} or with spe-
cies replacement through the elimination of a sym-
patric species (Service 1993). Culiseta morsitans
“biologically and epidemiologically parallels C
melanura’™ (Morris 1984) Both species occur in
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Fig. 5.
and Cq perturbuns at Cicero

the same swamp habitats, both prefer to feed on
birds. and associated species of both include Ae
canadensis (Means 1987). Reasons that aerial
spraying would affect Cs. morsitans but not Cs. me-
leanura are related to differences in the biologies of
the 2 species. Unlike Cs. melanura. Cs. morsitans
is univoltine and uverwinters in the egg stage
(Wood et al. 1979) Eggs hatch in the spring. and
although adult Cs. morsitans are present for much
of the season. this species has an extended gono-
trophic cycle. and few individuals complete more
than one ovarian cycle (Morris 1984) Peak adult
abundance of Cs. mersitans occurs between late
June and early July, intermediate between the
spring and summer broods of adult Cs. melanura
(Morris 1984) Nine aerial applications have oc-
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Weekly srap-night means (Y) for treatment poputations of Cs. melanura. Cs. muorsitans. Ae. canadensis.
Swamp. NY. during 1988 (L indicates naled applications)

curred in Cicero Swamp between mid-June and the
end of July and have severely affected reproductive
populations of Cs. morsitans. These data strongly
support the observation that the expeonential in-
crease in Cs. melanura populations in Cicero
Swamp has occurred concurrently with significant
reductions of a sympatric species, Cs. morsitans.
Reduction in the Cs morsitans population has al-
lowed Cs. melantira to occupy the niche utilized by
Cs. morsitans. tesulting in the resurgence (in-
creased populations) of Cs. melanura. The decline
in Cs. morsitans may be an indicator of broad-scale
ecological impacts on nontarget insects within these
swamp communities. Ecological balance between
the 2 species may be restored by reducing naled
applications to these swamps.
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Whether or not any of these factors has contrib-
uted to the observed population trends, there is the
overriding issue related to the rationale for con-
ducting preventive aerial applications to Cs. melan-
ura breeding habitars. Naled is used to control the
populations of vector mosquitoes to reduce the risk
of EEE. Eastern equine encephalitis results from
nonswamp contact with EEE virus (McLean et al.
1985, Howard et al. 1996), and the proposed rmech-
anisms for the movement of virus from swamp to
upland foci include dispersion of infected primary
(Howard et al. 1996) or secondary vectors or of
infected avian hosts (McLean et al. 1983). Al-
though the applications of naled have generally
been effective in reducing the numbers of second-
ary vectors, EEE has occurred despite preventive
and reactive applications (Howard et al. 1594,
1996). But, the objective of spraying the swamp
habitats of Cs. melanura was to prevent the enzo-
otic amplification of EEE virus. Preventive appli-
cations have had no noticeable impact on the en-
zootic amplification of EEE virus, and isolations of
virus following preventive applications have result-
ed in reactive sprayings that were also ineffective
in achieving seasonal or long-term impact on virus
transmission (Howard et al. 1996). The possibility
that frequent applications of naled contributed to
increased populations of Cs. melanura further dis-
credits the rationale that preventive applications of
naled reduce the risk of EEE.
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AN OPERATIONAL PERSPECTIVE ON MEASURING
AEROSOL CLOUD DYNAMICS

D. A. BURKETT,! T. L. BIERY' anD D. G. HAILE?

ABSTRACT, Three areas are discussed in this paper: 1) U.S. Air Force Reserve/USDA bioassays 1o
determine the effective swath width of uitra-low volume (ULV) aerial applications conducted with the
C-130 Modular Aerial Spray System (MASS), 2) the use of aerial spray computer models to predict spray
offset distance and their use as a substituie for field testing, and 3) a demonstration on an aerial spray
expert system called ASPEX being developed at the U.5. Air Force Reserve Aerial Spray Branch,

AIR FORCE SPRAY
PROGRAM OVERVIEW

Mosquito-borne or other By-borne epidemics
occurring during war or natural disasters may
require rapid large-scale aerial adulticiding as
the sole means for curbing an imminent disease
threat. The logistical complexities of war or nat-
ural disasters and the ever-present threat of dis-
ease makes the Air Force C-130 Aerial Spray
Program uniquely suited as a national asset for
rapid large-area aerial applications. The Depart-
ment of Defense tasks the 910th Airlift Wing of
the U.S. Air Force Reserve to maintain an aerial
dispersal capability. The unit's assets include 6
Modular Aerial Spray Systems (MASS) and 4
C-130H aircraft modified for spray missions.
This is the Department of Defense's sole fixed-
wing aerial application asset. The 757 Aidrlift
Squadron of the 910 Airlift Wing at Youngstown
Air Reserve Station, Vienna, OH, maintains and
performs the aerial spray mission.

CHARACTERIZING LARGE
AIRCRAFT FOR ULV
MOSQUITO CONTROL
USING BIOASSAY CAGES

In June 1988, the Air Force Reserve and the
USDA-ARS jointly conducted the initial C-130/
MASS prototype characterization trials for ultra-
low volume (ULV) mosquito control at Avon
Park Air Force Range, near Sebring, FL. The
characterization irials employed the methods
used by Mount et al {1970) and Haile et al.
(1982). The test site was predominately an open
area. In the test area, intersecting roadways al-
lowed cages to be set for 3 different wind direc-
tions. The number of cages set for each test var-
ied from 10 to 22 {covering a distance of 0.5 to
2.1 mi) depending upon the type of test, road-
way length, and availability of caged mosqui-
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toes. Cages were set at 0.1-mi. intervals for tests
conducted with the desired wind direction per-
pendicular to the flight path (crosswind) as in
normal adulticide applications. For tests to de-
termine the minimum effective swath width, the
desired wind direction was parallel to the fAight
path (into the wind) and cages were set at 0.05-
mi. intervais. Two to 4 cages of mosquitoes
were used as checks for each replicate.

Female Aedes taeniorhynchus (Wied.) mos-
quitoes reared in the USDA Gainesville labora-
tory were used in all tests. Mosguitoes used
were 3-5-day-old adults. The adult mosguitoes
were immobilized in a cold room at 2°C for sex
determination and placement into cages. Each
cage contained 25 mosquitoes. The cages were
cylindrcal (3.5 cm diam X 12 cm long) and
made of 16-mesh screen wire for exposure o
insecticide treatment. The screen wire cage was
attached to an uncontaminated sealed plastic
cage of the same dimensions, which held the
mosquitoes after exposure. The cages of mos-
guitoes were placed in an ice chest with a cotton
pad moistened with water and a container of ice
for transport to the site. Mosquitoes were trans-
ferred from the screen cage to the plastic holding
cage approximately 15 min after exposure. A
cotton ball moistened with a 10% sugar-water
solution was placed on each holding cage and
the cages were held in another ice chest for ap-
proximately 12 h before mortality readings were
mate.

Malathion (American Cyanamid, Wayne, NJ)
and Dibrom (Valent USA, Walnut Creek, CA)
were used in these tests because they are most
often used in military aduliiciding operations.
Application rates were 0.75 oz.facre for Dibrom
and 3 oz/acre for malathion. All applications
were made with a U.S. Air Force C-130E air-
craft modified to accommodate the Modular Ae-
rial Spray System prototype. Desired flight paths
were marked with vehicles and smoke. All bio-
assay tests were flown at 150 ft. above ground
level. For crosswind tests, 3 passes were nor-
mally flown over the cage line tesis using a
2,000-ft. swath width, and 2 passes were used
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in 3,000-f1. swath width tests. Only one pass was
made for each “into-the-wind™ test with cali-
bration for a 1,000-ft. swath width. The MASS
was equipped with Spraying Systems Company
TeeJet® 8005 nozzles on wing booms. The num-
ber and size of nozzles, as well as pressure werse
varied to obtain the proper flow rate for each of
the above treatments with a 1,000-, 2,000-, or
3,000-ft. swath width and 200 knots ground
speed. For calibration, the fiow was collected
and measured from 8 nozzles for 30 sec. Cali-
bration for each test was complete when the fiow
was adjusted to within *19% of the desired raje.

Minimum swath tests {into wind): The results
of these tests show the difficulty of spraying
with no crosswind component, especially with
light and variable winds or a vertical wind di-
rection gradient. Of 6 measurements (3 replica-
tions for each chemical) only 2 gave mortality
results that indicated the spray was flown nearly
into the wind. Wind direction measured on the
ground does not necessarily represent the wind
effect on the spray. The resulis for the 2 mea-
surements suggest minimum effective swaths of
1,000 ft. and 500 t. for malathion and Dibrom,
respectively. The difference between these mea-
surements should be attributed to weather vari-
ations rather than a difference between pesti-
cides. From these results, an estimate of 750 ft.
can be made for the minimum effective swath
width.

Crosswind tests: Results showed excellent
mortality of caged mosquitoes in all crosswind
applications except the Ffrst test application
(ULV-4 Rep. 1). This application was faulty be-
cause of low chemical load, acceleration effects,
and aircraft flight attitude, which caused pump
cavitation and intermnittent flow., Pump cavitation
problems were resolved for subsequent tests. In
all other tests, kill of caged mosquitoes was 90%
or better for the calibrated swath. Slight reduc-
tions in mortality resulted from deviation of
wind direction from direct crosswind or Light
and variable winds. Even a single pass provided
excellent mortality for an unusually long dis-
tance due to a strong, steady crosswind.

USE OF A FOREST SERVICE
COMPUTER MODEL FOR
ULV PESTICIDE
APPLICATIONS FOR
CONTROL OF MOSQUITOES
AND OTHER FLIES

The Air Force is the only organization we
know of that is currently using the Forest Ser-
vice Cramer-Barry-Grim (FSCBG) aerial spray
computer model for ULV aerial mosquito con-
trol. The FSCBG has supplemented the Air Force's
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spray program in 3 areas. These areas include
determining our spray offset, and buffer dis-
tance, as a substitute for field research, and eval-
vating the swath widths and droplet paths of ex-
perimental boom and nozzle configurations. For
this paper, we will address our use of the
FSCBG for predicting offset and as a substitute
for field research.

The Air Force's spray program has found the
FSCBG to be most usefu] for estimating spray
offset, defined as the horizontal distance the pes-
ticide cloud travels from the aircraft until it first
hits the ground. This will differ with each re-
lease altitude and wind speed. Offset prediction
is extremely important for coastal treatments or
applications near environmentally sensitive ar-
eas. Determining where a pesticide cloud first
hits the ground helps us achieve the best possi-
ble coverage of a target pest habital, particularly
those located near environmentally sensitive ar-
eas.

Since 1987, Air Force C-130 aerial spray op-
erations have successfully treated Parris Island
Marine Corp Training Depot SC for Culicoides
biting midges and mosquitoes. Prior to the Air
Force spray program, new recruits lost
thousands of man-hours due to secondary skin
infections associated with the Culicoides bites.
On 4 independent offset spray trials, prior to ac-
tual spray missions, data were collected and
cormpared to computer model offset predictions.
For 3 of the 4 trials, the FSCBG accurately pre-
dicted the spray offset within 100 ft

The offset field trials used TeeJe1® oil-sensi-
tive cards wrapped around the top of %-in -diam,
I-m-long dowel rods. The contrast of the smail
black spots on the white card backpround can
be easily seen. Using a measuring wheel, the
dowel rods were spaced every 100 ft for several
thousand feet. Because the Air Force does al] of
its ULV sprays using a crosswind, the card lines
were oriented with the dominant wind direction
and 90° to the aircraft flight path. The spray
cloud was allowed to settle for about 10 min
before the cards were collected. Weather data
was recorded during the run. After the spray
cloud had settled, the offset information was ra-
dioed to the aircrew who could use the infor
mation to effectively treat upwind coastal spray
boundaries.

The FSCBG has also proven to be extremely
usefni as a substitute for field testing. When field
trials are unfeasible, the FSCBG provides a best
guess for developing a spray strategy.

While preparing for Operation Desert Storm
in 1991, planners anticipated a need for Air
Force aerial spray services. Massive filth fly and
other insect problems were expected in and
around Kuwait City due to disruption of sani-
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{ation services and accumulation of human
corpses and dead animals. To minimize the dan-
ger to aircrews, a strategy employing the maxi-
mum possible swath width using the fewest
number of passes needed to be developed. The Air
Force’s aerial spray equipment had never been
tested against filth flies or in an arid environ-
ment. It was unknown if the C-130 aircraft and
spray system could consistently generate a swath
a mile or more in width. Meteorologists from
Dugway Army Proving Grounds helped set up
the model to predict the widest possible swath
that would be lethal to mosquitoes or other flies
in an arid urban environment.

Using field data from the initial C-130 MASS
prototype characterization trials discussed in the
section on bioassays. the model was run to sirn-
ulate the field trials vsing 3 of the single-pass
crosswind ULV scenarios. The cage lines were
placed every 0.1 mi. for several miles and
placed parailel to the dominant wind direction
and perpendicular to the aircraft flight heading.
Bioassays showed that 90% mosquito moriality
ceased at about 8,000 ft. downwind from the air-
craft release point. With the help of very capable
colleagues at Dugway Ammy Proving Grounds,
the FSCBG was set up and run to simulate the
bioassay scenario at Avon Park Air Force Re-
serve, FL.. Using the model results, a dosage of
between 0.1 and 0.3 mg/min/m® of 85% naled
was expected to be lethal to 90% of caged mos-
quitoes. These values were used to run the mod-
el using the conditions expected for Kuwait
City. Because of the dangerons nature of using
a large, relatively slow-flying aircrafl to spray
pesticides over a war-lorn populated city, our
objective was to determine our largest possible
swath, enabling us 1o minimize the number of
passes and amount of time aircraft and crews
would be exposed to potential ground fire. A
spray strategy opening up all nozzles on the
wing booms of the C-130 showed we could po-
tentially throw a 3-mi-wide swath with a 6-10-
mph crosswind.

The FSCBG has been a useful ool for im-
proving the effectiveness of our ULV aerial adul-
ticide program. The Air Force has collected pre-
liminary data that validated accuracy of the
FSCBG for predicting offset at different release
altitudes and wind speeds. With the advent of
more stringent environmental laws, computer
models can be a very useful tool in developing
good aerial mosquito control programs using 1o-
tary or fixed-wing aircraft. Additional work
needs to be done to validate these models for
aerial adulticiding.
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AERIAL SPRAY
EXPERT SYSTEM

The Aeral Spray Expert System (ASPEX) is
being developed at the USDA-ARS Medical and
Veterinary Entomology Research Laboratory in
Gainesville, FL., in cooperation with the U.S. Air
Force and the Armed Forces Pest Managerment
Board. The initial system development team in-
cluded Danel G. Haile, Terry L. Biery, Gary A.
Mount, Daniel L. Kline, Eric Daniels, Murat Ta-
ner, Douglas A. Burkett, and Terry Carpenter.
This team worked together to capture the exper-
tise of experienced scientists involved with De-
partment of Defense aerial spraying for a com-
bined 80 years. This system will enable their
corporate knowledge to be used to the benefit of
future aerial spray missions.

Aerial application of pesticides has long been
used as an effective weapon against adull mos-
quito populations and the threat of mosquito-
borne diseases. Aerial applications are useful in
normal mosquito abatemnent programs and as
part of the emergency response to natural di-
sasters, such as hurricanes Hugo and Andrew
(Biery 1989, 1993). These applications also rep-
resent a potential source of avoidable environ-
mental contamination and human exposure Lo
pesticides.

There is a need for easier, more user-friendly
access to the available information on technol-
opy and procedures for safe and effective use of
aerial applications for mosguito control. The ob-
jective of this project is 1o develop an expert
system that incorporates knowledge from past
research and experts in aeral spray technology
that will provide information to reduce or elim-
inate pesticide use and chance of errors, thereby
reducing environmental hazards and maximizing
efficiency of essential aerial spray missions.

The primary objective of this project is to de-
velop a knowledge-based expert system for con-
trol of meosquitoes and other medically important
flies. Specific system objectives are:

— To furnish easy access to knowledge from
research and experts in aerial spray technol-
ogy.

— To provide expert opinion and information
to inexperienced users.

— To eliminate unnecessary applications.

— To minimize environmental contamination.

— To promote safe and effective use of aerial
application technology.

~— To provide mission planning guidance.

- To serve as an instructional tool.

Aerial application of pesticides is a very com-
plex and risky business, and many of the factors
that must be considered are crucial to achieving
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" an effective application without unwanted col-
lateral effects. In developing ASPEX, the fol-
lowing main elements are being considered:

Chemicals and biologicals—adulticides primar-

ily, with capability for larvicides, etc,

Material Safety Pata Sheets

Labels

The Forest Service computer-based graphics
(FSCBG) model—offset, drift

Calibration

Literature review

Maps

Equipment configuration
Nozzles

Droplet spectrum determination
Other spectrum information

Swath width

Weather
Observation support

Safety/worker protection

Costs

Go/no-go decisions

Drift monitoring

Release height

Buifer zone/spray offset

Pesticide availability and selection

Standoff spray

Spills

Flush and purge procedures

Canopy penctration

Legal factors
Federal, state, local, international

Paint spotting

Area description/size and terrain

Equipment maintenance and cleanup

Waste disposal
Drums, flush, contarminated equipment

FAA requirements

Applicator certification

Environmental assessment and spray valida-
tions

Department of Defense, Air Force, Environ-
mental Protection Agency, international,
and other pertinent spray or environmental
regulations

Flight safety

Command and control
Task force/working group

Logistics

Flight parameters

Sponter/control aircraft

Barrier treatment

Environmentally sensitive areas

Species-specific control strategies

Vector biology, behavior, and distribution

Population monitoring

Urban/rural/open

Mission planning

Maps
Boundaries
Crosswind vs. into-wind application
Premission aircrew instruction
Crew responsibilities
Alrcrews
Ground crews
Natural disaster/epidemic/military contingen-
cies
Navigational aids
Deposition monitoring requirements
Efficacy monitoring
Target
Nontarget
Environmental
Installationflocation spray history
Public relations (what to say/not to say}
Contingency/emergency/routine requests

The status of the ASPEX program is as fol-
lows. In 1994, the team began developing the ref-
erence list and reviewing the literature to lay the
knowledge groundwork for the system. We ob-
tained funding from the Department of Defense’s
Legacy Resources Management Program, select-
ed the experts, and met to develop the system
framework. We also selected the program lan-
guage and developed the prototype software for
the framework. In 1995, we began expanding the
prototype database by reviewing the literature,
developing the decision support system, and
meeting to identify what factors to consider for
determining operational parameters, environmen-
tal effects, and success probabilities. We are cur-
rently continving expansion of the software. By
the end of 1996, our goal is to finalize the infor-
mation database and decision support system,
conduct extensive software tests, and prepare the
software documentation, user’s manual, and final
reporl. We anticipate expanding the project to in-
clude CD-ROM supportability, which will reguire
some additional funding.
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A REVIEW OF ULTRALOW-VOLUME AERIAL SPRAYS
OF INSECTICIDE FOR MOSQUITO CONTROL!

GARY A MOUNT: TERRY L. BIERY' ano DANEL G HAILE?

ABSTRACT This review of research on uttralow-volume (LLV) serial sprays for mosquito controf is a
component of an Aerial SPray EXpert sysem (ASPEX) Topies include 2pplication volume, adultciding. larv-
iciding. dropiet size. and meteorology. The review discusses the effivacy of ULV aeriaf spravs against many
important pest and vector species of mosquitoes in a wide range ot locations and habitats in the USA and in
some countries of Asia. Afrea and the Americas Nine conclusions were drawn from this review. 1) ULV
appiications are as effective for mosquito control as hiyhly -diluted water-based spravs, 21 More acres can be
speayed per aircraft load with the ULY method thar with dilute sprays. 3 High-altitude ULV sprays using wide
or stacked swaths could be used in emergencies if wind speed and direction data at appropriaze altitudes are
available to sccurately plice the speay. 4} Successtful adult mosquite control can be achieved in dense Poliage
or open heusing with ULV aeral sprays. but doses of insecticide must be increased. 3) ULV aerial application
of mosquito larvicides can be used successtuily in large areas. §) The optimum droplet size for adult mesquito
conteol is 5-25 pm velume median diameter (VMDD 73 For mosquito sduliiciding. near vptimum atomization
of ULV spriys is achieved with flar-tan nozzles oriented steaight down or siightly forward for high-speed aircraft
(=150 mph) or rotary atomizers on slow-speed aircraft (<130 mphy 31 Optimum atomization minimizes paint
spotting. 9) Maximum adult mosquito conuol is achieved just after sunrise and just before sunset with 2-10-

mph crosswinds.

INTRODUCTION

The earliest experiments with undijuted formu-
.ations of liquid insecticide for insger control were
reported by Messenger {1963 1964), Skoog et al.
{1963), and Wilson et al. (1963). The application
concept was subsequently adapted for mosquito
control by many investigators. After several years
of research and development the term “ultralow
volume™ or "LV was commonly used to de-
scribe the application of undiluted insecticide for-
mulations. In practice. the ULV method involves

- spplication of the minimum effective volume of

- undiluted formulation of insecticide (as received
riom the manufacturer). With the ULV method. the
application volume is dependent on the intrinsic
toxicity of an insecticide to the target species and
its concentration in a liquid formulation. [n cases
where the applicator mixes the insecticide formu-
tation with limited quanticies of a selvene or carvier
for various reasons. the application would be con-

“lered as low-volume because the minimum vol-
vy nag applied. During the earty development
“o ULV method. some applivations of wchaical
andtluted insecricide and moderstely diluted tor-
mulsiions were referred o as foes-volume Forcons
seniencs and simplicity in this review. low-volume
amd ultrulow-volume applications will be referrad
ooy ULV

After development. the ULV aerial spray methed

frnsecticide application for aduis mosquito control

wiiciy reports the resulta of research only  Men-
'“;‘:w‘; 4 proprietary pr()ducl. dogs not uonsti:ut’c an en-
s z:'nt or 4 recommendation for its use by US5DA
m;}:imtgu{[) and \I:ﬂtriﬁ.ﬂl’.\v‘ Entomulogy Research Libu-
¥. A-ARS  Gainesville, FL 32604

Aeriul Soray Brang - - - . ; .
OH L1473 oray Branch U S Air Force Reserve. Vienna
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was quickly adopted in the USA. ULV has been the
worldwide standard aerial spray method of mos-
quito aduliiciding for more than 25 years because
of inherent advantages over high-volume water- or
oil-based sprays. These advanages include an in-
creased effective payload. more rapid and urmely
application. elimination of the formulation process.
less handling of insecticide, reduced pumping re-
quirement. and reduced application costs.

This review is a component of an Aerial SPray
EXper system (ASPEX) funded by the DoD Leg-
scy Resourcz Management Program. It includes
references published from {963 o 1995 and un-
published technical reports on operational ULV ae-
rial sprays. ASPEX was deveioped as a joint project
by the USDA-ARS Medical and Veterinary Ento-
mology Research Laboratory and the Aerial Spray
Branch. U.S Air Force Reserve for fraining and
operational use. This expert system also has poten-
fial for global use in mosquito control programs.
Previous reviews of the ULV application method
for mosqguite control were made by Lofgren (1970,
1972, 1974 and Lofgren and Mount (1973) In
seneral this review is preseated in chronological
prder within wpical area Major topics include ap-
pircation voiwme adultividing. larviciding. dropiet
size and meteorology  [n severat studies. we per
formed probit analysis on efficacy data to estimate
rates of insectivide nesded for 909 mosquite con-
trol Conclusions and summary tables based on the
review are provided

RELATIONSHIP BETWEEN
APPLICATION VOLUME
AND EFFICACY

Despite the rapid and widespread accepiance of
the ULV method amd aumerous tests demonstrating
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its efficacy. only I studies comparing mosguito kills
with ULV and water-bused aerial sprays were re-
poried Direct comparison of the effects of naled
applied as ULV (1.6-6 4 fi oz /acre) ur water-hased
aerial spravs (96 A oz./facre) aguinst adult sali-
marsh mosguitoes. predominantly Aedes faenio-
rinnchus (Wied ). infesting 10-530-acre citrus
groves was made by Mount znd Lofgren t1967)
Their resubts showed that ULY and dilute sprays of
naled were about equal in eifectiveness 10 13 und
(0 11 I8 active ingredient [Al}/acre. respectivels. for
90% contrel as estimated by profit analysis) Fur
thermore. Mount and Lofgen (19671 showed tha
ULV sprins of lenthion were less effective than
dilute spravs at 6 h posttreatment but the applica-
tion methods were about equal at 24 h posurest-
ment (0.23 and 0.19 b Alfacre. respectively. for
90% control as estimated by probit analysis) A
second comparison of ULV (32 fi ozfacre of 2 1b
Aligal formulation) and water-based 164 f1. oz/
acre) spravs at egual doses (005 Ib. Al/acre) of
propoxur (Baygon®) was reported by Knapp and
Rogers (1968}, Their results showed no difference
against Ae. sollicitans (Walker) populations in Ken-
mecky with 92 and 88% mean reductions at 1.5-24
h postreament for ULV and water-based sprays.
respectively.

With aerosols applied by ground equipment
Mount et al (1968) showed that ULV applications
of malathion and naled (0 2-0.5 i oz/acre) were
equal to or bester than higher-volume applications
(14 fi. oz./acre} of the same doses of these insec-
ticides against adult salt-marsh mosquitoes (Aedes
sp.). Also. Husted et al. (1973) reported no differ
ence in the percentage kill of adult Culex pipiens
Linn. mosquitces with a 6-fold range in the volume
of chiorpyrifos formulations applied at equivalent
doses as ground serosols.

EFFICACY AGAINST
MOSQUITO ADULTS

Efficacy research on ULV aerial sprays for aduit
mosquite control is divided into small-scale. large-
scale. and high-altitude tests, Small-scale tests at
normal altitudes (=200 fu) were done in relatively
small plots (<1 mi®) The target areas for large-
scale tests ar normal altitudes were from 4 10 more
than 700 mi* High-nltitude tests (>200 fu) were
done 1o explore the feasibility of wide-swath or
stacked-swath applications and werg. by necessity
conducted over lurge areas Also several tests of
ULV aerial sprays for controb of midges are corv-
ered here

Small-scale rests Most of the early irjals with
ULV aerial spravs against adult mosguitoes were
done on a relativels small scale (<1 mi®) compared
10 subsequent large-scale 1esting and most operi-
tional applications. The primary purpose of the
small-scale tests was 1o demonstrate the efficacy of
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ULV aerial spravs of various insectivides against
different mosguito species in a variety of locations
and hubitats Basic informauon for simall-scale tests
against adult mosquitoes s summarized in Table |
With few exceptivns. small-scale tests were dune
with small. single-engine. fxed-wing aircrafl
equipped with high-volume spray systems modified
1o aliow ULV applications or with experimentu
ULV systems Most applicutions were made with
jow capacity. flat-fun nozzies. although some trind
were made with various ©ypes of rotary wonmzers
Obsiousiy. smabier-capacity liguid pumpr und
transfer pipes were required for ULV flow tater as
wompured fo wate-bused sproy rutes Forthenmone,
most of these tests were made against nutural pop-
ulations of mosguitees. though some were done
with caged mosquitoes as indicated in Table i
Crosswind swaths varied from 73 10 200 ft with
release altitedes of 30175 ft

The results in Table I indicme sadsfactory con-
tro} (89-100%) of various mosquito species with
the following rates {fl oz./acre) of undiluted insec-
ticide: 91-95% malathion. 3.2-8: 50% emulsifiable
concentrate (EC) malathion. 13.6: 85% naled. 0 8~
1.1; 8 ib. Al/gal fenthion. 0.75-1 8: 93% fenthion.
0.45: 4 1b. Al/gal propoxur. 1.5-1 6 However. tests
shown in Table | indicate that higher rates of tech-
nical malathion (6-8 fl. oz /acre) and § b, Al/gal
fenthion (4 A oz.facre) were required for satisfac-
tory mosquito control in dense jungie cancpy and
open houses that offered some protection of adult
mosquitoes from the spray dropiets Also. formu-
lations of permethrin diluted in oil provided 81—
926 control of Culex and Anopheles sp. with raies
of 0.6-09 fi. oz Al/acre and total application vol-
umes of 40-60 fl. oz facre {Groves et al. 1994). In
other small-scale tests. Pauerson et al (1966) ob-
tained complele control of midges along Florida
lake shores with 2 fi. oz /acre of 95% malathion

Large-scale. normal-altirede resis. Although
small-scale tests identified effective rates of insec-
ticide for adult mosquitoes. large-scale tests were
required 1o assess the full potential of ULV nerial
spravs and establish minimum effective insecticide
rates {or operational and emergency MOsquilo con-
rol programs Large-scale target areas accommo-
date the horizontal ransport ot smail spray droplets
and tend to negate short-term mosquite reinfesta-
tion from adjaceni untreated areas. A summary of
targe-scule. normal-ahitude wesis is presented in Ta-
bie 2 In all but 3 of the large-scale tests insectivide
was dispersed with farge multiengine. fixed-wing
aircraft eyuipped with flat-fan or hollow-cone noz-
zles oriented sirainht down vr down and 45 for
ward to the airstrearn Ribeiro 11973) and Uribe et
al (1980 used small. single-engine. Axed-wing air-
craft equipped with rotary atomizers and Bourg et
al (1978 used a small. single-engine, fixed-wing
aireraft with fot-fan nozzies oriented down and 435°
forward 1o the airstresm
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With 91 5-95% technical maluthion. rates of

2 6-4 8 ozfacre produced HU-98% control of Ae-
des. Anopheles Culey. and Psorophora sp in 11 of
13 studies and operationsl upplicuiions {see datu
and references in Table 2) Also. results from 2 tests
in open 1o wooded hubitat demunstrated that § 5 1.
oz facre of ¥3% maluthion provided only S7-62%
control (Mount et al 1970p. Meiseh und Mount
1978y, For control of Ao aceypi tlinn) in urbun
areas with open houses. 6-4 3 | oz /acre of 95%
malathion wax required tor §9-94% contro} rLof-
gren et al 1970b. Liribe et al 198 In dense reg-
etation. Ebason et ab (1975 und Taylor et al
11975) obtained 5 99% reduction of Anopie fey wi-
Bimanus Wied popuiations with 6 sequential ap-
phications of ¥5% maluthion. all applied at 4+ 5 fl
oz facre except for an initial spray at 6 fl oz fucre
In another test. Mount et al. + 1970d) obtained only
336 control of An albimanus populations in the
target area with 6 fi oz /acre of 5% maiathion:
however. 99% conirol was observed in an area O-
0.5 mi. downwind of the target area. indicating ex-
cessive horizontal wransport of the spray

Satisfactory levels of control (88-99%) were ob-
tained in 9 of 10 studies a1 0.5-1 A oz /acre of 85%
naled applied for control of Aedes. Anopheles. Cu-
lex and Psorophora sp. in large-scale tests and op-
erational applications {see data and references in
Table 2). In one test. Bourgz et al (1978) obiained
only 715 conwol of Ae sollicians with | A oz./
acre of 856 naled. apparently because of mosquito
reinfestation of the 3 mi? target area. In an opera-
tional program. Biery (1987: footnate 7. Table 2)
observed 68-99% kill of caged Ae. aegypli exposed
to sprays of 1 i oz/acre of 85% naled with the
tevel of kill dependent on weather conditions.

The effectiveness of ULV aerial application of
95% fenitrothion at 6 | fi. oz./acre against adult Cx.
rritaeniorinnchus Giles was shown by Self et al
(1973) The 1arget area (6.25 mi *} consisted of rice
fields. small villages. and occasional marshes with
reeds Based on animal bait and animal sheher col-
lections. fenitrothion provided an average of 71—
81% reduction in the population of adult female
mosquitoes

High-altitude tests. The feasibility of dispersing
ULV inseciicides from wide swaths at a constant
high alttude (=200 fi.) or from muhiple swaths
over the same Aight path at increasingly higher al-
itudes (stacked swaths) was eaplored by vanous
imvestipators These application methods uiilize the
range in horizontal transpert potential of the ULV
aerial spray droplet spectrum One advaniage for
both methods is increased swath width A second
adhantage for the stacked swath method is that an
urban area can be treated without actually flving
spray mircraft over the tarpet area Twin-engine.
fixed-wing aircraft were used in ult high-aittude
tests except 2 reported by Akesson et al (1960}

all insecticides were atomized with flat-fun or hol-
low -cone nozzles orented straight down or down
and 45° forwurd 10 the airstream. Basic data and
referenues for 6 1ests on high-uhitude dispersal of
'LV aeria} spravs are presented in Table 3

In 2 Cabforma lests tnot shown in Tuble 3.
chlorpa rifos (Durshan”) way dispersed @ high ab-
titedes in stached swaths at Bakersville and nuled
iDivrom® 14 wae similarly dispersed @ Colusa
tAkesson gt ) 1969). Based on insectivide depos-
s both tests resealed that droplets were air trans-
ported $.000-14 000 f1 downwind from releuse at
S00-2.000 tt of altitude These investigators ob-
served that dropies size decreired with increired
downwind divtance and that droplets <50 pm di-
ameter upparenty did not fall cut because airborne
droplets of 10-30 um diameter were coliected with
carcade impactors at various distances downwind
of the fight path

In high-altisude. wide-swath tests. Machado et al.
(1969b) applied 85% naled from an althude of
1.000 fu. 10 2 Jarge tracts of lang (11-12.5 mi®) in
Louisiana for control of Ae. sollicitans populations
{Table 3). Naled was applied at 0 5-1 fi. oz./acre in
1.000-fi. swaths at a speed of approximately 150
mph The aircraft and spray sysiem was described
by Machado et al. (196%a) For the first 3 fests,
because the investigators were concerned about ex-
cessive horizontal transport. the nozzles were ori-
ented in a trailing position to the slipstream to min-
imize shearing action. thus maximizing droplet
size. In these tests. 39-86% control was achieved,
depending on the amount of vegetation in the treal-
ed area. In the fourth test (! fl. oz./acre). the in-
vestigators decided to take advantage of the poten-
tial horizontal wansport of spray droplets and ori-
ented the nozzles down and 45° forward in relation
to the slipstream Also. the dispersal akitude was
reduced 10 500 ft because of surface winds of 8-
10 mph. In the fourth test. 94% control was
achieved in an urban area and 76% control was
achieved in a densely wooded area with heavy un-
derbrush,

High-altitude nighuime ULV applications of
0.55-08 A oz /acre of 85% naled for control of
adult mosquitoes were tested in Florida by Taylor
and Rathburn 11970) (Table 31 Pre- and postireat-
ment light trap collections in the target areas indi-
cated 14-100% control of Aedes Culex and Fso-
rophora sp Alse. caged mosquito kills and deposits
on cards indicated that the naled spray drified 0.5-
3 mi downwind from the upwind edge of the target
area when surtace wind velocities were <2 mph

Mouni et al 11970a) imestigated high-altitude.
wide-swath applications of 95% malathion over a
20 mi target arez in Florda (Tabie 3y Maximum
kills of caged Ae raeniorhynchus mosquitoes oc-
curred 0 5-3 mi downwind at 150 ft of spray al-
titude and 1-3 mi downwind at 500- and 1.000-ft
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Table ]. ULV aerial sprays of insecticides at altitudes of =200 fi. against adult mosquitoes in small 1urgel areas

(<1 mif)
Species Location Habium
Malathion. 95%
Aedes sollicitans {Waiker) Kentucky Open to wooded
Ae taeninrhynchus (Wied ) Florida Citrus groves
Glvprotendipes paripes Florida Lake shore
Edwards (midges) Florida Lake shore
B Angpheley albimanus Wied.. Panama Dense jungie
An rrionnulanes (Neiva and Pinto) Panama Bense jungle
Ae. taentorhyachus Florida Open 10 wooded
Culex nigripalpus Theobald Florida Open to wooded
Ac gegyvpri (Linn.) Thailand Open houses
Thailand Open houses
Cx. quinquefascians Say Thatland Open houses
Thatand Open houses
Ae. simpsoni (Theobald) Ethiopia False banana
Ethiopia False banana
Matathion. 50% EC
Ae. aegypti. Ae. africanus Nigeria QOpen houses

Neveu-Lemaire, Ae.
futeocephalus (Newstead)

Naled, 85% (14 Ib. Al/gal)

Ae. laeniorhvachus Florida Citrus groves
Ae. sollicitans Kentucky Open o wooded
Ae. ragniorhynchus Kentucky Open to wooded
Fenthion. 8 Ib Al/gal (Baytex®)
Ae. sollicirans Kentucky Open e wooded
| Kenmucky Open to wooded
‘ Ae. raeniorhvnchus Florida Ciwrus groves
Ae. stimulany {Walker) Michigan Wooded
Michigan Wooded
An. albimanus. Panama Dense jungle
An rrignnulatus Panama Dense jungle
Panama Dense jungle
Cx. quinguefasciaius Florida Open field
Ae. stimulany Michigan Wooded
Michigan Wooded
Ae sollicitans Kentucky Open 1o wooded
Fenthion. 93% {Baytex®)}
Cx quinguefasciatus Florida Open field
Propoxur. 4 1b. Al/gal (Baygon®)
‘ Ae. stimulans Michigan ‘Wooded
H Michigan Wooded
; Ae. sollicitans Kentucky Open e wooded
Permethrin + piperonyl butoxide®
: Cx quinguefasciaius L.ouisiana Open field
. An. quadrimaculaius Say Arkansas Open field

' Reduction of the natural population (n} or kill of caged mosquitoes ¢y within 48 h posttreatment.
* Volume for $0% reduction estimated by probit analysis of combined data from indicated references.
" Biomist* 30:30 or 31:66 diluted §:19 with Envirotech® oil and applied 0t 09 8 oz Alfacre or 06-0 67 1 or Alfacre. respectively

spray altitudes. With 3,000 ft. of spray alttude. lit- wdes of 150. 500, 1.000. and 3.000 ft.. respective-
tle or no mosquito kill occurred within 5 mi. down- Iy} in a series of 1] tests.

wind. In general, wind velocity increased with each Mount et al. (1970d) wsed knowiedge gained
increase in alitude (5, 10, 12, and 15 mph at alii-  from the Florida tests and results from previous

’ : e s——— e
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Table | Extended
Volume
(A oz/acre) Percentage control Reference(s)
Malathion. 95%
38 90 n Knapp and Robers {18651 Knapp and Pass (1966).
Knapp and Gayie (1967)
5.t 90° n Glancey et al {1963, 1966): Moumt and Loflgren
(19671 Mount et al. (1970b. 1970e. 19701. 1971}
20 100 n Patterson et al. (1966)
40 100 n Panersan ef al. (1966)
30 62 n Lofpren et al (1968)
g0 G0 n Lofgren et al: {1968)
Az 34-87 ¢ Rauthburm. et al. (1969)
iz 16-87 ¢ Rathburn e1 al, (1969)
30 B4 ¢ Kalpatrick et al (1970b)
6.0 100 ¢ Kilpatrick et al. (1970b}
3.0 64 ¢ Kilpatrick et al. (1970b}
6.0 99 ¢ Kilpatrick et al. {1970b)
60 7689 n Brooks et al. (1970)
202 93100 n Brooks et al. (1970)
Malathion 50% EC
13.6 99 n Knudsen et al. {(1980)
Naled, 85% (14 b, Al/gal)
1.1 90 n Glancey et al. (1966), Mount and Lofgren (1967}
0.8 90 n Knapp and Gayle (1967), Knapp and Rogers (1968)
1.0 61 ¢ Rathburn et al (1969}
Fenthion, B 1b. Al/gal (Baviex®)
0.8 83 n Knapp and Pass {1966)
1.6 100 n Knapp and Pass {1966)
1.8 90 n Glancey et al. {1966); Mount and Lofgren (1967);
Mount et al. (1970 1970e. 1970f, 1971)
0.75 93 n Stevens and Stroud (1966}
1.5 96 n Stevens and Stroud {1966)
1.6 62n . Lofgren et al. (1968)
40 - 90 n Lofgren et al. (1968)
4.8 95 n Lofgren et al. (1968)
(45 90* ¢ Mount et al. {I1970b)
1.6 100 n Stevens and Stroud {}967)
24 100 n Stevens and Stroud (1967) o e
135 90° n Knapp and Gayle (1967) . - ’
Fenthion. 93% (Bayiex®) :
(45 90 ¢ Mount et al {1970b)
Propoxur, 4 Ib, Al/gal {Bavgon®)
16 100 n Stevens and Stroud (1967)
24 100 n Stevens and Stroud (1967)
15 90" n Knapp and Gayle (1967}
Permethrin + piperony! butoxide®
60 87 ¢ Groves et al {1994)
40~45 81-92 ¢ Groves et al {1994}

et o m.,.-.li.'—L.-.-.Mu-. .

work (Lofgren et al. 1968) 10 investigate the prac-
ticality of high-altitude, wide-swath sprays of mal-
athion and fenthion for control of anopheline mos-
quito populations in Panama {Table 3). Spray alti-
tedes were based on the desired swath interval and

the altitude of the lowest wind current. as surface
conditions were calm during all spray applications,
In the arget area, control of the natural population
with 6 fl. oz./acre of 95% malathion averaged 87%
at 24 h postireatment while 14 h kill of adult female
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Table 2. ULV aeriul sprays of insecticides at altitudes of =200 fi. against adult masquitoes in large arget areas

o, e e

(>1 mif).
Species Location Habitat Alrcraft
Malathion. 95%
Culex quinguefusciatus Texas Urban 1o wooded C-123
Aedes sp. Alaska Open 10 wooded C-123
Cx rarsalis Coguillen. Ae Texas Lirban 10 wooded C-123
vexans (Meigen). Ae
nigromaculis (Ladlow ).
Psorophora signipennis
(Coquillen)
Ae laeniorhynchus Florida Open tc wooded C-a7
Fiorida Open 10 wooded C-47
Fiorida Open to wooded C-47
Ae. aegvpli Fiorida Open to wooded C7
Thailand Open houses C-47
Thattand Open houses C-47
Anopheles albimanus Panama Dense jungle C-a7
Ae. sollicitans. Texas Urban 1o wooded C.123. C-47
Psorophora sp.
Ae. aegyphi Angola Urban to wooded Piper Pawnee
An. albimanus Haiti Sugarcane. banana Beecheraft D-18
Ae. dorsalis (Meigen), Wyoming Pasture Beecheraft C45
Aeg. melanimon Dyar
Ps. columbias (Dyar and Knab). Arkansas Urban. rice fields Beecheraft 18
An guadrimaculatus Arkansas Urban, rice fields Beecheraft 18
Ae aegvpti Colombia Open houses Cessna 188
Colombia Open houses Cessna 188
Ae. taeniorhynchus Florida Open field C-130
Malathion. 91.5%
Cx. tarsalis Minnesota Qpen 10 wooded C-123
Naled. 85% {14 1b. Al/gal}
Ae. sollicitans. Psorophora sp. Texas Urban 10 wooded C-123. C47
Ae. sollicitans Lovuisiana Urban 10 wooded Grumman Ag-Cat.
Cx. salinarius Coquillen Louisiana Urban w wooded Grumman Ag~Car
Ps. columbiae, An. Arkansas Urban, rice fields pC-3
quadrimacularus "
Ae. 1aeniorhynchus Florida Open ficld C-123
Florida Qpen field C-123
Florida Open ficld C-123
Culicoides sp South Carolina Salt-marsh C-123
{biting midges)
Ae gegvpti Pueno Rico Urban C-136
Ae. taeniorhyachus Florida Open field C-130
Psorophora sp.. Ae. vexans, Sauth Caroilina Open 10 wooded C-130
Ae. solliciians. Ae. atlanricus
Dyar and Knab. Ae. lormenior
Dyar and Knab. Anopheles sp.
Ae 1aeniorhynchus Florida Open 10 wooded C-130
Fenirrothion. 95% (Accothion®)
Cx rritaeniorhynchus Giles Korea Rice fields. villages C-46

* Reduction of the natural population (m) or kill of caged mosquitoes te} usually within 48 h postreatment.

£ Exacl size not indicated in referebec

" Higher level of control achieved downuwind of target area.

‘iHaille D G and D i Kline 1989 Eualuation of €130 modular aeriad spray system (MASS) for uhra-low-volume applicauen
{ULV} of insecticides for adult mosquite control Unpublished USDA-ARS Report. p 6]

*Bieey. T L 1983 Public health emerpency in Minneso Unpublished U S Air Force Report p 21

* Volume for Dibrom® 14 anly which was diluted in heavy aromatic naphtha (153

*Biery. T L 1987 Aerial spray mission for dengue conwol in San Jusn. PR Unpublished U S A Force Repon p. 8

*Biery. T. L. 1989 1989 USAFR emergency mosquito aeriai spray operation as pan of FEMA Hugo relief effort Unpublished L 3
Alr Force Repon. p. 35.

“Biery. T. L. 1993 1992 USAFR emergency mosysite aerial spray operations as pan of the FEMA Husricane Andrew relief effon
in Florida Unpubtished US Air Force Report p 27
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Table 2. Exwended.
Swath Area Volume Percentage
e fmi ) (f. oz facre) control' Reference{s)
Maiathion. 95%

500 742 30 >90 n Kiipatrick and Adams (1867)

500 24 30 96 n Mount et al {1969)

300 25 3.0 64 n Miichell et al {1969, 1970)
L i 25 15 62 ¢ Mouns et al {1970a)
1.056 25 REY 96 ¢ Mount et al (1970w

560 [ 30 58-97 ¢ Glancey et al {1970)

5060 i 30 97 ¢ Glancey et al (1970}

500 >3° 30 82=n Lofgren et al. (1970a)

500 7 6.0 91 n Lofpren et al. (1970b)
1.056 6 6.0 33 n Mount e ab (1970d)
1.006 4.684 16 94-08 n Pinkovsky (1971}

Unlisted =12 68 84-86 n Ribeiro (1973)
300 31 4.5.6.0 >9%n Eliason et al. {(1975),
Taylor et al, {1975)

300 67 4.0 86-91 n Forcum (1976)

350 3] 1.5 57Tn Meisch and Mount (1978)

350 i6 30 97 n Meisch and Mount (1978)

165 >2 Ry 5875 n Uribe ¢t al. (1580)

165 >3 93 £9-94 n Uribe et . (1980)

1.0006-3.000 >3 3.0 >90 ¢ Haile and Kline (1989)
Malathion, 91.5%
2.000 820 30 84 n Biery {1983)
Naled, 85% (14 Ib. Al/gal)

1.000 916 0.75 94-98 n Pinkovksy (1972)

328 3 1.0 71 n Bourg et al. (1978}

328 3 10 88 n Bourg et al. (1978)

350 16 1.0 92n Meisch and Mount (1978)
2112 6 0.25¢ 82 ¢ Haile et al. (1982b)

2112 6 0.25 B3 c Haile et al. (1982b)

2112 6 0.75 93¢ Haile et al. (1982b)

1.000 >12 1.0 >99 n Haile er al. (1984)

1,000 277 1.0 68-99 ¢ Biery {1987y
1.000-3.000 =12 075 >80 ¢ Haile and Kiine {1989)
1.250-2.500 1.337 05 90-95 n Biery (1989)

2500 436 1.0 93-99 n Biery (1993)°

Fenitrothion. 95% (Accothion®)
500 ) 6.1 71-81 n Self et al. (1973}

An  albimanus averaged 100 and 87% in screen
capes placed on a road shoulder and under jungle
canopy. respeciively. Also. some mosquito controi
was achieved with malathion for | mi. downwind
of the target arsa with 16% conwol of the natural
population at 24 h postireatment as well as 100 and
529 kiil of caped mosquitoes along a road and un-

der jungle canopy. With 1.2 fl. oz/acre of 8 1b.
Al/gal fenthion. control of the natral population in
the target area averaged 51% while kill of caged
mosquitoes on a road and under jungle canopy
averaged 92 and B8%, respectively. Fenthion pro-
vided mosquito control downwind for 1 mi. of the
rarpet area with 61% reduction of the natural pop-
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Table 3. ULV aerial sprays of insecticides st altitudes of >200 ft against adult maosquitoes in larpe targel areas

{>1 mi.3).
Species Location Habitat Ajrcraft

Malathion. 95%

Aedes 1aeniorhvachus Florida QOpen 1o wooded C-a7
Florida Open o wooded C-a7
Florida Open to wooded C-47
Florida Open 10 wooded C-a7

Anopheles albimanus Panama Dense jungie C-a7

Naled. 85% (14 Ib. Al/gal)

Ae solicitans Louvisiana Urbun to wooded DC-3

Psoropitara columbiae Fiorida Urban o wooded C-47

Culex nigripalpus Florida Urban 10 wooded C.a7

Ps ciliaia (Fabz) Fiorida Urban 10 wooded C-a7

Ae. infirmatus Dyar and Knab Florida Urban 1o wooded C-47

Ae 1aeniorhvnchus Florida Open 10 woaded C.123
Florida Open 10 wooded C-123

Naled. 80%
An. guadrimaculatus Arkansas Urban. rice Piper Aztec
Ps. columbiae Arkansas Urban. rice Piper Aziec
Fenthion, 8 Ib, Al/gal (Baytex®}

An. albimanus Panama Pense jungle c4a?

Panama Dense jungle C-47
Fenthion, 93% (Bayiex®)
An. albimanus, An. trignnulares Panama Dense jungle C-123

' Reduction of the narural population (n} or kill of caged mosquitoes (). usually within 48 b posmreatment.
2 Apparentty most of the insecticide was transporied bevond the targer area.
* Volume for Dibrom® 14 oniy, which was diluted in heavy aromatic naphtha (1:5)

“ Higher levei of control achieved downwind of target area.

ulation plus 91 and 82% kill of caged adult mos-
quitoes on a road and under jungle canopy, respec-
tively.

Lofgren et al. (1972) followed up the previous
ULV aerial spray studies in Panama (Lofgren et al.
1968, Mount et al. 1970d) by treating a 20 mi.* plot
of jungle terrain with 2 aerial sprays of fenthion,
an effective mosquito adulticide and larvicide (Ta-
ble 3). The second application to the same plot was
made 9 days following the initial spray to kill new
tarvae before pupation and new adults before ovi-
position. The predominant anopheline species in
the test were An. albimanus and An. triannulatus
Neiva and Pinto. A rate of 1 fl. oz/acre of 93%
fenthion was dispersed at 350-ft. altimade during the
first application and 150-200 fi. altjmde for the
second spray. Based on man-biting collections and
collections from horse-baited traps. these sprays
provided successful control (initial reduction of 93
and >81% overall} of the adult anopheline mos-
quito population for 31 days following the second
application.

Haile et al {1982b) obtained only 55% kill of
caged Ae. taeniorhynchus with either 0125 or Q.25
fl. oz.facre of naled (85% naled diluted 1:5 in heavy
aromatic naphtha and undiluted 85% naled. respec-
tively) dispersed at altitudes of 240 and 270 fu,
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respectively. However, these unsatisfactory results
are likely due more to insufficient dose than to ex-
cessive horizontal ransport caused by high-altitude
dispersal.

In a high-alimde nighttime test, Weathersbee et
al. (1986) applied 80% naled to ricefields of 4 mi.=:
surrounding Swuttgart, Arkansas for adult mosquito
control (Table 3). A rate of .72 . oz.facre of 80%
naled applied at 200-300-fi. altitude produced re-
ductions of 48 and 68% of An. quadrimacularus
and Psorophora columbige {Dyar and Knab) pop-
ulations, respectively, at 24 h posttreatment. Be-
cause of high application altitudes and surface wind
velocities of 5-10 mph during application. some of
the naled was likely transporied downwind of the
target area. Furthermore, the 24-h reductions may
reflect some reinfeswation of the target area.

EFFICACY AGAINST
MOSQUITO LARVAE

The advantages of the ULV aerial spray method
for mosquito adulticiding cannot universally be ap-
plied to mosquito larviciding, The ULV methed is
well suited to large-scale operations whereas most
mosquite larviciding is done on a relatively small
scale. Nevertheless. knowledge of ULV aerial

B e e e i e ———
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Table 3. Extended
Altitude Swath Area Volume Percentage
{fu) (f) (mi.%) (. oz /acre) control! Reference(s)
Matathion. 95%
500 2112 25 1.5 e Mount et al (1970a)
500 1.056 25 . 30 00 ¢ Mount et al. (1970a)
1 000 1.056 25 30 97 ¢ Mount et al (1970a)
3.000 1.036 25 30 ¥ Mount et al (1970a)
300 1.056 6 60 B7 n Mouni et al (1570d)
Naled. 855t (14 b Al/gal)

500 1.000 >12 1.0 8BS n Machado et al. {1960b)
600-1.000 500 4-28 0 55-0.80 gi-100n Tavior and Rathburn (1970}
600-1.000 300 428 0 850 86 14wB0 n Taviaor and Rathburn ¢1970)

600 500 it 055 72n Tavlor und Rathburn {1970y

600 500 >4 80 9% n Tavlor and Rathburn {1970)

240 2112 6 0128 55¢ Haile et 2}, {(1982b}

270 2112 6 025 55¢ Haile et af {1982b)

Naled. B0%

200300 Unlisted 4 0.72 48 n Weathersbee et al. (1986}
200-300 Unlisted 4 0.72 68" n Weathersbee et al. (1986)
Fenthion, 8 Ib, Al/gal (Baytex®)

300 2112 6 12 45 n Moeunt ot al. (19704)

500 4,224 6 12 5 n Moeunt et al, (1570d)
Fenthion, 93% (Baywex®)

150-350 2112 20 1.0 95 n Lofgren e1 al. {1972)

sprays of insecticides was needed to predict their
effect on larval populations. Thus, bioassays with
mosquite larvae were included in some tests de-
signed primarily for adulticiding In California,
where larviciding has been @ mainstay of mosqguito
contro} eperations, ULV aerial sprays of insecti-
cides were tested against mosquite larvae in pas-
tres and rice fields. However,” insecticide formu-
lations were somewhat diluted with various oils in
most of the California wrials, Furthermore, several
investigators tested the ULV aerial spray method
for large-scale larvicide applications against Ae. ae-
gopri during the previous eradication effort in the
USA during the 1960s. All larvicide tests were
done with small, single-engine. fixed-wing or ro-
wary-wing aircrafi except those by Eliason et al.
(1970). Lofgren et al. (1972), and Mount et al
(19704), which were done with relatively large,
rwin-engine. fixed-wing aircraft. Most insecticides
were dispersed with flat-fan or hellow-cone noz-
zles. However, a few tests were done by applying
insecticides with rotary atomizers. Tests of ULV
aerial sprays of insecticides against mosquito larvae
are summarized in Table 4.

Although the test results against mosquite larvae
shown in Table 4 are not comprehensive enough 10
determine minimum effective larvicide rates. they
indicate expected larval mortality at normal adui-
ticide rates Results from 8 studies with 95% mal-
athion at 2-3 and 6-6.8 fl. oz./acre indicaied 38~
100% (% = 71%) and §7-100% (X = 85%) conirol

of Aedes and Culex sp. larvae, respectively. Also,
13.6 fl. oz./acre of 50% malathion killed 97% of
Ae. aegypti larvae in open glass beakers (Knudsen
et.al. 1980). In tests with midge larvae, Chironomus
fulvipilus Rempel, Panerson et al. (1966) obtained
95% mortality with 2 fl. oz.facre of 95% malathion.
In 5 differemt swdies including Aedes. Anopheles,
and Culex larvae, 93~100% control was. obtained
with doses of 0.047-0.12 Ib. Al/acre of fenthion
which is eguivalent to 0.6-1.6 fl. oz/acre of 93%
fenthion. A wide dose range of chlorpyrifos
(0.011-0.125 Ib. Al/acre = (.35-3.8 f. oz facre of
4 1b. Al/gal formulation) was used 1o obtain 74—
100% conwol of Aedes. Anopheles. and Culex lar-
vae in 4 different studies. Temephos. which is not
used as an adulticide. produced 79-100% conirol
of Ae aegypr larvae at a dose of 0.0625 Ib. Al/acre
of iemephos (= 2.33 fi. oz.facre of 4 Ib. Al/gal for-
mulation) (Kiipawick et al. 1970a. Eliason et al.
1970). Finally. Mount et al (1970e) obtained 86—
100% conwrol of Cx guinguefasciarus Say larvae
with 0.75-1.5 i oz.facre of 8.34 1b. Al/gal fenito-
thion.

DROPLET SIZE

Droplet size is an imporiant factor affecting the
efficacy of insecticides applied aerially for mosqui-
1o control. The size of droplets governs their air
transport as well as subsequent impingement and
coverage on target insects and their habitat For
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Tuble 4. ULV aerial spravs of insecticides against mosguito Jarvae.

Species

Location Hithitat

Malathion. 935

Aedes nigramuaculis

Culex 1arsalis

Cx quinguefascidrus

Chironamus fulvipilus Rempel tmidpess
Cx guinguefasciatus

Ae aegyvpli

Cx quinguefusciats
Ae aegipii

Cx. quinguefasciatus

Culifornis Pusture
California Pasture
Florida Open pans
Florida Open pans
Florida Open cups
Florida Urbun
Thatlund Open cups
Thailund Open cups
Thasilund Upen cups
Thailsnd Open cups
Thuiland Cpen cups
Thailand Open cups
Thailand Open cups
Angoli Open dishes

Mulathion. 50%

Ae. gegypri

Nigeria Open glass beakers

Fenthion. diluted (Baytex®)}

Ae. nigromaculis

California Pasture

Fenthion, B Ib. Al/gal (Bayex®)

Ae. stimulans
Cx guinguefasciatus

An albimanus

Fenthion. 93% (Baytex®)

An. albimanus. An. triannulatus

Chlorpyrifos. diluted (Pursban®)

Angpheles sp. Culex sp.
An. freeborni Aitken. Cx. 1arsalis

Chlorpyrifos, 4 1b. Al/gal (Dursban®)

Cx. quinguefasciatus
Ae aegvpii

Temephos. 4 Ib. Al/gal (Abate®)

Fenitrothion, 8 34 1b Al/gal (Accothion®)

Cx. quinguefasciaius

Michigan Open carons
Florida Qpen cups
Florida Open cups
Panama Open cups
Panama Aguatic
California Rice field
California Rice field
Fiorida Open cups
Fiorida Open metal cans
Florida Open metal cans
Florida Urban

Florida Open cups
Florida Open cups

' Reduction of the natural population or kill of conwinerized mosquito tarvae a8 indicated in “Habitat” ¢olumn within 48 h postreat-

ment

economical and rapid application. ULV aerial
sprays for adult mosquito control rely on air trans-
port of droplets by crosswinds to obiain wide
swaths, important aspects of spray droplet size in-
clude measurement methods. optimumn size. factors
affecting atomization. and effect of droplet size on
paint.

Measurement methods: Generally. measure-
ments are made 10 estimate the inisial droplet spec-

trum as dispersed from the spray system instead of

droplets that impinge on mosquitoes or their habi-
tat Determination of the initial droplet spectrum is
difficult 1o achieve because droplet collection is
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usually some distance removed from the fiight path
of the aircraft. With most methods of droplet sam-
pling. size parameters can be biased by the collec-
tion method or placement of collection devices. The
volume median diameier (VMD) is the most com-
monly used parameter to describe @ droplet spec-
trum. The VMD is the droplet diameter where 30%
of the spray volume is in larger drops and 505 1s
in smaller drops. Several methods are available for
droplet size determination of insecticidal sprays. in-
ciuding microscopic reading of dropiets on slides
and optical or laser measurement syslems. How-
ever all of these methods involve one or more
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Table 4, Exiended.
Volume Daose Percentage
(A oz facre) tIbh Alfacre) control* Reference(s}
Mualathion, 95%
60 (285 67 Mualhern et ul (1965)
60 0285 6l Muthern 21 al (1945)
20 0.162 100 Putterson et al { 1U66H)
M 0162 Q3 Patterson et al {1Y960)
26 020 63 Mount et al (1970
20 0143 M Eliason et ul 11970)
0 01243 3 Kitpatrick et al (1970
60 (288 il Kilpurick es ul (149700
30 0223 61 Kiiputrick et ab 19700
60 (=83 100 Kiipatrick et ab (1970
30 {1243 a9 Lofgren et al 1970w
6 U {1483 76 Lofgren e1 al (1970b)
60 {485 89 Lofgren et al, 11970b}
68 {350 160 Ribeire (1973
Malathion. 50%
136 0.549 97 Krudsen et al {1980)
Fenthion. diluted (Baytex™)
64110 007012 80-100 Muihern et al {1965}
Femthion. 8 1b. Al/pal (Baytex®)
0.75 047 100 Stevens and Suwoud (1966)
065 0gs o3 Mount et nl. (1970e)
1.3 0.10 10C Mount e1 al {1970e)
12 0.094 100 Mount e1 al (1970d)
Fenthion. 93¢ {Bayiex®)
10 0.076 >89 Lofgren et al. (1972)
Chlorpyrifos. diluted (Dursban®}
50-80 0.013-0.050 74-100 Burgoyne et al, {1968}
1 4-1.6 0.011-0025 97-100 Wormneldorf and Whitesell {1972}
Chlorpyrifos. 4 Tb. Alfzal (Dursban®)
32 o] 100 Mount et al. (i970e)
Unlisted 0125 o8 Kilpatrick et al. (1970a)
Temephos, 4 Th. Al/gal (Abate®)
Uniisted 00625 100 Kiipatrick et al. {1970a)
233 0.0625 79 Eliason et al (1970}
Feniwrothion. 8 34 {b. Al/gal (Accothion®)
075 05 100 Mount et al. {1970e}
1.5 G 10 86 Mount et al. {1970¢e)

problems in sampling. measurement. cost, or con-
venience A comprehensive review of droplet sam-
pling and size determination methodolog) was pro-
vided by Rathbumn 11970

A low-altitude method was designed by Mount
et al (1970b) wo minimize bias in collecting drop-
lets on microscope slides. This method uses mul-
tiple passes of the spray aircraft at the minirnum
safe altsde (usually 25-50 fu. depending on the
aircrafty over a level. open area during relatively
caim weather. Teflon-coated glass rmicroscope
slides attached 1o electrically driven spinners placed
under the flight line were used to coliect spray
droplets A spread factor is required to relate the
diameter of droplets on slides to the acrual droplet

diameter. A method developed by Yeomans (1949)
that compensates for the higher critical impinge-
ment velocities of smaller droplets was used to cal-
culate the VMD. The accuracy of Yeomans hand
wave method for estimating the VMP of ground-
applied aerosols was verified by Mount and Pierce
{1972). Haile et al (1978). and Carroil and Bourg
11979) Their swudies showed equivalent estimates
of VMD with seuling. impaction. and Couler
Counter® methods. However the accuracy of Yeo-
mans” method for aircraft appiication of somewhat
farger droplet spectra has not been fully verified
Thus. Yeomans™ method may somewhatl underesti-
mate the actual VMD when applied 1¢ ULV aerial
sprays Also. a simulated method employed by
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Mount et al «1970¢t used the airstreamn of a high-
velocity mist blower for droplet size collection
VMD estimutes from this simulated method were
306-30% smaller than those obtained from actual
aircraft applications (Mount et al 1970by. Bouse
and Carlton 11983 und Yutex et al 11983y also used
laser droplet imaging svsiems 1@ measure dropies
size of aerial sprayvs

Opriren droplcr sice spectrim: The optimum
size spectrum for the most etficiem masquito con-
rof is dependent on 13 pe of application (adulicide
or lan wider impinpement efficiency . and ransporn
requirement Decreaxing the droplet size to helow
the optimum specirum increases air transpon und
reduces impingement on adull mosyguitoes and their
associated habitats. Conversely, increasing the
droplet size to above the optimum spectrum de-
creases swath intervals and increases impingement
on nontarget surfaces such as canopy above the
mosquito habitat.

Adulticiding. The hiteratere on optimum dropiet
size for adult mosquito control with sprays or aer-
osols was reviewed previously by Mount (1970).
Four separate laboratory studies provide knowledge
on the optimum dropiet size of insecticidal aerosois
for mosquito adulticiding. Based on wind tuanel
west results. Weidhaas et al. {1970) calculated that
the minimum lethal dose {LD,,,) of undijuted 1ech-
nical grade formulations of malathion. naled. and
fenthion for adult female Ae. raeniorhynchus is
contained in droplets of 25 20, und 17.5 pm di-
ameter. respectively. These results suggest that larg-
er droplets of these insecticides applied as ULV
aerosols could be wasteful because of overdosing.
Also. in a settlement chamber study with still air,
Lofgren et al (1973) used a scanning electron mi-
croscope to observe that 2~16-pm-diameter drop-
lets of soybean oil (used fo simulale technical in-
secticides) impinged more efficiently on mosguito
wings than smaller or larger droplets. Furthermore.
in a wind twnnel study. Haile et al {1982a) defined
the relationship between adult mosquito mornality
and droplet size with exposure of de¢ raeniorinn-
chus to uniform size droplets of malathion insecti-
cide transported at 2.3 mph. Their results indicated
that the optimum droplet size range for kill of adult
mosquitoes is 10~-13 wm diameter An extension of
the optimum size range to 4-6 pm diameter re-
sulted in only a =1 7-foid reduced kill efficiency
compared to the more narrow runge These resulis
are consistent with those repored previoushy by
Lana et al 119471 who demonsuated that the most
effective droplet size range for adull mosguitoes
exposed to DDT in a wind wnnel was 12-20 pm
diameter Huile et al (1982s) also demonstrated
that ground-applied aerosols with VMDs of 3-04
wm provided greater percentage Kill of udult mos-
guitces than an aerosol with a VMD of 39 um

In studies with aircraft applications at 95 mph
Mount et al. {1970e. 1971) showed that adult mos-
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quito kill efficiency could be increased about 2-fold
by applving ULV insecticides with rotary atomizers
tmean VMD = 31 wm) instesd of flat-fan nozzles
{meusn VMD = 43 um} This difference in efficien-
¢y was consistent with 2 species of mosguitoes,
caged adult female Ac  tecmeriong i and Oy
greinguefuse fary as well as natural populations of
salt-marsh mosquioes. predorminantly de raemio-
rhvachus in citres groves with dense folinge The
increased efficiency was aurbuted 10 the smaller
and maore uniform droplets emitied from the rolary
atomizers The rotury atomizers emitted 83% (X of
ail droplet sive oaimaies) of the sproy volume in
droplets of <353-36 pm diameter and onds 0 177 of
the volume in dropieis of = 100 pm diameter. Com-
puratively. 61% of the spray volume from fat-fan
nozzies was in droplets of <3-30 pm diumeter with
185 of the volume in droplets of > 100 wm diam-
eter. These tests indicate that the optimum size for
aerial sprays is close to that reported for ground
and laboratory tests. However. comparative tests
with aerial sprays using smaller droplets have not
been done because increased atomization is difficult
to achieve Depending on atmospheric conditions.
the optimum size for aerial spravs may be some-
what larger than for ground aerosols because sprays
must move downward from release ajtitude 10 mos-
quito habitats near the ground

Mount et al (1970d} tested ULV spray droplet
penetration in the dense jungle canopy of Panama
This test was done when surface winds were calm
10 minimize loss of droplets by horizomal ransport,
Droplets collected in the open on a road and under
the dense jungle canopy were compared by “flood-
ing” a small target area with 5 swaths of technical
malathion at 50-ft intervals and at 75~100 f1. ali-
tude. Droplets were collected on silicone-treated
glass microscope slides rotated in a vertical plane
with a battery-operated spinning device al a veloc-
ity of 5 mph 1o enhance impingement of the mal-
athion droplets Approximately 309 of the total
spray volume penetrated the jungle canops. The
VMD of the initial spray was 52 pm. as sampled
on the open road. while the VMD of the spray that
was collected upder the canopy was only 32 um
The maximum droplet size that penetrated the jun-
gle canopy was 68 pm diameter Tavior er al
(1975) obtained similor results with ULV aeral
spravs of technical malathion in Haiti with average
VMDs of 46 um and 28 um for open and protected
sites. respectivels  Moreover Perich et al 11992,
showed that droplet size (VMD) of ULV aerial
sprays of @ resmethrin formulated in mineral oil
was =020 pm smutler inside than outside of
houses in the Dominican Republic

Lanididing  No dJdefinitive siudies on optimum
droplet size for mosquito larviciding have been re-
ported in the lierature Logically. factors such as
drift. foliage penetration. and coserage that influ-
ence the optimum size range for aduliiciding also

200-EFF-024



DECEMBER 1906

ULV AERIAL SPRAY 613

influence the droples size nceded for effective and
efficient larviciding Larviciding iv usually done in
small target areas. Thus, rejatively Jarge droplets
must be used 10 avoid excessive air transport N
targel areas are also covered by dense vegewtion,
relatively ~mali droples are required o penetrate
the vegewsnion and rewch the larval habitat An ex-
ception 10 ~mall droplets for penetration would be
the use of lurge droplets in a high-volume. water-
based spray that would create rupeff The contra-
diction in droplet size requiremments for littde or no
horizontal ransport and foliage penetration argues
against vning ULV serial sprays for lamviciding of
small farget areas cosered by deme vesetation
However ULV spruas hinve been ueed successfullhy
to larvicide smail areas with dense vegetation {Bur-
govne et 2l 1968) and large areas with hemy veg-
etation where horizontal transport can be 10lerated
and is evezn desirable for {oliage penetrution and
wide swath coverage (Lofgren et al. 1972, Wom-
eldorf and Whitesell 1972}

Factors affecting atomization: A wide variety of
factors affect the alomization of liquid insecticide
formulations dispersed as aerial spravs. These fac-
tors include the type of nozzle. onientation of noz-
zles to the airstreamn. shearing force created by the
airstream during flight. physical characteristics of
the insecticide formulation. and fiow rate An un-
derstanding of the relationship berween these fac-
tors and droplet size will influence the choice of
mircraft and application equipment for an operation-
al program.

Mount 21 al. (1970e. 1971) showed that droplet
sizes (VMDD of malathion and fenthion sprays were
28% less with rotary atomizers than with flat-fan
nozzies when dispersed in an air-blast velocity of
95 mph. Moreover. the percentage of volume at-
omized into droplets within the <3-30 pm range
was much greater with rotary atomizers (X = 88)
than with flai-fan nozzies (X = 51) (Mount et al
1971).

Various investigators have demonsirated that ori-
entation to the airstreurn affects the atomization
characteristics of flat-fan nozzles At an air speed
of 95 mph. Mount et al 1970c¢) showed that a noz-
zle orieptation down und 45% forward prosided
maximum atomization of technical malathion while
positions of straight down and down and 457 buck
produced VMDs that were 17 and 30% larger re-
spectively. than the former Similariy . Bouse und
Carhon (1923 and Yates et al (Y83 reponiad av-
erage decremes of 16 and 21% tor vegetable oil
and water-buased spravs. respectivels. dispersed at
80118 mph by nozzles oriented down and 30-45°
forward compared 10 nozzles onented straight down

The effect of airstream velocitny on atomization
of liquids dispersed by flar-fan nozzles was siudied
by several investigators Moumt et al  (1970¢)
showed that s relutively ~low airstream velociny of
only 50 mph produced o VMD 235 larger shan the

VMD produced by a velocity of Y5 mph Also
Mount et al (1970b) demonstrated thit the VMDs
of serial sprays of nuled dispersed mt 110 mph were
63% lurger thun those dispersed at 150 mph. More-
over. Yates et zb (1983) and Bouse and Curlion
(1983} showed that even small differences in air
strearn veloan. such as YO versus 110 mph and 100
versus 118 mph prodiced VMDs 15 and 65 larger
ut the slower velocities with agueous und oif spravs,
respectively

Important physicul characteristics of ULV insec-
twide formulations that atfect atomizasion are den-
sity . viscosity . and surfave ension These charics
teristics are inherem with technical or highly con-
ventrated formulations and. withow dilution. cunnot
be altered to chunge droplet size Data from Mount
et al t1970e. 1971) indicated that VMDs for 936G
fenthion were 31% larger than VMDs for 3% mal-
athion when aiomized with the same tvpe of noz-
zles and about equal flow rates. Also. Mount et al.
(1970b) showed that the VMD for 85% naled was
53% greater than for 95% malathion dispersed from
the same flat-fan nozzles at equal pressure and air
craft speed. However. the lower flow rate require-
mems for fenthion and naled. because of higher
1oxicities than malathion. tend to offset their phys-
ical characteristics that resist atomization.

In general an increasing fat-fan nozzle fow ca-
pacity resulted in an increase in VMD. With sim-
ulated aerial sprays. Mount et al. (1970¢) showed
that the VMD increased 47% from a raied capacity
(water at 40 psi) of 0023 gal/min w0 1 gal/min.
Greater differences in droplet size due 10 nozzle
capacity were shown with an Air Force C-123 air-
craft flown a1t 150 mph. Mount et al. (1970b) in-
dicated 32 and 43% decreases in VMD when flat-
fan nozzle capacities were decreased 2- and 3-fold
with applications of 95% malathion and 85% naled.
respectively. With rotary atomizers. Mount er al.
(1970e. 1971) showed -3 to 14% (% = 9%) in-
creases in VMD related 10 30-100% (% = 55%})
incresses in flow rate of 95% malathion and 93%
fenthion.

Effect on paint: A potential side effect of ULV
aerial spraying over urban areas is spotting of paint-
ed surfaces. particularly automotive paint. Howes-
er. this effect can be avoided or minimized by dis-
persing aenal sprays in the optimum or near opti-
mum size range In tests with aerial sprays. Kilpa-
trick et at. (1970a) indicated that technical malathion
at rates >4 A oz fucre and spravs >75 pm VMD
would cause damage 1o paimied surfaces In tests
with ground-applied aerosols Rathburn and Boike
11977) demonstrated no 1isible damage on auto-
motive paint papels under 3 magnification or by
unaided eve from exposure 1o ground-applied aer
osols of technical malathion with VMDs of 1117
pm. Furthermore. Tietze et al (1992 indicated s
positive correlation between malathion dropiet
¥MD and damage spot size on automative paints
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Tietze et al (1992} reported size thresholds of drop-
lets oo small to cause visible damage of 8 and 1}
rm VMD for 2 different 1ypes of automotive paint

Another strategy for avoiding or minimizing the
effect of ULV ueriul spruvs on paint is o decrease
swath width over urban areas. With wide swaths,
insecticide fow rate must be increased to maintain
insecticide dose Increased flow rae. in wrn. in-
creases the potential for deposition of greater num-
bers of relativelv lurge droplets at a specific site
This is especially the case when prevailing winds
decrease in velocity substanttally and unexpectedh
during an application

METEOROLOGY

fith ULV aerial spravs against adult mosqui-
woes. the critical meicorological parameters are
wind velocity and direction. temperature and at-
mospherie stability In comtrast to highly diluted
water-based spravs., relative humidity as it relates
1o droplet evaporation is not cntical with ULV
sprays because the undiluted insecticide formula-
tons are essentially nonvolatile. Although research
reviewed in this paper does not directly relate me-
teorology 10 mosquito control. some general guide-
lines can be interpreted.

Wind velociny and direction. Wind velocity daw
are required prior w spray operations o determine
whether or not the average velocity at ground level
exceeds a maximum threshold usually =10 mph.
The wind velocity ranges al ground level reported
in small-scale (Table 1). large-scale {Tabie 2). and
high-altitude (Table 3) tests were <1-10. <1-17.
and <1-10 mph. respectivelv. As noted by Mount
et al. (1970a), wind velocity generally increases
with an increase in ahitude. Thus. winds exceeding
=10 mph at ground jevel may cause excessive dis-
placement of swaths when spray is released at al-
titudes of >200 fi. An example is the 9-15-mph
wing velocity reponied by Weathersbee et al. (1986}
{Table 3) that likely caused excessive air transport
of naled sprays released at 200-300 £t altzude dur-
ing nighttime applications. However when spravs
are released at =200 ft altitude. turbulence created
by the aircrafl vortices can force insecicide drop-
lets down. In this case. wind velocities somewhat
in excess of 10 mph can be used to disperse the
spray over wide swaths Swaths of 2.000-2.500 fi
were used by Biery (1989 footnote 8. Table 2} and
Haile and Kline (1989 foowote 4. Table 2 for
eood mosqeito control with relatively high cross-
winds using malathion and naled sprays released at
150 ft altitude from C-i30 aircraft Conversely
calm conditions may reguire the use of narrower
swaths for thorough covernge of the target area
Also. release aliitude can be increased 10 a level
where wind cwrents are present o disperse the
spray over a wider swath For example. Mount et
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al. t1970a) and Lofgren et al {19721 used high re-
lease altitudes (175-350 ft 1 {o disperse malathion
and fenthion sprays during valm ground level con-
ditions in dense jungle habitat in Panuma (Tuble 3)
Regurdless of wind velocity and release aititude,
wind direction data are needed to establish cross-
wind swath direction for aerizl sprays 17 high-ul-
titude spruyvs are planned. wind direction duta are
reguired for both ground level und releuse wltitude
Temperature. Ambien; lemperature iy important
bevause it influences mosquito activity and the ef-
ficacy of insecticides. Ambient temperatures re-
ported for mosquite adubicide wialbs listed in Tables
i-3 were 57-88°F Nevenheless. low semperaiures
can reduce the etfectiveness of insevticides. as in-
dicated by Stevens apd Swroud (19671 They re-
ponted possible recovery of adult i vimulony
(Wajker; 12 h follewing an application of proposur
spray at =60°F in Michigan. In contrast. Mount &t
al (1969} obtained satisfactory control of Aedes sp.
with malathion sprays during ambien? temperatures
of <60°F in subarctic Alaska where mosquitoes are
apparently adapted 1o host-seeking activity during
relatively low temperawres as compared 1o mos-
quito species in emperaie and tropical climates.
Ammospheric stabilin: Atmospheric stability is
an important factor that infiuences tansport of
droplets from release altitude to ground level. Many
factors determine air stabilitv. such as wind veloc-
ity. temperature gradient. and ume of day In gen-
eral. the stable or slightly unstable air associated
with early morning or evening are considered most
suitable for aerial sprays. Of the small-scale sudies
listed in Table 1 that indicated application times, 73
and 27% were accomplished with eariv morning
and evening sprays. respectively Most of the mom-
ing sprays were applied during 6:00-8:40 am.
However. a few sprays were applied as early as 5:
30 am. or as late as 10:30 am. with satisfactory
results. In Tables 2 and 3. 67. 20. and 13% of the
large-scale studies were done with evening, early
morning. and night sprays, respectively With one
exception. the evening and early morning sprays
were applied during 5:45-10:00 p.m. and 6:00-8:
30 am respectively. Biery {1993 footnowe 9. Table
1) reported emergency spray apphlcations during 3:
46-8:20 pm. following Hurricane Andrew The
night applications were made during 3:58.5:20
am. {Tayvler and Rathburn 1970y and 10:00 pm ~
1:00 am (Weathersbee et al 19861
The early morning and evening lime {rumes tend
10 optimize spray efficacy becouse of increased
mosyguito actvity and probability of adeguare ;-
mospheric stabilits for effective spray dispersion
inte mosquito habitat with adequate crosswinds A
stable atmosphere is normally  charocterized by
warmer air on top of colder air and usually occurs
when insolation intensity is reduced or absent Con-
versely. an unstable stmosphere 18 characterized by
colder air on top of warmer air and usually occurs
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during the middle of the day when insolation inten-
sity is highest Thermais. which are nsing air cur-
rents caused by incoming solar radiation falling on
the earth. usuully ocour during an unstable atmo-
sphere. A strong inversion may sctuadly resist the
downward air transport of spruvs  For example.
Biery (1987 footnote 7. Table 2} reporied that an
inversion layer caused spray 1o hang in the atmo-
sphere and cause commination of a C-150 aircrafl
in a spray mission for dengue control in Sen Juan.
Puerto Rico However an imversion cun only be
detected prior 1o spray operations by mezsurement
of temperature rise with increasing altitude

CONCLUSIONS

I ULV applications of insecticide are as effi-
cacious against aduh mosguitoes as water-based.
highly-diluted spruys. The degree of adult mosquilo
kill obtained with apy insecticide application is re-
lated to the dose of active ingredient and many oth-
er application and environmenal faciors. but not 1o
application volume. Inert diluents such as water and
petroleum-based products do not kill mosquitoes
and only add cost and inconvenience 16 aerial spray
aperations.

2. The increased number of acres that can be
sprayed per aircraft joad with the ULV method of-
fers a great advantage over highly diluted sprays
for large-scale control of adult mosquitoes. More-
over, this advamage is further enhanced by normal-
altitude (=200 fu). wide-swath applications that
benefit from undiltted insecticide droplets that
maintain their integrity during air ransport to target
mosquitces and associated habizats.

3. High-aldwede (>200 fu ) applications of ULV
sprays using wide or stacked swaths could be used
for mosquito adulticiding in emergencies or unusu-
al situations if wind velocity and direction data at
appropriate altitudes are avaiiable 10 accurately pre-
dict placement of the insecticide However high-
altirude methods are not suitable for most aduli-
ciding programs because detailed wind data are
usually unavailable

4. Successful mosquito control in dense foliage
or open housing can be achieved with ULV aerjal
spravs However. because of the filtration effect of
dense foliaze or domicile structure. insecticide dos-
es must be increased =2-fold compared 1o normal
doses to achieve satisfactory mosguilo controi. A
cavear here is that. in some cases. a I-fold dose
increase may be above the labeled rate

5 The ULV aeriz] application method 15 suitable
for mosquite larviciding over large target areas. es-
peciaily when concurrent adulticiding 1+ reguired
However. ULV spravs do not ofter o substantial ad-
vantage over highly diluted sprays for most mos-
quite larviciding programs because target ureas are
relatively small. thus reducing the benefit of in-
creased effective pavloads. Furthermore. there is
the added problem of sccurate insectivide place-

ment into small target aress with ULV upplications
This placemnent problem can be overcome more
readily with highly diluted spravs than with ULV
spravs by increasing droplet size to reduce horizon-
1al transport wnd by increasing volume 10 create
runcoff when foliage penetration is required Gran-
ular formuiations of lurvicides can also be uvsed in-
stead of ULV sprays 1o maximize placement and
folinge penetration

6 The efficacy of ULV aeriul sprays against
adult mosquitoes 18 directy related 10 droplet size
because it governs air transport and impingement
The optimum size range for mosquito aduhiciding
i5 323 pm VMD based on luboramony wind wnnel
and ground aerosol reseurch Howeser this size
range has been only purtiaily confirmed by research
with ULV aenal spravs.

7 For mosquito adulticiding. neur optimum ate
omization of ULV aerial sprays is achieved by us-
ing flat-fizn nozzles on high-speed aircrafi (=150
mph) or rowary atomizers on slow-speed aircraf
(<150 mph}. Flat-fan nozzles should be oriented
straight down or down and 30-45° forward to the
airstream for maximum atomization of the insecti-
cide. Also, flat-fan nozzles with the Jowest flow rate
capacity that does pot create plugging problems
should be used 1o minimize droplet size for maxi-
mum foliage or domicile penetration and mosquito
kill Rotary atomizers shouid be operated at maxi-
mum recommended rotational speed and low flow
rates to achieve near optimum droplet size.

8. Near optimum atomization of ULV aerial
sprays is required not only for maximum biological
efficacy. but also 1o avoid or minimize sponing au-
tomotive paint in urban and suburban areas.

9. In general. ULV aeral sprays should be ap-
plied during the crepuscuiar periods following sun-
rise or preceding sunset when mosquitoes are active
and atrnospheric stability is favorable to achieve
maximum levels of aduh mosquito control. Pre-
vailing crosswinds of 2-10 mph are also necessary
for successful wide-swath applications
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OPERATIONAL AND SCIENTIFIC NOTES

SUSCEPTIBILITY OF FIRST INSTAR TOXORHYNCHITES
SPLENDENS TO MALATHION, NALED AND RESMETHRIN

NOOR S. TIETZE, ERIC T. SCHREIBER, PHILIP G, HESTER, CHARLES F HALLMON,
MARY ANN OLSON anp KENNETH R. SHAFFER

Florida Agricultural and Mechanivel Unlversity, John A. Mulrennan Sr. Research Laboratory, 4000 Frankford
Avenue, Panama City, FL 32405

1

ABSTRACT. Acute toxicity tests were conducted to measure the response of first instar Toxorhyn-
chites splendens to commonly used mosguito adulticides: malathion, paled and resmethrin. The concen-
trations of pesticide causing 50% mortality {(LCsq) after 24 h was 2.87, 69.1 and 623 ppb for resmethrin,
malathion and naled, respectively. Naled was determined to be the least toxic of the 3 compounds tested
for integrated use with Tx. splendens. The latter assessments were based on comparisons between
laboratory-derived dose-response curves and maximum concentrations reached in standing water calcu-

lated using standard application rates.

Interest in using Toxorhynchites mosquitoes
as biological control agents has hinged upon the
possibility of reducing populations of container-
developing mosquitoes. In the proper setting,
Toxorhynchites species may be efficacious con-
trol agents for mosquitoes (Focks 1985, Focks et
al. 1986). Toxorhynchites amboinensis (Theo-
bald) was successfully employed for integrated
contiol of Aedes aegypti (Linn.) in New Orleans
in conjunction with ULV malathion treatments
(Focks et al. 1886). Other species, such as Tx.
splendens (Wiedemann), have received interest
for use in low-income areas of Florida (E. T.
Schreiber, unpublished data). Toxorhynchites
splendens is of particular interest due to its
preference to oviposit into ground-level con-
tainers (Yap and Foo 1984), as typically found
in urban environments.

As true for many biological control agents,
Toxorhynchites-induced reduetions of pestifer-
pus mosquitoes are not expected to reach 95%,
but instead are based on establishment of equi-
librium between predator and prey (Focks 1985).
For this reason, Toxorhynchites must be inte-
grated into existing mosquito abatement pro-
grams as demonstrated by Focks et al. (1986}
However, before further integration is at-
tempted, an evaluation of this Toxorhynchite
predator's susceptibility to commonly used tox-
icants is warranted. This study investigates the

Table 1. Toxicity of mosquito adulticides

acute toxicity of 3 mosquito adulticides to im-
mature T'r. splendens.

The Toxorhynchites splendens used were
reared at the John A, Mulrennan Sr. Research
Laboratory (JAMSRL), but were originally ob-
tained from the New Orleans Mosqguito Control
District, New Orleans, Louisiana. Colony main-
tenance was described in Focks and Boston
(1979). Eggs were oviposited by Tx. splendens
into black cups (150 ml) and upon hatching,
individually placed into 10 ml cells on a plastic
multicell sheet to avoid injury or loss due to
cannibalism.

Bioassays were conducted in accordance with
the American Society for Testing and Materials
{ASTM 1980). The compounds tested were mal-
athion (Cythion®), naled (Dibrom® 14) and res-
methrin (Scourge®: 18% resmethrin + 54% pi-
peronyl butoxide). Standard methods and equip-
ment developed at JAMSRL (Tietze et al. 1991}
were employed for the conduct of bioassays.
Deviations from these methods are described
below. Larvae were singly transferred from the
cells into 50-ml Pyrex beakers containing 40 ml
of aged well water. Bach test consisted of 30
beakers per concentration and 6 or 7 concentra-
tions in addition to controls. The results of 3
“valid” tests (ie, control mortality < 5%; dis-
solved oxygen > 40%; and chi-square test for
homogeneity result in P > 0.01), were combined

to <24 k old Toexorhynchites splendens.

Lethal concentration ng

Test
length No. Al/ml
Compound {hours) tests LCew 95% CL
Malathion 24 3 69.1 63.2-76 5
(Cythionw) 48 3 43.8 44.8-559
Naled 24 3 623 554696
{Dibrom™ 14) 48 3 488 431548
Resmethrin 24 3 2.87 2.65-3.15
(Scourge®) 48 3 2.07 1.95-2.20
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Fig. 1. Dose-response curves of first instar Toxor-
hynchites splendens to adulticides, malathion, naled
and resmethrin after 24 and 48 h of exposure. Arrows
denote theoretical concentrations in 15.2 cm of water
based on maximum ground application rate (solid
arrow} and maximum aerial application rate (open
arrow). Theoretical aerial and ground rates for res-
methrin are equal

and analyzed using probit and chi-square tests
to determine L.Csp and percent mortality. Mor-
talities were corrected using Abbott’s formula
(Abbott 1925).

Resmethrin was the most toxic compound to
first instar Tx. splendens, followed by malathion
and naled (Table 1). Theoretical concentrations

were based on maximum labeled ground and
aerial application rates {volume per acre) assum-
ing 100% of the material deposited on water 15.2
cm {6 in} in depth. In contrast to malathion and
naled, labeled rates for ground and aerial appli-
cation of resmethrin were the same These
worst-case-scenario  concentrations predicted
for ground and aerial ultra-low volume sprays
indicated resmethrin and malathion to exceed
levels deemed toxic to Tx. splendens (Fig. 1).
This was not the case for naled, where both
theoretical exposures were below the dose-re-
sponse curve (Fig. 1) Naled quickly hydrolyzes
in water (Chen 1984) which may be the reason
for its relatively low toxicity there.

Rawlins and Ragoonansingh (1990} compared
the susceptibilities of fourth instar Tx. mocte-
zuma (Dyar and Knab) and Ae. aegypti to organ-
ophosphates. They found that, while T% moc-
tezuma was more tolerant to temephos than Ae.
aegypti, both species had similar susceptibilities
to malathion, fenthion, fenitrothion and chlor-
pyrifos. They concluded that temephos was the
only organophosphate tested that would be use-
ful in an integrated management program
against these species. In comparison to the re-
ported value for Tx. moctezuma, we found the
toxicity of malathion to Tx. splendens to be 5x
greater (Table 1). This discrepancy may largely
be caused by differences in larval instars tested
{i.e., fourth vs first instars), which is directly
related to differences in larval size and esterase
content (M. 5, Mulla, unpublished data) or due
to species differences.

Further testing in the field is warranted to
assess Tx. splendens mortality in their natural
habitat. Such studies should focus on whether
field popuilations of larval and adult Tx. splen-
dens are affected by these adulticides. These
studies should simulate operational application
techniques in typical urban environments and
determine what concentration of adulticide in
water results from such applications.

The authors thank William Turner and An-
gelea Lopez at the John A. Mulrennan Sr. Re-
search Liaboratory for their participation in this
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ABSTRACT. The adulticidal effect of ULV and thermal fog malathion, Scourge® and naled was tested

at 2% label dosage

quinquefosciatus in open and vegetated (orange grove) terrain., Coges

{142, 022, 0.39 oz/acre, respectively) agminst caged

Culicoides furens and Culex

were at 122 cm elevation and

positioned at 15.2, 45.7, 76.2, 106.7, 137 2 and 167.6 m from the line of insecticide refease. Ultra-low

volume applications of all 3 insecticides were markedly

more effective than thermal fog under all

conditions, especially in vegetated terrain. Of the 3 insecticides, malathion performed the poorest,

especially against Cx. guinquefosciaties {in which

there was some resistance) and particularly when

applied as thermal fog. Scourge and naled were about equaily effective. The best adulticide against C.
furens was naled, which was clearly superior applied as ULV, It yielded 75% mortality out to 283 m in

the open, and to 38 m in the presence of dense vegetation.

INTRODUCTION

The importance of biting nidges {Culicoides
spp.) as pests of man in many parts of the world
has been extensively documented in the litera-
ture for many years (Linley and Davies 1871,
Linley 1976). Several species, particularly Culi-
coides furens (Poey), C. barbosai Wirth and
Blanton, C. hollensis {Melander and Brues) and
€. mississippiensis Hoffman are prominent pests
in the heavily populated and economically im-
portant coastal areas of Florida, where extensive
and costly control programs Bare carried out
against biting insects, particularly mosquitoes,
by many control agencies. Although it has long
been recognized that midges are major pests of
man in these areas, very few attempts have been
made to determine the most effective insecti-
cides and application methods for control of
adult Culicoides. Similarly, no information ex-
ists on how the presence of vegetation may
influence adulticidal measures. Wind tunnel
tests, using wild-caught midges, have been used
for comparative evaluation of specific insecti-
cides (Kline et al. 1981, Floore 1985), but very
few field experiments have been reported. Gig-
lioli et al. (1980) applied ultra-low volume
(ULV}) fenitrothion (Sumithion} gerially at 2.7
oz/acre against C. furens and obtained betier
than 09% control. Haile et al. (1984) achieved
similar results against C. hollensis with 2 con-
cecutive {1 day apart) aerial applications of
naled (Dibror 14) at 1 oz/acre. Most control
agencies do not use gerial equipment, however,

| Contribution to Institute of Food and Agricultural
Sciences, University of Florida Agricultural Baxperi-
ment Stations Journal Series No. R-01773.

and instead rely on ground applications at con-
siderably lower dosages, aimed primarily at mos-
quitoes, but with some expected effect against
Culicoides. Limited tests of naled applied as
thermal fog (Linley et al. 1987) and as ULV
spray {Linley et al. 1988) had been completed,
but there was no comprehensive information on
the effectiveness of ground adulticiding methods
against Culicoides under field conditions simu-
lating those in most normal operations. The
primary aim of our tests was to provide compar-
ative evaluations of 3 insecticides {malathion,
Scourge®, naled) applied against adult Culicoides
furens. The compounds were applied as ULV
and thermal fog, in both open and vegetated
terrain. The open condition was included as
representative of the best result that could be
expected, where no vegetation impeded move-
ment of insecticide. Vegetated terraim, with a
fairly dense growth of small trees, was selected
to reflect quite adverse conditions that might be
encountered during some control operations.
Parallel tests with Culex quinguefasciatus Say
served to provide a measure of the control
achieved against a mosquito as compared to
Culicoides, and to provide separate data for this
mosquito.

MATERIALS AND METHODS

Adult female C. furens used in the tests were
collected by aspiration at a number of sites
within a few kilometers of the laboratory. Mul-
tiple sites had to be used because it proved
impossible throughout the 2 year study to find
a single site that would consistently yield enough
midges for the tests. Once collected, midges were
returned to the laboratory and kept with access
to 10% sucrose in 473 ml (1-pint) ice cream
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cartons placed in a humidified box. Culex quin-
quefascietus females were from a laboratory col-
ony originated from collections in the area of
Disney World (Orlando, FL). The resistance
profile of this colony, when tested against a
susceptible strain at the Jobn A. Mulrennan Sr.
Research Laboratory, showed some resistance
to malathion (resistance ratio of 19.6), but little
or none to Scourge {ratio 0.6} or naled (ratio
1.8). Similar tests with the midges were not
possible owing to practical difficulties; however,
they were more susceptible than the Culex, based
on our results.

Insects were exposed to insecticide in cages
obtained from the World Health Organization
and appropriately modified. Each consisted of a
cylindrical exposure chamber ca. 12 em (4.7
inch) long, 4.5 cm (1.8 inch) wide, made almost
entirely of stainless steel mesh, separated by a
sliding aperture from a postexposure chamber
of clear plastic, in which oaly the top of the end
lid had been cut out and covered with mesh.
This opening was covered with masking tape
during exposure to insecticide, but once tape
was removed, it allowed insects to be blown
easily from the exposure to pustexposure cham-
bers. The mesh (Tetco Inc., Elmsford, NY) was
15.7 mesh/cm (40/inch) for midges and 6.2
mesh/em {15.7/inch) for mosquitoes.

Prior to test, midges and mosquitoes were
loaded into the exposure chambers after carbon
dioxide anesthesia. Culex quinquefosciatus fe-
males were kept torpid on a cold plate and
counted into the chambers (15/cage), but this
procedure could not be used for Culicoides as
they became trapped in condensation and were
too small and easily damaged to be handled with
tweezers. Instead, midges were repeatedly anes-
thetized in the cartons and loaded, 10-20/cage,
by gentle aspiration.

Dosages at which insecticide should be applied
were discussed with control district personnel
before work began. The consensus was that eval-
uations should be based on extending control
effect beyond the commonly accepted baseline
of 91.4 m (300 ft) from the point of insecticide
release, to 152.4 m (500 ft), as more appropriate
to the larger residential blocks being treated in
normal control operations. Preliminary tests in
open terrain with ULV malathion against C.
furens at 2X and 3x label dosages showed that
9% was an acceptable level for the tests envis-
aged, the primary objective of which was to
provide comparative information on application
method and the presence or absence of vegeta-
tion. Accordingly, the oz/acre dosages of the 3
insecticides were: malathion--1.42, Scourge—
0.22, naled—0.39. The ULV applications were
done with a Curtis Cyclotronic Dynafog ULV
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machine yielding droplets in the range 12-17pm
and thermal fog (droplets 1-2 pm) with a Leco
HI 120

The open site was initially an unplanted or-
ange grove. It was planted with small citrus trees
46-76 cm (1.5-2.5 fi) tall, about 3.6 m {12 )
apart half-way through the study, but this did
not affect the open character of the site. The
vegetated site was a mature grove with trees 2.4~
3.6 m (B-12 ft) high, forming & fairly dense and
uniform array of vegetation. Two visits to a test
site were required to complete a series of exper-
iments for each insecticide and each application
method. At each visit, 3 runs of the vehicle
applying insecticide were made. During each of
these, a single cage was suspended at 122 cra (4
ft) elevation on each of 12 poles arranged in 2
lines 15.2 m {50 ft) apart, with the first pole of
each line at 15.2 m from the line of insecticide
release and more distant poles at 45.7, 8.2,
106.7, 137.2 and 167.6 m (150, 250, 350, 450 and
550 ft). Thus, 12 replicate determinations at
each pole position were done in each complete
experimental series. At the vegetated site, poles
were placed close to the planted trees. A single
control cage was suspended some distance up-
wind, where it would not be exposed to insecti-
cide. Tests were run only at wind speeds from
4.8 to 14.5 kph (3-9 mph), in the early morning
or late afternoon and early evening, when con-
ditions were similar to those prevailing during
normal control operations. Cages were collected
after exposure as §00n as it was judged that the
insecticide had completely cleared the lines,
then were quickly returned to the support vehi-
cle, where insects were blown into the postex-
posure chambers and the cages placed in humid-
ified boxes for return to the laboratory. Collec-
tion of cages was done a5 S00LL as pessible to
prevent false, high levels of mortality caused by
insects crawling over contaminated mesh. Mor-
tality in each cage was determined 12 h after
exposure and adjusted, where appropriate, by
Abbott's formula.

Complete data for each test were plotted and
avaluated by regression analysis of the untrans-
formed percentage data. Arcsine transformation
was not used because: 1) it is of some value only
when the percentages are above 90 or below 10
(Sokal and Rohlf 1981), 2) it was considered a
confusing element for the primary audience of
this paper, and 3) the differences it made to
quantitative estimates were negligible. For Cx.
quinguefasciatus treated with thermal fog mal-
athion in vegetation, for example, where mor-
tality was below 10% in many cages, predicted
kil levels at 30.5, 91.4 and 152.4 m (100, 300,
500 ft) were 11, 4 and 1% with untransformed
data, 7, 2 and 0.2% with data transformed. The
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regression analyses for all ULV experiments
showed that the linear model provided an ap-
propriate description, but for several of the ther-
mal fog applications, negative logarithmic
regression provided & more accurate fit, which
was preferentially used in such cases.

RESULTS AND DISCUSSION

The full data for each insecticide, grouped by
terrain type and application method, are shown
(for C furens) in Figs. 1-4 (M = malathion, 5
= Scourge, N = naled). The full Cx quinquefas-
ciatus data are not shown. Mortalities at 305,
91.4 and 1524 m (100, 300, 500 ft}, calculated
from the regression equations, are summarized
for easy comparison in histograms, above which
the calculated values also are shown {Figs. 5-8).
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Fig. 2 Results for Culicoides furens, open terrain,
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The distances at which 40, 75 and 80% mortality
could be expected in each case are given in Table
1.

Ceneral comments: In all the tests there was
great variation in the mortality observed at any
particular distance from the release point (Figs.
1-4), with neither application method obviously
moze consistent. Less variation was expected in
open as opposed to vegetated terrain, but this
proved not to be the case. Differences between
replicates could have been connected with dif-
ferences in the distributions of insects within
the exposure chambers. There were some places
(e.z., close to the sliding aperture) where the
solid plastic rim might have provided some shel-
ter from insecticide. This factor was considered
unlikely to have accounted for ]l the vanation,
however. Pronounced unevenness, augmented
by effects of local air currents, apparently exists
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VEGETATION — ULV
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Fig. 3. Results for Culicoides furens, vegetated ter-
rain, ULV. Open circles denote mean mortalities.

within the stream of insecticide, even at very
short distances from the release point. Many
instances were observed where the mortality at
15.2 m (50 ft) varied between less than 40% and
100% (Figs. 2-4), and there were some in which
0% occurred in one replicate, 100% in another
(Figs. 3, 4).

Open terrain: Malathion and Scourge applied
as ULV in the open performed about equally
well with C. furens (Fig. 1) and also with Cx.
quinguefasciatus, with predicted mortalities that
were quite similar for the 2 species (Figs. 5, 6).
Kill was slightly higher for the Culicoides with
malathion (the Culex were somewhat: resistant),
somewhat better with Scourge for Culex (Figs.
5, 6). However, neither of these materials
achieved particularly good levels of control.
Ninety percent mortality of Culicoides extended

only to 35.7 m (117 ft) for malathion and 24.7
m (81 ft} for Scourge (Table 1), with comparable
figures for Culex of 11.3 m (37 fi) and 460 m
{151 ft). In contrast, naled as ULV was strik-
ingly more effective against Culicoides than the
other 2 compounds (Fig. 1), but only about equal
to them when used against Culex. The relative
success of naled against midges is erphasized
by the predicted mortalities at 3 distances (Fig.
5), where, even at 152.4 m (500 ft), 86% of the
C. furens died. In these experiments, 90% mor-
tality was sustained out to 105.8 m (347 £t) and,
with the regression coefficient indicating only
2.6% diminution in kill per 30.5 m (100 ft), 75%
kill sustained out to 282.9 m (928 ft).

Thermal fog applications in the open were
less effective (Fig. 2) than ULV, especially
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Fig. 4. Results for Culicoides furens, vegetated ter-
rain, thermal fog. Open circles denote mean mortali-
ties,
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Fig. 5. Predicted mortalities at 305, 91.4 and 152.4
m (100, 300, 500 ft} for Culicoides furens, open terrain

against Cx. quinguefascintus, as is particularly
obvious from the calculated mortalities at 3 dis-
tances (Fig. 6). Against Culicoides, naled did not
maintain its superiority over malathion and
Scourge; all 3 perfoermed quite similarly (Figs. 2,
5), giving generally poor levels of control (Table
1). Malathion as thermal fog against Cx. quin-
guefasciatus proved almost totally ineffective
(Fig. 6}, partially because of resistance, but the
other 2 compounds fared only slightly better. In
general, control with thermal fog was better
compared with ULV against Culicoides than
against the Culex, where ULV was substantially
superior (Fig. 6). Overall, however, ULV was
clearly the most effective application method,
especially s0 in the case of naled against Cuii-
coides.

Vegetated terrgin; With vegetation present,
the relative performance of the 3 compounds as
ULV against C. furens was similar to the pattern
observed in the open, except that the level of
control with malathion was somewhat depressed
compared with Scourge (Figs. 3, 7). Naled again
was clearly superior (Fig. 7, Table 1) and main-
tained better levels of control at all distances
from the release point (Fig. 7). However, control
was rather poor for all 3 insecticides; none
achieved 90% mortality even at 30.5 m (100 ft),
and even naled maintained 75% control or better
(Table 1) only out to 37.8 m (124 ft). As with
the Culicoides, ULV applications of malathion
against Cx. quinguefasciatus performed poorly
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Fig. 6. Predicted mortalities at 30.5, 91.4 and 1524
m {100, 300, 500 ft) for Culex quinqguefasciotus, open
terrain.
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VEGETATION (Figs. 4, 7). Predicted mortalities at 30.5 m (100
C. furens ft) ranged from only 46 to 62%, however, and at
160 T T J T ¥ 152.4 m (500 ft) were degraded to 15-20% (Fig.
7). While these results were poor, those with Cx
guinguefasciatus were considerably worse. In
vegetated terrain, thermal fog applications of all
S 3 insecticides achieved only minimal kill of the
E\J‘ mosguitoes (Fig. 8, Table 1), with predicted mor-
o talities ranging from only 11 to 15% at 30.5 m
= {100 £), and with virtually no effect at distances
o of 91.4 m {300 ft} or greater (Fig. 8). A few
T replicates exceeded 40% control at 15.2 m (50
§ ft), but at 457 m (150 ft) or beyond, none
reached 30%.
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Fig. 7. Predicted mortalities at 30.5, 91.4 and 152 4 73=5
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60 |} .
S
. s E s0F .
relative to the other 2 chemicals in vegetated as g 0
compared with open ground (Fig. 8). Scourge, + 40 .
which had given slightly better control then O
naled as ULV in the open (Fig. 6), showed an = 30F 7
increase in this tendency when trees were pres- 20 15 .
ent (Fig. 8). Overall control of Cx. quinguefas- 112
eiatus by ULV in vegetated terrain was, however, 10 ;[& 44 5 0 ]
poor with all 3 insecticides, none of which (Table 0 7 I

1) achieved 90% predicted control even at 30.5
m (100 ft), and only rarely did so in individual
replicates at 15.2 m (50 ft).

As in the open, all 8 chemicals applied as
thermal fop in the presence of vegetation
achieved comparable mortalities of C. furens

0 100 200 300 400 500 60O

Distance (f1)

Fig. 8. Predicted mortalities at 30.5, 91 4 and 1524
m (100, 300, 500 ft) for Culex quinquefosciatus, vege-
tated terrain.
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Table 1. Calculated distances {m/{ft)} for mortalities of 40%, 76% and 90% in Culicoides furens and Culex
quinquefascintus adults exposed to ULV and thermal fog malathion (M), Scourge (S} and naled (N) at 2%
label dosage in open and vegetated terrain.

Application Mortality C furens Cx. quinguefasciatus
method (%) M N M ] N
Open
ULV 40 180 164 696 183 225 210
(591) (537} (2284) {601) {738} (688}
75 79 283 63 100 88
(259) {218) {928) (206} {327 {288)
a0 36 106 11 46 35
(117} (81} {347} (37 (i51) (116)
Fog 40 152 121 106 0 42 22
{499} {396) (348) €0} {139) {71}
75 ] 28 0 12 3
) (132) (93} (0) (39} {9)
a0 i o 0 7 1
{0} {18) {0} (0} (22) (4}
Vegetation
ULy 40 38 177 o 119 35
(124) (309 (581} )] (389) (114)
75 0 10 38 0 23 0
(0 (34) {124) ! (74) o
a0 0 o 0 0 0 0
0} (0} {0} )] {0) (0
Fog 40 55 70 0 3 1
{(181) (236) (231) (1) 9 {4}
5 5 19 0 0 0
{0} (64) (61} {0} {0) (0
90 0 11 0 0 0
{0 (37) (35) (0) ()] {0}

Opern versus vegetated terrain: In normal con-
trol operations it will be quite rare for the treated
area to be completely open and devoid of vege-
tation. Some trees will almost always be present,
together with shrubs and other low plants, par-
ticularly in residential areas, and the density of
vegetation will vary considerably. In addition to
the effects of vegetation, adulticidal treatments
will be influenced also by any buildings present.
We did not attempt to run the tests in an area
with buildings because of the impossibility of
repeated treatments in such areas, and because
such sites are highly individual, with consider-
able complexities introduced by the local effects
of buildings on insecticide movement, flow and
distribution. Within these limitations, we con-
sidered it most useful to obtain measures of
control in & uniform and quite densely vegetated
site, in this case a mature orange grove, that
would give an indication of the greatest extent
to which vegetation might reduce effect.

As anticipated, the results were consistent in
showing diminished mortality in the presence of
vegetation for any particular treatment {com-
pare Figs. 5 and 7 for C. furens, Figs. 6 and 8 for

Cx. quinguefesciatus). The extent of reduction
can be appreciated from the differences in pre-
dicted kill at 30.5 and 91.4 m {100 and 300 ft} in
the open as opposed to in vegetation. For C
furens (malathion, Scourge, naled applied as
ULV), these differences were 50, 21, 19 and 44,
95 and 29%, respectively, and for Cx quirngue-
fasciatus (same treatment) were 62, 22, 50 and
56, 27 and 50%, respectively. These reductions
were in the presence of relatively dense vegeta-
tion, and some improvement might be expected
in most areas since the vegetative cover would
be less complete.

As regards the effects of vegetation relative to
the 2 methods of application, there was some
evidence that thermal fog was less impaired than
ULV. With C. furens, for example, the predicted
kill for thermal fog at 3 distances seems less
diminished (compare Figs. 5, 7) than in the case
of ULV. The figures bear this out, as open minus
vegetation differences at 30.5 and 94.4 m (100
and 300 £t) were 21, 16, 12% and 22, 18, 14%,
compared with 50, 21, 19% and 44, 25, 29%, as
already cited above. The smaller fog particles
remain suspended to a greater degree, as fog
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flows through foliage, while ULV droplets may
tend to impinge more on intervening vegetation.
Despite this difference, however, ULV still
achieved better results in vegetated terrain, and
would remain the method of choice.

CONCLUSIONS

For the many mosquito control agencies that
presently use naled in their operations, this
study presents an important finding concerning
the control of Culicoides furens. Of the chemicals
tested, naled was by far the most effective
against midges, especially in the open (Figs. 1,
5). At 2% label dosage it achieved 90% control
put to 105.8 m (347 ft) from the point of release
and 75% out to 282 9 m (928 ft). Its performance
was diminished in the presence of quite dense
vegetation, but it was still the most effective
adulticide. Control operations against mosqui-
toes with naled must certainly have a major
simultaneous impact against Culicoides. Haile et
al. (1984} had previously demonstrated excellent
control of C. hollensis with aerially applied
naled, but at 1 oz/acre, approximately 2.6X the

dosage used here. Our study indicates that, if

reasonably effective control of midges out to
152.4 m {500 ft) is the desired effect, then the
test dosage (2X label, ground application) will
suffice, since it achieves 86% mortality at 1524
ra in the open {Fig. 5) and 46% even with heavy
vegetation present (Fig. 7). The latter figure
does not represent good control, but actual res-
idential and other areas are likely to be less
densely vegetated, often considerably so, than
the mature grove. Thermal fog applications are
not to be recommended as they produced infe-
rior results both in the open and in the grove
(Figs. 5, 7), and naled as fog was only about
equal in performance to the other 2 compounds.

With Cx  quinguefasciatus, ULV  again
achieved the greatest mortality under both ter-
rain conditions (Figs. 6, 8), but the effect was
not as good as against Culicoides, and naled was
not markedly better than malathion or Scourge.
At the experimental dosage, control was rather
poor in the open (49-57% at 1524 m (500 ft)),
very poor in the grove (0-28% at this distance).
Thermal fog applications, especially of mala-
thion, were ineffective, although this was no
doubt caused in some measure by moderate re-
sistance in the strain used.
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EVALUATION OF HAND APPLIED NALED THERMAL FOG FOR
WYEOMYIA CONTROL

G. ALAN CURTIS anp DOUGLAS B. CARLSON

Indian River Mosquito Control Distriet, P.O. Boxz 670, Vero Beach, FL 329610670

ABSTRACT. Tests on the effect of hand applied naled thermal fog, both as a single treatment on one
day/week and a single treatment on 3 successive days, did not control Wyeomyia vanduzeel and Wy.
mitchetlii. Five-min landing/biting counts in a native oak/palm woodland demonstrated thai single
applications produced an average landing rate decrease of 13%. Treatments 3 days in succession did not

suppress the landing rate.

INTRODUCTION

Two bromeliads, Tillondsia utriculata Linn.
and Billbergia pyramidelis (Sims) Lindley, are
productive Wyeomyic habitats in urban areas.
Ttllandsia utriculata, a native arboreal epiphyte,
frequently attaches to rough-barked trees such
as oak (Frank and Curtis 1981), while B. pyr-
amidalis, an exotic, is terrestrial. Rainfall or
domestic irripation contained in the leaf bracts
of these bromeliads commonly enables these
scuthern Florida plant species to produce Wyeo-
myia vanduzeel Dyar and Knab and Wy. mitch-
ellit (Theobald). Because these 2 bromeliads
serve as decorative landscaping plants, Wyeo-
myiz mosquitoes are in direct association with
humans.

Control of both Wyeomyia larvae and adults
has eluded the technology of operational mos-
quito control. Larviciding in Tillandsie is diffi-
cult because of their abundance and inaccessi-
bility in trees. Bilibergia pyramidalis are difficult
for larviciding because their dense overlapping
Jeaves exchide chemical penetration to the cen-
tral water-filled cup.

Adulis of these 2 mosquitoes are particularly
pestiferous in southern Florida in shaded areas
where bromeliads are numerous. They exhibit
an erratic/wary biting behavior similar to Aedes
aegyptt (Linn). Adults of both Wy. vanduzeei
and Wy. mitchellii are daylight active; therefore,
normal crepuscular ultra low volume (ULV}) ad-
ulticiding is ineffective.

During May-July 1983, the Indian River Mos-
quito Control District conducted a series of ex-
periments to evaluate the efficiency of thermal
fogging for controlling Wy. vanduzeei and Wy,
mitchellii adults. The cbiective of our study was
to develop a functional adulticiding program
that could be vsed by mosquito control agencies
or homeowners, by achieving 80-80% reduction
of adult Wyeomyie with a limited number of
chemical applications.

METHODS AND MATERIALS

Study site; Three discrete oak/palm wood-
lands, separated by about 300 m (900 ft), were

selected in Vero Beach, Florida. Each of the
sites was approximately 0.3 acres {0.1 ha) in
area. Vegetation at each site was dominated by
native oak (Quercus virginigna P. Mill.) and
palm (Sabal palmetto (Walt.) Todd) with a dense
shrub understory. These 3 sites were selected
because their isolation from other possible
Wyeomyia preadult habitats eliminated the pos-
sibility of immigration. Wyeomyic vanduzeei has
a restricted flight range with the adults dispers-
ing short distances from their emergence site
(Frank and Curtis 1977).

Landing rates: All population monitoring was
performed by the same 2 individvals taking
landing rates at one of several designated loca-
tions within each site. For 5 min, the total
mumber of mosquitoes that landed and at-
tempted blood engorgement was counted. This
method was selected because {rapping tech-
niques using light or bait are not successful for
collecting adult Wy, venduzeel and Wy. mitch-
ellii (Frank and Curtis 1977). However, they are
anthropophilic. Each sampling event included
measurement of temperature, wind speed and
relative humidity.

For 30 days prior to commencement of the
adulticiding tests, daily (Monday-Friday) land-
ing rates were taken at each of the 3 sites be-
tween 0800-0300 h. The sequence for sampling
was rotated randormly among the 3 sites. This
was to establish a baseline estimation of changes
in mosquito numbers at each of the selected
locations. One site was selected as an untreated
control and compared with the 2 insecticide test
areas.

Statisticel analysis: For statistical purposes,
the landing rates of the 2 collectors were aver-
aged. The data were smoothed with a 2-day
moving average (Box and Jenkins 1976).

Fogging: In each of the experiments, one or
more sites was treated by thermal fogging with
Dibrom 14 (naled) diluted with diesel fuel {1:99).
The insecticide was applied with a London
Turbo Hand Fogger {London Feg Co., Crystal
Bay, MN). Treatment was at a rate of 5-6 gal
{(19-23 liters)/h. The fogger was hand carried at
approximately 2 miles/h (55 m/min). This pro-
cedure is similar to that used by Linley et al.
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(1987) for insecticidal testing against Culicoides
furens {Poey). Evaluation was on the effect of
either the single treatment on one day or a
treatment on 3 consecutive days. Landing/biting
counts were taken before the treatment. Post-
treatment landing rates were taken 24 h follow-
ing the application. If the experiment was for 3
successive daily treatments, the mean of the 3
pretreatment and 3 postireatment landing rates
were computed. This produced a single
smoothed value for comparisoen.

RESULTS

Figure 1 shows the results of the preliminary
adult sampling used to establish baseline popu-
lation levels. Graphically, Fig. 1 illustrates the
percent change from one daily sampling event
to the next. This summary of the pretreatment
data illustrates the dissimilarity among the
landing rates at the 3§ sies. Clearly, on consec-
utive days the individual percent changes dif-
fered at each site. To evaluate site stability in
relation to mosguito papulation flucteation, we
employed the methodology of Bidlingmayer
(1985). This involves the conversion of the data
to standard normal deviates (Sokal and Rohlf
1981). Comparability was tested by Pearson
product-moment correlation. The probability
matrix generated by this test demonstrated
there was no association among all 3 sites (n =
18, P < 0.25). Although Site 1 and Site 2 exhib-
ited some statistical similarity (n = 18, P <
0.08), a change in one was not necessarily indic-
ative of a change in the other. This made it
impossible to use the original experimental de-
sign, which had anticipated a traditional “con-
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Fig 1. Preliminary Wyeomyia landing rates (mean
of 2 samples). Percent change from last daily sampling
event.

trol” vs. “treated” comparison. Instead we used
moving average smoothing fechnique, which is
discussed later.

Sites 1 and 3 were selected for treatment
because they had the highest landing rates.
Eleven insecticidal treatments were applied be-
tween these 2 sites. Figure 2 shows pretreatment
and posttreatment landing rates. Statistically,
the percent change between the pretreatment
and the posttreatment landing rates ranged be-
tween a decrease of 48% and an increase of 66%
with a mean decrease of 13% (Fig. 3).

Six tests were conducted with naled applied 3
days in succession. Figure 4 shows the results of
both pretreatment and posttreatment landing

70 T T T T T 1 T T 3 T T
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LANDING RATE {5 MIN)
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Fig 2. Efficiency of thermal naled fog in & single
application. Pretreatment and posttreatment landing

rates are 2 day averages.
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Fig. 3. Percent change in Wyeomyia landing rates
following a single treatment with thermal naled fog.
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Fig. 4. Efficiency of thermal naled fog in 3 succes-
sive daily trestments. Pretreatment and postireat-
ment landing rates are 2 day averages
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Fig. 5. Percent change in Wyeormyia landing rates
following 3 successive daily treatments with thermal
naled fog.

rates for this series of tests. Percent changes of
Wyeomyia landing rates ranged from a decrease
of 50.7% to an increase of 5.9% with a mean
decrease of 14.3% (Fig. 5}.

DISCUSSION

The idea of selecting several sites for the study
with the intent of one serving as a control was
educational It demonstrated a concern all re-
searchers on this subject should consider. In
many adulticiding studies, an isolated control
gite is selected that presumably will mimic the
same population fluctuations as the test site It

is often assumed that even if there is a numerical
disparity between sites, the same environmental
and biological factors are driving the sites and
the percent changes in mosquito sbundance will
be comparable. If true, this allows statistically
valid comparisons to be made between treat-
ment and control sites.

However, in this study a comparison of the
standard normal deviates of the pretreatment
samples demonstrated that there was insuffi-
cient consistency among Wyeomyia populations
to allow any of the 3 sites to serve as a control.
For statistical purposes, we turned instead to a
9.day moving average of landing rates. This
commoenly used data processing method mini-
mized the normal landing rate variation while
retaining the natural trend in the data, and
presented the smoothest numeric data ensemble
for analysis. Additionally, we were most inter-
ested in whether there was a real reduction in
mosquito numbers resulting from insecticide
treatment.

The single treatment experiments with ther-
mal naled resulted in an average 13% reduction,
which was well below the 80-80% target. Figure
3 demonstrates that in 7 of the 11 tests, there
was a > 36% reduction in Wyeomyia landing
rates. The 4 other tests showed a small reduction
or an increase from the 2-day mean pretreat-
ment Wyeomyie landing rate.

Thermal naled treatments on 3 successive
days also proved ineffective in providing ade-
quate control (Fig 5). The largest observed re-
duction in Wyeomyia numbers in any of the
tests (50.7%) occurred in this series of experi-
ments. However, in 4 of the 6 three successive
day treatments, there was either no change or a
slight increase in mosquito abundance.

Reasons for the failure of hand fogging with
naled to control adult Wyeomyie are unclear.
Wyeomnyie adults normally exhibit extensive
vertical flight distribution along tree trunks
(Frank and Curtis 1977). Therefore, the major-
ity of the adults may be avoiding the low-lying
fog by being above it, although with each test,
we observed the fog dispersing up into the can-
opy. Also, bromeliads positioned in the tree can-
opy as well as the canopy itself, may provide
harborage for resting mosquitoes. We have no
reason to question the susceptibility of Wyeo-
myia to thermal naled. In a series of preliminary
trials conducted immediately prior to this study
using caged Wyeomyia, we achieved > 90% con-
trol.

Biologically, the nonsynchronous emergence
of Wyeomyie supplies a steady daily recruitment
that may mask any benefits of hand fogging for
adults. Initially, it was hoped we would find that
a single fogging treatment would provide effec-
tive localized Wyeomyia control. However, even
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with the pressure of 3 successive daily treat-
ments, there was not adequate Wyeomyia con-
trol to justify using naled thermal fogging for
even specialized applications. We believe from
these results that physical {(e.g., removal of
plants) and perhaps biological (e.g., introduction
of predators or competitors for resources), rather
than chemical, will prove to be the superior
control strategies for Wyeomyia mosquitoes.

ACENOWLEDGMENTS

We would like to thank E. J. Beidler and
Glennon Dedd for their constructive comments
on this manuscript. We are also grateful to
Robert Vigliano for his technical assistance on
this project.

Page 132 of 632

REFERENCES CITED

Bidlingmayer, W. L. 1985. Adult mosquito surveil-
lance for control programs. J. Fla. Anti-Mosq. As-
soc. 56:B-13.

Box, G. E. P. and G. M. denkins. 1976. Time series
analysis: forecasting and control. Holden-Day, Ozak-
jand.

Frank,J. H. and G A. Curtis. 1977. On the bionomics
of bromeliad-inhabiting mosquitoes. V. A mark-
release-recapture technigue for estimation of popu-
lation size of Wyeomyis vanduzeei Mosq, News
37:444-452.

Frank, J. H. and G. A. Curtis. 1981. Bionomics of the
bromeliad-inhabiting mosquito Wyeomyiz vandu-
zeei and its nursery plant Tillandsio utriculnta Fla.
Entomol. 64:491-506.

Linley, J. R, R. E. Parsons and R, A. Winner 1987
Fvaluation of naled applied as a thermal fog against
Culicoides furens (Diptera: Ceratopogonidae) J
Am. Mosq. Control Assoc. 3:387-391.

Sokal, R R. and F. J. Rohlf. 1981, Biometry. 2nd ed,
W. H. Freeman and Sons, San Francisco

200-EFF-024



1989 Boike, Jr., A. H., C. B. Rathburn, Jr., T. G. Floore, H. M. Rodriguez, and J. S.

Coughlin
Insecticide Tolerance of Culex Nigripalpus in Florida
J. American Mosquito Control Association  5: 522-528 (Amvac Ref. #1410)

Page 133 of 632 200-EFF-024



522 JOURNAL OF THE AMERICAN MosQuiTo CONTROL ASSOCIATION

Vor. 5, No. 4

INSECTICIDE TOLERANCE OF CULEX NIGRIPALPUS IN FLORIDA
A H BOIKE, JR, C. B. RATHBURN, JR, T. G. FLOORE, H. M. RODRIGUEZ anp J. § COUGHLIN

John A, Mulrennan, Sr, Research Laboratery, Department of Healith and Rehabilitative Services, P ¢ Box
15277, Panama City, FL 32406-0277

ABSTRACT. Larval susceptibility tests of Culex nigripalpus populations from various areas of Florida
have shown resistance to several organophosphorus insecticides since 1984. Although the degree of
resistance is low {2 to 7 times), it can be termed tolerance and appears to be the greatest for fenthion,
followed by temephos, naled and malathion. It is suggested that pesticide runcff from lawns, golf courses
and agricultural and urban areas may play a role in developing resistance in Florida mosquito populations.

INTRODUCTION

Culex nigripalpies Theobald is regarded as one
of the main mosquito species in Florida against
which control efforts are directed. It was inerim-
inated as the vector of St. Louis encephalitis
(SLE) during the 1859, 1961 and 1962 epidemics
in the Tampa Bay area (Florida State Board of
Health 1969). During these periods, 315 cases
were reported with 55 fatalities (Florida State
Board of Health 1963) The next SLE epidemic
occurred in central Florida during 1977, Culex
nigripalpus was also incriminated as the vector
with 110 cases and 8 deaths recorded (Nelson et
al. 1983).

Since 1964, the John A. Mulrennan, Sr., Re-
search Laboratory {(JAMSRL), formerly the
West Florida Arthropod Research Laboratory
(WFARL), has been monitoring the insecticide
susceptibility of this species from various areas
in the state. From 1965 to 1967, area populations
were primarily tested against malathion and
naled {Rogers and Rathburn 1964, Rathburn
and Boike 1967, Boike and Rathburn 1968) Dur-
ing 1968-71, baseline data were established for
the laboratory susceptible colonies with teme-
phos, fenthion and chlorpyrifos (Boike and
Rathburn 1969, 1972). From 1972 to 1978, Cx.
nigripalpus larval populations were tested for
malathion, naled and fenthion resistance {Roike
and Rathburn. 1975, Boike et al. 1978, 1979)
and beginning in 1979 for susceptibility to te-
mephos (Boike et al. 1980) In anticipation of
possible resistance and cross resistance to the
other currently used insecticides, a program was
initiated in 1980 to monitor the susceptibility of
mosquite populations from selected areas of the
state in which temephos was used (Boike et al.
1982). In 1984, results of the temephos (Abate)
monitering program indicated that some popu-
lations of Cx. nigripalpus were showing some
tolerance to fenthion, temephos and naled
{Boike et al. 1985),

Int California a similar need to identify resist-
ance trends over a period of several years was
reported by Thompson (1986) who showed that,
after testing Cx. tarsalis Coquillett larvae from

throughout the state from 1983 to 1985, most
populations were susceptible to malathion and
fenthion but resistant to parathion and chlor-
pyrifos.

MATERIALS AND METHODS

Ideally, the variations of susceptibility of a
mosquito population can best be shown when a
population is sempled and tested from the same
area or locality over a period of several consec-
utive years (Brown 1986). Many of the areas
sampled during the earlier years of the suscep-
tibility testing program (1965-70) were from
several localities within a county and tested
against several insecticides. Therefore, few mos-
quito populations from one locality were tested
against the same insecticide for several consec-
utive years. Around 1980, when the Abate mon-
itoring program was initiated, testing of popu-
lations from the same area against the same
insecticide for consecutive years was realized. It
was also around this time (1980-84) that an
increase in tolerance to some insecticides was
noted in some populations of Cx. nigripalpus
around the state. All area mosquito populations
were compared to the standard susceptible Cx
nigripalpus strain of the JAMSREL. This strain
was colonized since 1964 from adults from In-
dian River County and has not been exposed to
insecticides since then.

Most wild Cx. nigripalpus were collected for
testing from various areas using CDC portable
light traps baited with dry ice (Newhouse et al.
1966) In addition, chicken-baited lard can traps,
{Bellamy and Reeves 1952) were used and on
several occasions sweep nets were employed
when adults were numerous. An average of 500
to 1,000 specimens were collected with the light
trap method, while several hundred specimens
were captured using lard cans and sweep nets.
Specimens were shipped by bus or auto to the
laboratory in cages placed inside styrofoam
chests and chilled with plastic freezer con-
tainers. Adult mosquitoes were transferred to 46
cm’® screened cages in the laboratory, bloed fed
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on anesthetized chicks, and offered a 10% sugar
solution on cotton pads as a carbohydrate
source. Egg rafts were collected on infusion
water prepared from dried oak leaves and forest
floor detritis, hatched, and the ¥, larvae tested.

Larvae were tested for susceptibility to fen-
thion, malathion, naled and temephos during
1966-86 using the following protocol: 1 ml of
insecticide diluted in ACS acetone was pipetted
into test beakers containing 200 ml of tap water.
‘Then 25 3rd instar larvae in 49 ml of tap water
were added to the beakers, giving a total of 250
ml of solution.

Initially, 600 ml Pyrex glass beakers were
used; however, to eliminate breakage, 400 ml
polypropylene beakers were used during most of
the testing period. From 1986 fo the present,
420 ml styrofoam cups were employed and dis-
carded after usage. Since a considerable reduc-
tion in larval mortality occurred when plastic
beakers were used for the temephos bioassay
{Rathburn and Boike 1969) glass was employed
throughout the testing period for this insecti-
cide.

A replicate consisted of a control and 5 to 7
serial dilutions of the test insecticide. An aver-
age of 12 replications were performed on each
insecticide and all tests were performed in water
baths at 27 £ 1° C. Mortality counts were made
at 24 h posttreatment. A Cx nigripalpus larval
bioassay of the susceptible colony from the
JAMSRL was performed with each bioassay
from the locality.

The resistance ratic is a comparison of the
susceptibility of the field-collected mosguitoes
to that of the susceptible strain and is defined
as the LCs or LUy values of the field collected
strain divided by the LCsor Lo, respectively,
of the susceptible strain.

The LCes and LCy, values were caleulated by
probit analysis using a Sharp programmable cal-
culator during 1974-82. From 1983 to the pres-
ent, the values were obtained with the SAS
program through the facilities of the Northeast
Regional Data Center (NERDC) located in
Gainesville, FL and were expressed in pg AI/ml

{(ppm)

RESULTS

Results of the Cx. nigripalpus larval bioassays
are presented for each insecticide in Tables 1 to
4. Similar localities sampled for 2 or more years
and showing an increase in tolerance, were ar-
ranged chronologically. Some localities within
the same county were sampled only once and
are included for comparison either to localities
with little or nio tolerance or to localities showing
significant tolerance (usually those sampled
198486} All resistant ratios (RR) were less

than 10x, indicating tolerance as defined by
Brown and Pal (1971): “For mosquito larvae, a
10-fold increase in LCs is necessary to indicate
resistance, whereas for adult mosquitoes a 4-fold
increase is sufficient. In cases where the increase
in LCsis less than these indicated minima for
the tests, but is nevertheless statistically signif-
icant, the word ‘tolerance’ has proved useful.
This usually coincides with a degree of change
in susceptibility level that has not zesulted in a
detectable loss of control by the insecticide.”
Tables 1 to 4 record the bioassays of Cx. nigri-
palpus with fenthion, temephos, naled and mal-
athion, respectively.

Bioassays of Cx. nigripalpus from Gibsonton,
FL, during 1981-86 indicated an increase in
tolerance to fenthion with LCy and LCyp resist-
ance ratios from 0.9 during 1881 to 3.8% and
7.2X, respectively, in 1986 {Table 1). Since the
LCso and LCyq of the JAMSRL susceptible col-
ony varied little during the time period, the
increased resistance ratios were thought to be a
result of true increases in the LCs and LT
values of the populations tested. Somewhat sim-
ilar results were obtained for Marco Island. Dur-
ing 1982, the Cx. nigripelpus population and the
JAMSRL colony were almost equally suscepti-
ble to fenthion. When tested in 1885, the wild
population was 4.2X (LCs) and 54X (LCy)
more tolerant than the JAMSRL strain. Larvae
from wild populations from 3 localities (Chap-
man Road, Port Manatee and Tallevast) in
Manatee County tested during 1985 and 1986
were 3.6 to 5.4 more tolerant at the LC; level
and 5.7 to 6.7X more tolerant at the LCgy level
than the JAMSRL colony. Additional localities
indicating an increase in tolerance to fenthion
during 1985 and 1987 were: Temple Terrace in
Hillsborough County, New Port Richey in Pasco
County and Daytona Beach and Deltona in Vol-
usia County.

Larval bioassays of Cx. nigripalpus from Gib-
sonton, Hillsborough County, indicated an in-
crease in tolerance to temephos over a 6-year
period (Table 2). During 1980, 1981 and 1982,
the larvae were almost as susceptible as the
JAMSRL strain. From 1984 to 1986, an increase
in tolerance was noted with resistance ratios of
2.5% and 5.6X at the LCs and LCs, levels, re-
spectively. Larval bioassays conducted during
1984 and 1986 from the Treesweet processing
plant in 8t. Lucie County indicated a 2-fold and
2.3-fold increase in the Lo and LGy resistance
ratio, respectively compared to the JAMSRL
strain, The 1979 larval bioassays from Ponce
Inlet, Volusia County, were almost as suscepti-
ble as the JAMSRL strain. Larvae collected
from Deltona and Daytona Beach (Volusia
County) showed an increase in tolerance to te-
mephos.
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Table 1. Susceptibility of Culex nigripalpus larvae against fenthion from various localities in Florida for
indicated years.

Lethal concentration in pg Al/ml {ppm) Resistance
ratio
County Locality Year LCpo 95% C.1. LGy 95% C.L. LCse LCao

Collier Bay Marco Island 1982 000353 (0.00348-0.00359) 000530 (0.00510-000621) 1.1 1.3
JAMSRL 1982 000317 (0.00310-0.00324) 0.00406 (0.00393-000418) — -

Marco Island 19856 001304 (0.01272-0.01338) 002123 (0.02021-0.02248) 42 54

JAMSRL 1985 0.00308 (0.00286-000331) 000395 (0.00363-000462) — —

Naples 1986 0.00693 (0.00413-0.00939) 0.02297 (001475-0.10412) 24 6.4

JAMSRIL, 1986 000284 (0.00278-0.00291) 0.00360 (000350-0.00373) — _

Hilishorough  Gibsonton 1981 000302 {0.00205-0.00309) 0.00417 (0.00402-0.00434) 09 09
Bay JAMSRL 1881 000350 {000344-0.00356) 000452 (0 00437-0.00467) — —
Gibsonton 1984 0.00732 (0.00646-0.00827) 001932 {0 01580-0.02582) 2.7 5.6

JAMSRL 1984 000269 (0.00264-0.00273) 000343 (000336-0.00351) — —

Gibsonton 1985 0.00964 (0.00797-0.01235) 0.02724 (001863-006346) 30 65

JAMSRL 1985 000322 (000304-0.00340) 000416 (0.00385-0.00472) — e

(Gibsonton 1986 000996 (0.00B24-001237) 0.02470 (0.01757-0.06017) 38 1.2

JAMSRL 1986 000264 (000255-000273) 0.00345 (0006332-0.00363) -~ e

Temple Terrace 1985 0.01081 (0.00896-0.01321) 0.02339 (0.01765-004372) 34 56

JAMERL 1985 0.00322 (0.00304-0.00340) 000416 (0.00385-000472) .

Indian River  Vero Beach 1986 000999 (0.00899-0.01101) 001463 {001291-001832) 35 41
Bay JAMSRL 1986 000284 (0.00278-0.00291} 0.00360 (0.00350-0.00373) — —
Manatee Bay Chapman Rd 1985 0.01134 (0.00944-0.01486) 0.02209 (0.01677-0.05176} 41 6.7
JAMSRL 1985 0.00274 (0.00245-0.00288) 000343 (0.00313-0.00431) — —

Chapman Rd 1986 0.01540 {(0.01344-0.01668) 002057 (001B16-0.03027) 54 5.7

JAMSRL 1986 000284 (000278-0.00291) 0.00360 (0.00350-0.00373) — o

Tallevast 1986 0.01295 (0.01140-0.01545) 0.02328 (D.01B45-0.03898) 46 65

JAMSRL 1986 000284 (0.00278-000291) 0.00360 (0.00350-0.060373) - .

Port Manatee 1986 001054 (0.00352-0.01303) 001971 (D.01533-0.00521) 36 5.7

JAMSRL 1886 000290 (0.060265-0.00313) 000347 {(000320-0.00412) — —

Pusco Bay N. Pt. Richey 1985 0.00854 (0.00623-0.01949) 0.02465 (0 01314-0.01780} 28 6.2
JAMSRL 1985 000309 (000286-0.00331) 000395 (0.00363-000462) —_

Volusia Bay Ponce Inlet 1979 000291 {0.00270-0.00507) 000457 (0.00412-0.00507) €9 10
JAMSRL 1978 000331 {(000326-0.00336) 0.00444 (000432-0.00455) — e

Tomoka Marsh 1981 0.00288 (000279000298} 0.00421 (0.00403-000440) 08 09

JAMSRL 1983 0.00350 (D.00344-0.00356) 0.00452 {0.00437-0.004687) — f—

Daytona Beach 1887 0.00819 (000731-0.00921) 001603 (0.01324-0.02264 29 45

JAMSRL 1887 000282 (0.00266-0.00297) 000353 (0.00332-0.00388) — —_

Deltona 1987 000859 (0.00767-0.00850) 001765 (001527-002178) 32 50

JAMSRL 1987 0.00270 (0.00249-0.00287) 0.00355 (0.00330-0.00401) — —

LCs or LCy of area strain

Resistance ratio = - —
' LCs or LCyp of susceptible strain

Most Cx. nigripalpus naled bioassays prior to
1984 indicated that wild populations tested were
similar in susceptibility as the JAMSRL strain
{Table 3). Populations from Manatee County
sampled in 1973 {Bradenton) and 1976 (Perico
Isiand} showed similar susceptibility when com-
pared with the JAMSRL colony; however, from
1985 to 1987 populations from Chapman Road,
Port Manatee and Tallevast {located approxi-
mately 8 to 13 km from Bradenton and Perico
Island) were 2.8 to 3.0X more tolerant to naled
at the LCs level and 3.8 to 4.9X more tolerant
at the LGCs level. Populations from New
Smyrna, Oak Hill, Ponce Inlet and Tomoka
Marsh (Volusia County) tested during 1566-81

were almost as tolerant as the JAMSRL colony,
while larval bioassays from Daytona Beach and
Deltona conducted during 1987 indicated an in-
crease in tolerance of 2.2x and 2.7x at the L.Cs
level and 3.7x and 4.3% at the LCq lavel, re-
spectively.

Malathion is the most widely used insecticide
for mosquito control in the state. Susceptibility
tests were performed from more locations at
more time intervals than for the 3 previous
insecticides (TFable 4). Results from 1985-87
larval bioassays from Naples, Collier County;
Gibsonton, Hillsherough County; Vero Beach,
Indian River County; Chapman Road, Port
Manatee, and Tallevast, Manatee County; New
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Table 2. Susceptibility of Culex mugripalpus larvae against temephos from various localities in Florida for
indicated years.

Lethal concentration in pg Al/m} (ppm} Res;i;s.ttia;nce
County Locality Year LCy 95% C.L. LCss 95% C.L. LCsp LCo
Collier Bay  Naples 1880 0.000291 (0.000278-0.000304) 0.000547 (0..000513%0.000583) 09 09

-0.000340) 0 060508 (0.000581-0.000635) — —
~0.000488) 0.000645 {0.000626-0.000665) 08 0.8
~(.000585) (.000824 (0.000792-0.000857) — —
-0.000948) 0.001252 (0.001016-0.002852) 1.2 14
6-0 600648} 0.000898 (0.000872-0.000929) -~  —

~0.000309) 0.000609 (0.000564-0.000658) 06 08
~0.000560) 0.000730 (0.000609-0.001160) —  —
1981 0000327 {0.000315-0.000340) 0.000700 {0.000651-0.000754) 0.5 05
1981 0.000600 (0.000588-D.000612) 0.000915 {0.000875-0.000057) — ..
1982 0.000389 (0.000377-0.000402) 6 000626 (0.000605-0.000848) 0.7 ¢.7
~0.000537) 0.000B44 (0. 000BO2-0.000888) —  —
~0.001464) 0.004031 (0.003244-0.005491) 21 4.5
1984 0.000637 (0.000626-0.000648) D.000898 (0.000B72-0 000929) — —
1984 0001115 (0.000877-0.00134B} 0.003402 {0.002490-0.006450) 1.7 3.9
1984 0.000651 (0.000636-0.000665) 0.000876 {0.000845-0 000515) —  —
~0.001344) 0 002640 (0.002219-0.003427) 24 34
1885 0.000506 (0.000384-0.000568) 0.000766 (0.000675-0.001055) — —
1986 0.001451 {0.000852-1.544009) 0.004469 (0.002146-1.677432) 25 56
1586 0.000583 (0.000502-0.000640) 0.000792 (0.000711-0.001016) ~ —
—0.000847} 0.002230 {0.001978-0.002622) 14 28
~0.000611) 0.000796 {0.000706-0.001064) —

1986 0.001854 (0.001092-0.002781) 0003397 (0.002271-0.004195) 3.0 4.2
1986 0.000551 (0.000475-0 00G604) 0 H00810 (0.00072¢-0.002081)

Chapman Rd. 1986 0.002033 {0.001534-0.003719) 0.00508% (0.003089-0.045879) 37 6.3

JAMSRIL 1980 0.000327 (0.000313
Marco Island 1982 0.000478 {(0.000469
JAMSRL 1882 0.000574 {0.000562
Marco Island 1884 0.000792 {0.000847
JAMSRL 1984 0000637 (0.00062
Hilisbor- Gibsonton 1380 0.000296 (0.000283
ough Bay JAMSRIL 1980 0.000470 (0.000354
Gibsonton
JAMSRL
Gibsonton
JAMSRL 1982 0.000524 (0.000511
Gibsonton 1884 0.001313 {0.001192
JAMSRI
Gibsonton
JAMSRL
Gibsonton 1985 0.001200 (0.001061
JAMSRL
Gibsonton
JAMSRL
Temple Terrace 1985 0.000797 (0.000745
JAMSRL 1985 0.000552 (0.000451
Manatee Tallevast
Bay JAMSRL
JAMSRL
St. Lucie Treesweet
Bay JAMSRIL 1584 0.000656 {0.000627~
Treesweet
JAMSRL
Tropicana 1984 0.001115 {(0.000814
JAMSRI. 1984 0.000656 {D.000627.
Volusia Ponce Inlet
Bay JAMSRL
Deltona
JAMSRL 1887 0.000562 (0.000646

Daytona Beach 1987 0001622 (0.00131
1987 0.000669 {0.000646-

JAMBRIL

1986 (000551 (0 000475-0.000604) 0 000810 {0.000724-0.001031)

1984 0001072 (0.000947-0 001244) 0 002039 (0.00170¢-0002954) 16 923
0.000689) 0.000305 (0.000835-0.001019) —  —
1986 0.001869 (0.001628-0.002288) 0 004276 {0.003190-0 007468) 3.2 54
1986 0.000583 (0.000502-0.000640) 0.000792 {0.000711-0.001016) —  —
~0.000163) 0.001905 (0.001386-0.004851) 1.7 21
-0.000688) 0.0600904 (0 000835-0.001019) . —

1978 0.600542 (0 0005290 600555) 0.000859 (0.000815-0.000805) 1.2 11
1879 0.000468 {0.000453-0.000479) 0.000795 (0000760-0.000832) — .
1987 0001526 (0.001284-0 00IR18) 0.003272 (0.002477-0.006615) 2.3 34

-0.000684) 0 000867 (0.00080B-0.001051) -~  —
8-0.002340) 0.004391 (0.002780-0.025535) 24 45
0.000624) 0.000967 (0.0D0908-0.001051) —

Port Richey, Pasco County; Daytona Beach and
Deltona, Volusia County, indicate a resistance
ratio range of 17 to 2.5X to malathion at the
LCso level and a resistance ratio range of 1.9 to
29X at the LCy level when compared to the
JAMSRL strain. Only 3 locations, Tallevast,
New Port Richey and Naples, had an LCy re-
sistance ratio approaching 3X that of the
JAMSRL strain.

DISCUSSION

The increase in tolerance of Cx. nigripalpus
larvae from different areas of the state to 4
commonly used insecticides can readily be doc-

umented for such Joealities as Gibsonton, Marco
Island, Naples, Chapman Road and Tallevast,
where populations were sampled from the same
locslities over a period of several years. Within
the past 3 years, populations of Cx. nigripalpus
from certain localities began showing tolerance.
Some counties contained localities which
showed tolerance while in other localities, tol-
erance could not be detrmined because no data
was available to compare with the earlier data,
Culex nigripolpus is considered g nonmigrating
species with a dispersal range of 1.5 to 3 lum
{(Nayar 1982). Those localities within a county
showing tolerance should not be considered with
the localities sampled earlier which showed very
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Table 3. Susceptibility of Culex nigripalpus larvae against naled from various localities in Florida for indicated

years.
Lethal concentration in pg Al/ml {ppm) Resxs{‘:ance
ratio
County Locality Year LCio 95% C.L. LCq 85% C.L. LCyp LGy
Collier Bay Naples 1981 00418 {0.0404-0.0429) 0.0583 {0.0554-0.0614) 1.1 11
JAMSRL 1981 0.0385 (D.0376-0.0395) 00512 { 0.0496-0.0528) — —
Naples 1985 0.1402 (0.1239-0.1649) 0.2818 {0.2201-04560) 3.0 18
JAMSRL 1985 (0487 (0.04680-0.0474) 0.0583 {0.0570-00598) — —
Naples 1986 0.1135 (0.0991-0.1325) 0.1875 (0.1539-0.2919) 28 3.2
JAMSRL 1986 0.0402 (0.0384-0.0418) 0.0584 (0.0553-0.0630) e
Hillsborough Gibsonton 1881 005628 (0.0512-00544) 0.0895 (0.0810-0 0980y 1.4 1.7
Bay JAMSRL 1981 0.0385 {(0.0376-0 0395) 00512 (0.0496-0. 0528) — —
Gibsonten 1984 00722 (0.0659-0.0851) 0.1820 (0.1336-03371) 20 42
JAMSRL 1984 00355 (0.0342-0.0365) 0.0436 {0.0422.-0.0455) — —
Gibsonton 18856 0.0730 {0.0663-0.0793) 0.1420 {0 1263-0.1659) 17 21
JAMSRL 1885 0.0422 (0.0367-0.0465) 0.0667 (0.0575—0.098(_}) - —
Gibsonton 1986  0.0902 (0.0866-0.0837) 0.1744 (0.1843-0.1870) 2.4 3.0
JAMSRL 1986 0.0382 {0.0361-0.0399) 00575 (00542-00623) — —_
Indiar River Vero Beach 1967 0.0670 (0.0655-0.0698) 0.0800 (00761-0.0848) 03 0.8
Bay
JAMSRL 1967 00756 (0.0677-0.084 1y 00ns7 {0.0861-0.1470) — e
Vero Beach 1968 0.0775 (0.0730-0.0830) 0.0546 {0. 0875-0.1102) 11 1.1
JAMSRL 1968 0.0680 (0.0611-0.0712) 0.0870 (0.0B15-0.1049) — _
Vero Beach 1986 01141 (0.1096-0.1188) 0.2398 (0.2214-0.2637) 2.4 3.7
JAMSRL 1986 0.0467 (0.0421-00512) 0.0645 (0.0571-0.0868) — ——
Manatee Bay Bradenton 1973 00463 (0.0128-0.0805) 0.0815 (0.0577-0.5248) 1.1 1.4
JAMSRL 1973 0.0419 {0.0405-0. 0428) 00586 (0.0564-0.0816) — —_
Perico Island 1976 0.0593 (0.0580-0 0606) 00750 (0.0723-0.0776) 1.1 i1
JAMSRL 1976 0.0521 (00514-0.0529) 0.0713 (0.‘0692-G‘0736) _ —_
Chapman Rd 1985 01249 (0.1006-0.1824) 02588 (0.1883-0.7495) 3.0 39
JAMSRL 1985 0.0422 (0.0367-0 0465) 0.0667 (0.05 15-0.0880) — —_
Chapman Rd 1986 0.1304 {0 1062-0.1840) 02675 (0 1B79-0.7472) 30 4.8
JAMSRL 1986 00434 (D0422-00446) 00558 {0.0538-0.0585)  ~ —_—
Port Manatee 1986 0.1221 (0.0986-0.1496) 0.2756 (0.2038-0.6168) 28 49
JAMSRL 1986 00434 (0.0422-0.0446} 00558 (0«0538—0.0585) e e
Tallevast 1886 0.1225 (0.1022-0.1556) 0.2100 (0.1628*0“4002) 28 38
JAMSRL 1986 00434 {00422-0.0448) 00558 (0.0538-0.0585) — —_
Tallevast 1887 0.0B47 {0 0B05-(0.8B7) 0.1674 (0.1572-0.1801) 17 2.4
JAMSRL 1887 0.0510 (0. 0487-0.0538) 00685 (00631-00784) — —
Pasco Bay N.P. Richey 1974  0.0684 (D.0672-00695) 00911 (0.0878-0.0944) 1.8 1.7
JAMSRL 1874 00371 (0.0362-0.0381) 00537 (0.0515-0.0558) — —_
N.P. Richey 1985 0.0801 {0.0801-0.1048) 0.2007 (0..1820-|0.3286} 2.1 3.1
JAMSRL 1985 0.0422 (0.03687-0. 0465) 0.0667 (0.0575-0.0980) — -
Polk Bay Mulberry 1981 00420 (004 12-0.0427) 00627 {0.0603-0 0653y 11 1.2
JAMSRL 1581 00385 (0.0376-0. 0395) 0.0512 (0.0496-0.0528) — —_—
Bartow AR 1986 0.0828 (0.0781-00871) D.1467 {0.1387-0.1568) 1.8 23
JAMSRI, 1986  0.0467 (0.0421-0 0152) 0.0645 (0.0571-0.0868) — —_—
Volusia Bay New Smyrna 1866 0.0777 {0.0766-00790) 0.0968 {0.0938-0.1008) 15 1.4
JAMSRL 1966 0.0517 (0.0477-0 0548) 0.0690 (0.0648-0.0755) — ——
Oak Hill 1975 (.0612 (0.0593-0.0621) 0.0818 (0.0776~-0.0863) 1.1 11
JAMSRL 1975 0.0543 {0.0521-0.0567) 00726 (0,.0863m0‘0795) — —
Fonce Inlet 1979 00525 (0.0510-0. 0540} 00707 (0 0B63-0. 0753) 11 11
JAMSRL 1979 (0487 (0.0470-0.0505) 00621 (0.0582-0.0662) . —
Tomoka Marsh 1981 00509 (0.0500-0.0519) 0.0740 (0.9711w0.‘0771) 13 14
JAMSRL 1981 00385 (0.0376-0. 0395) 00512 {0.0496-0 0528) — —
Daytona Beach 1987 (.1192 {0.2016~0.1425) 09532 (0.1863-0.4127) 2.7 4.3
JAMSRL, 1987 00444 (0 0434~0.0453) 0.0595 (0..0576w0,0619J — —
Deltona 1087 01005 {00964-0.1049) 0.2084 (0.1921-0.2296) 2.2 3.7
JAMSRL 1987 0.0458 (0.0425-0.0488) 0.0562 (0.0520—0.0654) - .
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Table 4. Susceptibility of Culex nigripalpus larvae against malathi

on from various localities in Florida for

indicated years.
Lethal concentration in ag Al/ml (ppm) Remst_ance
ratio
COUH{Y LDCE]HL_Y Year LC&D 95% C.I. LCM 95% C.L. LC.su LCgo

Collier Bay Naples 1980 00242 (0.0231-0.0253) 0.0452 (0.0422.0.0484) 0.8 1.2
JAMSRI, 198G 00312 ¢ 0.0305-0.0318) 0.0393 (0.0382-0.0405) .— —

Naples 1985 0.0696 (0.0596-0.0658) 0.1188 {0.1090-01318) 2.4 3.0

JAMSRI, 1885 0.0258 (0.0183-0. 0296} 0.0397 {0.0337-0.0722) _ —

Naples 1986 0.0470 ({}0402—0..05‘%6) 0.0737 (0.0617-0 1067y 19 1.9

JAMSRI], 1986 0.0242 (0.0191-0.0282) 0.0387 (0.0318-0.0805) . —_

Marco Jsland 1882 00330 (0.0329-0 0337) 00470 (0.0450-0 0490} 11 12

JAMSRL 1982  0.0300 (0.0292-0‘0307) 0.0392 (03372«00410) —_ —

Hillsborough Gibsonton 1980 00242 (0.0237-0.0247) 00357 (0.0343-0.0372) 08 o039
Bay JAMSRI, 1980 00312 (0.0306-0 0318} 0.0393 (0.0382-0.0405) .— -
Gibsonton 1985 0.0461 (0.0414~0.0504) 0.080¢ (0 0715-0.0948) 1.7 2.2

JAMSRL 1985 0.0276 (0.0271-0 0280} 0.0371 (0.0362-0.0381) — —

Gibsonton 1986 0.0375 (0.0284—0.0448) 0.0764 (0.0621-—0.0112} 15 2.0

JAMSRI, 1986 0.0242 (0.0191-0.0282) 0.0387 {0.0318-0.0805) — —_

Indian River Vero Beach 1967 0.0376 {0.0339-0 0424) 00508 (0.0445—0,0675) 1.3 13
Bay JAMSRIL, 1967 00300 (0.0269.0 0337) 00450 €0.0389-0 0572) — —
Vero Beach 1968 00380 (D.0318-D 0442) 00540 (0.0436—0‘0822) 14 15

JAMSRI, 1968 00267 (0.0263—0‘0271) 0.0353 (0.0345»—0.0362) — —

Vero Beach 1987 0.0580 (0"0536-0.0636) 0.0921 (0,.0807-(11124) 2.4 27

JAMSRL 1987 00243 (o 0203-0.0280) 0.0337 {0.0290-0.0554) — —

Manatee Bay Bradenton 1973 00413 {0 0368-0.04568) 00738 {0.0638.-0 0927y 13 1.7
JAMSRL 1973 0.0315 {0.0301-0.0329) 0.0447 {0.041B-0.0401) . —

Perico Island 1976 00451 (0.0436-0.0466) 00870 (0.0631-0.0712) 1.3 1.4

JAMSRI, 1876 0.0340 {0.0333~0.0346) 0.0485 (0.0466-D.0504) — —

Chapman Read 1985 0.0459 (0.0442—0.0476) 0.0856 (0.0815—0‘0905) 17 23

JAMSRL 1985  0.0278 (0‘.0271-0‘0280} 0.0371 (0.‘0362—0.‘0381) — —

Port Manatee 1988 0.0511 (0.0477-0.0551) 00B4] (0.0752-0.0981) 20 32 b

JAMSRL 1886  0.0260 {00230-0 0282) 00342 (0.0810-0 0434y — —

Tallevast 1986 00462 (0.0401-0. 0523) 00715 (0‘.0819-0..0918) 18 21

JAMSRI, 1986 00260 (0.0230-0.0282) 0342 (C.0310-0 0434) - —

Tallevast 1987 00545 (0‘9529—0.‘0563) 0.0822 (&0799-0.0875) 25 2.9

JAMSRI, 1887 0.0217 {0.0196-0.0230) 0.0285 (0.0205-0.0333) . —

Pasco Bay N. Pt Richey 1974 00330 (&0320*0‘0340) 0.0550 (0.0530»0.0579) 14 1.2
JAMSRL 1974 0.0230 {0.0220-0.0240) 0.0470 (0.0450-0.0450) - —

N. Pt. Richey 1985 00608 {0.0526-0.0693) 0.1035 {0.0876-0.0138) 22 28

JAMSRI 1985 00276 {0.0271-0.0280) 00371 (0.0362-0.0381} - —

Votusia Bay Daytona Beach 1967 00348 (0D0322-0 0368) 0.0445 (0.0414-0‘.0498) 11 1.0
JAMSRL 1967 00304 (6..0269~0.0337} 00443 (0 0389-0.0572) — —

Oazk Hill 1975 00482 (0.0470-0.0484) 0.0719 (0.0684-0.0758) 17 1.5

JAMSRI. 1875 00288 (o 0280-0.0297) 0.0471 (0.0436-0.0509} .. —

Ponce Inlet 1979 0.0282 (0‘0273-0.0292) 0.0481 (0..0458—0..0506) 11 13

JAMSRIL 1979 00264 (0.0253~0.0275) 00381 (0.0359-0.0404) _ —

Deltona 1987 0.0389 (003 76-0.0402) 0.0819 (0. 0391-0.0656) 1.7 2.1

JAMSRL 1887 00228 (0 0216-0.0239) 00290 {0.0273-0.0316) — —

Daytona Beach 1987 0.0532 {D.0481-0.0583) 0 0864 {00763-0.1053) 1. 1.7

JAMSRL 1987 0.0321 (0.0284-0.0414) 0.0508 (0.0399-0.1152) — —

little tolerance, because, in most cases, collec-
tions were made more than 3 km from the tol-
erant population. The increase in tolerance of
all 4 insecticides appears to have started prior
fenthion exhibiting the highest
¥ temephos, naled and mala-
fewer areas were sampled for
984 than after 1984, those sam-

1984 with

degres, followed b
thion. Although
fenthion before 1

the JAMSRL strain,

the widespread use of
(pp, personal communication).

Since cross resistance between fenthion and
temephos has been shown with Aedes nigroma-
culis (Ludlow) in California {Gillies et al 1968),
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it is possible that the use of temephes could have
contributed to fenthion tolerance in Cx. nigri-
palpus. In view of the data presented here and
the fact that malathion has been the most widely
used adulticide in Florida, it appears that its
continued use for the control of Cx. nigripalpus
should be continued since the compound exhib-
ited the least tolerance of all insecticides tested,
while the use of fenthion and temephos should
be curtailed. The future monitoring of certain
localities should be sccomplished to ascertain
whether tolerances are increasing.

The increased use of agricultural insecticides
has been associated with the development of
resistance in mosquito populations worldwide
{Georghiou 1982). We concur with this and also
suggest that exposure to pesticide runoff from
lawns, golf courses, agricultural areas and other
urban sites may play a role in developing resist-
ance in mosquito populations in Florida.
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United States Navy Pesticide Aerial Unit!
JAMES R. BROWN,? ROBERT O MELSON,* AND GARY E. TETREAULT*

USN Disease Vector Ecolegy and Centrol Center
Noval Air Station
Jacksonville, Florida 32212-0043

ABSTRACT

A detailed description of a rotary head modification to the US Navy's Pesticide Aerial Unit Dash Nine is
provided. Droplet analysis and bicassay results from a 1988 ficld test are also discussed. The modificd aerial
unit meets label specifications for both Malathion 81% and Dibrom 14 and performs to US Navy Air Systems

Command engineering standards.

INTRODUCTION

Chernical insecticides appear to be the
most efficient means for controlling large
populations of mosquitoes and aircraft,
rotary or fixed-wing, are the most effective
tools by which insecticides are applied
(Akesson and Gates 1982). Essentially all
ground and air insecticide delivery efforts
in the U.S. mosquito control industry for
the past two decades have been directed
towards ultra-low volume methods {ULV}.
During this time the United States Navy
Disease Vector Ecology and Control
Center (JSN DVECC), Naval Air Station,
Jacksonville, Florida, has focused its ef-
forts on routine, disaster relief, and com-
bat insect control applications for
DVECC'S mission of supporting the Fleet
Marine Force.

The Pesticide Aerial Unit Dash Nine
(PAU-9) maintained at USN DVECC, was
developed in the late 1960s at the Jackson-
ville, FL, facility and described by Hayden
et al. (1973). That system utilized 10
Tee]et nozzles (8001 and 8002) in a con-
figuration common to all rotary or fixed
wing aircraft with a boom support system.
In the decade following development of
the PAU-9 system, the malathion label also
underwent modifications. One of the re-
quirements included the use of a “Rotary
nozzle equipment similiar to the Beecomist

"The opinons and assertions contained herein are
those of the authors and are not to be construed as
official or reflecting the views of the Navy Depart-
ment or the Naval Service at large.

*»+Entomologist, Biological Technician, and As-
sistant Operations Officer, respectively, USN Discase
Vecior Ecology and Control Center, Box 43 Naval
Air Station, Jacksonville, Florida 32212-0043

Spray Head Assembly Model No. 350. ..
Given that label requirement, the USN
DVECC staff modified the PAU-9 system
to support a rotary head system.

It is the purpose of this study to pro-
vide a detailed description of the rotary
head modified Navy PAU-9 dispersal sys-
tem and to provide results of an opera-
tional test performed at the Florida Army
National Guard's Camp Blanding, Starke,
FL facility during July 1988. This study is
an interim report as modifications to the
PAU-9 are an ongoing process.

METHODS AND MATERIALS

A US Navy PAU-9 was modified by in-
stalling an electrically powered Beecomist
rotary nozzle Model 360 (Beecomist Prod-
ucts Company, Ft. Washington, PA 19034)
on a 3.8 cm aluminum boom and outboard
222.6 cm. A 0.6 HP electric motor (Beeco
Products Company) was used to drive a
Zero-Max transmission model E-1 (Zero-
Max, Minneapolis, MN 55408-2291) which
in turn drove an Oberdofer model 2146
§S pump (Oberdofer Pump Division, Syra-
cuse, NY 13221). The range of insecticide
delivery was 0-2 gpm.

A field test of the above modifications
was conducted at Camp Blanding, Florida
during June, 1988. Three to six day old
Aedes aegypti (L.} were provided by the In-
sects Affecting Man and Anirmals Labora-
tory, USDA-ARS, Gainesville, Florida
32604. Mosquitoes were immobilized with
CO, and placed in #18 wire mesh cages
(5x7.8 cm) for exposure to the insecticide
treatment. Cages were hung from 1.3 m
stands and placed in a row 15.2, 30.5, 45.7,
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60.9, 76.2, and 91.4 m perpendicular to
the flight path. The test was replicated 6
times. After exposure, cages were placed
in trays and held in an air conditioned ve-
hicle for the return trip to USN DVECC,
Jax, FL. A cotton pad moistened with 10%
sugar water solution was placed on each
cage before returning to the laboratory.
The experimental design called for cages
to be changed in the laboratory and mor-
tality readings taken at 2 and 24 hours
after insecticide exposure. However, 100%
rnortality occurred within 2 hours in all
bioassay cages except 1 (85%). That one
cage was changed and the mortality read-
ing taken at 24 hours (100%).

Bioassays were conducted using 1 fl oz
per acre of Dibrom 14 (Chevron Chemical

Company, San Francisco, CA 84104) and
3 fl oz of Malathion 91% (American
Cyanamid Company, Wayne, NJ 07470).
Initial calibrations were made using a 91.4
m swath width. Applications were made
with an HD-1 helicopter (FLANG 1st BN
111th AV) equiped ith the modified PAU-
9. The helicopter flight path was 50 m up-
wind and perpendicular to the forward
line of mosquito cage stands at 15.2, 30.5,
and 45.7 m above ground level and 70 kts
delivery speed. Wind speed ranged 0-3 kts
during the tests.

The first of two controls (#1) was held
in the laboratory at USN DVECC. The sec-
ond control (#2) was held in an air con-
ditioned vehicle at the test site and upwind
from the point of insecticide release. Both

Table 1. Droplet analysis (mmd in microns and range) for the USN pesticide aerial unit (PAU-G, rotary nozzle)

utilizing Malathion 91 and Dibrom 14

Height of aircraft above

Impinger ground level (m)
distance
{m) Insectidide 152 30.5 457
i5.2 Malathion 26.7 27.1 2
(4.7-63 5) {4.7-56.4)
Dibrom 106 0 0
(2.1-27.6)
305 Malathion 287 26.4 1]
(7.1-68.2) {2 4-56.4)
Bibrom 13.8 4] 127
{4.7-52.9) (2.1-27.6)
457 Malathion 28.4 17.30 0
(4 7-70 5) {4 7-23 5)
Dibrom 10.7 12.1 9.2
(4.2-25 4) (2.1-33 9 (2 1-95.4)
609 Malathion 24.9 273 35.0
(4.7-58 B) (24-54.1) (47-682)
Dibrom 0 12.6 10.9
(2199.7) (2.1-23.3)
762 Malathion 24.8 28.5 25.9
(2 4-58.8) (2.4.63 5) (2.4-56 4)
Dibrom 18.7 11.1 11.4
(4.2-27.6) (2 1-27 6) {2.1-27 6)
914 Malathion 28.9 24.9 28.8
(4 .7-58.8) (2.4-58.8) (2.4-56 4)
Dibrom 0 13.6 ild4
121.89 Malathion 24.6 28.1 26.1
(7.1-51.7) {2.4-58.8) (2.4-65.8)
Dibrom 0 118 13.4
{2.1-20.7) (2.1-28.7)
1524 Malathion 303 339 28.8
{2 4-51.7) (2 4-68.5) (2 4-65.8)
Dibrom 0 0 8.4

(2 1-19 1)

'Means of six replications.

*Helicopter altitude and erratic wind conditions (0-3 kis) carried droplets beyond or over some impingers
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controls were handled in the same manner
except for exposure to the insecticide.

A droplet analysis was performed with
each bioassay. Droplet samples were col-
lected on Teflon coated slides by impac-
tion with an impinger (Carroll and Bourg
1979). Impingers and slides were placed
at 15.2, 30.5, 45.7, 60.9, 76.2, 81.4, 121.9,
and 152.4 m downwind and perpendicular
to the flight path. The droplet analysis was
calculated utilizing VECTEC Particle
Analysis Program (VECTEC, Orlando, FL
52807).

RESULTS AND DISCUSSION

Droplet analysis results of the 1988
field trial using the rotary nozzle are
shown in Table 1. Results from the un-
modified PAU-9 utilizing 8001 and 8002
flat fan nozzles are included in Table 2
(modified from Hayden et al. 1973). Mass
median diameters generated by the rotary
head modification were within label
specifications (<50 microns) for Malathion
(Table 1) ranging from 17.3 microns at an
impinger distance of 45.7 m and a helicop-
ter altitude of 30.5 m to 33.9 microns at an
impinger distance of 152.4 m and 30.5 m
in helicopter aititude.

100% mortality occurred within 2
hours in all bioassay cages except 1 (85%).
100% mortality occurred in that one cage
within 24 hrs. 0% mortality occurred in the
field control at 24 hrs. 10% mortality oc-
curred in the laboratory control within 24
hrs.

Mass median diameters generated by
the rotary head modification were gener-
ally smaller than the label specifications for
Dibrom 14 (30-80 microns) ranging from
8.4 microns at an impinger distance of

Journal of the Florida Anti-Mosguito Association, Vol. 60, No. 1, 1989

152.4 m and a flight altitude of 45.7 m to
18.9 microns at an impinger distance of
30.5 m and an altitude of 15.2 m (Table
1). No droplets were observed which ex-
ceeded the maximum size specified on the
insecticide label. 67% mortality occurred
within 2 hrs averaged over all bioassay
cages. 100 % mortality occurred in all
cages in 24 hours.

No significant defects were noted in
any of the system components during op-
erations,. MMD's generated by both sys-
tems met label specifications for Malath-
ion. The rotary head met label specifica-
tions for Dibrom. Additional swath and
droplet testing is planned for both systems.
Operating parameters (flow rate, droplet
size, air speed, and altitude) and insec-
ticides utilized will be periodically
evaluated. In operations with the FLANG
and using the HD-1 helicopters the unit
has conformed to US Navy Air Systems
Command engineering standards and no
adverse flight characteristics were re-
ported by pilots involved. As determined
by bioassay cages, the mosquito test popu-
lation was reduced 100% within 24 hrs
using the rotary head modification dis-
persing Malathion and Dibrom at the re-
commended rates.
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Table 2 Droplet analysis for the unmodified US Navy pesticide aerial unit (pau-8) ' *

Number of Mass Frequency Range
nozzles and median median of particle
Afrcraft tip type diameter diameter sizes
H-1 5-8002 and 48 28 12-69
5-B001 flag
fan
H-1 4-8002 and 47 23 5-75
6-8001 fla
fan

1Modified from Hayden et al. {1973)
zAjreraft speed 65 kis, altitude 50 fu
under the line of Bight.

Malathion I, flow rate 1.3 gpm. Measurements were made directly
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SUSCEPTIBILITY OF FEMALE AEDES ALBOPICTUS FROM TEXAS
TO COMMONLY USED ADULTICIDES?

L. L. ROBERT® * anp J. K. OLSON?

Since the discovery of an established popula-
tion of Aedes albopictus (Skuse) in Houston, TX,
in August 1985 (Sprenger and Wuithiranyagool
1986), there have arisen a number of important
questions about this exotic mosguito species.
Mosquito control practitioners and public
health officials along the Texas Gulf coast are
particularly concerned about the susceptibility
of Ae. albopictus to currently laheled insecticides
and the virtual lack of insecticide susceptibility
data involving this recently introduced species.
These concerns have been intensified by a news-
paper report indicating that this species is re-
sistant to common insecticides such as mala-
thion (Falda 1986), the most commonly used
mosquito adulticide in Texas. The Centers for
Disease Control {1986) and the Pan American
Health Organization (1987) have indicated that
repetitive monitoring of Ae albopictus popula-
tions susceptibility to insecticides is essential.

Data that are currently available involving
Ae. albopictus susceptibility to insecticides are
almost exclusively Asian in origin (World
Health Organization 1986). Since the exact ori-
gin and insecticide exposure history of de. al-
bopictus populations introduced into the United
States is unknown, it is impossible to use insec-
ticide susceptibility data from particular Asian
localities. Most mosquito susceptibility research
in Asia has involved the larval stage (Herbert
and Perkins 1873, Takahashi et al. 1985}, Var-
ious Asian populations of Ae albopictus larvae
have been shown to be resistantto a wide variety
of insecticides (World Health Organization
1986). In contrast, populations from other Asian
areas are susceptible to cyclodienes {Herbert
and Perkins 1973) and organophosphates
(Gould et al. 1971).

Despite the numerous reports of resistance,
control of adult Ae albopictus with insecticides

' This research was conducted in eooperation with
the Agricultural Hesearch Service, USDA and ap-
proved for publication as TA 24128 by the Director of
the Texas Agricultural Experiment Station.

* Department of Entomology, Texas A&M Univer-
sity, College Station, TX T7843.

3 Present address: Department of Entomology, Wal-
ter Reed Army Institute of Research, Walter Reed
Army Medical Center, Washington, DC 20307-5100.

has proven effective on several occasions. Gould
et al. (1971} reported short-term control of this
species in villages in an insular region of Thai-
Jand, using ground applied malathion fogs. Dur-
ing outbreaks of dengue in China, this species
was effectively controlled with ULV applica-
tions of malathion (0.45 liter/ha) and fenitro-
thion (0.30-0.45 liter/ha)} (Luh and Zhu 1083).
Aedes albopictus and Ae. aegypti (Linn.) popu-
lations were substantially reduced in urban
areas of Malaysia when a mixture of pyrethrins
(1.2 gm/ha) and a synergist (1.9 gm/ha) were
applied from the ground using a Leco HD ULV
cold aerosol generator (Pant 1983).

Preliminary data from Houston and New Or-
leans indicate that adult Ae. albopictus popula-
tions in these areas are relatively resistant to
malathion. However, they are susceptible to res-
methrin {(Centers for Disease Control 1286,
Khoo et al. 1988).

This study was undertaken to furthex clarify
the degree of susceptibility of Texas adult Ae.
albopictus populations to 4 currently labeled
insecticides: bendiccarb, malathion, naled and
resmethrin. Two Texas Ae. albopictus popula-
tions were used in the study, one collected from
Houston and the other from Liberty County.
Sufficient eges of the Houston population were
collected in the field so that the adults develop-
ing from these eggs were used in the suscepti-
bility tests. Few eggs of the Liberty County
population were collected; subsequently, this
population was reared in the laboratory through
4 generations in order to obtain sufficient num-
bers of aduli females.

The mosquito susceptibility values for Ae al-
bopictus were compared with 2 laboratory strains
of Ae. gegypti: the UTMB strain, in colony for
ca. 25 years, obtained from D. W. Micks, Uni-
versity of Texas Medical Branch, Galveston,
T¥, and the TAMU strain, which has been in
colony for ca. 12 years at Texas A&M Univer-
sity. The 2 strains of Ae. gegypti were chosen
because they represent long-established, insec-
ticide-susceptible laboratory colonies. In addi-
tion, this species may alsobe a target for control
in the case of a vector-borne disease outbreak.

All mosquitoes were reared using techniques
developed at the TAMU Mosquito Research
Laboratory for maintenance of Aedes {Stego-
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myia) species. Mosquito susceptibility tests were
conducted using 3-4-day-old females. A vial
bioassay procedure modified from Plapp (1971)
was used to test mosquito susceptibility, Fach
technical grade insecticide was serially diluted
to the appropriate concentration using acetone.
Tnsecticides were pipetted into 20-ml glass vials
(6 replicates/concentration), then acetone was
added to attain a final volume of 0.5 ml. Control
vials were treated with 0.5 ml of acetone only.
All vials were manually rotated on their side
until the solvent evaporated. A small cotton pad
(ca. 0.75 em?} soaked with 10% sucrose solution
was placed in the bottom of each vial. Mosqui-
toes were lightly anesthetized with carbon diox-
ide and placed on a chill table for counting. Ten
females were placed in each vial, and the vials
were plugged with cotton. Mortality was re-
corded after 24 hours.

The data were analyzed using the SAS Probit
Program {SAS 1985). The analyses yielded LCso,
L.Ces and 95% confidence interval values in mi-
crograms of insecticide pex vial. Slope (a meas-
ure of the homogeneity of the population re-
sponse to each insecticide) was also provided.

There were no significant differences in insec-
ticide susceptibility when comparing strains of
the same species; however, there were significant
differences between the 2 species. The 4 mos-
quito strains did not significantly differ in their
susceptibility to bendiocarh and resmethrin and
are therefore considered susceptible to these
chemicals. The 2 A4e. albopictus strains were
significantly different (P < 0.05, nonoverlapping
a5% confidence limits) from the 2 Ae. aegypli
strains in their response to naled at the LCes
level.

The 2 strains of each species did not signifi-
cantly differ in their response to malathion;
however, there was a significant difference in
susceptibility between the 2 species. The re-
sponges of the 2 field strains of Ae. albopictus
were significantly different (P <0 05) compared
to the responses of the Ae. aegypti strains {Table
1). As is indicated by the slopes of the dose/
mortality lines and LCes, the difference in insec-
ticide susceptibility between the 2 species be-
came greater as the insecticidal concentration
increased.

The malathion resistance observed in the
Houston and Liberty strains of Ae albopictus
used in this study is consistent with that previ-
ously reported for the Houston and New Orleans
populations of this species (Centers for Disease
Contro! 1986, Khoo et al. 1988). Aedes albapictus
resistance to malathion and other insecticides
has been extensively reported in Asia (Herbert
and Perkins 1973, World Health Organization
198G). Adult Ae. albopictus populations were
found to be partiaily resistant to malathion in
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Table 1. Insecticide susceptibility of adult females of
2 wild Texas strains of Aedes albopictus and 2
laboratory strains of Aedes aegypti to 4 commonly
used adulticides vsing a vial bioassay procedure.
Lethal concentration (LC) values are reported as
micrograms of insecticide per vial.

LCso ECos
Species {ug/vial) {ug/vial) Slope

BENDIQCARB
Ae. albopictus (Houston) 005 014 35
Ae albopictus (Liberty) 0.09 017 5.1
Ae gegypti (TAMU) 0.04 0.11 3.6
Ae. aegypti (UTMB) 0.03 006 50

MALATHION
Ae. albopictus (Houston) 0.15 4 .65 11
Ae. atbopictus (Liberty) 013 1.61 1.4
Ae cegypti (TAMU) 005 016 28
Ae. aegypti (UTMB) 0.05 014 31

NALED

Ae albopictus (Houston} 007 0.35 1.9
Ae. albopictus (Liberty) 0.05 013 28
Ae. aegypti (TAMU) 0.04 0.07 40
Ae. pegypti {UTMB) 0.02 0.04 4.0

RESMETHRIN
Ae. albopictus (Houston} 0.03 012 2.5
Ae. albopictus (Liberty) 0.04 013 258
Ae. aegypti (TAMU} 0.02 004 35
Ae aegypti (UTMB) 0.02 0.07 3.3

Thailand (Gould et al. 1971) and resistant to
organophosphates and carbamates in 511 Lanka
{World Health Organization 1986).

As for the current situation in Texas, mala-
thion resistance may be a problem in the event
of a disease outbreak for 2 reasons: 1) malathion
is the most widely used adulticide along the Gulf
coast and mosquito control practitioners may be
reluctant to use alternative chemicals, and 2) to
break the cycle of transmission during a disease
outbreak, a high percentage of vector mortality
is required and resistance seems to be a greater
problem at higher lethal concentrations.

It should be stressed that the data presented
here are from the laboratory and may not reflect
the ability to control this species in the field.
Although insecticide resistance has been shown
in various Asian Ae. albopictus populations, ex-
cellent adult control has been obtained during
disease outbreaks using pyrethrins (Pant 1983},
malathion (Gould et al. 1971) and fenitrothion
{Luh and Zhu 1983). There is a need for mos-
quito susceptibility tests to be performed on
both larval and adult Ae. albopictus populations
from around the United States. This will enable
mosquito control practitioners and public health
officials to choose the most effective control
agents and practices.
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EVALUATION OF EQUIPMENT MODIFICATIONS AND DOSAGE
RATES OF GROUND ULV APPLICATIONS OF NALED AGAINST
AEDES TAENIORHYNCHUS IN A FLORIDA CITRUS GROVE

G. ALAN CURTIS AND JAMES MASON
Indian River Mosquite Control District, P O. Box 670, Vero Beach, FI. 32961-0670

ABSTRACT. Efficiency of ground-applied naled (Dibrom 14), based on caged mosquito bicassays in
a moderately vegetated coastal southeastern Florida citrus grove, proved to be significantly associated
with downwind distance. However, association analysis between wind speed, temperature or relative
humidity revealed no correlation between these meteorological factors and mosquito mortality. Tests
conducted with 3 of the commonly used ULV machines demonstrated no significant differences in
efficiency. Equipment modifications to simulate aerial app_iication by elevating the spray release point
proved ineffective. Increasing the dosage of naled to 3 times the labeled rate for ground treatment

resulted in greater than 95% mortality.

INTRODUCTION

Ground ultra low volume (ULV) application
of insecticides for adult mosquito contrel has
become the standard of the industry since its
introduction by Mount et al. (1868). This
method, used by virtually all mesquito control
agencies to some extent, is generally considered
by the public to be “mosquite control” due to its
high visibility. Reluctantly however, it is consid-
ered the least effective of the various control
methods commonly employed in a progressive
mosquito control operation. Operational pro-
grams are constantly faced with the erratic re-
suits of ground ULV with retreatments to sup-
press adult mosquito populations heing consid-
ered the norm. This unpredictability often
appears to be most evident when the habitat to
be treated is heavily vegetated (Taylor and
Schoof 1971), a common condition around salt
marshes and agriculturally cultivated locations
in coastal southeastern Florida. These areas
pose particular problems in that they are prolific
producers of mosquitoes, principally floodwater
Aedes species.

In addition to vegetation, meteorclogical con-
ditions {e.g., wind speed, wind direction, humid-
ity and temperature) have also been implicated
as contributing factors influencing the efficiency
of ground ULV treatments {(Henderson et al.
1985).

In 1985, we conducted a series of ground ULV
tests to identify and quantify some of the im-
portant meteorological and physical conditions
associated with insecticide induced mosqpito
mortality in moderate to heavy vegetation.
These tests were designed to evaluate the com-
parative effectiveness of several equipment and
technique modifications on the successful insec-
ticide penetration in moderately vegetated
areas, Experiments were conducted during what
we felt were narmal operational situations, those
in which spray trucks are commonly deployed

for adult mosquito control. The tests were suf-
ficiently replicated to make statistically accurate
evaluations of the various parameters believed
to influence ULV treatments. This paper is a
report on the findings of that investigation.

MATERIALS AND METHODS

Study area ANl field tests were conducted in
a mature 120 acre (48.8 ha) coastal eitrus grove
ca 10 miles (16.1 km) north of Vero Beach,
Florida, typical to others along coastal south-
eastern Florida (Curtis 1985). This habitat was
selected because it represented the moderate to
heavily vepetated areas that are commonly
treated. Citrus groves comprise some 65,000
acres of Indian River County.

Test procedures. Three to six day old labora-
tory reared flamingo strain Aedes teeniorhyn-
chus (Wiedemann) females were caged (25/cage)
in modified WHO cages (Haile et al. 1982). Prior
to testing, caged mosquitoes were placed in styr-
ofoam ice chests and provided 10% sucrose, fm-
mediately following insecticide exposure, mos-
quitoes were mechanically transferred to clean
plastic holding cages where the sucrose solution
was also available. Additionally, control cages
were identically handled but not exposed to the
insecticide. These control mosquitoes were used
for mortality adjustment. If control mosquitoes
exhibited greater than 10% mortality in any test,
that particular test was discarded from the data
set, Mosquito mortality was assessed 12 hr. post-
treatment. Generally, 4 separate tests were con-
ducted nightly with weather conditions usually
being the determining factor.

The test plot consisted of 2 parallel transects
50 ft (15.2 m) apart. Mosquito cages were hung
at the top of 4 £t (1.2 m) polyvinylchloride stakes
spaced at 100 ft (30.5 m)} intervals from the
application point to 500 ft (152.4 m). Both sets
of cages were positioned in the mid-section of
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the test site. This allowed the spray truck to
make a 0.25 mi (0.46 km) pass by the test cages
which was sufficient to allow insecticidal drift
to the most distant cages even with quartering
wind directions. Perimeter roads permitted
ground treatments under all wind directions so
that insecticidal applications were made nearly
perpendicular to the test plot and wind direc-
tion.

Meteorological data collection. Meteorological
data was collected at 1 sec intervals and stored
with a recording anemometer {Weather Measure
#2010) and recording wind vane (Weather
Measure #2005) coupled to a portable IBM PC
computer. This data was later analyzed in con-
cert with the mosquito mortality information.
Relative humidity was measured at the start of
each test and entered intp the data storage pro-
gram. Temperature was measured at 4 and 25 ft
(1.2 and 7.6 m) heights for detection of temper-
ature inversions.

Experimental procedures. Tests wére divided
into 3 groups: 1) standard dosage for base line
comparisons, 2) meodified equipment, and 3)
high dosage tests. Baseline tests were conducted
for each of the standard machine configurations
using the labeled dosapge rate before any modi-
fications were attempted. The 3 machines,
LECO, London Aire and Curtis-Dyna, were all
standard machines with only a variable insecti-
cide flow rate system added, which accurately
delivered the proper dosage with changing ve-
hicle speed. Vehicle speed in all tests was ap-
proximately 10 mph. Comparisons among the
standard machines was primarily to demon-
strate that there were no initial biases. The
modifications are as follows: 1) The London Aire
was adapted to a Buffalo Turbine with the noz-
zle inmjected into the upward air flow of the
Buffale Turbine. Tests using this modification
were conducted in two phases, the first using
only the London Aire ULV machine with the
turbine inoperative. This was to verify that the
equipment modification had not changed the
performance of the ULV machine. 1b) The Lon-
don Aire ULV was operated with the turbine
funetioning. 2) The output of the Curtis-Dyna
was elevated using manufacturer supplied exten-
sion tubes from 4 ft to 135 ft {approximately
that of the tree canopy). In the tests involving
the Buffalo Turbine, the turbine was directed
upwards allowing the prevailing wind to disperse
the propelled insecticide droplets into the test
plot. Both of the medifications were with the
intent of simulating an aerial application from
the ground. It was hypothesized that with both
modifications, descending droplets would be
abie to drift greater distances not having to
penetrate the citrus vegetation.

Calibration and dosage. Prior to each test all

ULV machines were calibzated to insure proper
insecticide output. Droplet analysis (Beidler
1974) was conducted on all 3 machines to assure
that they all functioned similarly. Naled (Di-
brom 14) was applied at 3.6 fluid oz/min in all
but the triple dose tests (10.8 fiuid oz/min). The
10.8 fluid oz/min rate was selected as a reference
point, we wanted to pick a 1ate that was suffi-
ciently high to insure optimal lethality, yet one
that was operationally possible.

Statistical methods. Comparisons between
tests were evaluated using a Kruskal-Wallis
Multiple Comparison technique (Dunn 1964).

RESULTS

From May 1985 through December 1585 110
individual tests were conducted. Meteorological
conditions varied, as expected, during the course
of the investigation. Ambient temperature
ranged between 23 and 35°C (mean = 26.5
* 4.0°), relative humidity between 74 and 100%
(mean = B9.0 + 6.9%) with wind speed between
0.2 and 8.6 mph (mean = 4.1 & 1.7 mph). Asso-
ciation analysis revealed that mosquite mortal-
ity and changes in the various meteorological
parameters were independent.

PFigures 1, 2 and 3 illustrate the absence of
correlation between the various meteorelogical
elements measured and mosquito mortality at
the standard Dibrom 14 rate. Figure 1 shows
that there was no relationship between wind
speed and percent mortality {r* = 0.021, P >
0.63, df = 37). Similarly, temperature and rela-
tive humidity (Figs. 2 and 3) demonstrate no
significant (r* = 0.002, P > 0.1, df = 37, and 1?
= 0.002, P > 0.22, df = 37, respectively) trends
with increases or decreases in these two meter-
ological parameters.

Data adjustment. The test plots were set up
s0 that treatments could be made with any wind
direction. However, it is obvious that the spray
traveled greater distances to reach a particular
cage whenever the wind angle was not exactly
perpendicular to the direction of the application
truck. For example, for cages at 500 fi; if the
wind is exactly parallel to the test plots then the
functional distance the droplets travels is 500 ft.
However, if the wind is at 45° to the test plot
the distance traveled is 707 f. Figure 4 shows
the significant negative relationship (1% = 0.45,
P <0.001, df = 194} between mosquito mortality
and the test cage distance from the insecticide
output (standard Dibrom 14 rate). To adjust for
this condition of varying wind angle, which af-
fects the distance the spray travels, an average
angle of wind direction {VO) was determined by
vector analysis from the continuous meteorolog-
ical record, velocity (V) and direction (8) were
vsed in the following equation:
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Fig. 1. Relationship between wind speed and caged mosguito mortalily evaluated at the labeled dosage rate

of Dibrom 14.
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Fig. 2. Relationship between temperature and caged mosquito mortality evaluated at the labeled dosage rate

of Dibrom 14.

Where average direction during test = v, X
= horizontal vector component and Y = vertical
vector component.

3 X =V, cos(6,) + V2 cos(;) - - - V,cos(B.)
Y =V, sin(©) + V, sin(8,) --. V, sin(B)
VO = tan™? (O) = (TXY/(EY)

VO allowed estimation of the actual distance
the spray travelled to reach the cages, as follows:

Actual Distance = measured distance/sin(VE)
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Mosquito mortality correction was deter-
mined by least squares fitting of the test data
for tests where the wind direction was nearly
parallel {within 3 degrees} to the test plot. This
gave a prediction of what, under the best wind
conditions, could be expected given the vari-
ances encountered in experimentation. The
equation calculated for estimated mortality at a
given distance (X) was:

estimated mortality (Y)
= 32465 — 49.25 {In(X))
r? = 0.817, n = BO
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With these equations we could then correct
mosquito mortalities at varying wind angles rel-
ative to the actual cage placement. Thiz made
inter-test comparisons more homogeneous for
statistical analysis. Corrections were not neces-
sary for any of the meteorological parameters
since they were independent from treatment
efficiency. For comparative purposes, all mor-
tality data were adjusted for distance in accord-
ance to the wind direction during that particular
experiment. In all cases the adjustment for dis-
tance resulted in only slight increase in percent
mortality.
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Standard rate tests. The first series of trials
were baseline tests using naled at the labeled
rate (3.6 fluid oz/min). These were used for both
comparing the various ULV machines and the
varying techniques. Table 1 illustrates the re-
sults of the standard tests with the 3 ULV
machines (L.ECO, Curtis-Dyna and Londen
Aire). There wag not a significant overall differ-
ence (all distances combined) between any of
the machines tested (P = 0.35, n = 49). However,
in comparing the various distances, the Curtis-
Dyna was significantly better than either of the
other 2 machines at 200 £ (P = 0.05, n= 245).
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Although the Curtis-Dyna appears to cause bet-
ter overall mortality than the LECO or the
London Aire (565% vs 39.6% and 32.8%, re-
spectively), the difference was not statistically
significant.

The droplet analysis revealed that the Volume
Median Diameters (VMD) of all machines were
not significantly different {Kolmogorov-Smir-
nov, P = 0.45).

Equipment modifications at standard rates
"Table 2 shows the results of elevating the Curtis-
Dyna nozzle to tree canopy height Note that
there was only slight improvement at 300-500
f and a slight deterioration at the 100 and 200
ft placements compared to the standard apphi-
cation. This special configuration resulted in an
overall mortality of 32%, not significantly dif-
ferent from the standard procedure. Mortality
at individua! distances also were not statistically
different from the standard.

The London Aire modified Buffalo Turbine,
with the turbine inoperative, performed like that
of the standard London Aire machine (Table 2).
Also in Table 2 are the results of the tests using
the turbine assisted ULV. This method killed
33.0% of the mosquitoes, which was not statis-
tically different from conventional methods.
This technique resulted in some improvement
in mortality at 400 and 500 £, but not statisti-
cally different from the standard However,

there was a marked deferioration in mosquito
mortality at 100 ft which was significantly less
than normal (P = 0.001, n = 12}).

High dosage rates. Twelve tests were executed
at 10.8 fluid oz/min (3 X the labeled rate for
Dibrom 14). The results, shown in Table 2 de-
picts the efficiency of this increased rate above
that of the standard rate. Treatments at 10.8
fluid oz/min produced greater than 95% mortal-
ity through 500 ft in the test plot. This is a
highly significant increase over any of the stand-
ard application methods (P = 0.001, n = 12).

The last series of experiments was a variation
on the triple rate tests. Three individual passes
were made by the test plot at 3.6 fluid oz/min,
each made within 1 min of the previous pass.
These resulis seen in Table 2, indicate that there
is no significant overall difference (P <045, n
= 12) between the triple dose single pass method
and the tiiple pass normal dose treatment. Both
produced greater than 95% mortality through
the 500 ft cages

CONCLUSIONS

Results from this investigation indicate that
under the conditions of these tests, which in-
cluded penetration of vegetation in a citrus
grove, the standard labeled rate for ground ULV
application of naled will only produce about 35%

Table 1. Results of labelled dose rate (3.6 fluid oz/min Dibrom 14} with standard application methods.
Mortality is percent mean mortality &+ SD.

Distances {feet)

Application method

and {replicates) . 106 200 300 400 500 Totel
LECO {n = 21) g41+17.1 452+ 7268 2973224 145+ 145 146+250 3964367
Curtis-Dyna {n=14) BG5S 295 710303 523429 5 477+263 3024212 B6756% 321
London Aire (n = 12} 880 % 17.5 462309 172+ 325 1.2+ 210 1.8% 3.6 329+ 383

Table 2 Results of experimental application methods and dosage rates Mortality is percent mean
mortality & SB.

Application methed,

Distances {feet}

dosage rate and
{replicates) 100 200

300 400 500 Total

Curtis Dyna 36 oz/ 73147235 324+£213
min, nozzle at 13 8
{n = 15}

Buffalo Turbine Lon-
don Aire ULV only,
3.6 oz/min (n = 12}

Buffelo Turbine Lon-
don Aire ULV and
turbine, 3 6 oz/min
{(n=12)

LECO 10.8 oz/min
(n=12}

LECO 3 passes, 10.8
oz/min {n = 12}

825 %248 378+368

519 +412 1404264

100000 986%48

1006+00 998:X086

244+344 353+328 250256 400+ 321

197+9273 4324353 106% 184 388+ 369

200+357 472x4686 265+385 33812382

B34+ 193 930%160 951x111 950 £ 127

975+53 960xB89 905x174 967+93
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mortality at 500 ft, or 52% at 300 ft. This is
inadequate in an operational adulticiding pro-
gram, especially one directed towards high den-
sity mosquito populations. Giglioli et al. (1979}
accurately pointed ouf that if adult mosquito
control measures are to be considered effective
against high density salt marsh mosquitoes they
must provide a higher level of protection (greate:
than 96% reduction), than that expected for low
density or vector mosquitoes. Attempts to over-
come the vegetation penetration problem by el-
evating the spray output either by physically
raising the nozzle or propelling the insecticide
up in the air with an air blast proved to be futile.

Meteorological conditions were unimportant
in this set of tests. No statistical relationship
could associate chanpes in wind speed, wind
direction, ternperature or humidity and caged
mosquito mortality. Mortality was dependent
upon dosage rate and the distance the test cages
were from the application source.

This study strongly demonstrates that with
the methods tried in this study, effective ground
adult mosquito control can only be achieved by
increasing the dosage rate. This is especially
applicable for situations such as coastal south-
eastern Florida where high density salt marsh
mosquitoes (Ae taeniorhynchus and Ae. sollici-
tans (Walker)} and two of the citrus grove mos-
quitoes Ae. vexans (Meigen) and Psorophora
columbige (Dyar and Knab) may cause a severe
annoyance. The conclusion that increasing the
dosage rate is a solution for successful adult
mosquito treatment in heavily vegetated habi-
tats has been independently determined by
Focks et al. (1987), The highest rate we tested
(10.8 fluid oz/min} is still well below that labeled
for aerial application.
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EVALUATION OF ULV NALED APPLIED SIMULTANEOUSLY
AGAINST CAGED ADULT AEDES TAENIORHYNCHUS AND
CULICOIDES FURENS'

J. R LINLEY? R. E. PARSONS® anp R A, WINNER®

ABSTRACT-. Two experiments were conducted to test application of ULV naled against adult Aedes
teeniorhynchus and Culicoides furens exposed simultaneously in cages hung on poles at selected heights
and distances from the spray source. ULV spray was releaged at 0.14 oz active ingredient/acre, droplet
size 13.5 pm mmd In both experiments, insecticide largely carried over the first poles. The greatest
mortality occurred at the second pole position, 18 3 and 25.7 m, respectively, from the spray origin, and
diminished progressively with increasing distance. Cages at the highest elevation (183 cm) showed the
greatest mortality, while those near the ground (15 ¢cm) were substantially less affected. Regression
analysis showed that 70% control or better was attained up to a distance {beyond a line 10 m from the
release point) of 23 m in the case of Ae. toeniprhynchus and 18 m in the case of €. furens. ULV naled,
applied as described, was not particularly effective for control of Ae. taenforhynchus and C. furens, and

was poor for insects exposed in low vegetation.

INTRODUCTION

Giglioli et al. {1980) tested the effect of aeri-
ally applied ultra low volume {ULV) Sumithion
(fenitrothion) for control of Culicoides (predom-
inantly C. furens (Poey)) in Grand Cayman.
Excellent control, better than 99%, was achieved
with a dosage of 191.5 gm/ha (2.7 oz/acre) active
ingredient. Similarly, Haile et al. (1984) oh-
tained essentially the same level of control of C.
hollensis {Melander and Brues) after two con-
secutive (1 day apart) serial applications of naled
(Dibrom 14®) at 28.4 gm/acre {1 oz/acre). In
Florida, ULV naled applied from vehicle-
mounted equipment is used by many mosquito
control districts predominantly as a measure
against mosquitoes, but also with some antici-
pated effect in controlling Culicoides. Despite
the widespread application of this method, no
attempt has been made to evaluate the effect of
such treatments on biting midge populations.
Accordingly, we report here the results of two
experiments to test the control effect of ULV
naled applied against Culicoides furens and
Aedes taeniorhynchis (Wiedemann) exposed si-
multanecusly. These experiments are comple-
mentary to an earlier test to assess the effect of
thermal fog naled against C. furens (Linley et
al. 1987).

MATERIALS AND METHODS

Wild caught ferale C. furens were collected
by aspization from a site on Hutchinson Island,

! Institute of Food and Agricultural Sciences, Uni-
versity of Florida Agricultural Experiment Station
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? Florida Medical Entomelogy Laboratory, Institute
of Food and Agricultural Seiences, University of Fior-
ida, 200 9th Street S.E., Vero Beach, FL 32962,

? Barasota County Mosquito Control District, 5355
Pinkney Avenue, Sarnsota, FL 33583,

Florida, as previously described (Linley et al.
1987). The Ae. taeniorhynchus were obtained
from a laboratory colony (Lake Charles strain)
obtained from the USDA Insects Affecting Man
and Animals Research Laboratory in Gaines-
vilie, Florida

The insects were exposed during test in cages
consisting of two compartments, a screen expo-
sure chamber and a closed post-exposure cham-
ber, separated by a sliding barrier. The cage used
for the Culicoides is described fully by Liniey et
al. (1887) and one somewhat larger, but other-
wise similar in basic design, was used for Aedes.
Both experiments were conducted at Sarasota,
Florida, in an open meadow devoid of bushes or
trees and covered predominantly by grass. Grass
stems were fairly dense to a height of 16-20 c¢m
(6-8 in) above ground but relatively sparse above
this height, with the tallest stems reaching to
about 45 cm (18 in).

Cages were hung from hooks attached at
heights of 15, 91 and 183 cm (8, 36, 72 in) to
wood poles erected in pairs along two parallel
lines oriented in the direction of the prevailing
wind and perpendicular to the line of spray
release (see Linley et al. 1587). In the two ex-
periments, the nearest two poles were respec-
tively 6 and 9.1 m (20, 30 ft) from the line of
spray release; the two lines of poles were 6 m
apart (both experiments), and pairs of poles
were respectively 12.2 and 168 m {40, 55 ft)
apart. Poles were set further apart in the second
experiment in an attempt to obtain more com-
plete coverage of the” zohe within which the
insecticide showed: some effect. Two control
cages (for botheC. furens and Ae. taeniorhyn-
chus) in each experiment were hung at 91 and
183 cm on a pole set about 1 km from the
‘t’rgj‘tif'ﬁiént area, sufficient to assure no exposure
to chemical.

Test insects were transferred to the cages
under CO; anesthesia in the early morning, just
prior to being transported to the field site. From
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5-20 Ae taeniorhynchus and 10-40 C. furens, release point and cage elevation, are rore com-
Iesppctively, were placed in each cage. The Cul- prehensible from isometric plots (Figs. 1,2). Sur-
" jooides could not be counted into cages as they vival rather than mortality percentages were
T recover extremely rapidly from CO, anesthesia plotted in these figures because, 85 argued pre-
E (<20 sec). After cages had been set out at the viously {Linley et al. 1987), concern is more with
- {est site, the ULV naled treatment was applied proportions of insects surviving than with those
at approximately sunrise + 1 br. Application eliminated.
was made with vehicle-mounted Leco Model HD The overall pattern of effect in the two exper-
equipment, nozzle angle 46°, at 15 m (5 ft} iments was similar (Figs. 1,2} Mortality gener-
elevation, dispensing 3.7 oz/km {6 oz/mile) 85% ally tended to be higher in Experiment 1, in
active ingredient naled {(droplet size 13 5 pm which wind speed was lower (2.4 km/hr) than
m: (). Cages were left in place for 15 min after under the somewhat higher wind speed (6.4 km/
application, then insects were transferred to the hr) prevailing during Experiment 9 (Tables 1,2}
post-exposure chambers and the cages returned Mortality in most instances was higher in the
to the laboratory. Mortality was subsequently caged groups of Ae. taeniorhynchus than among
recorded at 1, 6 and 24 h posttreatment. Con- the C. furens {Tables 1,%; Figs. 1,2), possibly
ditions during the two experiments were gener- because insecticide was not able to pass as easily
ally very favorable, with faizly constant wind through the finer mesk necessary to confine
speeds {determined with a hand-held ane- Culicoides. Only in Experiment 1, and then only
mometer) of about 9 4 km/hr (1.5 miles/hr) in in two groups of Ae. taeniorhynchus at higher
-4e first experiment and 6.4 km/hr (4 miles/hr) cage elevations, were all the insects dead after
in the second. 94 hr (Table 1)
It was obvious from the survival plots, espe-
cially in the 24 hr time blocks (Figs. 1,2}, that
RESULTS both mosquitoes and midges survived consider-
ably better in cages in the first pair of poles than
Control mortalities showed no difference re-  on the second. Evidently, and especially with
lated to cage height and the counts were there- higher wind speed (Exp. 2), much of the insec-
fore combined. On this basis, at 24 hr after ticide carried over the first poles and conse-
treatment, mortalities for Ae. tneniorhynchus quently produced only moderate effect. The
and C. furens in the two experiments were gand highest mortalities for both gpecies were, as
10.7%, and 4.3 and 9.1%, respectively. Where expected, in cages of 183 cm {Tables 1,2}, but
appropriate, Abbott’s formula was applied to the  even then, the highest mortality (Ae. taenio-
data prior to further analysis, rhynchus, Bxp. 9) was only 51.9%. At the dis-
Results from the two pole lines in both exper- tance of the second pair of poles in the two
iments were similar and the data for each ex- experiments {(18.3and 25.7m, respectively), con-
periment were combined. Since it is useful to  trot was substantially better as is especially ob-
have access to exact mortality figures, conven- vious from the survival data (Figs. 1,2). More
tional tabulations areé given in Table 1 (Exp. 1) than 70% of the Ae. taeniorhynchus were dead
and Table 2 (Exp. 2). However, the effects of after 24 hr at all elevations in Experiment 1
treatment in relation to time, distance from the {Table 1}, and more than 75% at the two highest

Table 1. Percent mortality of adult female Aedes taeniorhynchus (not italicized) and Culicoides furens
(italicized) exposed to ULV naled (Exp. 1)-

Time (hr) after treatment
Distance 1 6 24
{m) from Height {cm) Height (cm) Height {cm)
release e
point 15 81 183 15 13 183 15 g1 183
6.1 40.0 25.0 41.0 425 40.0 48.7 45.0 45.0 48.7
140 209 182 26.2 338 264 328 483 282
i8.3 §7.5 94.9 87.2 708 100.0 89.7 72.5 100.0 89.7
355 333 69.7 58.3 61.6 75.3 697 68.0 810
305 550 915 100.0 51.5 97.5 100.0 516 99.5 100.0
278 378 60.7 392 631 826 756 809 87.9
421 47.5 82.1 83.8 57.5 8.2 94.6 57.5 89 94 6
87 246 25.9 8.6 413 59.0 32.8 49.0 68.0
549 32.5 B7.9 50.0 40.0 6B.4 55.0 40.0 3.1 51.56
0.7 439 32.9 0.7 65.1 43.9 17.1 758 64.8
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Table 2. Percent mortality of adult female Aedes taeniorhynchus (not italicized) and Culicoides furens
{italicized) exposed to ULV naled {Exp. 2).

Time (hr} after treatment

Distanee i 6 24
{m} from Height {cm) Height (cm} Height {cm}
release
point 15 a1 183 15 a1 183 15 91 183
9.1 45 133 387 4.5 194 522 94 177 512
26 0.0 7.5 08 2.6 106 166 49 132
268 1.1 48.7 72 11.3 116 89.8 113 716 £89.8
5.1 6.9 12.9 52 597 786 333 762 80.1
42.7 53 29.2 40.6 167 45.0 505 16.7 478 50.5
00 oo 14.6 8z 17.3 526 234 514 67.6
59.4 8.3 182 182 260 38.7 522 26.0 40.8 522
g1 19 96 102 7.5 209 164 325 242
76.2 161 28 168 i6.1 12.9 168 179 129 168
00 2.4 4.6 0.0 5.3 57 8.4 228 12.0

positions in Experiment 2 (Tabie 2). Results
were very similar with the Culicoides, except that
the mortality levels were somewhat lower, an
effect ascribed earlier to reduced penetration of
insecticide. Contro! remained fair out to the
third poles in Experiment 1 (Table 1, Fig. 1),
with no lower than 57.5% mortality among the
test groups of Ae taeniorhynchus, and 75.6%
among C. furens. There was less effect in Exper-
iment 2 (Fig. 2), with comparable lowest mor-
talities (Table 2) of 16.7 and 23.4%. As antici-
pated, the treatment had diminishing effect at
progxessively greater distances, as seen most
clearly on the plotted data {Figs. 1,2). In com-
paring these figures it should be remembered
that poles in Experiment 2 were further apart
{e.g., pole pair 4 in Exp. 2 was further from the
release point than pair 5 in Exp. 1).

With respect to cage height, a generally con-
gistent pattern (Figs. 1,2) indicated that control
effect diminished, or survival jncreased, at pro-
gressively lower elevations. The data demon-
strate this effect more clearly if displayed as in
Fig. 3, in which it is evident that survival was
usually greatest in the lowest cages {15 cm).
Since the wind-borne insecticide droplets would
not have settled to ground along vertical paths,
but rather at an angle, much of the chemical
was presumably intercepted by grass stems and
other low vegetation. There is some indication
in Fig. 3 that cages at 91 cin were somewhat less
affected than the highest ones at 183 cm, but
the extent to which the lowest cages were least
affected is much more obvious.

An important objective was to estimate, for
this method of ULV naled application, the dis-
tance from the release point at which selected
levels of survival oceur. The data present some
difficulty because survival was relatively high at
the first poles, especially in Experiment 2 (Figs.
1,2), and lowest at the second poles, with larger

proportions then remaining alive at progres-
sively greater distances. Data for pole position
two and beyond can therefore be evaluated by
regression analysis, using the combined percent-
age survival data from all cage heights (at each
pole position) and both experiments (Fig. 4).
Highly significant linear regressions {slopes not
significantly different) are obtained for both de
taeniorhynchus (P < 0.02, 1* = 0.666) and C.
furens (P < 0.01, = 0.708). The distances
corresponding to selected survival levels are
therefore easily caleulated, but must be related
to an estimated origin in terms of distance from
the release point. Since survival was high at 8.1
m in Experiment 2 {Table 2), 10 m (from the
release point) has been chosen as a reasonable
estimate of the distance at which the linear
survival trends in Fig. 4 originate. Obviously
this represents a compromise between the two
experiments, since the lowest survival may have
been closer than 10 m in Experiment 1 (Fig. 1)
and probably beyond it in Experiment 2 (Fig.
2). A matter of a few meters does not, however,
affect the broad significance of conclusions that
can be reached.

The distances (beyond 10 m) within which
survival is equal to or less than 10, 30 and 50%
are shown for the two species in Table 3. Since
survival was consistently higher in cages at 15
em elevation as opposed to 91 and 183 cm (Fig.
3), similar calculations were applied to the com-
bined data grouped by cage elevation (Table 3).
These figures provide an indication of gurvival
that might be expected among insects resting in
grass or other low vegetation, or in flight or at
rest in more elevated, open sites. The overall
estimate (all cage heights) shows that 10% sur-
vival (90% control} of Ae. taeniorhynchus was
attained to only 5 m (beyond 10 m} and was not
achieved at all for C. furens. For 30 and 50%
survival, representing considerably poorer con-
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Fig. 3. Percent survival of Aedes taeniorhynchus and Culicoides furens in relation to cage height

trol levels, the distances for the two species were
93 and 18 m, and 41 and 36 m, respectively.
Considering insects very near the ground (15 em
cage elevation), survival in both species was not
reduced below 30% at any distance, and was
equal to or less than 50% only out o 12 and 18
m {beyond 10 m), respectively. Survival was
considerably lower at 91 to 183 cm, but was
equal to or less than 10% only to a distance of
18 m for Ae taeniorhynchus and 8 m for C
furens (Table 8). These results can alse be vis-
ualized more practically as “swaths of control”
running parallel to and starting at about 10 m
from the Line of spray release. Thus, the overall
estimate indicates that 70% control, or better,
occurred within a swath 23 m (25 yd) wide and
18 m (19.7 yd) wide, respectively, for the two
species.

DISCUSSION

At the dosage rate used here, which is that
routinely applied in Sarasota County mosquito

abatement operations, it is eastly calculated that
for an assumed swath width of 91.4 m (300 fi),
the dosage was 0.14 oz naled/acre {active ingre-
dient) when 85% concentrate is dispensed at
6 oz/linear mile. As shown, this treatment
achieves relatively poor control of caged female
Ae. taeniorhynchus and C. furens, with 70%
mortality occurring only within a swath 23 and
18 m wide (originating at about 10 m from the
release point) for the two species, respectively.
Control of 90% or better extended only to 5 m
in the case of Ae taeniorhynchus, and was not
attained at all in the case of C. furens.

In earlier experiments with caged Ae. tuenio-
rhynchus, Mount et al. (1968) reported (top line
of their Table 3) 76 and 58% mortality (18 hr
after treatment) at distances of 45.7 and 914 m
(150 and 300 ft) from the release point and 24%
mortality as far as 182.9 m (600 ft). Since the
dosage rate (given as 0.0045 Ib/acre) for these
particular data was essentially the same as used
here, it is apparent that our tests yielded poorer
control. Our results imply, for example {Fig. 4),
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that 58% mortality, recorded by Mount and co-
workers at 91.4 m (300 ft}, would extend to only
43.4 m {1425 ft) One factor contributing to the
difference may have been droplet size. As com-
pared to the 13.5 ym mmd size dispensed in our
tests, Mount et al. {1968}, insofar as can be
estimated from their paper, were probably work-

A Raaniofyschus
y = -6589 + 1119

T 7

&0

160 ¢~

40 o

W0 r +}
[+]

C furens
100 y= 1072 + 1.104x

o -

% Survival

38 52 66 5O
Distance {m})

Fig. 4. Regressions of percent survival of Aedes
taeniorhynchus and Culicoides firens on distance {data
from all cage heights combined) from an origin 10 m
away from the line of spray relesse. Data from the
first pair of poles in each experiment omitted (see
text).

ing with smaller droplets in the 6-8.5 yum mmd
range, which they found to be consistently more
effective. Another consideration is that their
insects were suspended 1.5 m (5 ft) above
ground, equivalent to the higher cage elevations
in our work (Table 3), at which wider swaths of
control were obtained. Based on the two higher
cages, our data project 58% control out to 50.8
m {166.7 ft) compared to 91.4 m (300 ft} reported
by Mount and co-workers. Midges and mosqui-
toes at rest in low vegetation are a significant
consideration, however, and they are very poorly
controlled by ULV naled applied as described
(Table 3). Since our tests were carried out with
caged insects {as were those by Mount et al.
(1968)), it can be assumed that the cage mesh
in each case reduced the amount of insecticide
making contact with the insects and thus dimin-
ished the apparent effectiveness of the treat-
ment. This factor may also have contributed
slightly to the superior survival of C furens,
since the mesh in their cages presented 54.8%
open area to the passage of insecticide, as op-
posed to 57.4% for the mosquito cages.

In contrast to ground applications, aerial
treatments of ULV naled, at appropriate dos-
ages, appear to be extremely effective against
both mosquitoes and Culicoides. Haile et al.
{1984) found that two applications, on succes-
sive days, pave extremely effective control of
several mosquito species and C. hollensis (pre-
dominantly) at 1 oz/acre, but relatively poor
results at a dosage of 0.25 oz/acre. Similarly,
Giglioli et al. (1980) obtained excellent abate-
ment of a mixed population of C. furens (pri-
marily) and C. barbosat Wirth and Blanton with
aerially applied fenitrothion at 2.7 oz/acre
These treatments clearly produced excellent
control, but the aerially applied naled {Haile et
al. 1984) was dispensed at 7.1 X the dosage per
acre compared to the ground applications re-
ported here or by Mount et al. (1968).

In conclusion, the results we have described
suggest that ULV naled, applied by vehicle-
mounted equipment at 0.14 oz/acre, droplet size

Table 3. Predicted distances (m} beyond 10 m from release point, where survival would be equal to or less
than percentapge indicated.

Distance (m} beyond 10 m where
survival equal to or below per-
centage indicated

Cage heights Species 10% 30% 50%

1. All heights combined Ae. taeniorhynchus 5 23 41
C. furens 0 18 36

2. 15 cm only Ae. taeniorhynchus 0 o 12
C. furens 0 0 19

3. 91 and 183 cm Ae, taenforhynchus 18 32 47
C. furens 8 26 45
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13.5 um mind, does not control Ae. taeniorhyn-
chus and C. furens particularly effectively. In-
sects resting in low vegetation close to the
ground appear to be very poorly controlled. The
disparity of these results with respect to those
obtained in similar, previously published tests
(Mount et al. 1968) seems most likely to be at
least partly due to the smaller droplet size used
in the earlier experiments.
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EVALUATION OF NALED APPLIED AS A THERMAL FOG AGAINST
CULICOIDES FURENS (DIPTERA: CERATOPOGONIDAE)!

J. R. LINLEY? R E PARSONS® anp H. A WINNER?

ABSTRACT. Naled/diesel oil (1:99), applied ss a thermal fog, was tested against the biting midge
Culicoides furens. The insects were confined in small cages suspended at 4 heights on poles at progressively

greater distances from the fog release point. In terms of populat

ion survival 24 hr after treatment, a

parabolic equation accurately described the regression of percent survival on distance from the release
point. If 10% survival is considered 25 the maximum acceptable, then the equation predicts adequate
control up to 19.6 m {64.3 ft) from the fog release point.

INTRODUCTION

Biting midges (Culicoides spp.), especially
Culicoides furens (Poey), (. barbosai Wirth and
Blanton and C. mississippiensis Hoffman, are
important pests of man in the heavily populated
and economically important coastal areas of
Florida (Linley and Davies 1971). Other species
are the cause of similar problems in many other
parts of the world {Linley 1876). For many years,
cencern for the environment has restricted the
direct application of pesticides to the swamps
and marshes where these insects breed. Control,
where attempted, has been confined to the adult
stage, usually in conjunction with concurrent
efforts to reduce mosquito populations. Thermal
fogging and ultra-low-volume (ULV) spraying
have traditionally been the two methods applied,
although ULV has, in recent years, almost en-
tirely supplanted thermal fogging as the method
of choige for mosquite control.

Despite the annoyance created by midge pop-
ulations and the interest of control agencies in
providing effective relief, relatively few efforts
have been made to evaluate aduiticidal methods
under field conditions. In the laboratory, wild-
caught insects have been used for evaluation of
various insecticides in wind tunnel experiments
{Kiine et al. 1881, Floore 1985). Two recent field
studies, by Giglioli et al. (1980) and Haile et al.
(1984) have tested, respectively, the effective-
ness of ULV {enitrothion against C. furens and
C. barbosai in Grand Cayman, and of ULV naled
against C. hollensis (Melander and Brues) in
South Carolina. However, no data obtained to
date allow comparison of thermal fogging as
opposed to ULV methods for control of Culi-
coides under field conditions. Also, it is of inter-
est to know the degree of midge control obtained

! Cantribution to Institute of Food and Agricultural
Sciences, University of Florida Agricultural Experi-
ment Station Journal Series No 8025,

? Florida Medical Entomology Laboratory, Institute
of Food and Agricultural Sciences, University of Floz-
ida, 200 9th Street §. &., Vero Beach, FL 32962

* Sarasota County Mosquito Control District, 5355
Pinkney Avenue, Sarasota, FL 33583

from routine adulticidal treatment directed pri-
marily against mosquitoes. Accordingly, this pa-
per reports the first of a series of tests to eval-
uate the use of different application methods for
control of adult biting midge populations.

MATERIALS AND METHODS

Culicoides furens adults {fermnales) were col-
lected by aspiration at a site on Hutchinson
Island, about 8 km south of Tt. Pierce, Florida.
The insects were kept and transported in 473
ml (1 pt} ice cream cartons with nylon gauze
lids supporting small wads of cotton soaked in
10% sucrose. For exposure during test, midges

were placed in specially built cages consisting of

an exposure and postexposure chamber sepa-
rated by a closable (sliding) aperture (Fig. 1A).
The exposure end consisted of a 3 ¢m cubical
stainless steel screen cage {15.7 mesh/cm, Tetco
Inc, Elmsford, NY) sealed at the edges with
paraffin wax and at the bottom to a plastic id.
Between this lid and a similar one capping the
postexposure chamber was a rectangular plastic
stider (3.5 x 11 cm) adjustable to open or closed
positions {Fig. 1A}. The slider, fitted at one end
with a suspension hook, was retained between
small plastic guides contact cemented between
the two lids. The postexposure chamber was
made from a cylindrical clear plastic container
4.5 cm diam. and 7.5 cm long. A 3 em diam. hele
in the bottom, covered with stainless stee] mesh,
allowed through passage of air when it was nec-
essary to blow the insects from one chamber to
the other. The chambers worked well during the
experiment. Their only disadvantage is that they
are somewhat delicate and must be handled
carefully.

The test was conducted in Sarasota County,
at Siesta Public Beach, in an area of predomi-
nantly open terrain, with oceasional bushes (Fig.
1B). The cages were suspended from hooks (Fig.
2A} set at heights of 15, 46, 91 and 183 ¢m (6,
18, 36, 72 in.) on poles implanted in the ground.
Poles were spaced at intervals of 7.6 m (25 ft)
in two lines 3 m (10 ft) apart, with the first two
poles 3 m from the line of release of the fog (Fig.
2B). Two control cages were hung from vegeta-
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Fig. 1. A, cage used to confine Culicoides furens adults during test; exposure chamber to right, postexposure
chamber to left. B, method of fog release; first 2 poles with eages in position at right.
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tion at a height of about 91 cm, 50 m away and
upwind of the fog release point. Beginning at
alsout 0600 hr, in the laboratory, the adult Cul-
jenides were anesthetized with CO: and trans-
ferred quickly {Culicoides recover extremely rap-
idly from (O, anesthetization) to the mesh ex-

osure chambers. Chambers received between &
and 50 insects, the numbers being unequal be-
cause of insufficient time to count insects prior
tg recovery from anesthetization. The cages
were then carried out to the field site and sus-
p. ~ded from the poles. At 0745 hr (sunrise + 71
mi) fog was dispensed (Fig 2} about 61 ¢m (2
{t) above ground along a line 30 m {100 ft) long
perpendicular to the pole lines. A London Turbo
Hand Fogger (London Fog Co., Crystal Bay,
MN) was used, held by an operator moving at
about 55 m/min (2 miles/hr), The insecticide
mixture consisted of naled (Dibron 14) concein-
{rate/diesel fuel 1:99, dispensed at a rate of 19-
24 liters (5-6 gallons)/hr. Air movement during
{. + test was almost ideal; fog drifted along the
pole lines at about 70 m/min (approximately 2.5
miles/hr).

Cages were left in place for 15 min after fog
release, then taken down and the insects blown
into and confined in the postexposure chambers.
Back at the laboratory, the cages were laid in
large Plexiglas® boxes containing damp papert
towelling and mortality recorded at 1, 3, 6 and
9¢ hr posttreatment.

A N B Line of tog release
v 183 em
Pole no. 3m
T ¢ -
o e
3 m o
[
76 m g
AR -
e Q1 CT
3 -
sy 4B Cm
4 # L
=g 15 cm
\7’\1 §IT Y N
721724
. 3
;"///':f/ - 5 ¢ .
-

Fig. 2 A, pole with hools for suspension of cages at
4 heights. B, layout of pole lines relative to line of fog
release and prevaling wind direction.

RESULTS

The control cages were very similar, showing
{combined data) no mortality at 1 and 3 hr
posttreatment, then 5.5% at 6 hr and 14.8% at
94 hr. Where appropriate, Abbott's formula has
been used to correct the data prior to further
analysis.

With one exception, results from the two pole
lines were very similar and data from replicate
cages have been combined for analysis. The only
inconsistency was that at the 183 cm height on
poles 1 and 2 of one of the pole lines (nearest
the fog release point, Fig. 2B) mortality was
relatively low compared to the other replicate at
1 and 3 br posttreatment. This inconsistency
was caused by unequal upward disperal of fog as
it moved down the pole lines The effect does
not alter the main conclusions of the study, but
we mention it to emphasize that some “patchi-
ness” may occur in the effect of a given treat-
ment owing to local air currents.

Since the data provided information on the
effects of cage height, distance from fog release
point and time after release, they have been
plotted isometrically in time blocks {Fig. 3).
Observations at 3 hr posttreatment have been
omitted as superfluous. Percentage survival
rather than mortality is depicted because in
assessing treatment effect it is more immedi-
ately relevant to measure the surviving popula-
tion, which retains its nuisance potential.

At 1 hr after treatment {Fig. 3) no C. furens
were alive at the 15 cm cage elevation at 3 and
10.7 m from the release point and very few
(<7%) at the 46 and 91 cm elevations. As less
fog reached the highest cage, especially in one
pole line, survival was considerably greater at
this level. Up to 1 hr the greatest effect wes
noticeable out to 10.7 m; survival was somewhat
reduced but still substantial (>62% at all
heights) at 18.2 m from the release point, and
very high (>>86%) at all heights beyond this
distance. With the subsequent passage of time,
as shown in the time blocks for 6 and 24 hr (Fig.
3), the lethal effect gradually spread both up-
ward and along the pole lines. By 6 hr after
treatment very few C. furens were still alive out
to 18.2 m at all cage elevations except the high-
est, and almost all were dead at the highest level
on the first pole (Fig. 3). Eighteen hours later
(24 hr), no insects remained alive on the poles
at 3 m and none, except a few {<13%) at the
highest elevations, on the poles at 10.8 and 18.2
m. Beyond 18.2 m, some midges survived at all
heights, although the maximum at 25.9 m at any
level was 27%, with somewhat higher values at
33.5 m, where the maxirum survival was 7%
at the top cage elevation {Fig. 3).
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? 438 droplets, so that a fairly large proportion pre-
sumably impinged on the exterior of the mesh
and did not enter the cage. Droplets that passed
through the first mesh into the cage may, how-
ever, have settled on the interior. Thus, chemical
could have contacted crawling midges during the
15 min posttreatment period prior to transfer
into the postexposure chambers. Increased sur-
vival caused by interception of chemical on the
mesh exterior was probably offset by its settle.
ment on the interior.

Although z large proportion of the C. furens
remained alive beyond 10.7 m at Y hr and beyond
18.2 m at 6 hr after treatment, relatively few
survived to 24 hr (Fig. 3). Insects that did not
die within a short tjme had, nonetheless, been
lethally affected and their behavior might pre-
sumably have been altered for many hours be-
fore death. The desired control objective would
be achieved if the affected Culicoides were de.
terred from biting until the time of death. Thus,
despite the survival of midges for many hours at
the greater distances from the release puint,
good control would be achieved out to 182 m
and there would be gsome relief even at 335 m,
While it is possible that sublethally poisoned
midges may cease to seek a host, we have as-
sumed that the behavior of midges stil} surviving
after 24 hr was not significantly affected and
that they would remain part of the biting pop-
ulation. On thig assumption, the data for 94 hy
after treatment can be used to assess the rela-
tionship between level of control and distance
from the release point. This is a general estimate
for which it is best to combine data from all
heights (both pole lines) to show the change in
percent survival with distance (Fig. 4). The data
are accurately (1 = 0.98) described by the par-

Height of cage (cm;

40

v :023c0 - d0729x « G0015.2
12 - 9 &p
/ o #
0" 3 we -
oc® 2 .
LA Z
o z
a
" Fig. 3. Isometric plots of percent survival of Culi- @
coides furens adults (data from both pole lines com-
bined) at 1, 6, and 24 hy after treatment
DISCUSSION o 122 24 4 36.5

. L . Distance from release point {m)
fit‘ 1 SS.EEUI' initially, to constdeléh%w the ?se Fig. 4 Relationship of parcent survival of Culicoides
01 caged insects may ha"’? affecte the results. furens adults (data from both pole lines and all cage
The steel mesh used to fabricate the exposure heights combined) to distance from fog release point
chambers presented 54.8% open area to fog  atodnr after treatment.
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abolic regression mode! (Fig 4), from which the
distance equivalent to a given percent survival
can be estimated. The Jevel of survival commen-
surate with human cemfort is to some extent a
matter of opinion and will depend also on the
numbers of midges initially present. Giglioli et
al. (1980} considered that 1 bite/min was equiv-
alent to complete shirtless comfort, while Linley
and Davies (1971) preferred a more conservative
estimate of 1 bite/12 minutes. We will assume
here that 10% survival can be taken as a working
figure representing good control Thus, from the
equation in Fig. 4, the distance from the release
point equivalent to 10% survival is about 19.6
m (64.3 ft}. Other survival percentages of pos-
sible interest are 1, 5, 20 and 30%, which occur
at about 86, 14.6, 26.3 and 31.5 m, respectively
Using the biting tolerance figure given by Gig-
lioli et al. {1980), this means that a hand-held
fogger will provide aceceptable contrel out to
about 20 m {66 ft) from the release point when
the pretreatment biting rate is 800/hr. This is
not, however, a particularly heavy biting rate
compared, for example, to the 1,216 C furens/
hr collected from one leg only at a site in the
Caribbean (Linley and Davies 1871). From the
regression equation (Tig. 4), it is easy to calcu-
late the effective range of the hand-held fogger
(using naled) with respect to attaining the Gig-
lioli et al. (1980) tolerable biting rate from dif-
ferent pretreatment population levels.

Naled was selected for test because of its
current importance to mosquito contrel inter-
ests. However, it is not the most effective com-
pound for use against Culicoides. In fact, accord-
ing to the results of wind tunnel tests, naled was
the third most ineffective of seven (Kline et al.
1981) and the most ineffactive of nine (Floore
1985} chemicals evaluated. Pyrethroid com-
pounds (resmethrin, permethrin, phenothrin)
were substantially more effective and presum-
ably would to some extent extend the range of
control in thermal fog applications. As regards

the general usefulness of thermal fogging as a
control measure for Culicoides, the hand-held
machine used here dispensed only 19-23 liters
{5-6 gallons) of insecticides/hr, as compared to
114~151 liters (30-40 gallons)/hr put out by

larger, vehicle-mounted machines. The range of

control would perhaps be greater with a larger
unit, although the greater dispensation rate
would be offset to a large extent by the normally
greater travel speed of the vehicle.
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ABSTRACT

Laboratory adulticide tests of Aedes taeniorhynchus and Culex quinguefasciatus comparing Dibrom 14 1o 10%
Dibrom 14 in citrus oil resulted in no significant difference between the 2 formulations Lzboratory larvicide
tesis of citrus oil against Cx quinguefasciatus were not effective at up to 5 gpa rate. Field adulticide tests against
Ae tueniorhynchus, Cx. quinquefusciatus, Cx. nigripaipns and Stomoxys calotrans comparing 10% Dibrem 14 in
citrus oil to 10% Dibrom 14 in soybean oil resulted in slightly better mortality with the soybean oil formulation.
Respiratory irritation evaluations of field ULV sprays of 10% Dibrom 14 in citrus ol and 10% Dibrom in
soybean oil were similar when sprayed at 5 psi air pressure, but the citrus oil [ormulation was considerably
less irvitating when sprayed at 2 psi. Spray droplets of Dibrom 14 and various formulations of Dibrom 14 in
citrus oil all showed some damage to black acrylic facquer automotive paint finishes,

INTRODUCTION

Several articles have demonstrated the
insecticidal activity of citrus oil. Su et al.
(1972} showed that lyophylized oils from
citrus  products were highly toxic to
cowpea and rice weevils. Styer and Greany
(1938) also demonstrated the toxicity of
citrus peel oil and oil components
{limonene)} to the Caribbean fruit fly. Of
more specific interest, Shepard (1983) de-
monstrated the insecticidal activity of vol-
atile peel oil to several insects including the
stable fly and house fly. In this research,
tropical application of 1 p1 of orange peel
oil were shown to be toxic to the stable fly.

Dibrom 14 (naled) is presently labeled
and used for control of mosquitoes and
stable flies by ground ultra low volume
(ULV) sprays. Because naled is a respirat-
ory irritant, it is diluted in oils such as
heavy aromatic naphtha (HAN} or soy-
bean oil to reduce the irritation. Based on
the toxicity of citrus oil to insects, it ap-
peared that this oil might be an ideal di-
luent for use in Dibrom 14 formulations
for ULV sprays. Therefore, the following
research was designed to demonstrate the
effectiveness of citrus oil and Dibrom 14-
citrus oil formulations for the control of
mosquitoes and stable flies.

METHODS

The citrus oil used in ali tests was Citric
Formula 1 {concentrate) manufactured by
MJM Laboratories of Orlando, Florida.
The active ingredient was distilled,
stabilized citric oils (D-limonene). Com-
mercially available Dibrom 14 (85% naled)
and refined soybean oil were also used in
the tests. The Aedes taeniorhynchus (Wied.),
Culex quinguefasciatus Say, Culex nigripalpus
Theobald and Stomoxys calcitrans (1) used
in the tests were from insecticide suscepti-
ble laboratory colonies.

The laboratory adulticide tests of Dib-
rom 14 and 10% Dibrom 14 in citrus oil
were conducted in a wind tunnel using
caged Ae. laeniorhynchus and Cx. quinguefas-
ciatus as described by Rathburn et al.
(1982). The data obtained were subjected
to probit analysis for comparison of toxic-
ity.

The field adulticide tests were con-
ducted in the same beach residential area
and using the same methods as described
by Rathburn et al. (1981). Six cages of mos-
quitoes, 2 of Ae (taeniorhynchus, 2 of Cx.
quinquefasciatus and 2 of Cx. nigripalpus,
each containing 25 females each, were at-
tached 1o poles. One cage of each species
was placed at 6 ft and another at 2 ft above
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ground. The poles with cages attached
were placed in 3 lines a block (600 ft) apart
and at 165 and 330 ft downwind and per-
pendicular to the first swath of the aerosol
generator. A second and third swath were
applied 1 and 2 blocks (300 and 600 [t)
upwind of the first swath. A like number
of cages (12) of each species were used as
untreated controls for each test. The adult
§. calcitrans used in the tests were 3 days
old and were handled in the same manner
as the mosquitoes. The tests were con-
ducted between the hours of 8:00 and
11:06 P.M. The temperatures during the
tests ranged from 75 to BI°F, wind vel-
ocities from 3 to 7 mph and relative
humidities from 63 to 74%. Mortality
counts in all tests were made at approxi-
mately 12 hrs posttreatment. In addition,
mortality counts of S. calcitrans were made
at 0.5 hr posttreatment to determine
knockdown. All tests were conducted with
a Leco HD ULV acrosol generator oper-
ated at a vehicle speed of 10 mph. The
discharge rate, 10 fl. oz/min, was calibrated
prior to testing and the actual discharge
for each test was determined. All tests were
within 10% of the calibrated rate.
Irritation studies were conducted in
conjunction with the 4 field adulticide tests
comparing 10% Dibrom 14 in citrus oil to
10% Dibrom 14 in soybean oil. The irrita-
tion of each ULV spray formulation was
evaluated by 3 subjects stationed at 50 ft
downwind of the spray. Each subject
evaluated each ULV application as to de-
gree of eye burn, nose burn, skin (face)
burn, throat burn, breathing (coughing),
odor and taste. The rating scale used was
0 to 10 with 0 being no irritation and 10
being too severe to remain in the spray.
Panels of General Motors Corp. au-
tomotive paint standards, obtained from
E. 1. DuPont DeNemours and Co., were
used to determine the effects of sprays of
Dibrom 14 and citrus oil alone, and in vari-
ous combinations, on automotive paint.
The spray droplets were produced by a
DeVilbiss No. 155 nozzle at 15 psi in the
laboratory, and were collected on black ac-
rylic lacquer paint panels placed 4 ft from
the nozzle. The droplet size produced was
approximately 35 pm VMD with indi-
vidual droplets ranging from < 5 pm to
approximately 150 pm. Damage was asses-
sed 24 hrs postireatment on portions of
the panels which received no cleaning,

Scientific Papers 5

those which were washed with liquid soap
and water, and those which were washed
with soap and water and then waxed with
Blue Poly automotive cleaner-wax. Drop-
lets which produced pitting of paint were
said to have caused damage. The damage
to the paint was assessed as no damage vis-
able under a stereoscopic microscope at
10X magnification (1) and damage visable
with the unaided eye (2).

Limited tests of citrus oil as a larvicide
were conducted in 4 sq fi pans containing
16 liters of tap water and 200 third instar
Cx. quinquefasciatus larvae per pan. Two
tests were conducted, one at a 2 gpa and
one ata 5 gpa rate. Each test consisted of
one treated and one control pan and treat-
ment was by means of a pipette. The rates
selected were those recommended for
other oil larvicides such as Golden Bear
larvicidal oils, Flit MLO and the Florida
mosquito larvicidal oil. Percent mortality
was determined at 24 hrs and compared
to the percent mortality obtained with the
untreated larvae.

RESULTS

The resulis of the laboratory adulticide
tests comparing Dibrom 14 alene and 10%
Dibrom 14 in citrus oil are shown in Table
1. It is apparent from these tests that the
addition of citrus oil did not result in an
increase in mosquito mortality. There was
no significant increase in the toxicity of
Dibrom 14 at either the LCgq or LCq, dos-
age when the formulation of 10% Dibrom
14 in citrus oil was compared to Dibrom
14 alone against adults of Ae. tueniorhynchus
or Cx. quinquefasciatus.

The results of the field tests comparing
10% Dibrom 14 in either citrus oil or soy-
bean oil against 3 species of mosquitoes are
shown in Table 2. Although the citrus oil
formulation appeared to give poorer mor-
tality than the soybean oil formulation
against Cx. quinguefasciatus, the bulk of the
data demonstraie only slight differences
between the two formulations.

The field tests of the 2 oil formulations
of Dibrom 14 against S. calcitrans are
shown in Table 3. These tests showed the
soybean oil formulation produced a hgher
percent mortality than the citrus oil for-
mulation, especially at the 0.5 hr postireat-
ment time.

Label recommendations for 10% Dib-
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Table 1. Lahoratory adulticide tests of Dibrom 14 compared to a formulation of 10% Dibrom 14 in citrus il
against adults of Aedes taeniorhynchus and Culex quinguefuscigius

Lethal concentrations

in myg. Dibrom 14 per ml. acetone?

Formuiation reps LCqy gn% C L. LCu, 0% L
Aedes wneniorlynclin
Dibtom L 0033 0 030-0 036 3104 {1 DB3-0 141
10% Dibvom 14
in citrus ol 2] 0025 0 H9-0 033 092 HUR7-0.314
Culex quinguefaseictus
Dibrom 14 8 0067 0 062.0.073 0 161 {13940 195
0% Dibrom 14
in citrus il 8 0074 0.067-0.086 0148 {11940 204

1. Cag. LCqy dosages and Confidence Limits (C 1.} obtained by probit analysis

Table @ Field tests of 10% Dibrom 14 in soybean oil compared to 10% Dibrom 14 in citrus oil appticd with
2 Leey HD ULV aerosol generator at 10 {1, oz per men al 10 mph against caged adult mosquitoes

Corrected % mortality a1

Leco downwind distance in (et
atr Wind  Temp R.H.
Mosquito species Diluent psi mph °F % 165 330 Avg.
Ae taeniurhynchus citrus oil 5 5 75 74 ] a6 5 G8 2
2 3 81 63 100 969 u8.5
soybean oil 5 4 77 73 100 140 HEuH
5 7 80 66 100 100 HiE
Cx. quinguefasciatus citrus oif 5 5 75 74 706 383 586
2 3 g1 63 796 801 794
soybean ol 5 4 77 73 a4 2 B36 44 .3
5 7 80 66 94 6 84 0 896
Cx nigifelpus citrus oil 5 5 75 7d 100 B89.6 43.3
2 3 81 63 100 160 160
soybean oil 5 4 77 73 100 160 100
5 7 80 66 100 100 1060

romn 14 in HAN specify a nozzle pressure
of 1.5 psi in order to obtain an effective
droplet size because of the low visocity of
the HAN formulation. Since citrus oil has
a low viscosity, it was also tested at 2 psi.
Although a slight increase in mortality was
noted when citrus oil was sprayed at 2 psi
with mosquitoes {Table 2) this was not the
case with S. calcitrans (Table 3) in which
poorer results were obtained with the
lower pressure. The reason for this differ-
ence is not known. The mortalities shown
in Tables 2 and 3 were corrected for con-
trol mortality which averaged 1.5% for Ae.
taeniorhycnhus, 0% for Cx. quinquefasciatus,
1% for Cx. nigripalpus and 05% for S. cal-
citrans at 12 hr postireatment, and 0% for
S. calcitrans at 0.5 hr postireatment.
Irritation evaluations of ground ULV
sprays of 10% Dibrom 14 in citrus oil com-
pared to 10% Dibrom 14 in soybean oil
are shown in Table 4. The average irrita-
tion experienced by the 3 subjects with the

Dibrom 14 formulation in citrus oil and in
the soybean oil were similay when sprayed
at a machine pressure of 5 psi. When the
pressure was reduced to 2 psi with the cit-
rus oil, the irritation was considerably less.
Applications at this low pressure are not
recommended and were not used with soy-
hean oil because the aerosol droplets pro-
duced are oo large for effective down-
wind kilk.

The results of the effecis of citrus oil,
Dibrom 14 and various formulations of cit-
rus oil and Dibrom 14 on black acrylic lac-
quer automotive paint are shown in Table
5. There was no damage to the automotive
paint by the citrus oil when the panel was
washed or washed and waxed, but the un-
washed panel showed damage visable to
the unaided eye. All other formulations
tested resulted in damage which was visa-
ble to the unaided eye whether not
cleaned, washed only or washed and
waxed. It should be noted that in previous
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Table 3. Field 1ests ol 10% Dibrom 14 in soybean ol
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compared o 10% Dibrom 14 in citrus oil applied with

aLeco HD ULV aerosol generatorar 101 oz, per min. a1 10 mph against caged adul Stomoxys caleitrans.

Corvected % mortality at

L.eco downwind distance in leet
Postireatment air Wind  Temp R.H
time in hours Diluent psi mph ¥ % 165 330 Avg,
05 ci s ol 5 5 75 74 91 65 78
2 4 81 53 53 50 52
50y hean oil 5 4 77 73 98 99 a8
5 7 80 66 100 99 94
12.0 citrus oil 5 5 75 74 99 93 96
2 3 81 64 85 71 78
suvbean oil 5 4 77 73 100 G0 100
5 7 80 Ah 100 100 100

Table 4. hiriwtion evaluations of ground ULV aeros
Dibrom 14 in sorbean vil applied with a Leco HD
pressures.

ols of 10% Dibrom 14 in citrus oil compared to 10%
ULV generator at 10 fl. oz per min. and indicated air

Average rating of 3 subjects!

Test | Test 2
hiriation citrus oil soybean oil citrus oil soybean oil
type @ 5 psi @5 psi @ 2 psi @ 5 psi
Eye burn 7 7 2 6
Nose burn 5 5 | 5
Skin {face} burn ] 0 0 0
Thyout burn H 4 1 a
Bieathing {cough) 8 6 1 5
Odan [ 3 1 3
Fasee 4 {) U 2

"Rating scale: = no irritdion. [0 = o severe to remiin in spray

Fable 5 EHeas o ditrus oil various Formulations of Dibram 14 in citrus oil, and Dibrom 14 on black e ylic

licquer automotive paim panels

Paint damage’

24 hr postireaument cleaning

Formdation RUETE wished only wished & waxed
OO diteus ol 2 0 0
259 Dibrom FH-753% citrus il 2 2 2
H0% Dibrom 14-5097 ditrus oil 2 2 2
Ta% Dilreann 14-2 34 dioua ol 2 2 2
HIYE Dibrom 14 9 2 2

Damage Code: (8 = no damage visible under 10X niagnificalion
= chiamage visible only under 10X magnification

i
2 = dumuge visible with unaided eye

unpublished tests, 10% Dibrom in soybean
oil did not damage black acrylic automo-
tive paint, even with no cleaning. A formu-
lation of {3% Dibrom in HAN resulied in
the same damage as that obtained with the
Dibrom-citrus oil formulations when the
panels were not cleaned or washed only,

but there was no visable damage after the
panels were washed and waxed.

The limited laboratory larvicide test of

citrus oil against third instar Cx. quinguefas-
cialus larvae gave 12.1% mortality at a dos-
age rate of 2 gpa and 42.0% mortality at a
dosage rate of 5 gpa. The latter rate is the
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maximum dosage recommended for most
oil larvicides such as Golden Bear oils and
the Florida Mosquito Larvicide oil with
which citrus oil would compete for usage.
The mortality data obtained were cor-
rected for check mortality which averaged
1% in the 2 gpa test and 0% in the 5 gpa
test. Based on projections of the mor-
talities obtained at the rates tested, it would
require 20 gpa of citrus oil to obtain a mor-
tahity of 90% and a rate of 50 gpa to obtain
a mortality of 99%. Because of the poor
mortality obtained in these tests, additional
tests to determine an effective dosage were
not conducted.

CONCLUSIONS

As stated previously, Shepard (1983)
obtained excellent kill of stable flies with
topical applications of I pl of orange peel
oil. This dosage is very high considering
the possible deposition on a fly from nor-
mal ULV applications, since I pl is equiva-
lent to over one half million 15 pm drop-
lets, the size normally produced by ground
ULV application equipment. This fact may
account for the poor results obtained in
the tests reported here compared to those
of Shepard.

Except for the mosquito larvicide tests,
it was not the objective of these tesis to

determine the toxicity of citrus oil alone,
but to determine the feasibility of increas-
ing the toxicity, reducing the respiratory
irritation or reducing the damage to au-
tomotive paint by substituting citrus oil for
soybean oil or HAN in ULV spray formu-
lations . Aithough citrus oil did not increase
the toxicity of Dibrom formulations, it
could be a suitable substitute for soybean
oil or HAN in ULV sprays of Dibrom for
adult mosquito control, particularly if
machine pressures are reduced.
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Effects of diflubenzuron on three estuarine decapods, Callinectes
sp., Palaemonetes pugio and Uca pugilator

PHILIP (. HESTER, MARY ANN OLSON and THOMAS G FLOORE

Floride Department of Health and Rehabilitative Services
West Florida Arthropod Research Laboratory
Pancmo City, Florida 32406-0277

ABSTRACT

Two studies were conducted to determine chronic effects of a 0.045 kg Al/ha diflubenzuron surface
application on juvenile stages of 3 estuarine decapods, Cellinectes sp., Palaemonetes pugio (Holthuis), and Uea
pugilator (Bosc). In the first study the test organisms were present in the pools at the time of treatment. the
mortality ranged from 40 to 60 percent and occurred within 11 days posttreatmenmt No significant moriality
was observed in the second study where the organisms were inwroduced 7 days postireatment. Chemical
anatysis of the water column indicated diflubenzuron concentrations as high as 3 6 and 0.69 pg/l in studies

1 and 2 respectively at the time of species introduction.

INTRODUCTION

Diflubenzuron (Dimilin®) is an insect

growth regulator (IGR) that has shown po-
tential as a larvicide for salt marsh mos-
quitoes {(Rathburn and Boike 1975, Rogers
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COMBINATION GROUND AND AERIAL ADULTICIDE
APPLICATIONS AGAINST MOSQUITOES IN AN ARKANSAS
RICELAND COMMUNITY!2

A A WEATHERSBEE IS M V. MEISCH,® C. A. SANDOSKI*M F FINCHSD A. DAME ] K.
OLSON® AND A INMANS

ABSTRACT. Simultaneous ground and aerial adulticide applications were evaluated against riceland
mosquitoes in Stuttgart, AR, during July 1985. Naled was aerially applied at 52.6 mlha over 104 km?
surrounding the city. Ground ULV applications of a mbxture of malathion, HAN and resmethrin/PBO
(1:1:0.0625) were applied within the city at a rate of 221.8 m¥min at 24 kph. Aduk pn[wfations of Angpheles
quadrimaculatus and Psorophora columbiae were reduced at 24 hr but resurgence of Ps columbiae was evident at
48 hr postreatment. Positreatment data indicated that movement of both mosquitoes occurred along the path

of prevailing wind

INTRODUCTION .«

Anopheles quadrimaculatus Say and Psorophora
columbiae (Dyar and Knab) are the two primary
pest mosquitoes found in Stuttgart, AR, a
community in the rice growing region of
eastern Arkansas (Meisch and Coombes 1975)
Control of An. quadrimaculatus and Ps. columbiae
in the Stuttgart area currently is attempted by
ulira low volume (ULV) larviciding with Bacil-
lus thuringiensis var. israelensis (Bti) {Sandoski et
al. 1985) in ricefields surrounding the commu-
nity and ULV adulticiding with ground (Mount
et al. 1972) and aerial (Meisch and Mount
1978) sprays within and surrounding the
community. Though excellent control may be
achieved initially following ULV ground adulticid-
ing, posttreatment dispersal of mosquitoes
from adjacent non-treated areas often necessi-
tates nightly .adulticide applications (Walker
and Meisch 1982). Knowledge of this move-
ment is necessary to effectively implement
community control. Horsfall (1849} stated that
the flight range of An quadrimaculatus was
approximately 2 miles (3 2 km) while that of Ps.
columbine was up 0 8 miles (19.9 km). Though

! Approved for publication by the Direclor. Arkan-
sas Agriculiural Experiment Station

? This publication is based upon work partially
supported by the US Department of Agriculture
under Agreement No. 82-CSRS-2-1010 Any opin-
ions, findings and conclusions or recommendations
expressed in this publication are those of the authors
and do not necessarily reflect the views of the U 5.
Deparument of Agricaliure.

¥ Research Assistant, Professor, and Graduate
Assistants, respectively, Department of Enzomology,
University of Arkansas, Fayetteville, AR 72701

? Insects Affecting Man and Animals Research
Laboratory, Agricultural Research Service, USDA.
Gainesville, FL 32604,

% Professor, Department of Entomology, Texas
AdeM University, College Station, TX 77843

% Director, City of Stuttgant Mosquito Contrel, 61h
and Buerkle City Lot, Stuttgart, AR 72160,

An. quadrimaculatus appears to be a weak flier in
comparison to Ps. columbiae, Horskall (1955}
later asserted that the flight range of An.
quadrimaculatus was not completely resolved.

Rapid replacement of An. quadrimaculatus
subsequent 10 mosquito adulticide treatments
in Suttgart mandates the need for a better
understanding of the flight behavior of this
species. The long Aight range of Ps. columbiae, a
floodwater mosquito, precludes larviciding for
this species; therefore, control tactics for
Stuttgart are predicated upon larviciding for
An. quadrimaculatus and adulticiding for hoth
species.

During the summer of 1985, a study was
conducted to determine if an effective chemical
barrier could be created to prevent the
dispersal of these two mosquito species into the
community of Stuutgart. The effort was di-
rected primarily towards An. quadrimaculatus
since it was suspected that Ps. columbige would
quickly penetrate the barrier. The specific
objectives of the study were to determine
barrier persistence against each species, direc-
ton from which mosquito reinfestation oc-
curred, and relation of wind direction to
mosquito movements and barrier effectiveness.

MATERIALS AND METHODS

On the evening of July 3, 1985, between
2200 and 0100 hr, a twin-engine Piper® Aziec
aircraft was used to apply B0% naled at 52.6
mltha over 104 km? surrounding the city of
Stuttgart, AR The aircraft was equipped with
a tail-mounted boom comaining 5 Teejet®
8535 nozzles with D, orifices. Altitude was
60-90 m and air speed was 941 kph during
application. The treated area comnprised a zone
16 km in width surrounding the city with
additional extensions of approximately 1.6 km
to the south and west against the direction of
prevailing winds.

Ground ULV applications were conducted
during the same period within the community
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using truck-mounted LECO® cald  aerosol
generators. A mixture (1:1:0.0625) of malathion
(91%), heavy aromatic naphtha (HAN) and
resmethrin/PBO {(18%/54%) was applied at a
rate of 221 .8 ml/min while traveling at 24 kph.
The entire city (ca. 6 km?) was treated by the
ground units on the evenings of July 2 and 3.
Intensive larviciding was conducted July 2, on
1,758 ha of rice surrounding the community
using Beecomist® applied Bti. Temperature
during both aerial and ground applications was
28 = 3°C, and wind velocity was 813 kph with
Busts up 1o 16 kph from the southwest. Efficacy
of the adulticide treatment was intensively
monitored during the study with the 3 follow-
ing methods.

RESTING STaTiONS. Box-type resting stations
(76.2 x 457 x 305 €m) were monitored daily
for An. quadrimaculatus for 3 days pretreatment
and 2 days posttreatment. Resiing station
design differed slightly from that of Fdman et
al. (1968) as follows: the inner cloth sleeve was
omitted and the interior was painted red rather
than black. Three stations were located within
the ¢ity and 3 were Placed within the surround.
ing buffer zone. One additional station placed
outside of the treatment area served as a
control. Collections from resting stations were
made with hand-held, battery-powered aspira-
tors described by Meek et al. (1985}, Fach
collection was labelled, transported 1o the
laboratory and separated by sex. Daia were
subjected 1o ANOVA. Pre- and posttreatment
means for each sex were calculated for collec-
tions made within the city and the surrounding
buffer area. Linear contrasis (SAS 1985} were
used to demonstrate significant reductions in
An. quadrimaculatus density at 12 and 36 hr
postireatment based on counts taken for 3 days
pretreatment.

Lanping RaTes. Landing rates were deter-
mined for both Species 2 days pretreatment
and 2 days posttreatment along 4 wansects
(N,5,E and W) that intersected ar the center of
town. Each transect was divided into 3 zones
that included the area within the city treated by
ground (Zone 1), the area receiving both
ground and aerial treatment (Zone 2) and the
aerially treated zone {Zone 3). Eight stations
were established at 0.4 km intervals along each
transect; thus, each iransect covered a distance
of 3.2 km from the center of the city in one of
the 4 cardinal directions. The first station was
located 04 km from the center. Zones | and 3
each contained 3 stations while zone 2 con-
tained 2 stations along each transect Four
additional stations established 8 km outside
the treated area served as controls. Two
persons sampled each transect. Fach station
was sampled by waiting after arrival for I min

and then aspirating alighted mosquitoes for 1
min. Collections from each station were la-
belled and transported to the Iaboratary. Data
were subjected to ANOVA, and means were
calculated by day for each transect and zone.
Data were corrected for comtrol reductions
with Abbott's formula. Transect means were
separated by the least-squares means proce-
dure (SAS 1985), and percentage reductions
were calculated for postireatment counts. Stan-
dard errors and percentage reductions were
calculated for means of each combination of
day and zone.

SENTINEL CAGE OBSERVATIONS, Sentinel cages
were used to assess lreatment effectiveness
against An  quadrimaculaius Adult An
quadrimaculatus were collecied with batlery-
powered aspirators from a barn located 15 km
S of Stutigart, AR. Collections consisted of 71,
12, and 17% blooded fernales, unblooded
females, and males, respectively  Aspirator
tubes containing mosquitoes were transported
to the laboratory in insulated chests with damp
paper toweling to maintain humidity Mosqui-
toes were anesthetized with COq and trans-
ferred 10 modified World Health Organization
insect test kits (Rober(s 1982) at a density of 20
mosquitoes/kit.  Sentinel cages were placed
along transects at each landing rate station (8
cages/transect). Four sentinel cages placed
outside the treatment area served as controls.
Sentinel cages were positioned at each station
Just before dusk and picked up immediately
after treatments on the evenings of July 2 and
3. Mortality was observed 94 hy posttreatment,
Percentage mortality data were corrected with
Abbott's formula, transformed (arc sin) and
subjected to ANOVA for testing the hypothe-
ses that mortality AMONE trealment regimes
and among transects was equal. Means calcu-
lated for each treatment regime and iransect
were separated using the least-squares means
procedure (SAS 1985}

RESULTS AND DISCUSSION

Mean pre- and posttreatment counts by
20nes and posttreatment percentage reductions
of An. guadrimaculatus collected from resting
stations are shown in Table |, No reductions
were observed in check counts at 12 or 36 hr
posttreatment. Both longer lasting control and
higher levels of reduction were achieved in the
aerially treated buffer zone. Reductions of
female and male mosquitoes within this zone at
12 hr were 90 and 77%, and a1 36 hr, 81 and
84%, respectively. Posttreatment counts from
the ground treated zone, inside the city,
indicated reductions of only 60 and 56% a1 19
hr, and 7 and 39% a1 36 hr for female and
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Table 1. Mean daily collections and postrreatment

adults from resting stations in and

perceniage reductions of Anopheles quadrimaculntus
near Stuttgart, AR, during July, 1985,

Pretreatment 12 hr posttreatment 36 hr posttreatment
Zone* Female Male Fermale Male Female Male
1 791 84.6 Ny 373 73.7 52.0

* SE. * 44.3 + 380 t 247 * 325 * 582 * 364
(% reduction) {59 9) (55.9) (6 8) (38.5)

2 360.2 647 4 37.0%% 148 3%+ £8.3%* 106 {e*

+5E. 1713 3170 + 336 *1379 + 579 +103.0
(% reduction) {(89.7) (77.1) 81 0y {83.6)
Check 103.3 1367 192.0 296.0 1290 2150

+ S E. + 16.8 + 451 — — — —_
(% reduction) {00 {00 (0.0} (0.0

*Zone 1 was ground-treated and inside the city.
** Significant reductions (P < 0 05) indicated by ki

male mosquitoes, respectively. This indicated
that initial control was lacking in the ground
treated zone and that survivors of the ground
ULV treatment and recent emergees may have
accounted for the density observed after 36 hr.

Mean landing rates and posttreatment per-
centage reductions of both species are shown in
Table 2 for each of the 3 landing rate zones.
An initial reduction was indicated for both
species in all 3 zones. No reductions were
observed for Ps columbiae at 48 hr postireat-
ment. Control of An. quadrimeculatus was
achieved for 48 hr within the city (ground
treated zone), though no reductions of this
species were indicated by landing rate counts at
48 hr in the zone receiving ground and aerial
treatments or in the aerially treated zone
Inward dispersal of mosquitoes from surround-

Table 2. Mean landing rates (mosg./min } and
quadrimaculatus and Psorophora columbiae by sa

mple period and zone in and near Steugart, AR,
during July. 1985

Zone 2 was the aerially treated buffer zone.
near contrasts.

ing untreated areas would likely account for
the increased landing rates in the outer zones
at 48 hr postreatment. Results of 48 hr
posttreatment landing rates contradict those
obtained from resting stations. The fact that
resting stations measure the entire An
quadrimacilatus adull population whereas land-
ing rates measure only blood-feeding females
may account for this contradiction. Female
mosquitoes collected from resting stations
within the city at 36 hr may have been recent
local emergees or newly migrated and not yet
members of the biting population.
Fluctuations in both Ps. columbize and An.
quadrimaculatus density along each transect are
shown in Table 3. Adequate reduction of An
quadrimaculatus was achieved at 24 hr posttreat-
ment except along the west transect. However,

posttreatment percentage reductions of Anepheles

Zone Means * § E ##+
Sampling*** Ground Ground and aerial Aerial Check
Period Anopheles  Psorophora  Anopheles  Psorophora  Anopheles  Pro rophora  Anopheles  Fsorophora
~48 hr 1.33Aa  333Aa  175ABa 487AaB  292Bz  15.50Ba 1.50 26.75
040 + 0BG + 067 + 142 * (5] * 1599 * 045  x 648
=24 hr 09242  267Aa  137ABa 812Ba 242Ba  12.17Ba 4.25 57.25
# 036 * 099 =* 032 + 266 * 053 ® 211 * 074 %1328
24 hr 025A2 067Aa  0.62A= 2.25Ab 108Ab 4 17Ab 225 47.00
* 018 =+ 038 £ 042 + 098 * (36 x* 189 * 041 £ 6.03
(% reduction) (71.6) (77.7) (49 .3) (65.4) (48.4) (67.5) (21.7) 0.0}
48 hr 03342 3674z 267Aa B67A2b  3.50Aab  17.33Aab 600 83.00
* 033 %273 % 267 * 623 + 175 % 624 £ 216 %4315
(% reduction) (707) 0.0} (0.0) (0.0) {0.0) o0 (0.0 (0.0)

* Means for a particular species in the same row followed by the same upper case letter are not
significantly different (P & 0.05) by least-squares means. '
** Means in the same column followed by the same lower case letter are not significantly different (P =
0.05) by least-squares means. el
*** Percent reductions based on average of pretredtment landing rates

1
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Table 3. Mean landing rates (mosq /min.) and posttreatment percentage reductions of Anopheles
quadrimaculaius and Pserophora columbiae by transect and sampling period in and near Swugart, AR,
during July, 1985.

Transect means***

Sampling*** period E N S w Check
—48 hr Anopheles 1.75Aab 325Aa 2.62Aa 0.50Bb 150
Fsorophara B.75Aa 6.00Aa 7.37BCa 8 00ABa 26.75
~24 hr Angpheles 0.75Aa 225ACa 1.62ABa 1.75Aba 425
Psorophora 6.37Aab 4 75ABb B 87ABab 16.37Aa 57 25
24 hr Anopheles 0.25Aa 0.62Ba 0.25Ba 1 50Ba 2.25
{%reduction) {74 4) {71 .3) {84 9} (1)) 217
Psorophora 4.00Aa 0.12Ba 2 50Ca 287Ba 47.00
{% reduction) (47.1} {97.8) {69.2) (68 B) )
48 hr Anopheles rain 0.508Cb 3.50Aab 3 50Aa 6.00
{% reduction)} (81.8) (0 (9 (D
Fsaraphora ran i1.75ABb ' 17.50Aa 16 00Aa 83.60
(% reduction) (67 5) {0y {0y {0}

* Means for a particular species in the same column followed by the same upper case letter are not
significamtily different (P = 0.05) by Jeast-squares means
** Means in the same row followed by the same lower case letter are not significantly different (P = 0.05)

by least-squares means.

*** Percent reductions based on average of pretreatment landing rates.

landing rates had increased at 48 hr along the
south and west transects, primarily in the 2
zones outside the city (Table 2). Sustained
control in the north may have been due to
insecticide drift with prevailing wind and lack
of dispersal from untreated areas north of the
city against prevailing wind. Dara for the east
transect were not obtained at 48 hr postireat-
ment because of heavy rains on the east side of
town. Though these data are lacking, it
appeared that movement of An. quadrimaculatus
occurred from the south and west along the
path of prevailing wind. These data comtradict
Horsfall (1955) who stated that An
quadrimaculatus  dispersed against prevailing
wind 1o feeding sites. Movement observed in
this study also may have been unrelated to
feeding and merely a function of wind-directed
dispersal from breeding or resting sites. Never-
theless, the data indicate that biting An.
quadrimaculatus did not disperse back into the

city within 48 hr posureatment. Landing rate
data for Ps. columbiae indicated resulis similar
to those for An. quadrimaculatus. Initial reduc-
tions at 24 hr were followed by an increase in
adult density at 48 hr. Excellent control
obtained to the north of the city again was
likely due to insecticide drift and lack of
dispersal from the north. Resurgence along the
south and west transects in all 3 zones (Table 23
at 48 hr posttreatment indicated that Ps
columbiar dispersed into the city along the path
of prevailing wind.

Percentage mortality of sentinel An.
guadiimaculatus due 1o ground applications
alone and in combination with aerial applica-
tions are shown for each transect in Table 4.
The mean mortalities of caged mosquitces
were low for both treatment regimes. Neverthe-
less, the dosage of naled applied was indeed on
the lower portion of the recommended scale.
Insecticide drift appeared to play a role in the

Table 4. Percentage mortality of caged Anspheles quadrimaculats at 24 hr postireatrent due to ground
ULV applications alone and in combination with an aerial adulticide application in and near Stuttgart, AR,
during July, 1985.

Transect means***

Type of application E N 5 w Check
Ground 4.0Ab 44.0Aa 2E4An 3.5Ab 20
Ground and aerial 34.08a 44 4Az 51 6Ba 52.88a 110

* Means in the same column followed by the same upper case leuer are not significantly different (P =

0 05) by least-squares means.

** Means in the same row followed by the same lower case Jetter are not significantly different (P = 0 05) by

least-squares means.
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degree of mortality exhibited in the downwind
portions of the ireated area Mortality of
sentinel mosquitoes indicated that significantly
(P<.05) greater control was obtained along all
transects, except the north, by combination
ground and aerial applications. The effect of
prevailing wind on insecticide drift may have
negated the difference between the 2 treat-
ment regimes along the north ransect. Also,
the highest mortality of caged mosquitoes
exposed to ground and aerial applications was
exhibited in the south and west where resur-
gence was preatest at 48 hr postireatment
These data further support the contention that
reinfestation occurred along the path of pre-
vailing wind. Extensions of the aerially treated
buffer zone 10 the south and west may have
induced the higher mortalities of sentinel
mosquitoes observed along the south and west
transects. 1f prevailing wind played a role in
the effectiveness of the buffer zone, it is
possible that widening the buffer selectively
could reduce mmosgquito reinfestation from
upwind areas.

The study indicates that movement of An.
guadrimaculatus was much less rapid than that
of Ps. columbice. When outdoor activity and
mosquito populations are at extremely high
levels, such mtensive applications are justifi-
able, but certainly not on a routine basis.
Under these conditions of intensive rice cul
ture, the concept of a perimeter buffer zone in
which An. guadrimaculatues emergence and Ps
cohunbiae dispersal might be inhibited by both
larvicida! and adulticidal agents seems a plausi-
ble approath to community protection from
riceland mosquitoes. The level of protection
achieved should be correfated with the dis-
persal rate of the most mobile target mosquito
and the width of the buffer.
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LABORATORY WIND TUNNEL TESTS OF NINE
INSECTICIDES AGAINST ADULT CULICOIDES SPECIES
(Diptera: Ceratopogonidae)

THoMAS G. FLOORE
West Fiorida Arthropod Research Laboratory
Panama City, Tlorida

ABSTRACT

Nine insecticides were tested against field collected adult sand flies in a non-thermat
wind tunnel. Culicoides mississippiensis Hoffman represented more than 50% of the
total sand flies tested. The insecticides included 5 organophosphate (OP) compounds
(malathion, naled, fenitrothion, fenthion, and chlorpyxifos), 3 pyrethreids (resmethrin,
phenothrin and permethrin) and a combination of malathion/resmethrin (30:1). Mortality
was recorded at 1, 4, 2nd 24 h posttreatment, Malathion, the standard, was intermediate
among the OP compounds in effectiveness at the 24-h, Ly, level. The OP compounds
exhibited poor knockdown at the LCqyy dosage levels and the addition of resmethrin to
malathion only slightly increased the knockdown of malathion. The pyrethroids exhib-
ited nearly 100% knockdown } h posttreatment at both the LCgp and LGy, levels, but
sorae individual sand Oy recovery occurred 24 h Iater.

RESUMEN

Se probaron en un tunel de viento no-termal, 9 insecticidas contra moscas de arena
colectadas en el campo Culicoides mississippiensis Hoffman representé mas de un 30%
de todas las moscas de arera probadas. Los insecticidas incluyeron 5 compuestos de
organofesfatos (malathion, raled, fenitrothion, fenthion, y chlorpyrifos), 3 pyrethroids
{resmethrin, phenothrin, y permethrin), y una combinacidn de malathion/resmethrin
{90:1). Se registrd la mortalidad a la 1, 4, y 24 horas después del tratamiento. Malathion,
el patrén, fue intermedio en su infectividad entre los compuestos de organofosfatos a
las 24 hrs., & un nivel de CLgy (CL=concentracién letal). La rapidez con que los com-
puestos de organofosfatos ejercieron mortalidad fue muy lenta con la dosis de LGy, ¥
anadiendole resmethrin al malathion sole aumenté la mortalidad del malathion. Los
pyrethroids demestraron casi un 1009% de mortalidad I hr. después del tratamiento a
ambos niveles de CLgy ¥ CLlas, pero alpunas moseas de arena se recuperaron 24 hrs,

despues.

Biting midges or sand flies (Culicoides spp) are annoying imsect pests in some
coastal areas of Florida They easily pass through standard window screen and may
be annoying indoors as well as cutdoors (Goodin 1980} Linley and Davies (1971}
suggested that sand fly annoyance was detrimental to tourism in some areas of the
state. Medically, Culicoides have been implicated as vectors of several pathogens of
wild and domestic animals and man (Blantors and Wirth 1879).

In the past, sand fly control has been directed against the larval stages either as
source reduction or as chemical application (Harringion and Bidlingmayer 1958, Rogers
1962, Clements and Rogers 1968). However, increasing environmental concerns and
controls are making larval control impractical and unacceptable. Adult sand fly control
has been limited to repellents, exclusion screens andfor insect repellent jackets (Schreck
et al. 1979, Schreck et al. 1979b). Giglioli et al. (1980), Kline et al. (1981), and the West
Florida Arthropod Research Laboratory (WFARL) have initiated research to deter-
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mine if adult sand flies may be controlled by routine adult mosquite control methods.
This paper reports results obtained at WFARL on 9 adulticides; bor ganophosphate {OP)
compounds {malathion, naled, fenitrothion, fenthion, and chlorpyrifos), 3 pyrethroids
fresmethrin, permethrin, and phenothrin) and a malathion/resmethrin (90:1) mixture
tested in a laboratory wind tunnel against field collected adult sand flies.

MATERIALS AND METHODS

Adutt sand fiies were eollected with a modified CDC trap using dry ice as an at-
tractant. The traps were placed at the field site in the late afterncon and the following
morning they were returned to the laboratory. The sand fiies were collected in 90 mm
diam X 165 mm long cylindrical cardboard containers and held in a 44 X 35 X 30 em
styrofoam cooler (Fleore 1982). At the laboratory, actively flying adults were transfer-
red to a 90 mm diam X 83 mm long cardboard container covered with a cotton pad
containing 2 10% sugar water solution. The sand flies were tested within 6 h of returning
to the laboratory. The cardboard containers were replaced as needed, but vsually lasted
several weeks.

The sand flies were anesthetized with COy in the small container and ca T0 flies
were aspirated into a number of other smakler cardbeard containers The bottem of all
the containers were replaced with a 150 mm diam piece of 42/40 mesh polyethylene
screen fabric (TEKO, Inc, NY) which was secured to the bottom of the container by
the ring portion of a cardboard lid and masking tape. A cardboard Kd covered the top
of the container. The caged sand flies were placed in the test room for 30 min prior to
testing to acclimate the flies to the roor's environmental conditions (24 & 5°C and 75
+ 5% R.H.).

The wind tunnel (Rathburn 1969 and Rathburn and Boike 1972) was modified (Ruff,
WEARL, unpublished) to aceept. the cardboard container by inserting 2 137 mm diam
and 76 mm long wood and metal sleeve into the wind tunnel chamber on the atomizer
side of the chamber cover. The sleeve narrowed from 137 mm to 90 mm to accept the
container. The wind velocity chanmeled through the sleeve was ca 2.7 misec. (Alnor
Instruments, Chicago). The sand files were ohserved to be positively phototropic and
were attracted to the screened end of the containers toward the light of four 6§ V DC
{antern bulbs and away from the removabie lid.

The container of sand Tles with the lid removed was inserted in the wind tunnel
with the container’s open end toward the atomizer. The sand flies were exposed to 0.5
ml of an insecticide solutien sprayed into the wind tunnel at 1.1 kg/em® through the wind
tunnel via a DeVilbiss No. 155 atomizer {The DeVilbiss Co , SBomerset, PA) for 5 sec-
onds. Five sec later, the cage was removed [rom the chamber, the hid replaced and the
sand fiies anesthetized for 2-8 sec with COy. Then they were transterred to clean 0.24
fiter Mason jars with a 42/40 screen inserted in the ring top. The process from inserting
the container in the chamber to tightening the tep on the jar required 18-22 seconds
A cotton pad moistened with a 10% sugar solution in water was placed on the screen
and the jars were placed in a room maintained at ca. 24 = 5°C and 65 = 5% refative
humidity. A test of each insecticide consisted of a series of 6 concentrations plus a check
of acetone and was replicated 4 to & times. The check contalper and jar were handled
in the same manner as each treated cage. Acetone was sprayed through the empty
chamber to clean the chamber of any material remaining from the previous treatment,
The cardboard containers used for the insecticide tests were discarded after the tests.
The screens and mason jars were washed in acetone and baked at ca. 10(°C for ca. 12
h in a Precision Scientific oven (Am. Sci. Produets) for reuse.

The term “knockdown” {Beard 1660) was used to describe the condition that existed
at 1 and 4 h postereatment. The use of this term 'made it possible to distinguish between
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reversible paralysis and death. Some recovery was observed, especially in tests with
the pyrethroids. Mortality data were corrected for control mertality by Abbott's formula
{Abbott 1925) and the LUy and LG and corresponding 95% confidence limits were
caloulated by probit analysis. Malathion was used as the standard because of its exten-
sive use in Florida mosquito control programs.

Approximately 100 adulls were retained for later identification from each weeks
collections. Representative samples sent to Dr. W W. Wirth for identification were
primarily C. mississippiensis with some ¢ furens (Poey) and €. mellus (Coquilett)
(Wirth, U. 8. Natl. Museum, Washington, DC 1982, personal communieation). 1dentifi-
cations at this laboratory supported this assessment.

RESULTS AND DISCUSSION

The results of the wind tunnel tests against a natural sand {ly population summarized
in Table 1 show the LCsg, LCeq, and the corvesponding 95% confidence limits for 1, 4,
and 24 h posttreatment mortality. The compounds are ranked {rom the least effective
to the mest, based on the 24-h, LCqp mortality.

TABLE 1 EFFICACY OF SELECTED INSECTICIDES AGAINST A NATURAL POPULA-
T1ON OF Gulicoides SPP EXPOSED IN A LABORATORY WING TUNNEL 1982,

Post- Lethal concentrations (mg Al/ml)
treatment
Insecticide h LCs 95% C L. LGy 95%C.L

naled i 0.1740 0.16%0-0.1790 02930 0.2750-0.3140
(Dibrom) 4 0.0910 0.0870-0.0853 01932 0.1808-0.2073
24 0.0586 0.0530-0.0649 0.1530 0.1420-0 1640
fenitrothion 1 0.1509 0.0797-0.2854 3.1176 1.6776-6 0214
(Sumithion) 4 0.0409 0 0386-0.0433 0.0891 0.0830-0 0859
24 0.0325 0.0304-0.0348 0.0881 ©.0817-0.0953
malathion (std) H 0.0734 0.0658-0.0819 0.2030 0.1580-0.2610
{Cythion} 4 (.0319 0.0305-0. 0335 0.086% 0.0773-0.0062
- 24 0.0232 0 0219-0.0247 0.0667 0.0603-0 0736
malathion/resmethrin 1 £.0232 0.0211.0.0254 01445 0.1164-0 1794
(90:1} 4 0.0104 0.0092-0.0117 0.0886 0 0723-0.1085
24 0.0067 0.0061-0.0074 0.0335 0.0285-0.0383
chlorpyrifos H 0.0853 0 6790-0 0922 0.2189 (.1982-0.2418
(Dursban} 4 0.0153 0.0143-0.0164 00330 0.0287-0.0386
24 {+.0098 0.0085-0. 0012 00274 0.0231-0 0324

fenthion 1 * * . *
(Baytex) 4 0.0352 0 0304-0.0407 0 1086 0.0685-0.1660
24 0.0118 0.0099-0.0124 00231 0.0207-0.0258
resmethrin I 0.0002 0.0001-0.0006 0.0007 0.0004-0.0010
{SBP 1382-40F) 4 0.G008 0 0007-0.0003 0.0021 0.0018-0.0028
24 0.0007 0.0004-0 G010 0.0135 ¢.0080-0.0209
permethrin 1 000028 0.00027-0.00031 0.0009 0.0008-0.0010
(PRAMEX) 4 0.00043  0.00041-0.00046 0©.0011 0.0009-0.0013
24 0.00050 0 .00048-0.00058 0.0025 0.0021-0.0030
phenothrin 1 ** o 0.0016 ©0.0011-0.0024
{Surnithrin) 4 0.0020 (+.0012-0.0032 0.0019 0.0017-0.0022
24 0.0024 0.0022-0.0027 0.0012 0.0096-0.0131

195% Confidence Limils
*Unable to determine LGy andfor LG,

values statistically due to low mortality at highest dosages tested
**Unable to determine Léa,,‘, andior L-écw values statistically due to

high mortslity at the lowest dosagus tested
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Some comparisons can be made between the susceplibility results obtained with the
OF compounds, the pyrethroids and between the individual compounds. Nzled was the
least effective and phenothrin the moest effective of the 9 insecticides observed 24 h after
treating at the LCyp level. Among the OP compounds, malathion, the standard, was
intermediate in effectiveness at the LOgq level 24 b postireatment. Chlorpyrifos and
fenthion at both the LCyp and LGy, levels 24 h after treating were more than twice as
effective as malathion, Nene of the OP compounds exhibited rapid knowkdown 1 h
posttreatment at the LCgy or LCq levels. The efficacy of fenthion 1 h after treatment
could not be determined because of the low mortality at the highest dosage tested. Kline
et al. (1981) also reported fenthion the least effective compound at 1h posttreatment.
Although recovery was observed with each of the 3 pyrethroids tested, they were more
effective than the Op compounds at both the LGy and the L.Cyq, levels 1, 4 and 24 h
after treating. Kline et al. (1981) and Rathburn et al. (1982) also reported recovery of
pyrethroid treated insects over a 24-h period. Resmethrin was the most effective insee-
tiveide tested 1 h after treating at the LCyq level. Resmethrin was ¢a. 290 X more
effective than malathion, but at the end of the test its efficacy was only ea. 5 X malath-
ion's

A mixture of malathion-resmethrin (90:1) was compared to malathion only to try to
increase the 1 h knockdown of ralathion. A similar study with adult mesquitoes
{Rathburn and Boike 1981) demonstrated a slight increase in toxicity with a malzthion-
resmethrin (90:1) mixture over malathion. This present study indicated a malathion-re-
smethrin formulation failed to substantially inerease the mortality of matathion only at
either I or 24 h posttreatment at the LGy, level. However, the formulation slightly
increased the knockdown capability of malathion at the LCgp level T and 24 b after
treatment. The increased cost of the formulation without a substantia) increase in its
efficacy over malathien only would make it economically impracticable in actual field
control practices.

Comparisons of wind tunnel data from different sources and between different insect
species should be done with caution because procedures and techniques vary from one
facility to another. Laboratory wind tunnel procedures used at WFARL differ depend-
ing on the insect species used (Rathburn et al. 1982, unpublished WFARL procedures);
however, reproduceability between tests within a study are consistent when utilizing
standard procedures and similar insect populations. Wind tunnel data are useful in
determining the relative order of effectiveness of a group of insecticides, and to gompare
the susceptibility of different insect species to various insecticides. Wind tunnel studies
also eliminate those insecticides not toxic enough to justify further study, and provide
a method of uniform insecticide exposure of test inseets which contribute to statistical
relizbility
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SUITALBILITY OF POTENTIAL WILD HOSTS OF DIAPHANIA
SPECIES IN SOUTHERN FLORIDA

X. D Eisey
U. 8. Vegetable Labo;gtory, Agric. Res. Serv UsDa,
Charleston, 8. C. 29407
AND
J E. PENA AND V. H, WappiLt
University of Florida, IFAS
Agricultural Research and Education Center
Homestead, Fiorida 33031

ABSTRACT

The cucurbit weed, Melothria pendula L., was found to be an important wild host
of pickleworm, Diaphania nitidalis (8toll) and the melonworm, Diaphania hyalinata
(L.}, in southern Florida. Laboratory feeding tests showed that foliage of another abun-
dant cucurbit weed, Momordica chorantin L., was unfaverable for larval survival, yet
both insect species were found on this plant in fleld sampler. It is believed that
pickleworm larvae ean develop on Momordica flowers and fruit, while melonworms
found on Momordica may constitute a host race or sibling species.
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CURRENT STATUS ON THE FLORIDA ABATE MONITORING
PROGRAM—SUSCEPTIBILITY LEVELS OF THREE
SPECIES OF MOSQUITOES DURING 1984 {0y ‘,er.f(_&// 7

A H.BOIKE, JR,C B RATHBURN,JR, K L LANG,H M. MASTERS anp T G FLOORE

Department of Health and Rehabilitative Services, West Florida Arthropod Research Laboratory, Post Dffice
Box 15277, Panama City, FL 32406

ABSTRACT. During 1984, larval suscepiibility 1ests of temephos were performed on Aedes faeniorhynchus
and Culex nigripalpus collected From the same general areas as in 1980~82, and the results compared to the
susceptible lzboratory strains No resistance was detected against these two species. When strains of Culex
quinguefasciatus from some new areas were tested against temephos, malathion, naled, fenthion and chlor-
pyrifos, their tolerance varied according to the insecticide tested and the origin of the strain Some strains
ranged from 1 6 to 43.0X more tolerant to temephos when compared to the West Florida Arthropod Research

Laboratory strain {(WFARL strain)

INTRODUCTION

The Florida Abate Monitoring program
{Boike et al. 1982) was inhiated during 1980-82
and resulted in testing 3 species of mosguitoes
from 6 counties in Florida against temephaos,
malathion, naled, chlorpyrifos and fenthion
Results of tests during this period indicated no
resistance of temephos by Aedes taeniorhynchus
{Wied ) or Culex nigripalpus Theobald, but vari-
able resistance of up to 22X by Culex quinquefas-
clalus Say.

The intention of the program is to test
populations of these mosquito species against
temephos every other year only 1o determine if
any resistance was beginning to appear. If any
tolerance Lo temephos was noted, tests for cross
resistance to the other insecticides would be
conducted.

MATERIALS AND METHODS

Wild populations of Ae. taeniorAynchus and Cx.
nigripalpus were collected essentially from the
same areas as those collected in 1980-81 by
using CDC portable light traps baited with dry
ice {Newhouse et al. 1966). Adults were shipped
to the laboratory in styrofoam chests chilled
with plastic freezer containers. Strains of Cx.
quingquefasciatus (which is easily colonized) were
sent to the laboratory either as egg rafts or
larvae. Some strains were obtained from the
sarne areas as in 1980; however, some new areas
were selected in 1984 due to elimination of the
original breeding arez or for comparison to the
area selected in 1980-81 These new straing
were tested apgainst all 5 insecticides. Adulis of
all species were fed on anesthetized chicks and
were offered 10% sugar cotton pads for carbo-
hydrate.

Laboratory bioassays consisted of pipetting 1
ml of an appropriate insecticide dilution into
200 m! of tap water. Twenty-five 3rd instar
larvae in 49 ml tap water were then added to

the beakers giving a total of 250 m! solution. All
insecticide dilutions were in ACS acetone. A
replication consisted of a control and 5-7 serial
dilutions of the insecticide to be tested and an
average of 12 replications were performed on
each insecticide for a given species. All tests
were performed in water baths at 27+ 1°C and
mortality counts made at 24 hrs. postireatment
(Rathburn and Boike, 1967, Boike et a). 1978).

The LCg and LGy, values were calculated by
probit analysis using the SAS program through
the facilities of the NE Florida Regional Data
Center and were expressed in pg Al/ml {ppmy}.

RESULTS

Results of! Ea__zygl:‘v susceptibility tests of Ae.
taeniorhynchus are shown in Table 1, and those
for Cx. nigripalpus are shown in Table 2. Tests
of Cx. gquinquefasciatus against temephos and
malathion are shown in Table 3 and against
naled, chlorpyrifos and fenthion are shown in
Table 4. The resistance ratio was found by di-
viding the LGy and LCyp values of the area
strain by the LGy, and LC,, values of the sus-
ceptible strain (not shown in tables)

Aedes taeniorhynchus—Temephos—(Table 1)
Of the 4 comparable areas sampled in 1984, all
had similar 1.Cgy and LCy, values compared to
1980, indicating no resistance 1o temephos.
When tested against fenthion, the Ae.
taeniorhynchus from Marco Isiand, Collier
County, were comparable 10 the West Florida
Arthropod Research Laboratory suscepiible
strain (WFARL. strain).

Culex nigripalpus—Temephos, fenthion,
naled—(Table 2): Culex nigripalpus from 3 areas
in Collier, Lee and Polk counties showed less
variation in susceptibility 1o temephos when
compard to the WFARL strain. The two 1984
collections of Cx. nigripalpus from the Treesweet
and Tropicana Company sites in Fort Pierce, St.
Lucie County, showed a slight increase in toler-
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Table I. Susceptibility of Aedes taeniorhynchus larvae to temephos and fenthion.

Resistance
Year Lethal concentration in pg Al/ml. (ppm) razig?
County Arca testcd  LCag 95% C.LT X T5% CLF G LG
Femsphos
Coflier Naples 1980  0.080%4 0 0007]1-0.00078 009120 £.00114-0.00127 09 0.7
Marcos s, 1984 0.00148 0 00144-0.0015¢ £4.00189 0.00183-.0.00197 10 07
Lee Sanibek Bs 1980 0.00072 0.00066-0.06079 {00844 0.60134.0.00155 0.8 1 4
Sanibe] Is. 1984 000126 0.00123-0.00129 0.60180 a0.00172-0.00189 09 a8
Manatee Por1 Manaltce 1980 0.00742 0.600n8-0.00081 0.0017% 0065060196 o 13
Manson's Farm 1984 0.0GO0G6 { 00046-0.60083 0.00170 0.00827-0.00342 0.5 0.9
St Lucie Ftr Picrce Beh B0 00012 0.00116-0.00126 0.00233 0.60209.0 00251 15 13
ft Pieree Beh. 1984 060199 0.00185-0.00218 G G028O {4 00247-0.00553 8.7 1.4
Fenthion
Collier Marco Is. 1984 Q.00184 0.00140-0.00250 0.00436 0.00314--0.00630 0.8 1.6
' Confidence limits.
\ . LCsy or LCyy of area strain
* Resistance ratio = oo LU - .
ECey or LGy, of susceptible strain
Table 2. Susceptibility of Culex nigripalpus larvae 1o temephos, fenthion and naled.
' Resistance
Year Lethal concentration in pg Alm). {(ppm) ratio"
County Area tested LCsw 95% C.L.t LG, 95% C.1.3 LG LC,
Temephos
Cotlier Maples 1988 0.000281 0.000276-¢ 900304 0060547 0.000313-0.000583 0.9 a9
Marco s 1984 0.600792 0.GO004B- 0000940 0.001252 0.0010)7-1.002852 | ¥ 13
Hilisborough Gibsomnn 1980 0.000296 4.000283-0.000300 0.000609 0.000564-0.000658 o9 10
Gibsenton® 1984 0.001313 0.008193-0.061460 0 64058 0.003244-0.0054%9 21 45
Gibsonton? 1584 0.00kH18 0.006877-0.001348 0.003402 (.6024906-.0. 006450 17 39
Lee Ft Myers 1980 0.0D0250 0.066G227-0.000275 4.000527 & 006466-0.000596 08 L33
Ft Myess 1954 9.000785 0.000721-0.600858 9001131 0.001063-0.601427 11 12
Polk Muiberry 1981 0.0G0517 0.000494--0 00DS40 8.000792 4.000728-0.0600862 09 09
Mulberry Fa84 4000672 0.000648-0 000696 0 000989 0 000931-0.00E071 10 11
St Lucie Ft. Pierce 1981 0.600562 0.600546-0.000579 0.060819 0.000863-0.006979 09 1.0
Ft Picree! 1984 0.601072 0 000947-0.001244 (002099 0.00) 704-0.6020954 16 23
Fi. Picrect 1984 000E115 4.900914-0.801628 0601905 0.6011396-0.00485) LY 21
Fenthion
Hillsborough Gibsanton 1581 {.00302 0.60295-0.00309 0.00417 400402000484 a4 a9
Gibsonten 19843 900732 0.60647-0.60828 001932 0.0) 580-0.62582 27 548
Naisd
Hillsberough Gibsonton F9B1 0.0528 0 0512-0.0544 0.0845 0.6B10-0.0990 i4 17
Gibsontan 19847 0.0722 0.0659-0.0851 0.1822 0.1837-0.3371 2.0 4.2

! Confidence limits
* Collection of July 1984
3 Collection of Oct 1984,

* Treesweet Company {Coltection of April 3, 1984)

5 Tropicana Company (Collection of May 21, 1984).

LC;, or LGy, of area strain

¢ Resistance ratio =

ance Lo temephos compared o 1981, while the
2 collections of Cx. nigripalpus from Gibsonton,
Hillsborough County, indicated a substantial
increase in tolerance to temephos of approx-
imately 2X at the LGy level and 4-4.5X at the
LCyy level. When tested against fenthion, the
Cx. nigripalpus from Gibsonton were 2.7X and
5.6X more tolerant than the WFARL strain. A
slight increase in tolerance to naled was also
shown. This is the first time a population of Cx.
nigripalpus in Florida exhibited a substantial tol-
erance to temephos, fenthion and naled.
Culex  quinquefasciatus—Temephos, malathion,

LCsa or LGy of susceptible strain

naled, chlorpyrifos and fenthion-—(Tables 3
and 4): The Crx. quinguefasciatus strain from
the City of Naples Public Works Department
(which is approximately 2-3 miles from the
Collier Mosquito Control District Headquar-
ters), Collier County, (1984) was highly resistant
to temephos {17.4X at the LC,, level and 43.0%
at the LCy; level). The population was also re-
sistant to fenthion (7.5X at the LGy, level and
11.1X at the LCy level} and progressively less
resistant to chlorpyrifos, malathion, and naled.
The Public Works Department strain was more
resistant 10 all insecticides tested when com-
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Table 3. Susceptibility of Culex guinguefasciatus larvae to temephos and malathion.
Resistance
Year Lethal goncentration in pg Alfml {ppm) ratio®
County Area tested LG 95% C.L." LCw 95% C.L.F 1Ce LCw
Temephos ’
Caltier Naples 1980 0.00236 0.00220-0.00252 {.00767 0 60670-0 00878 21 33
Naples® 1982 000585 0.06536-0 H0638 001879 0 01589-0.02203 112 223
Naples? 1984 001056 0.00893-0.01265 003921 8028540 D647 174 430
{mmakales 1984 G.00K19 0.001 2060124 f.00188 ¢ 001770 00204 15 15
Hiilsborough Seffner 1880 000258 000232000287 0.42328 6 01812-0 02991 54 125
SefTner 1984 000316 0 00252-0 (0399 401818 0.01165~0.03826 52 0.9
lec Ft. Myers 1980 0.00287 0 002580 00328 £.03459 6 02603-0.04597 25 15.0
Ft. Myers? 198¢ 00087} 0.00724-0 01069 002501 0.01860-0.03565 s 231
Manaee Efenton 1984 O Q0522 6.00359-0 00BE? G 03517 0017240 13930 16 349
Palk Eagle Laks 198 Q.01365 1101301-0.01432 G 03007 0.02762-0.03198 2: 8] 16.1
Lakeland 1984 9.00357 0 00290-0.00434 4.01032 0.00796-0.01560 a2 8.0
5t Lucie Ft Picrce 1980 (00492 0.00445-0.60541 G.02150 {+ 01886-0 02450 6.6 itL5
Fr Pierce® 1984 0 0137) 00Li08-0 C1689 £.83006 0.02280-0.05318 212 12k
Fi Pieree® 1984 0 CG1835 0 016440 02092 403529 0.02755.-0.04633 284 356
Malathiont
Collier Naples B0 030 04790344 I 534 1 332- 1.767 22 53
Naples? 1982 Q700 0.562-0 740 1 545 1.434.. 1.667 70 10.2
Naples® 1984 0466 0.434-0 498 1119 10201 248 46 78
Immokales 1984 0148 0.144-0 £52 0240 0 229-0.25¢ %} 1B
Lce F1 Myers 1980 0451 6412048 1.61% 14351823 25 42
Ft. Myers* 1984 0203 0.282-0.504 O 555 0 523-0.58% 35 38
Manaiee Ellenton B4 0203 0.189.0.216 3463 0.422..0521 20 a2z
Polk Eagic Lake 1986 1133 1090-1.17% 2716 2.499-7 952 6.4 71
Lakatand £984  0.323 0.295-0.351 E 14t 0.976-1.395 32 9B

! Confidence limits.

2 Collier Mosquite Conurol District Headquarters.
3 City of Naples Public Works Department.

4 River Trails Trailer Park.

& Collection of April 3, 1984 (Treesweet Company).
% Collection of May 21, 1984 (Tropicana Company).

LCso or LCy of area strain

¥ Resistance ratio =

pared to the strain tested in 1982 from the
Collier Mosquito Control District headquarters
in Naples.

A strain of Cx. quinguefasciatus from Im-
mokalee, Collier County, was tested against all
insecticides and was found to have LGy and
LGy values of <2X for temephos, malathion
and naled. When tested against fenthion and
chiorpyrifos, the LGy and L.Cy values were
between 26X-2.9X. These results are in
agreement with Boike et al. (1984) and Pal-
misano et al. (1976) who showed that popula-
tions of Cx. quinquefasciatus collected from areas
having little or no mosquito programs are more
susceptible to OP insecticides than areas having
active mosguito control programs.

The Cx. quinquefasciatus strain from the River
Trails Trailer Park located on the Caloosa-
hatchee River in Fort Myers, Lee County,
tested in 1985 was more tolerant to all insec-
ticides tested when compared to the strain
tested in 1980 which was from a shopping cen-
ter on US 41. The Eagle Lake, Polk County
strain tested in 1980 was from a sewage tank
which had been treated heavily with temephos,
giving an LGy value of 18X compared to the
WFARL. strain. In 1984, the strain from a
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LCyp ov LCyy of susceptible strain

school yard in Lakeland, Polk County, was con-
siderably less tolerant than the Eagle Lake
strain to all insectcides tested. In Fort Pierce,
the Cx. quingquefosciatus strains tested for 1980
and 1984 were both from sites at the Treesweet
Company. A substantial increase in tolerance to
temephos was noted for the 2 collections of
1984 compared 10 1980

DISCUSSION

Aedes taeniorhynchus tested during 1984 were
as susceptible to temephos as those tested dur-
ing the initial phase of the Abate Monitoring
Program {Boike et al. 1982). Culex nigripalpus
from 3 areas in Collier, Lee and Polk counties
were as susceptible to temephos in 1984 as in
1980-81 indicating no change in resistance.
However, Cx. nigripalpus collected from sites at
the Treesweet and Tropicana companies in
1984 near Fort Pierce indicate a slight increase
in tolerance to temephos compared to results
obtained in 1980. In addition, substantial toler-
ance to temephos was found in 2 collections of
Cx. nigripalpus from Gibsonton in 1984. Also,
these populations of Cx. nigripalpus were toler-
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Table 4. Susceptibility of Culex quinguefasciatus larvae o naled, chlorpyrifos and fenthion.

Resistunce
Year Lethal concentration in gg Al/ml. {ppm) ratio®
Cotnty Arcx tested  LCy 95% C.L.* LCw 95% C.L.} LCw LG
Naled
Collier Naples? 1982 0356 0 344-0.369 46544 9 594-0.658 37 49
Nagpies? i984 0399 837%-0418 4759 Q.9066-0 829 47 61
Immaokalee 1984 0147 6.148-0.156 0215 0.395-0.250 K] 15
Loe Fu. Myers 1988 0.:42 G.137-0.147 0.24¢ 0.223-0.258 [} i0
Fi. Myers 1984 0.3354 G.3066-0.371 0.655 0.552-.0.844 4.2 61
Mapatee Ellesison 1984 0338 0.297-0 396 o077 0.606-F 183 4.2 73
Palk Eagle Lake 1980 0.645 0620-0673 1 i4e 1 0501226 5.3 56
Laketand 1984  0.249 02210285 0521 0.416-C 758 24 44
Chiorpyrifos
Collier Naples 198! 0.003%6 00368 0.60426 6.00967 000851 0.00 100 22 24
Naples® 1982 000450 $00472-.0 00508 0.60857 0.00002--0.01020 706 45
Naples* 1984 000893 007430 01045 ¢ 2085 0 01680-9.02938 az 82
Fmmokales 1984 D 00784 0 .00195-0.00296 G 00423 0.00326-0.00733 27 249
Lee Fi. Myers 1981 0 00%22 G.00209-0.00235 4400431 0.00393-0,00472 13 8]
Fi. Myers* 1984 000493 0.00598-0.00610 400806 0 00642-0.01377 T 56
Manatee Ellenton 1684 080472 0.00557-0.00583 001582 0.04154-0.02884 69 128
Polk Ezple Lake 1980 060621 0.00587.-0.00656 0.02204 0.01944..0 02500 35 5.0
Laketand 1984 D.0037% 0 00346-0.00406 0.00780 0.00693-0 00910 34 34
Fenthion
Cotlicr Naplas? 1982 0 0285 0.0270-0.0295 {1.0553 4.0525-0.0533 59 71
Naples? 1984 0 8360 0.0320-0.0400 £4.0837 0.0720-0.1029 75 111
Immokalee 1984 00i04 0.0H02-0.0106 00162 9.0156-0.0170 27 26
Lee Ft. Myers t98 ¢ 00088 0.0084--0.0692 H086 0 0L70-0 6205 49 i
F. Myess* 1984 00278 0.0247-0.6314 0.0451 00381-G 0634 6.2 6.4
Manatee Eflenton 1984 060874 0.0272.0.0561 9 1587 0.0899-0.6708 a7 187
Polk Eagle Lake 198 D.0413 0.0379-0 0450 02439 0.2017-0.2946 54 148
Eakeland 1984 40328 Q026800417 0.169% 06777-0.1878 32 98
St Lucie Ft Pierce 198¢  0.0157 004600170 0.1664 0.0813-0.1240 19 61
Ft. Pierce® 1984% #0520 0.0265-0.0378 0.0810 0.0652-0.1H16 6.1 89

! Confidence limits

? Collier Mosquito Control District Headquarters

? City of Naples Public Works Department.

* River Trails Trailer Park.

> Treesweet Company (Collection of April 3, 1984).
- LCup or LGy of area strain

% Resistance ratio = - -
LCyy or LGy, of susceptible strain

ant 1o fenthion and naled. The increase in tol-
erance 10 temephos at the citrus canning com-
panies at Fort Plerce was probably due to
temephos being used as a larvicide in the
effluent ponds prior to June 1980. At Gibson-
ton, no immediate reason is known for the in-
crease in tolerance to temephos, fenthion and
naled. It is postulated that agricultural opera-
rions may have influenced the resulis. Ad-
ditional collections of Cx. nigripalpus from
nearby areas this surnmer (1985) will be made in
an atternpt to determine how widespread is this
increase in tolerance 1o OP compounds.
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Downwind Drift and Droplet Distribution of Naled Aerial Sprays
Applied for Stable Fly Control Over Gulf Beaches

JAMES C DUKES', CHARLES F. HALLMON?, JOSEPH P. RUFF!
and JAMES C. MOORE?

Large numbers of stable flies, which
are believed to originate in the agricultural
areas of Florida, Alabama, and Georgia,
appear on the Gulf beaches of Florida's
panhandle in late summer and fall. These
flies are brought to the beaches by the pas-
sage of cold fronts or periods of sustained
northerly winds (Hester et al. 1978, Hog-
sette and Ruff 1985). In the absence of
their norma) hosts, these blood feeding
stable flies become an unbearable nuisance
to the beach residents and often send
tourists away (Anon. 1971, Fye et al. 1980).

A control program for stable flies in
northwest Florida is operated by the Flor-
ida Department of Health and Rehabilita-
tive Services and utilizes aerial spraying
similar to that used for adult mosquito
control but is unique with regards to time
of application and wind conditions (Rogers
et al. 1972). The sensitivity of adult stable
flies to wind direction has been a key factor
in the success of the aerial control pro-
grams. Sustained land to water winds
cause the flies to concentrate in a narrow
band along the beaches but 2 sea breeze,
which often occurs in the afternoon, sends
the flies inland almost immediately. Be-
cause of the cool early morning tempera-
tures encountered in the fall, and the flies’
inactivity at night, the application of aerial
sprays are made from mid-morning to
mid-afternoon in winds of 5-15 mph by
flying over land and allowing the spray to
drift towards the water’s edge.

The West Florida Arthropod Research
Laboratory has had a continuing program
to study the effectiveness of aerial sprays
on stable flies and mosquitoes Recent en-
vironmental concerns about pesticide ef-
fects on non-target organisms prompted
this study to determine the deposition of

‘West Florida Arithropod Research Laboratory,
Florida Department of Health and Rehabiliative Ser-
vices, Panama City, Florida.

tUnited States Environmemnial Protection Agency,
Environmeniz! Research Laboratory Ssbine Island,
Gulf Breeze, Florida.
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the spray over land and possibly in the
Gulf waters.

METHODS

The aerial spray tests were conducted
at Panama City Beach and utilized a con-
crete fishing pier which extends 1500 ft
out into the Gulf. A park located behind
the pier contained an open grassland area
extending approximately 1500 ft inland.
This provided 3000 ft of near un-
obstructed area in which to study down-
wind drift of aerial spray droplets Stakes
equipped to hold caged stable flies, potas-
siumm iodide (KI) dye card, and Teflon®
coated slides were placed at 100 ft intervals
throughout the length of the study area.

Laboratory reared stable flies used for
bioassay were held in screened cages con-
structed of a copper sleeve approx 1.5 in-
ches in depth and approx 5.5 inches inside
diameter and covered with 14 X 14 mesh
bronze screen. Cages over land were 3 ft
above the ground while those located on
the pier were 20 ft above the water. All
cages were placed with the screen facing
into the wind. Droplet data were obtained
by the use of KI dye cards and Teflon®
coated microscope slides hanging vertically
into the wind. The cards were 3 X 5 in.
Kromokote cover paper treated with a
potassium iodide solution as described by
Koundakjian 1965. The naled sensitive
cards discolor when impinged by the insec-
ticide droplets. The number of droplets
per in? was recorded from an area at the
center of each card with the aid of a micro-
scope at 10 times magnification. Insec-
ticide droplets collected on Teflon®
coated slides were counted and evaluated
using methods described by Rathburn
1970 for MMD on impinged slides.

To quantify chemical deposition in the
last test, 9 in diameter filter papers (What-
man #4) were used to collect droplets for
chemical residue analysis. Papers were
placed and pinned in a horizontal position
to styrofoam sheets or floats and placed at
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Fig | Downwind distribution and droplet size for aerial insecticide sprays for stable fly control over Gulf

beaches in northwest Florida, 1982,

uniform distances downwind from the
spray swaths. Floats placed at 300 ft inter-
vals extended 1500 into the water, each
held 1 horizontal paper collector. Addi-
tional plexiglass filter paper holders, 12 X
19 in with a 6.5 X 6.5 opening, were at-
tached to the pier's railings such that the
opening faced into the wind. The filter
paper was cut 50 as Lo TEmove 0.5 in strips
on 1 in centers in that portion of the paper
located in the opening of the holder. The
vertical collectors and horizontal floats
were parallel and at equal distances down-
wind. Thirty min posttreatment, the filter
papers were collected and placed into vials
containing methylene chloride, wrapped
in foil, and refrigerated.. Samples were
shipped to the Gulf Breeze EPA laboratory
36 h post spray and analyzed using a Hew-
lett-Packard model 5710 gas chromatog-
raph equipped with a nitrogen phos-
phorus detector.

Contro! sample containers with solvent
were taken to the field for determination
of inadvertent contamination with naled
or other possible interfering compounds.
Average recovery of 2.7 pg naled/filter
paper was 94.2 with range (90-98) for n =
5 samples. All filter papers were cleaned
with solvents and certified contaminant-
free using gas chromatographic analysis
prior to use in the field for sample collec-
tion.

Naled was applied by the Dog Fiy Con-
wrol  Program using currently recom-
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rhended procedures (Office of Entomol-
ogy, Memo No. 213, July 1979). A 25%
formulation of naled 1n soybean oil (viv)
was applied in four 200 ft spray swaths
starting 800 ft upwind from the primary
dune line. The aircraft (DC-3) was outfit-
ted with 36 flat fan nozzles (Spraying Sys-
terns 8001) mounted on a tail boom. The
application rate was 3.75 gal/min or ap-
proximately 0.2 Ib Al/a when flown at 150
mph.

Wind speed and direction were moni-
tored throughout each test period using a
recording anemometer.

RESULTS

Fig. 1 shows the mean of volume mean
diameters (VMD’s) and droplet densities
for 4 tests each flown under operational
conditions with the 4 flight swaths marked
and flagged from the ground. Wind speed
and direction was NE at 10-12 mph and
was typical of frontal conditions which de-
posit large numbers of stable flies onto
Gulf beaches. The number of droplets/in,
deposited on K1 cards, shows that 500-700
fi “off-set” downwind is required before
even the largest droplets fall 1o the surface
from the 150 ft altitude of the aircraft.
The greatest density of droplets was re-
corded downwind (700 ft) of the 4th swath
of the aircraft, with the density of droplets
rapidly decreasing and then remaining
fairly  uniform over the beach and
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Fig. 2. Droplet distribution of aerial spray deposits, 1984,

throughout the length of the pier. Data on
droplet size (VMD) were collected at 5 dif-
ferent locations downwind of the aircraft
swaths. These data show that droplet dis-
tribution parallels that collected on KI
cards with the largest VMD of 60 pm being
recorded at 600 fi downwind of the last
swath (4th). Droplets having a VMD of 30-
40 pm drifted out over the beach and
beyond.

Thornton and Davis (1956) stated that
spray droplets smaller than 40 pm did not
produce visible spots on oil-sensitive cards.
This was readily apparent when KI cards
were compared with data collected on Tef-
lon coated microscope slides. A minimum
of 200 droplets were measured within the
area of a glass slide (2.5 x 1 in.) while KI
cards placed adjacent to the slides re-
corded as few as 25 droplets/in.?. Rathburn
(1970) reported that slides were less than
10% efficient in collecting spray droplets
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10 wm or smaller. Although both of the
methods used for sampling droplets have
specific advantages, neither gave a true
and accurate picture of actual numbers of
spray droplets passing through an area.
The results of a single test with 4
swaths designed to compare the efficiency
of KI cards with Teflon coated slides for
monitoring spray drift and to quantify
naled deposition are shown in Fig. 2. The
major difference in environmental condi-
tions between this test (Fig. 2) and the pre-
vious series (Fig. 1) was reduced wind vel-
ocity from 10-12 to 6 mph. This wind vei-
ocity change resulted in a reduced “off set”
distance downwind and a reduction in
number of droplets collected on Kl cards
beyond 1600 ft downwind. Droplets depo-
sited within a known surface area on the
Teflon slides resulted in a VMD of 156
wm at a distance of 200 fi downwind of
the Ist swath and decreased to 70 pm at
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the beach (1arget area). Droplets VMD's
collected at stations located on the pier av-
eraged approximately 50 pm.

The droplet density data collected on
Teflon coated slides shows that 490 drop-
Jetsfin.? were collected at 1200 ft downwind
of the 4th swath. From that point through
3100 ft downwind, the density of droplets
continuously decreased to 84/in *at the last
collection station located at the end of the
pier. The only exception to the decreased

attern was located at 1500 ft where the
collection station was located immediately
downwind of a building at the pier’s entry-
Disturbances in wind currents at that sta-
tion may be 2 possible explanation for the
decrease in droplet density and the slight
increase in VMD.

A comparison of droplet density data
between KI dye cards and Teflon slides
shows that the dye cards coliected only 10-
90% of the number of dropletsfin? col-
lected on the Teflon coated slides. The K1
cards indicated that the bulk of the drop-
lets had deposited on land. On the other
hand, the slides show that most of the
droplets beyond 1000 fr were probably to0
small to chemically initiate a staining reac-
rion even though they may have been col-
lected on dye cards.

Results of analysis of the filter papers
using gas chromatography showed naled
being detected at the first 2 stations down-
wind (1000 and 1200 ft). Residues at these
9 stations were 120 and 0.30 pgfcm?® ye-
spectively with all other samples located
between 1600-3100 ft downwind being
below the detection Yimit of 0.0030 pglem®.
The positive samples were horizontal col-
lections located mmediately downwind of
all 4 flight swaths and in the area where
the largest droplets VMD's and number of
droplets/in’ were recorded. Although sol-
vent exiracts were placed in ice and kept
in the dark, analyses should have been
completed within eight hours o avoid sig-
nificant loss of naled. The lack of detecta-
ble quantity of naled in these samples does
not necessarily infer poor deposition but
may have been the results of degradation
during transport afier collection. Al-
though more naled was deposited at the
first 2 sites than at other sites, the analysis
probably underestimates  the actual
amounts deposited. Bioassay indicated ex-
cellent control (92-100%) extending out
over Gulf waters.

Scientific Papers 85
DISCUSSION

These tests have shown that Teflon
coated microscope slides were more effec-
tive for monitoring insecticide spray drift
and gave a better representaron of all
droplet size ranges than did potassium
iodide dye cards. However, dye cards do
have the advantage of giving immediate
results in the field to diagnose Spray cover-
age, and slides require tedious observation
in the laboratory using a compound micro-
scope.

The data shows that aerial sprays for
stable fly control were carried for long dis-
tances downwind from the aircraft path
but the large spray droplets fell 1o the sur-
face within 1200-1400 ft downwind of the
upwind swath and did produce detectable
residue levels depositing on the ground.
Smaller droplets (40-60 pm VvMD) were
carried through the beach larget area and
out over Gulf waters but did not produce
detectable residue levels.

Although tests show that aerial spray
droplets are carried out over the gulf,
Chen 1984 reported that the hydrolytic
and photolytic degradation of naled and
i's breakdown products Occurs rapidly to
innocuous products. The Dog Fly Control
Program in northwest Florida should not
pose undue environmental stress within
the gulf when aerial sprays are applied at
recommended distances upwind from the
water’s edge.
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Susceptibility of Eighteen Strains of Culex quinquefasciatus
Say from Florida to Five Organophosphate Insecticides

A. H. BOIKE, JR.,, C. B. RATHBURN, IR,
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West Florida Arthropod Research Laboratory
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ABRSTRACT

Tests of Luval susceptibility o temephos malathion. nalal fenthion and chlurpyrifos were
performed on 12.18 strains of Culex quinguefasciatus Say coltected from 11 counties in Florida
over @ 5 year period (1978-1982). The straing varied in their suscepuibility with the insecticide
tested and the origin of the strain. When tested againsyt temephos. the most suseeptible strain
was 247 X move susceptible at the 1O, tevel than the least susceptible strain, whereas with
naled. there was only a 74 X dilfesenee berwesn the mast and least susceptible strains. Generally.
the lenst suseeptible stiaing originated from aveas having well organized mosquito control pro-

grams

INTRODUCTION

From 1980 to 1982, the State of Florida
was engaged in a monitoring program to
gather base-line information and detect any
resistance resulting from the increased use
of temephos for mosquito control in sev-
eral counties (Boike, et al. 1982} Three
species, Aedes tlaeniovhynchuus (Wied.),
Culex nigripalpus Theob., and Culex guin-
quefasciatus (Say), were monitored in this
program and tested against 5 organophos-
phate insecticides (temephos, malathion,
naled, chlorpyrifos, fenthion). This paper
gives the results of strains of Culex quin-
quefasciatus tested during the state mon-
itoring program plus additional strains col-
lected from various areas of the state

MATERIALS AND METHODS

The various strains of Cx. quingue
fascialus were collected as egg rafts, larvae
or adults and transported to the laboratory
for colonization. Larvae were fed a slurry
mixture of 3 parts liver + 2 parts yeast
while adults were maintained on 10% sugar
water and blood fed on anesthetized chicks.
There were nine strains oviginating from
sewage treatment plants, two strains from
citrus processing plant effluents, two from
light traps in residential areas, two from
pasture settling ponds and one each from 2
meat processing plant, a garbage can and
water collections from an old boat. Collec-

tion data are shown in Table 1. Not all 18
strains were tested against each of the 5
insecticides. Larval susceptibility tests were
performed according to methods described
by Rathburn and Boike (1967} and Boike
etal. (1978). '

RESULTS

Results of the larval susceptibility tests
against temephos, malathion, naled, chlor-
pyrifos and fenthion are shown in Tables
9, 8, 4, 5, and 6, respectively, and are ar-
ranged in order of increasing susceptibility
at the LC,, level, The LC,, and LC,, values
and the 95% conhdence limits were calcu-
lated by probit analysis using a Sharp pro-
grammable calculator or the [facilities of
the NE Regional Data Center.
TEMEPHOS (Table 2): Of the 18 strains
tested, b had an LC;, value of 000558 .p
Al/ml. or greater, 9 had values between
0.00492 and 000100 pg Al/ml, while the
remaining 4 were below 0.00100 pg Al/ml.
The least susceptible strain from Eagle
Lake was 24.7 X less susceptible at the LC,,
level than the Cottondale strain and 41.2 X
less susceptible at the LGy, level.
MALATHION (Table 3): The LC;, val-
ues for the 16 strains varied from 0.08]1 pg
Alfml for the Cottondale strain to 1.133
ug Aljml for the Eagle Lake strain. Seven
of the strains had values of 0,451 pg Al/ml
to 1.13% pg Al/ml. while 6 strains had val-
ues of 0.338 pg Al/ml. to 0.223 pg AI/ml.

1
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Table 1. Source of colonized test strains of Culex quinguefasciatus (Say).

Date Stages and
of methods of
County Avea HMabilat collection callection!
Collier Muosg. Cont. Hdgtrs.-1 garbage can 11/20/82 E*
Collier Naples-11 vesidential area 7/i5/80 Ave
Highlands Sehwing sewage trimg. plant 3/15/80 | o
Hillsborough Seflner pasture pond 5122180 L
HiMsheorough Piant City Lvkes Bros. meat 4/28)82 EL*
polishing pond
Hillshorough Tuampa sewage 1, plang PO/ 12478 E,L*
jackson Cottondaie vain water in obd bows 18T L
lLee Fi. Mycrs terwst g 7/24/80 e
Marion Qoata sewage trit. plint Gf2/79 L1
Qkaloosa i Wakton Beach sewage tramt. plhint Q44780 EL*
Osceola Kissbmmer Reedy Cieek pasture pond 1/2/80 £e
Polk Eagle Like sewiape tank 6/5/80 ELpe
Yolk Euke Wales Sidldbehay sewage titent. 615180 EL.I'*
plam
Palk Bartow Air Base sewirge dispusal urea 3/lo/82 A"
Patk Wahaneta sewige it plant 511282 Lt Ae *e
St. Johns 5t Augustine 5hores sewige trimt. plant 10/5 /82 L
Polk Iake Alfred Morris Canning Co. Gf15/81 E*
ciliuent
St. Lucie Fu Pierce Freesweet Citrus Co 7/24/80 E*
cfluent

' = eggs. L = lnrvac. P = pupae. A = adults *dipper. *+CDC tight trap.

The remaining 3 strains had LC;o values tible to naled; having an LC,, value of
of 0.177, 0.168, and 0.081 pg Alfml, ve- 00646 g Al/ml compared to the most
spectively. susceptible strain from Cottondale which
NALED (Table 4): The strain from Eagle had an LG,y value of 0.070 pg Aljml Be-
Lake in Polk County was also least suscep- tween these 2 strains, 5 had LGC;, values

Tuble 2. Susceptibility of vavious sirains of Culex quinguefascintus Say larvae to temephos,

Lethal concentration in ag Alfmb {ppm)

Collection Year
area County tested LC,, 95% C.L.¢ LG, 959, C.L.*

Eagle Lake Polk 1980 0.01365 001300-0.01432 003007 0.02782-0.03178
Bartow Air

Base Polk 1982 000875  0.00805-0.00053 004178 0.03296-0.05296
Wahaneta otk 1982 00843 0.00798-0.00885 0.04083 0.03532-0.04710
Naples-1 Collier 1982 0.00585 0.00536-0.00638 0.01879 0.01599-0 02203
Plant City Hillsborough 1982 C¢.o0558 G 00515-0 00605 001866 0.01644-002118
Ft. Pierce St. Lucie 1980 0.00492  0.00445-0.00544 0.02150 0.01886-0.02450
Fr. Walton Okaloosa 1980 0.0038F  000341-0.00426 002244 001730-0.02911
Tampa Hillsborough 1978 0.00321  0.00296-0.00349 002766 0.02334-003272
Ft. Myers Lee 14980 000287  0.00251-0.00320  0.0345%  0.02603-0.04597
Seffner Hillsborough 1980 000258 0.00232-000287 002328 001812-0.02991
Naples-H Collier 1980 000236  0.00220-0.00252 000767 0.006670-0.00878
Lake Alired Tolk 1981 0.00i166 000156-000177 0.00634 0.00562-0.00717
Owala Marion 1980 000101 000087-0.00516 000805 0.00635-0.01020
Kisstmmee Osceola 1480 ¢00100 0.00030-000E11 000691 000594-0 00805
Lake Wales Polk 1980 0.00083 0.00077-0.00090 000258 0.00231-0.00287
Sebring Highlands 1980 0.00075  0.00072-0 00078 0.00187 0.00171-0.00206
St. Augustine

Shores St. Johns 1983 @ 00072  0.00051-0.00085 000131 000113-0.0017%
Cottondale Jackson 1978 £.08055  0.00054-0 00056 0.00073  0.00072-0 00075
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Table 3. Susceptibility of vaious stiains of Culev quinquefasciaius Sav lanvae to malathion

Collection Yeur Lethal concentration in gg Alfml {ppa)
arei Caunty wsted Lo, ey (O CC, T By T
Eagle Lake Polk 1480 1133 10401 137 2718 2.499.2 952
Naples-1 Coliier 1082 0.7t0 U 622.0 746 1043 L4341 667
Fampa Hillsharough 978 G140 3750 G4 [ Bk 1700-2.240
Kissinmee Oscevla 1480 1.5381 A50-6 2y I .57 T 34491 6R]
I"kane City Hil]sbm‘ullgh 1agz {556 13 HAGA GIE FA4hd 1 42E-1 A4
Fo Pioree 5t Lucie g 0.521 0.193.0 5351 1568 1 368 F 166
Fi Myers Lee EYRD 0451 G H2.0.40 1617 I A45-1 823
Seffner Hillshorough F4RD 338 0.524.0 555 0783 0708081645
Naples-1t Collier 1480 EIIH Y7081 1 54 [ BB iy
Ft. Walton Okalousa 1981 305 0 2R4.0 2T 040 QB3| 0G5
Lake Allved Polk I8 {} 248 0.2434.0 261 14366 G 4i02.0 737
St Angustine
Shores St Juhns T4 2 U2 A 250 {87 (H4160-6 v
Oeala Murion FURG (1225 (L1521 81 i a8 0.337-1 428
Sehring Highlinds FUR 07 0 448-0 186 048y A5G0 .411
Lake Waley PPolk 1Udy 0. HiR DEGO-G 177 I 0 644 424
Cotiondale Jackson 178 (} it 0.0740.0 48y [N BT 0120 E20

*Confidence iunits.

ranging from 0.356 t0 0.210 ug Al/ml while
8 strains had LG, values from 0.179 np
Alfml down to 0.112 ug Al/ml. Fifteen
strains were tested against naled.
CHLORPYRIFOS (Table B5): Twelve
strains were tested against chlorpyrilos with
Lagle Lake being the least susceptible strain
having an LC,, value of 0.00621 g Al/ml
The other strains had LC;, values which
gradually decreased to 0.00079 pg Al/ml
for Couttondale, which was 79 X more
susceptible than the Eagle Lake strain.

FENTHION (Table G): Fourteen stiains
were tested against fenthion with Bartow
Abr Base being the least susceptible serain
and Cottondale the most susceptible. The
variation of the LC,, level was from 0.0461
pg Aljml to 0.0037 g Al/ml or Bartow
Air Base being 12.2 X less susceptible than
the Cottondale strain. Eight of the strains
had LC,, values of 0.0461.0.0195 g Alfml
while the remaining 6 had LC,, values
from 0.0098-0.0037 ug Al/ml.

Table 4. Susceptibility of various straing of Crlex quinguefasciatus Say layvae to naled.

Lethal coneentiation in pg AFfml. (ppm)

Collection Year
#rea County tested LC,, 959, CL? LC,, a5, C L.
Eagle Lake Polk 1980 0646 8 620-0 674 1140 1 060-1 226
Napies-1 Collier 1982 0356 0 334-0.364 0644 0 594-0 648
Kissimmee Osceola 1980 0283 0.254.0.817 0 £33 0 541-0786
Mant City Hilishorough 1982 C2356 €.223-0 ¥30 0.560 0 442-0 635
Ft. Walton Okaloosa 1981 0 va2 0.20%-0 245 04518 05370711
Tampa Hillsborough 1978 0210 (.198-¢ B 0.745 0 644.0 BES
Fi. Picree 5t Lucic 1980 0174 01680 1 6.680 06E2-0756
Lake Alfred Polk 1981 0167 0.160-0.171 (IR E 3150 376
Seffner Hillsborough 1980 8.164 O 161-0.168 0.453 0 2420 264
Ceala Marion 1980 G 54 0.154-0.161 c312 0 200-0.337
Ft. Myers Lee 1981 0142 01370 147 0240 pu23.0 258
Lake Wales Polk 1480 ¢.134 C128.0 111 0 302 0270547
Sebring Highlams F4RO o QD021 0203 0 IN5.0.211
St Aupustine
Shores St. Johns 1983 0112 01090115 0.168 01610177
Cottondale Jackson 1978 0070 0 06B-C07 ¢ 0.042 0 0U10-0 093
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Table 5. Susceptibility of various strains of Culex quingucfasciatus Say lavvae to chlorpyrifos.

Lethal concentration in pg Alfml (ppin)

Collection Yeay
ared County tested Le., e (L LG, Gty (T

Eagle Lake Polk 1980 000621 000587-0 00656 002204 001944.0 02480
Plant City Hillshorough 1982 0.60529  000496.0.00568 001230 001089001388
Nauples-| Cotlier 1482 0.004490 0004740 00504 G O0U5T  O.00402-0.01016
Fr. Pievee St Lucie 1480 GO0412  (00386-0.00440 Q01788 O 01566002041
Naples-11 Collier 1981 04.00396  000368-0.0042¢  COIH67  O.UORAI-0011G0
Qeala Marion 14980 000303 ©00287-000328 COMOUS  0.06047 G O1%RD
Tumpa Hillshorough 1978 000254  000243-0 00264  (.007i6 0 006650 Q0771
Lake Mived Polk 1982 0002384 O Q02R5-0.00255%  CGCOFEl  G.OGGIR-000R1T
Fi. Myers Lee 1481 0.00222 0 00209-0 00235 000431 0.00843.0 0072
Sehying ] Highlands 148} NOUYTT 0008700 00E85 000367 0005110 003H
St Augustine

Shores 5t. Johins 1983 000141 000132.CO6I5%  CO0243  0.00215.0 00249
Cottondale Jackson 1978 000074 000077-000080  0GO1ED  000119-0.60116

Conhdence limits

DISCUSSION

Results indicate that Cx quinquefasci-
etus from different areas of Florida vary
widely in susceptibility to OP insecticides.
The strain from Eagle Lake in Polk County
was the least susceptible to all but one in-
secticide tested. This was anticipated since
it originated from a sewage treatment tank
which was under heavy insecticidal treat-
ment as well as being from an area which
has an intensive mosquito control program.
Tests with the Cottondale strain indicated
that it was the most susceptible strain 1o all
5 insecticides. The absence of mosquito con-

trol pracuices in the Cottondale area plus
the unireated rain water from which the
strain originated were factors for its high
susceptibility to the insecticides tested.

In general, the top 50% of the strains
in each table originated from aveas having
well organized mosquito control programs
while the remaining lower 50% of the
strains originated mainly from areas hav-
ing little or no mosquito contwrol. Similar
results reported by Palmisano et al. (1976)
showed that populations of Cx. pipiens
quinguefasciatus collected [rom southern
Louisiana parishes having mosquito con-

Table 6. Susceptibility of various styains of Culex quinguefusciatus Szy laivae w lenthion,

Collection Year Lethal concentration in ug Al/ml (ppm)
area County tested LC,, 9547, CL.* LG, 59, C.L)

Bartow Air

Base Polk 1982 0.0461 0.0446-0 0474 6.0912 0.0845-G 0984
Eagle Lake Polk 1980 00413 0.0379-0 0450 0.2438 0.2017-0 2946
Naples-I Collier 1982 00283 0 0270-C.0296 00553 0 0525-0.0583
Fr. Walton Okalonsa 1981 £.0225 0.0195.0.0259 0.2738 0.1642-0.4557
Ft. Picrece St. Lucie 1980 0.0157 ¢ 0146-00170 0.1004 0.0813.0.1241
Tampa Hillsbarough 1978 00145 0.0136-0 0157 (1.0626 0.0535-0.0744
Plant Ciry Hillsborough 1982 0.0143 0.0135-0.0151 00397 0 0347-0.0454
Seffner Hillsborough 1989 0.0125 0.0110-0.0142 0.0914 0 0666-0 {260
Ocala Marion 1980 0.0098 0.0094.6.0103 0.0270 0 6239-0 6306
Lake Alired Polk 1982 0.0091 0.0086-0 0095 00285 00252.0.0323
Ft. Myers {ee 1981 G.0087 0 0084.0.009) 0.0186 0.0170-0 0205
Sebring Highlands 1980 ©.0083 0 0080-0.0085 006165 0.0153-00177
St Augustine

Shores St. Johns 1983 0.0658 0 G052.0.0058 0.6083 6.0076-0 0095
Cottondale Jackson 1978 £.0037 0.0036-0.0038 0.0058 0.0056-0.0059

*Confidence Jimits.

Page 203 of 632

200-EFF-024



wol programs were significantly less suscep-
tible to organophosphate insecticides than
those lrom parishes having no cantrol pro-
prams. In a 5-year survey with field popu-
lations of Cx. pipicns qztinquej‘a.sciatus
Steelman and Dewitt (1976) found that the
application of chiorpyrifos as a lavvicide
and malathion and naled as adulticides re-
culted in the development of tolerance O
these 3 organophosphate insecticides in 2
Louisiania mosquito control districts. 1n
Alrica, strains of Cx. quinquefasciatus from
several urban areas in Tanzania have be-
come resistant to chlovpyrifos and other
commonly used organophosphates that were
usedl as larvicides (Curtis and Pasteur, 1981).

The variation in susceptibility of Cx.
quinguefasciatus from different areas of
Flovida is in contrast to that of Cx. ni-
gripalpus. During the past 15 years, Cx.
nigripalpus collected in various areas of
the state has shown little variation in
susceptibility to five insecticides when com-
pared to the susceptible West Florida
Arthropod Research Laboratory (WEARL)
colony (Rathburn and Boike, 1967, Boike
et al 1978, 1980, 1982). Yor example, 2
population of Cx. nigripalpus from Ft.
Pierce had almost the same susceptibility
to temephos as the WFARL strain; but a
strain of Cx  guinguefasciatis originating
from the same locality was about 9 X less
susceptible than the Cottondale strain at
the LC,, level

CONCLUSIONS

Strains of Cx quinquefascialus from
various areas of Florida show varying
susceptibility to the organophosphate in-
secticides commonly used by mosquito con-
wol districts. Control of this species as @
nuisance or as a proven disease vector would
be affected by the degree of susceptibility of
the focal population being wreated

Scientific Papets 5
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INTRODUCTION

Biting midges (Culicoides spp) are a severe
nuisance problem in many coastal areas of the
United States and other parts of the world.
They are a particularly serious problem at the
Marine Corp Recruit Depot (MCRD), Parris
Island, SC, where high spring and fall biting
midge populations inflict numercus bites upon
the military pexsongel exposed during training
and hivouac exerdses. Prolonged scratching of
bites has caused cellulitis problems in some in-
dividuals ‘that réquire medical attention. in
1976, the Preventive Meticine Unic of the U.S.
Naval Hospital, Beaufort, G, recorded 200
skin infection cases from Culicoides bites. This

1 This paper reports the results of research anly,
which was supported in part by a grant from the
0U.5. Navy, Office of Naval Research, Naval Biology
Project, under coniract NOOO14-78-F-0070,
NR195-997. Mention of 2 pesticide in this pager does
not constitate a recommendation for use by the U.5.
Department of Agriculture orflcpartment of De-
fense, nor does it imply registration under FIFRA as
amended. Also, mention of a comtnerdal or proprie-

product does not constitute endorsement by
USDA or DOD.

1 Agricultaral Engineer, Insceis Affecting Man and
Animals Research Laboratory, ARS, USDA, PO. Box
14565, Gainesville, FL. 32604,

1 Rocearch Entomolegist, Insects Affecing Man
and Animals Research Laboratory, ARS, USDA, PO
Box 14565, Gainesville, FL 32604.

¢ Researchi Laision Officer, Armed Forces Pest
Management Board, Lnsects Affecting Man and
Animals Research Laboratory, ARS, USDA.P.O. Box
14565, Gainesville, FL 32604

* Research Entomologist, 355th TAS/Aerial Spray,
Rickenbacker, ANGE, OH 43217.

EARPLICATIONS OF NALED ON CULICOIDES
)SQUITOES AND TABANIDS ON PARE
'ND,:SOUTH CAROLINA?

¥ BARIEL L KLINE?, JOHNF. REINERT* anp TERRY L BIERY®

eratonducted during $981 and 1982 1o evaluate the effectivencss:of
f5 of naled (Dibiom® 14) against natural populstions of Culicoidés
ipakanids st Parrds Ilznd, SC. Bffeciveness of the. applications was medsuredl
£ insects and’ by biokssays with caged mosquitoes and

Qi) consisted of 2 applications of undituted Dibrom 14 a1 3 rate of 1.0 oz/atre each D e
iy eslis of this test showed that the larger dose of nndiluted Dibrom 14 (2 ofacre :
provided ﬁiﬁﬂgﬁi.mnﬁﬂ! (99%) of biting midges, 25 well a5 mosquitoes and tabanids, for 3 days afien

i

R geIrare

resulted in numerous hospitalizations and,
loss of 1,500 man-days at a total cost of §25;
including pay and hospitalization (unpublishis
data). Other biting insects, including m
quitoes and, to 2 lesser extent, the tabani
Chrysops fuliginosus Wiedemann, contribut
the annoyance problem at the MCRD. i

Parris Island was sclected as a site (o condyl
research for the development of controb &
niques for biting midges in coastal arcas,

rted here is an evaluation of ulra low vo
(ULV) aerial adulticide applications made:
the entire 8047 acres (3257 ha) of the is
which includes 5274 acres (1325 ha) of.
land, 4344 acres (1758 ha} of salt marsh,i
499 acves (174 ha) of salt water crecks.
ponds (Fig. 1}. The dry land arca includ
mixture {ca. 50%) of open and forest (primat
pine and pine-hardwood) areas. The salt ma
area contained a vegetative cover of cordg
Spariina alterniflora Loiseleur. The iglan
bounded by Archers Creek on the north;
Beaufort River on the east, Port Royal So
on the south, and the Broad River on the:
and is only partially isolated from surroun
biting midge popnlations. Previous studie
Giglioli et al. (1980) in the Cayman Islandsd
cated that aerial applicatons of fenitra
were effective for biting midge control o
isolated island. Kline et al, (1981) reported:k
organophosphate compounds presently
for aduit mosquito contro! had potentizl fo;
against biting midges, based on laboratory
wnnel evaluations.

‘The purpose of these experiments w
evaluate the effectiveness of ULV aeral a
cations of Dibrom® 14, an 85% formulatiolt
naled (1,2-dibromo-2,2-dichloroethy}l dimeg}

¥

i
3
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METHODS AND MATERIALS

n ,c;é't'jpp_ﬁm_cpeﬁméhts, were
nd, 1982), using. U8, Air
Jaircraft (Table T). The planes
with Teefet® nozzles (Spraying
rented 45° down and forward
6N wing booms. Air speed dur-
ns was 160 mph (257 km/h). The

ere.timed 10 coinride with the
“population peak of biting midges
i Weather fof aerial applications,

Wea her easurements during the insectidde
%pkcalions were made by a meteorological

pam from the Marine Corps Air Station

@ngS), Bedufort, 5C.

I The 198} experiment consisted of 2 applica-
dons of a' 115 mixture of Dibrom I4:heavy ar-
omatic naphtha (HAN) at a rate of L5 gzfacre
{110 mltha) which contained 0.25 pz/acre (18.3
lil!fha ‘of Dibrem 14 each on the same day
spaced ¢a. 20 min apart to take advaniage of
any flushing action {rom the first dpplication.
Twa zircraftivere used for these tests. A swath
width of 2000 fc (610 m) was used for cach
dircraff, bowever, each spray run of the second
atrcratt was:offget:by 1000 ft (305 m). Thus, the
gyerall effect of both,applications was simila¥ to
dp application of 0.5 tfacre (36.5 miflia). of
Dibrorr 14 with-10007ft (305 m), sivathis. The
plantied altitude for these tests yas 300 fi (91
m), however, the'first aircraft¥lew at 250 ft (76
m} due to high winds at the vpper altitude.

; The 198%2 experimént consisted of 2 applica-
tdons of undiluted DibrGtm 14 at the rate of 1.0
dtfacre (73.1 ml/ha) each on.2 consecutive days
A swath width'of*1000 ft (305 m) was used for
both applications. The altitude was 260 ft (61
m) and 150 ft (46 m) for the first and second
applications, respectively.

Table 1. Summary of weather conditions {ground level} and spray parameters during zerial aduldcidgg

charged daily. The New Jersey traps were )
“cated near 120 volt AC power sources,

and eiged inisect bicassays Was used to measur
application ‘effectivenéss. For this study, COES:
baited 'CDC light traps dnd unbaited New Jeri!
sey light traps wéré used for assessment of n:}lﬁ'
ural ‘biting midge and mosquito populationiss
and malaise fFaps. were used for the tabani%
population. Trap locatons during the 1981 ik
1982 ‘tests are recarded in Fig. 1. The 4 N&
Jersey and 2 malajse wap locations were ks
same for Both tests, Five baited CDC traps werei
operated during the 1981 test and 7 for the 5
1982: test. In the 1982 test, some ChC .frg
locdtionis were altered to provide better c‘mregglu;
age of the treatment area. ""Fg'
Survey traps were also placed in an untredts
(chetk) area for comparison with those in thisin
treated areg: For the 1981 test, the check aph
was located on Lemon Island, SC, ca. 2 i (§252
km) west” of Parris Island and consisted of i
baited. GDC traps and 1 New Jersey trap, Fois:
thiz 1982 1est, ed
Sam'’s Point, 8C, ca. 10 mi (16.1 km) nartheastal
of Parxis Island and consisted of 3 baited CDES
uaps and 1 New Jersey trap. A
CDOC wags were placed ca. 4 £1 (1.2 m) aboy
the ground 'on metal stakes. CO. gas was mE
tered from 20 1b (9.1 kg) pressurized cylindel®
at a flow rate of 208 cc/min with a floating bajE
flowmeter, pressure regulator, and ne edhE
valve. The CDC traps were powered by 6 vplgi
Gel-Cell® batteries that were changed and "Si

hr/day 10 provide suction trap acdon dutiss
daylight, as well as darkness, because the el
activity period for one of the predominant b
ing midge spedes, . hollensis (Melander an
Bru¢s}), includes some early morning and la
eveping daylight hours. Specimens From l:raﬁ%
were collected daily between 1600 and 1700 hyz2i3

Based on trap collections on the day beforgiilh
treatment, the Cuticiides species present du
the 1981 test were primarily C. hollensis {97.3%
with a few C. melleus (Coquillet) (2.6%). TH

ot
CDC and New jersey traps were opemted%
1

- applications at Parvis Island, SC.
: . . Wind direction Tempera
: Flight  Flight  Swath SMperate
: JYime of spray njdtil:!e hca.gings width _C)speed(kmih) ("C)/RH {%)E
Spray date | Swant ~ End {m) N {ra} Start | End Start i
1981 Experiment .
April:# w1729 1758 - 76.2 138/318 609.6 080/13  090/18 16/51
April 7 1750 1811 91.4 138/318 609.6 090/13  090/13 16/58
. 1982 Experiment

Apri 21 1815 1845 610 00B/278 3048  210/07  Calm 28/80
Apri 82 1745 1820 45.7 D98/278  3D4.8 050711  020/06 20/67
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wap collections of mosquitoes and tabanids
during the 1981 test were w0 tow for control
gvaluations.

. During the 1982 test, 3 species of biting
aidges were present as follows {(based on trap
=pllections before ireatment): B0.6% C. hollensis,
12.4% C. melleus and 7.0% C. furens (Poey). The
mosquito species present during the 1982 tests
mcluded 31.4% Culex quinquefasciaius Say,
?.2.8% Aedes vexans {Meigen), 18.1% Anopheles
ucigns Wiedemann, 17.2% Ae. tgentoriymchus
Wiedemann), 8.9% Ae. sollicitans (Walker) and
11% Ae. infirmatus Dyar and Knab. ‘The only
abanid collected in sufficdent numbers for
fontrol assessment was Chrysops fuliginosus. Data
yralysis for these tests was based on the sum of
joth sexes of all species collected for each of the
§ insect groups.

i In addition [0 the natural population sur-
?_t%iﬂance. caged mosquitoes and biting midges
ere placed in the treated area to measure
pray distribution and effectivencss. Caged in-
fects were available for all but the first 1982
iPplication. Aedes taenioriynchus females reared
it the laboratory at Gainesville, FL were used in
ife caged insect bioassays as described by Haile
2 al. (1982) and Mount et al. (1970} Mos-
fiitoes were placed in cages (25fcage) and
%;:msported w Parris Island on the day of
featment. The mosquilnes Were transferred to
Jean holding cages ca. %0 min after exposure
fiid held for 12 hr before recording mortality.
!i;llac biting midges used in cages were field-
?ﬂccted from Parris Isiand on the day of appli-
gipn using a madified CDC wrap baited with
£, They were aspirated into cages (ca. 25/
Sige) construcied of % pins (0.24 liter) cylindri-
fil.paper cartons with 40 ga brass screen wire
the top and bottom. Cages of bath insects
ire placed on wooden stakes ca. 4 fr (1.2 m)
pve the ground. During the 1881 applica-
s, 65 cages of masquitoes were placed in the
iated area (Fig: 1), at ca. 0.1 mi {0.16 km}
fervals, along with 11 cages of biting midges-
iting the second application in 1982, 30 cages.
% of mosquitoes and biting midges werc
d along roadways of the island at ca. 0.2 mi
29 km) intervals (Fig. 1). A Limited number
B} of cages of both insects were also placed in
?}j:hcck areas to monitor the nawral mortality

cages, which was very low {less then B%)
Eithese tests. No corrections for natural mor-
iy were made in the analysis of morality in
e treated area.

¢ 108! applications indicated
fysalow jevel: of contral of Culicoides biting
ﬁgge'mxfmr the application of 0.5 ozfacre (36.5

mlha} of Dibrom 14. The surveillance wap
collecrions of biting midges in thte treated area
actually increased from a88hrap before treat
ment to 2,575/rap on the day after treatment.
However, trap collections in the check ares also:
increased (1,238 to 4,696/trap} and, assurning
that the same rate of increase would have oc-
curred in the treated area, 94% control could be
attributed to the aerial applications. The results
of the caged insect bivassays were only shightdy
better with a mean mortality of 58% in caged
biting midges and 6¢% in caged mosquitoes.

We think that the most imporian factors
contributing o the low level of control for the
1981 zpplicmions.indude the low dose of active
ingredient, marginally high winds and high
spray ajtitude. The combination of these factors
resulted in an inadequate penetration of tox-
icant into vegetared areas. This lack of pepetra-
tion was demanstraied by the pattern of kill in
the caged mosquitoes, where an average of 87%
mortality was obtained in cages placed in open
or sparsely vegetated areas and only 40% kill
was noted in cages protected by dense vegeta-
tion. Ohservations in the treatment area during
the applications suggest that the insecticide
produced an increase in biting by the Culicoides,
however, the dose of acive ingredient was ap-
parently too low @0 provide significant retief
from biting. -

The survey trap collections during the 1982
test indicated a satisfactory reducton in the
natural population of Culicoides spp., as well a8
mosquitaes and Chrysops Fuliginosus, (Fig. 9 fol-
lowing the & applications of 1.0 ozfacte (73.}
mVha) of undiluted Dibrom 14: Trap collec-
tions on the day following the second spray
were reduced by more than 99% compared to
the day before the first treatment This level o
suppression was maintained for at least 3 days.
following the fast treaunent. Trap collections of
biting midges and mosquitoes  (ng. Chrysofs
fulipinosus. were collected) in the check area
(Sam’s Point) were consistently lower thar those
on Parns Island, bat counts remained relatively
stable throughout the fest period (Fig. 3). Part
of the reduced trap collections on Parris Island
could have tesulted from environmental ef-
fects, however the depth and duration of the
reduction indicate that the sprays’ were the
major factor. The reduction in numbers of
specimens collected in uaps in the treated arca
on the day following the first application (be-
fore the second spray) was &8, 80 and 69%, for
Culicoides spp-v: mosquitoes and Chrysops
Suliginosus, respectively, However, these, values
do noi repres¢at the full “\mipact_of afie fifst
application since many, of the spedmepsin the
post. treatment,_irap collections, were collected
during and immediately after the spray appli-
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Fig. 2 Graphs of the ratural populauun trends of
Cuhcmde.x l)lt.mg rm&gcs. mosquitoes and Chrysops fuli-
gindsus based on average trap collections during April
1982, showing thc effects of aerial applications of 1.0
ozfacre of Dibrom 14% on April 21 and 22
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Fig. 3. Graphs of the natural papulauon tre

for Culicoides biting midges and mosquitoes in an

treated area (Sam's Point) during the 1982 acrial a
plications.

area {which was the windward side for this
plication} had significantly less than ]00?@"‘%
mortality because of spray offset downwink:
The high moreality in caged insects over !h
remainder of the island, whether open or vegg
wated, indicated that good penetration of ve; et
tation was obtained with the higher dose &%
active ingredient applied in the 1982 test.
In conclusion, the 1982 experiment sho 4
that ULV aerial applications of insecticides
be effectively used 1o reduce populations -d
Culicoides spp., as well as mosguitoes aif
tabanids, in non-isolated coazstal areas, when
applications are rmade with suffident toxicd
dose levels and frequency. Additional field te
are needed to further define the effect of w
ther conditions, chemical dilution, operati
parameters and application interval on ove
efficiency and duration of control.
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Results of the Florida Program for Monitoring Mosquito
Susceptibility o Temephos, 1980-82

A. H. BOIKE, JR, C. B. RATHBURN, JR.,
L. A, SIZEMORE and M. W. PETERS

Florids Department of Health and Rehabilitative Services
West Florida Arthropod Research Laborastory
Panama City, Florida 32406

ABSTRACT

Larval susceptibility tests of temephos, malathion, naled, fenthion, and chlorpyrifos were per-
formed on 3 species of mosquitoes; Aedes taeniorhynchus  (Wied), Culex nigripalpus Theob ,
and Culex quinguefasciains Say collected from 6 counties in Florida over a 3 year period (1980-
1982 inclusive). All tests were compared to the susceptible West Florida Arthropod Research
Laboratory {WFARL) strains. Results with Adedes laeniorhynchus indicated variable resistance
(LE,, values of 87X — 35.8X) to malathion, with no resistance to temephos. naled, chlorpyrifos,
or feathion. Culex nigripalpus from 5 counties was susceptible to alf 3 insecticides tested indicat-
ing mo resistance of the species. Strains of Culex quinguefasciatus vavied in their susceptibility
with the insecticide tested and the origin of the strain. Some strains were 115X — 225X more
tolerant 1o temephus when compared to the WFARL strain. and these same strains alsp showed

possible cross-resistance to fenthion.

INTRODUCTION

Because of increased costs of both in-
secticides and manpower lor the control
ol mosquitoes in the State of Florida, a
number of mosquito control districts initi-
ated the use of temephos (Abate) in their
larval control programs due to its low cost
as compared to oils, and its effectiveness
at extremely low rates. This is a deviation
from the policy of the State to treat mos-
quito breeding areas only with oils or insect
growth regulators. In anticipation of
possible  development of resistance to
temephos and crossresistance to other
currently wsed insecticides, a program was

initiated  in 1980 fo) monitoring  the
susceptibility of mesquito popuiations
from selected areas in the State that had
used temephos o1 were initiating its use.
This is u report of results obtained during
3 years of the monitos ing program.

MATERIALS AND METHODS

Typical breeding areas of three species
of mosquitoes, Aedes taeniorhynchus
(Wied}, Culex nigripalpus Theob. and
Culex quinguefasciatus Say were selected
in 6 counties {Collier, Hi]lsborough, Lee,
Manatee, Polk, and St Lucie) which had
nsed temephos or planned to use it in their
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contiol programs. During the first year
(1980), efforts were aimed at obtaining base-
line susceptibility levels for these 3 species
against temephos, malathion, naled, chlor-
pyrifos and fenthion. During the next
successive years, plans were to test popu-
lations of these species against temephos
only to determine if any resistance was
beginning to appear. If any tolerance to
temephos was noted, tests for cross-re-
sistance to the other insecticides would be
conducted.

Because of the difficulty of colonizing
wild Ae. tueniorhynchus and Cx. nigripal-
pus, only adults ol these species were
shipped to the Jaboratory and tests were
conducted on first generation larvae. Since
Cx. quinquefasciatus is easily colonized,
either egg rafts, larvae, or adults were sent
to the laboratory and tests were performed
on larvae from these colonized strains.
Larval susceptibility tests were performed
according to methods described by Rath-
burn and Boike (1967) and Boike et al
(1978). Results of wests of wild populations
of Ae. taemiorhynchus and Cx. nigripalpus
were compared to those of the susceptible
West Florida Arthropod Research Labora-
tory (WFARL) strains ol these 2 species.
Results of tests of wild populations of Cx.
quinguefascialus were compared to the
laboratory designated Sebring strain, a
strain  selected from approximately 10
strains tested from various areas within
the state as being a normally susceptible
strain

RESULTS

Results ol susceptibility tests  with
temephos against Ae. taeniorhynchus, Cx.
nigripalpus, and Cx quinquefasciatus [rom
selected weas in the state are shown in
Tuble . Baseline results of these 3 species
ol mosguitoes tested against malathion,
maled,  chlovopyrifos, and fenthion are
shown in Tables 2, 3, 4, 5, respectively. The
LC,, and 1.C,, values and the 959, con-
fidence limits were calculated by probit
analysis using a Sharp programmable calcu-
lator. The resistance vatio (RR) was [ound
by dividing the L.G;, or LC,, values of the
area strain by the LC,, or LC,, values of
the susceptible laboratory strain,

TEMEPHOS (Table 1): Although the
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original intention of the Abate monitoring
program was to obtain dita beginning in
1980, followed by yearly collections from
the smme wrea, the lack ol mosquito
collections from some mreas selected in 1980
or the inability of collected mosquitoes to
lay epgs, dictated the establishing of new
areas for 1981 and 1982. However, popu-
lations of Ae. lueniorhynchus from § areas
in Hiilsborough, Lee and St. Lucie counties
tested on 2 successive years showed little
variation in the LG,, and LC,, values.
When the LC,, and LC,, values for Ae.
taentorhynchus from the 5 counties were
compared, the variation ranged from 07X
to 1.5X as susceptible as the WFARL stiain.
The LGy, and LGy, values for Cx. nigripal-
pus trom 5 counties show great similarity
and are almost identical to the values for
the susceptible laboratory strain. The LC,,
and LC,, values for Cx. quinguefasciatus
tested against temephos from areas in 5
counties vary from 1.7X 1o 223X, indicat-
ing varying susceptibility when compared
to the laboratory strain. Adult populations
from only one area (Seffner/Valiico in
Hillsborough County) were tested succes
sively in 1980, 1981, and 1982, and results
showed substantial tolerance to temephos
for 3 yewrs.

MALATHION (Table 2): Ae. taenior-
fynchus sampled from areas in 5 counties
tor baseline data gave LC,, values of
19X — 183X and 1LC,, values of 37X —
358X that of the laboratory strain, indi-
cating vesistance to nalathion in  this
species. Lavval tests of Cx  wigripulpus
populations from 5 counties revealed low
LC,, and 1.C,, values (1.1X — 2.6X) indi-
cating no aesistance to malathion when
compared to the susceptible laboratoyy
strain. LO,, values for Cx. quinguefasciatus
varied from 1.BX — 70X while 1.C,, values
virted hom 20X 10 102X indicating a
small amount ol resistance in some areas.

NALED (Table 8% The LC,, and LC,,
vilues for Ae. taewiorhynchus and Cx.
nigripalpus varied little (0.8X — 1.7X) indi-
cating populations of these two species to
be almost as susceptible as the WFARL
strains, Similar vesults were obtained with
Cx. quinguefascintus with the exception
of an area in Polk County (Eagle Lake)
were an LG, and LC,, RR of 5.3 and 5.6
were obtained and an area in Collier
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Table 2, Susceptibility ot Aedes taemiorlynchus

(Wied, Culex mgrifalfrus Theob., and Culex giuguefasciatus Say lurvae to maiathion.

Resistance
Ycar Lethal coneentration in ug Al/mi, (ppm}) rirLio
County Areu tested LG, 95%, Lz LGy, 959, C.L. LG, LC,,
Aedes tagniorhynchus
Collier Nuples 1980 156 (.140-.175) .831 (562-1.044) 3.5 105
Hillsborougn Tampa Shores 1979 859 {.813-.987) 2.512 {2.281-2.989) 18.3 35.8
Lee Sanibet Island 1980 228 {.199-.260) 1.810 (1.52B-2.456) 5.1 22.9
Manatee Port Manatee 1980 0834 {.0736-.0945) 291 {.252-.337) 19 3.9
51, Lucie ¥1. Pierce Beh, 1980 251 {-283-.271) §.061 (.932-1.207) 5.6 18.4
Culex nigripalpus

Collier Naples 1980 0242 (6231-.0253) £452 {.0422-,0484) 1.8 2.3
Marco Isiand 1582 0330 {(.0322..0337) 0470 (.0450-.0490) 1.4 1.2

Hillsborough Gibsonton 1980 0242 (0287-.0247) 0357 (.0343-.0372) 1.8 1.8
Lee Ft. Myers 1980 0272 {.0260-.0284) 0505 (.0463-.0551) 2.0 2.6
Polk Mulberry 1981 0432 {.0417-.0447) 0554 (.0556-.0635) L4 1.5
3t. Lucie ¥t, Pierce 1881 0353 {.0335-0372) 0571 (.0520-.0628) 1Ll 1.5

Culex quinquefasciatus

Cotlier Naples 1980 310 {.279-.344) 1584 (1.332-1.767} 18 4.0
District Hdgtrs 1982 700 (.662-,740) i.545 (1.434-1.667) 7.0 10.2

Hillshorough Seffner/Valrico 1980 338 {.324-.353) 783 {.708-.866) 18 2.0
Lee Ft. Myers 1980 451 {412-.404) 1.617 (1.435-1.828) 25 4.2
Polk Eagie Lake 1980 1.138 {1.090-1,177) 2716 (2.499-2.952) 6.4 7.1
Lake Alfred 1981 248 (.234-.264) GGG {.602-.787) 2.2 2.8

St. Lucie Ft, Plerce 1980 521 {483-551) 1.508 {1,365-1.665) 29 3.9

L g PPN S WU [

yruapg

3
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Tuble 4, Susceptibility of dedes taeniorhynchus

(Wicd.), Cuiex nyripalpus Theob., and Culex quingqueluscialus Say larvae o chlorpyrifos.

Resistance
Year Lethal concentration in ug Al/ml. (ppmj) ratio
- R
County Area tested Lc,, 95%, C.L.x LG, 959, C.L3 LG, LG,
Aedes taensorhyncnus
Hillsborough Tampa Shores 1481 00105 (-00101-.00109) 00153 (-00144-.00163) 0.9 0.9
Lee Sanibel Istand 1980 006943 (.C00878..60101) 00141 {(.00123-.00161) 0.8 0.8
St. Lucie ¥t. Pierce Bench 1980 000911 ﬁ.mocmmm..coowﬁcv 00137 A.cgmm..oo:d 2.8 0.8
Culex nigripalpus
Collier Marco Island 1982 000633 {-000607-.000661) 00114 (.00107-.00121) L0 1.0
Hillshorough Gibsonton 198t 000781 {-000762-.000801} 00102 {-60GDE4-.00106) Ll .6
Lee Ft. Myers 1982 000815 (-000809-.000835) 00119 (00113-.00122) 1.4 1.3
Polk Mulberry 1981 A00659 (.000637-.000680) 090968 (.000869-.000949) 0.5 0.5
§t. Lucic Fr. Pierce 1aa2 {C0BTE A.coammm..commmmv L0i2z Abc:m..ocummv 1.0 0.7
Culex quinquepasciatus

Collier Naples 1981 00396 {.00368-.00426) 00967 {.00851-.0110) 2.2 24
Collier District Hegqtrs, 1982 00400 (.00472-.00500) 006957 (.00902-.0102) 7.0 45
Hillsborough Selfner/Valrico 1980 00222 {.00210-.00236) 00640 {.00572-.06714) 1.3 1.7
Lee Ft. Myers 1881 0222 (.6NZ09-,06235) 00431 (.00393- 00472) 1.3 (9]
Palk Eagle Lake 1980 00621 {.U0587-.00656G) 0220 {.0194..0250) 3.5 6.0
Polk Lake Alfred 1982 00239 (.00225-,002553 00711 (.00618-.00817} 16 2.5
§t. Lucie Ft. Pierce 1980 D0412 {.00386-.00440} 0179 (.0157-.0204) 2.3 4.9

1305
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Table 5. Susceptibility of dedes tuermorhynchus (Wied.), Culex nigripalpus Theob., and Culex quinquefasciatus Say larvae 10 fenthion.

Resistance
Year Lethal concentration in ug Al/ml. (ppm) Tatio
County Area tested LG, b5or CLa LG, 9557 C.L:t LG,, LG,
dedes taentorhynehus
Hillsborough Tampu Shores 1881 N0270 (.00261-.0027% 00429 (.00402-.00458) 1.5 1.5
Lee Sanibel Island 198} 00283 {.00275-.00290) 00501 (.00475-.00532) 15 1.7
St. Lucie Fi. Pierce Beach 1980 00241 {.00234-.00248) Q0378 (.00364-.00394) 1.5 1.3
Culex mgripalpus
Collier Marco Isiand 1982 0353 {.00348-.00359) 00530 {.005190-.00621) i.1 1.8
Hillsborough Gibsonton 1981 00302 (.00295-.00500) .00417 (.00402-.00434) 0.9 0.9
Lee Fi. Myers 1982 00352 (.00342- 00362) 00583 {.00545-.00625) 1.l 14
Lee Sanibel Isiand 1981 00312 (.00290-.00335) 00584 {.00457-.00686) 0.9 i3
Polk Mulberry 1982 00387 (.00328-.003483 00482 {.00461-.00502) 10 1.2
‘'§t. Lucie Ft, Pierce 1982 00346 (.00336-.00357) 00594 (.00547-.00647) PG 14
Culex quinguefascialus

‘Coliier District Hdgtrs. 1982 0283 (.0270-.0296) 3553 (.0525-,0583) 5.8 7.1
Hitlsborough Seffner/Valrico 1980 0125 (.0110-.6142) 0914 {.0666-.126) s 5.5
Lee Ft. Myers 1981 00879 (-00843-.00816) 0186 (.0170-.0205) 09 1.1
Polk Eagie Lake 1980 .0413 {.0879-.0450) 243 {.2017-.29485) 50 14.8
Polk Lake Alfred 1982 00910 {.00BG5-.00055) 0285 (.0252-.0823) 14 2.1
§t. Lucie Ft. Pierce 1980 0157 {.0145-.0170) 109 (0813-.124) 1.9 6.1

iConfidence limits.

y onnbsop-uup spuoyy ayi fo jpuanof 06
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County where an LC,, and L.Cy RR of 8.7
and 4.9 were obtained.

CHLORPYRIFOS ({Table 4) Base-
line data for Ae. faeniorhynchus and Cx.
nigripalpus from areas in the selected
counties indicate no resistance in either
species as indicated by the low RR values.
LC,, values for Cx. guinquefasciatus from
the selected counties vary from 1.1X to 6X
indicating some tolerance in the popu-
lations from these areas.

FENTHION (Table 5): Baseline data
for Ae. taeniorhynchus and Cx. nigripalpus
from the selected areas indicate no re-
sistance. LC,, and LG, values for Cx.
quinquefasciatus show a wide variation
(0.9X 1o 14.8X) indicating tolerance to
fenthion in some of the areas.

DISCUSSION
In part, this is a continuation of insecti-
cide resistance surveillance in Florida

against Ae. tneniorhynchus, Cx. nigripal-
pus, and Cx. quinguefascialus as previously
reported by Boike et al. 1978, 1979, 1380.
This reported temephos monitoring pro-
gram differs from the previously mentioned
surveillance programs in that populations
of the 3 species ol mosquitoes were first
tested against temephos, then baseline
values for the other 4 insecticides were
obtained. A similar monitoring program
has been reported by Helson et al. (1979)
in southern Ontario where larvae of Culex
spp. and Aedes spp. from areas of no known
history of insecticide treatment were tested
against chlorpyrifos and temephos for
baseline information following an out
break of St. Louis Encephalitis in 1975
Sutherland and Evans (1976) stated the
necessity for monitoring the susceptibility
of feid populations to insecticides in use
in order to maintain a high guality of mos-
quito control

The variable resistances of Ade. taenior-
hynchus to malathion follows a similar
trend reporied in previous years by Boike
et al., 1978, 1979, 1980. This report indicates
that populations of Ae. laeniorhynchus
tolerant to malathion, were as susceptible
to 1emephos as the susceptible WFARL
strain, indicating no cross-resistance from
the use of temephos (as of 1982). Similar
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results by Boike et al. (1980) show that
malathion tolerant populations of Ae.
tagniorhynchus  {from areas other than
those reported in this paper) were as sus-
ceptible to temephos as the WFARL strain.
Cx. nigripalpus continues to be susceptible
1o all insecticides tested. Populations of Cx.
quinguefesciatus varied considerably in
their susceptibility to all insecticides tested.
Of the 6 strains of Cx. guinguefasciatus
testecd against the 5 insecticides, 4 had LG,
values > 11.5X when tested against teme-
phos. When these same strains were tested
against fenthion, they had LG,, values of
> bh5X that of the WFARL srrain, indi-
caling possible cross resistance. It is con-
cluded that the variable tolerance of Cx.
quinguefasciatus to different insecticides is
not only the result of insecticide pressure
from mosquito conirol, but, in many cases,
pressure from insecticide run-off from agri-
cultural applications.

It is concluded that the use of temephos
by mosquito control agencies in the areas
sampled in this report did not produce re-
sistance in populations of Ae. taeniorhyn-
chus or Cx. migripalpus. The biology and
bionomics of Cx. guinguefascialus are
possibly the governing factors for the vari-
able susceptibility of this species to the
insecticides tested. It should be noted, how-
ever, that this monitoring is a4 continuing
program and current results do not pre-
clude the possible development of resistance
to temephos or the cross-resistance to other
organophosphate insecticices in the future,
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Laboratory Tests of Mosquito Adulticides

C. B RATHBURN, JR., A. H. BOIKE, IR.,
L. A, SIZEMORE and M. W. PETERS

Florida Department of Health and Rehabilitative Services
West Florida Arthropod Research Laboratory
Panama City, Florida 32406-0277

ABSTRACT

Non-thermal acroso! sprays of several pyreth
were testedd as adulticides against Aedes tagnio)
Culex quinguefasciatus Say in a lzbo
asdl fenitrothion were more toxic 1o

roids, several organophosphates and one carbamate
hynchus (Wied), Culex nigripalpus Theobald and
ratory wind tunnel. Bendiocarb, chlorpyrifos, fenthion, naled
he three mosquito species than malathion used as a standard.

I'he pyvethroids, Bucythrinate, fluvalinate, permethrin, phenothrin and pyrethrum plus piperonyl
butoxide were more toxic than the standard resmethrin when tested against de. taeniorhynchus but

allethoin was significantly less toxic. When testet

1 against Cx nigripalpus, permethrin was more

toxic and aliethrin was less toxic than the standard resmethrin. Although not all pyrethroids were
iested against Cx. guinguefasciatus, those testedt against this species resulted in a toxicity similar

to that ohiained with €. migripalpus.

INTRODUCTION

The West Florida Arthropod Research
Laboratory conducts  laboratory wind
tunnel tests ol promising, sale, and environ-
mentally acceptable mosquito adulticides in
a continuing program to develop new in-
secticides for use in the adult mosquito
control progiams in the State. Adulticides
which show promise in these tests are
lnther evaluated in feld tests prioy to
heing rvecommended for use. This report
contains the 1esulis of laboratory non-
thermal aerosol tests ol 14 insecticides
against three species of mosquitoes

MATERIALS AND METHODS

Al tests were conducted in a laboratory
wind tunnel similax to that described by
Rathburn (1969) with the exception that

the heater and condensation tube ol the
thermal aerosol generator weie not used.
Test methods were similar to those de-
scribed in Rathburn and Boike (1972) and
Boike and Rathburn (1975) Treatment
consisted of spraying 0.5 ml of an in-
secticide solution, dilutedd w0 a  pre
determined concentration in acetone, into
a wind tunnel containing a cage of 25 adult
female mosquitoes. The aeyosol was drawn
through the wind tunnel, which contained
the 15 cm. diameter screen test cage, by
means of a fan at an aiv velocity ol 1.3
m/sec. Each replication of each insecticide
consisted of one cage of mosquitoes for each
ol a series ol 5 insecticide dilutions and the
control. The control cages were exposed in
the same manner to an aerosol of acetone
only. Each test consisted of at least 2
replications or cages ol each dosage and
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pressure in selected habitats.

Results are promising, and further lab-
oratory and field evaluations are planned to
determine the operational feasibility and
cost-effectiveness of the liquid and solid
formulations.

REFERENCES CITED
Levy, R, G M. Powell and T. W. Miller, Jr 1984.
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Levy. R, C. M. Powell and T. W. Miller, Jr. 1984.
Investigations on the Mosquito Conirol Po-
tential of Formulations of Arosurf®MSF and
Conventional Larvicides. Mosquito News {In
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Effectiveness of Aerial Applications of Naled 85 Concentrate
on Rocky Point, Florida

LYNN A. ERICKSON

Martin County Department of Environmental Services
2685 5.E. Dixie Highway, Stuart, Florida 33424

ABSTRACT

Evatuation of aerial applications of

Naled BS concentrate against aduit populations of Aedes

taeniorhynehus was conducted on Rocky Point Martin County, Florida. The applications were
determined cffective in reducing adult poepulations at a rate of D50 ounce per acre. Results

showed that acrial applications o
tional ground operated ULV spray trucks

¢ Naled 85 concentrate has important advanlages over conven-

INTRODUCTION

In Martin County Florida, Rocky Point
has historically harbored large populations
of pest mosquitos. It 1s located between the
Manatee Pocket on the west and the Great
Pocket on the east {Fig. 1). Mangrove
swamps cover a great deal of the shore
margins along the waterways surrounding
Rocky Point. Plans are being drawn for the
north end of Jupiter Island, a protected

ATLANTIC
DCEAN

waDiaH
RIVER

Fig, 1. Map Showing Location of Rocky Point,

Martin County, Fl:

area covered by mangrove swamps, (o be-
come a State Park.

Citizens requests for relief from biting
mosquitos plague mosquito control workers
year round. Efforts to control larval popu-
lations include ground larviciding with
diesel fuel or Bacillus thuringiensis israel-
ensis, aerial applications of Altosid SR-10
and others. Each method has its own draw-
backs. Many areas are difficult to get to
from the ground while the length of the
effectiveness of growth regulators is difficult
to determine. Some of the issues which must
be considered in the overall control of the
mosquitos are weather, cost effectiveness,
environmental impact, dispersal, yequests
of the residents and re-infestation.

Because of the large areas of woodlands
and the lack of access roads in the area, the
effectiveness of ground ULV is question-
able. Therefore, in the past, control of mos-
quitos on Rocky Point has been a hit and
miss situation. Requests would often come
on the night after ground ULV had oc
cured. In the fall of 1980, another option
of control was.made available 1o mosquito
control workers. A confiscated Cessna 387
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aircrali was donated to Environmental Serv-
ices by the Martin County Sheriff's Depart-
ment. Previously, aircraft had to be hired
at a much higher cost than could now be
achieved. The plane was then equipped
with a 35 gallon fiberglass tank and set up
for spraying. This paper attempts to point
out some of the advantages of aerial appli-
cation of ULV as compared to ground ULV
on Rocky Point, Florida.

MATERIALS AND METHODS

New Jersey light trap collections seemed
1o show that the summer of 1980 was no
worse than previous years. However, popu-
lation levels of pest mosguitos were un-
bearable to local residents. The mosquitos
were biting in bright sunlight and getting
worse during the crepuscle. This made it
almost impossible for residents to barbeque,
walk their dogs, or just sit on their front
porch.  Although ground ULV trucks
sprayed Rocky Point a total of 66 nights
that year, it did not appease some residents.
One resident was so angry with the situa-
tion that on November 5, 1980 he called
the Office of Entomology in Jacksonville
and talked with Dr. Mulrennan. This con-
versation resulted in several trips to Rocky
Point by the State Entoniologist-Inspector,
Susan McKnight. A landing rate count was
made at 5:15 P.M. on November 10. The
results were 27 mosquitos during a one
minute period. The collected mosquitos
were identified as Aedes taenioyhiynchus
On the 19th only one mosquito was ob-
served from 8:30 AN 1o 12:30 AM and
a north-east wind was observed by the ¥n-
tomologist-Inspector. An inspection and
mapping of mosquito breeding areas was
set up for the 25th of November. The re-
sults showed that areas accessible to mos-
quite control workers were being main-
tained. Also, four potential breeding areas
were located. It seemed that with a south-
east wind, infestation from Jupiter Island
was imminent. Being an environmentally
sensitive area and housing two protected
parks, part of Jupiter Island was excluded
from chemical control for mosquitos by
Environmental Services. Interested parties
were contacted and an agreement was made
for aerial application of Altosid SR-10 to
take place on Jupiter Island. Much of the

R T P T T T
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information found by the state was already
known by mosquito control workers in
Martin County and little improvement of
the problem was expected with the excep-

Tale |. Application of ULV Spray on Rocky Peint,
Martin County. FI 1980

Nights Hours & Cost—
Mouth sprayed nrinutes dolias
March
Adveraft
Truck 1 3407 142.10
April
Airerafe
Truck 3 157 321.10
May
Afrcraft
Truck 2 41200 175 11
June
Alrevalt
Truck 3] AHirahH 1251.98
Juh
\ihreraft
Truck 3¢ 350207 138L.76
\ugust
Aidrcraft
Truck 4 J4r20" 1297.349
September
Adreraft
Track 8 il Bl 1151 44
Octobet
Nircrabe
etk 15 #3407 2088 R}
Novemho
\ircralt
Truck 7 2125 HUB 72
ol
Ahcraft
Fruck i} 2541307 8649.05
f o1al Cost
acres per acre
Adreraft
Truck 81100 Al¢
81.109

e i S g o e e e
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Iable 3. Application uf ULV Spray on Rocky Point.

Table 2 Application of ULV spray on Rocky Poiot,
Martin County. FI. 1982,

Martin County. FI. 1981

Nights Hours & Cost— Nighis Hours & Cost—
Month $prayed minutes dolary Menth sprayed minutes dollars
Maych Miavch
Alrcraft Adreralt
Truck Tyuck 2 230~ 112 GO
Aprit April
Aivcraft Afrciaft 1 3 41886
Truck Truck 3 12730 562.549
May May
MAbreraft Aircrafr ¥ 30 418 85
Truck 4 15207 703 43 Truek 5 150 866 35
June June
Atfreraft MAireraft f 360~ 251316
T ruck 9 32207 1498 61 Truck G 1605+ 1634
HII July
Afveraft 1 lid 3485 44 Adverafe i 807 418 B6
Tiuck U Evadliiy 1253 95 Truck 8 22700~ 1001 .38
Avgust Atigust
Mvernfy 3 Fesger 1186 47 Adreraft
Truck 3 BA10” 374.066 Frock i 20400 0922 63
September September
Afrciaft 1 3t 305 40 Airgraft ) 200" 1675 44
Truck i 25780 12807} Fruck 8 19907 870 11
October Oclobeyr
Adresalt i L 345 40 Aiveraft 2 1o BT 12
Truek 6 2840407 1084 57 Truck 3 650 307.53
November Nuvember
Afreralt Arcraft i 30 418 ¥
Truck 2 Fiehil 351 52 Truck b4 o0 270.02
Torad Total
Adveralt i J00 28724 Nireruf s R0 G781.76
Truck 41 M Ghs (554 65 Fruck $1 154r4)7 6053.35
BY26.5 1275511
Total Cost Totat Cost
acres per acre acres per acre
Aidrerake 13.958 b Afrcrafe 37.232 8¢
Truck 52.000 3¢ Truck i1.188 12¢
(i 158 88,120
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tion of quicting the complaints of one
angny resident. Therelore, it scemed some
other method of controlling adult mesquito
populations on Rocky Point needed imple-
mentation.

By the summer of 1981 the twin engine
Cessna 337 hxed wing aircraft was ready for
aerial application of Dibrom 14 at a rate of
5 ounces per acre. The plant was equipped
with a 35 gallon fiberglass tank which en-
ibled spraying of approximately 9000 acres
per tank load. Rocky Point was sprayed six
nights that year covering a total of 13,958
acres. In 1081, a total of 65,958 acres were
sprayed on Rocky Point at a cost of
$8926.59 (see Table 2). In 1980 a total of
81,100 acres were sprayed from the ground
at a cost of $8699.05 (see Table 1). In the
overall spraying of Rocky Point this
amounted to 3 cents an acre more in 1981
than in 1980, To mosquito control manage-
ment this seemed a small amount Lo pay for
a much better control.

The real test was in 1982 when the air-
craft was run all season with little or no
problems. New Jersey Light traps were op-
erated to monitor mosquito populations.
A total of 47,282 acres were treated by an
that year at a cost of $6701.76 (see Table
). By ground 51,188 acres were sprayed at
a cost of 5605335, Together 88,420 acres
were sprayed at a cost of 31275511 ov 15
cenis ‘)L’!' ard.

RESULTS

On May 5th and Gth. 1982 two New
Jersey light traps were operated in difterent
areas of Rocky Point. They were 1un the
nighs before and the night of aerial appli-
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cation of ULV. One trap operated at the
Hurchalla's residence yielding a total of
147 mosquitos the night before spraying
and 9 mosquitos aftex treaument. The other
wap was operated at the Hutchin's resi-
dence yielding 96 and 15 respectively. Due
to the urgency to reduce mosquito popula-
tions, this experiment was only done one
more time that year on June 8th, 9th, and
10th. The Hurchalla trap yielded 142 the
night before spraying and 76 the night of
spraying, while Hutchin's yielded 62 the
night before and 35 the night of spraying,
One possible cause of the lower knock-down
jate was the prevailing south-east wind
which can cause rteinfestation [rom un-
wreated areas. On June 10th mosquito com-
plaints continued to flood Environmental
Services. That night the plane flew once
more over Rocky Point, The traps were set
and the results were significantly better.
Hurchalla’s trap was down to 17 while
Hutchin's collected only I mosquito. This
seemed to be a level the residents could live
with and complaints ceased for a few days.

CONCILUSIONS

Some of the advantages of aerial appli-
cation of ULV that were noted during 1982
were higher knock-down rates, better cov-
erage, quicker reduction rates, wnd reduced
complaints from residents. Although R ocky
Point is only one small arex which was
monitored, similar results ave consisient
throughout the county. With the addition
ol another Cessna 357, Martin County Mos-
quito Control is looking forward to giving
gven better services to ity vesidents in the
coming years.
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AERIAL APPLICATIONS OF NALED DILUTED IN HAN
WITH UC-123K AIRCRAFT FOR ADULT
MOSQUITO CONTROL!

DANEL G HAILE?, TERRY L. BIERY?, JOHN F. REINERT* anp NED W. PIERCES

ABSTRACT. Acrial application exper-
iments with technical and diluted Dibrom® 14
were conducted at Avon Park Air Force Range,
Florida, using caged mosgquitoes to bioassay ef-
fectiveness and downwind aerosol distribution.
A total of 9 tests were conducted with caged
Aedes taeniorhynchus females placed at 0.1 mi
intervals for a distance of ca 2 mi in a line
perpendicular to aireraft flight and parallel 1o
wind direction. A difwte formulation of Dib-
rom14 in heavy aromatic naphtha (HAN), 1:5
ratio, was apphled at rates of 0.75 and 1.5 o2/
acre {0.125 and 0.25 oz/acre Dibrom14); and
undiluted Dibrom14 was applied at rates of
0.25 and 0 75 oz/acre based on a 2000 f1 swath
width and 150 mph aircraft airspeed. The re-
sults indicated that the dilute formulation

Ultra low volume (ULV) aerial applica-
tions of Dibrom® 14, an 85% formulation
of naled (1,2-dibromo-2,2-dichloroethyl
dimethyl phosphate), have been suc-
cessfully used for large scale control of
adult mosquitoes for a number of years
{Glancey et al. 1966, Mount and Lofgren

! This paper reports the results of research
only. Mention of a pesticide in this paper does
not constitute a recormmendation for use by the
U. §. Department of Agriculture or the De-
partment of Defense, nor does it imply regis-
tration under FIFRA as amended. Also, men-
tion of a commercial or proprietary product in
this paper does not censtitute an endorsement
of this preduct by the JSDA or DoD.

2 Agricultural Engineer, Insects Affecting
Man and Animals Research Laboratory, ARS,
USDA, P.O, Box 14565, Gainesville, FL 32604,

¥ Research Entomologist, 355th TAS/Aérial
Spray, Rickenbacker ANGB, OH 43217.

* Research Liaison Officer, Armed Forces
Pest Management Board, Imsects Affecting
Man ane Animals Research Laboratory, ARS,
USDA, P.O. Box 14565, Gainesville, FL. 32604,

S Biological Technician, Insects Affecting
Man and Animals Research Laboratory, ARS,
USDA, P.O. Box 14565, Gainesville, FL 32604,

applied at 1.5 ozfacre (0.25 ozfacre Dibrom14)
was more effective than 0.25 ozfacre Dibrom 14
undiluted and equal to 0.75 orfacre Dibrom14
undiluted. These results cannot be considered
totally conclusive due to the variability of at-
mospheric conditions between tests and the
lack of replication for some tests. However, the
results strongly suggest that dilution substan-
tially improved the application efficiency and
that the rate of 1.5 ozfacre of the 1:5 Dibrom
14:HAN mixture gave excellenl mosquito
contral under the environmental conditions
existing during these tests. Additional research
will be needed 1o determine the applicability of
this technique under other environmental
conditions and to verify the effect on natural
populations.

1967, Sutherland et al. 1978), However,
recent increases in the cost of insecticides
and fuel, as well as environmental con-
cern, have renewed the incentive to im-
prove the efficiency of this technique. To
reduce the application rate and cost, the
US. Air Force Reserve Aerial Spray
Branch, Rickenbacker ANGB, Ohig, de-
veloped a technique for applying Dibrom
14 diluted in heavy aromatic naphtha
(HAN) at a 1:5 ratio (Unpublished An-
nual Reports for 1973-79). This mixture
has been applied at a rate of 1.5 oxfacre
{0.25 oz/acre Dibrom14 and 1.25 czfacre
HAN) which represents a 67 % reduction
in dose of Dibroml4 from the 0.75 oz/
acre normally used as a technical ULV
application (label recommended rate is
0.5 to 1 ozfacre). The Office of Pest Man-
agement, Maryland Department of Ag-
riculture, used this technique in 1978 in
an experimental application with good
results in controlling Aedes sollicitans
(Walker) (5. Joseph, persenal communi-
cation).

The objective of this study was to com-
pare the effectiveness of this mixture with
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applications of undiluted Dibroml4 in
field bioassays using caged mosquitoes.

MATERIALS AND METHODS

Field tests with caged mosquitoes were
conducted at Avon Park Air Force Range,
Florida during April 1980 using proce-
dures similar to those employed by
Mount et al. (1970). The test site was pre-
dominantly an open area with only low
shrubs and scattered trees. Caged Aedes
taeniorhynchus {(Wiedemann} females (25/
cage) were placed on 4 ft stakes ar 0. 1-mi
intervals along a roadway that was per-
pendicular to aircraft flights and ¢a par-

10% sugar-water solution was placed on
each holding cage and the cages were
held in another ice chest for ca 12 hr
before mortality readings were made.
Four application treatments were con-
sidered in these tests. These included ap-
plications of the dilute formulation (1:5
Dibrom 14/HAN) at rates of 0 75 ozfacre
(0.125 ozfacre Dibrom14) and 1.5 ozfacre
(0.25 ozfacre Dibrom14) and with te