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BRIEF REPORT

Acute toxicity of mosquito pesticides on weed biological
control agents in south Florida, USA
Gregory S. Wheeler , Ellen C. Lake , Min B. Rayamajhi and Melissa C. Smith

USDA/ARS, Ft Lauderdale, FL, USA

ABSTRACT
Mosquito pesticides effectively control vectors of human disease
but have numerous unintended consequences. These may include
adversely affecting non-target species such as weed biological
control agents. Acute toxicity of two mosquito pesticides, naled
and permethrin, was studied on three biological control agents
released against invasive weeds in south Florida. These were the
biological control agent Oxyops vitiosa of melaleuca, Melaleuca
quinquenervia, the agent Neomusotima conspurcatalis for Old
World climbing fern, Lygodium microphyllum, and the agent
Lilioceris cheni for air potato Dioscorea bulbifera. We calculated
LD50 values for both pesticides on early and late instars for each
herbivore species. The air potato herbivore, L. cheni was the most
sensitive species tested and all three species were more sensitive
to the pesticide permethrin than naled. These results indicate that
even low concentrations of these products can have a detrimental
effect on these weed biological control agents. The unintended
consequences of mosquito adulticide applications should be
considered when evaluating biological control agent impacts.
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Adult mosquitoes Aedes aegypti (L.) and Aedes albopictus (Skuse) (Diptera: Culicidae) are
primary vectors of several human diseases including chikungunya, dengue, yellow fever,
and Zika virus (Kraemer et al., 2015). These mosquito species occur throughout the Car-
ibbean, southeastern US, and in many regions of the world (Kamal et al., 2019), where they
can cause regional outbreaks of mosquito-borne diseases (http://www.cdc.gov/zika/
public-health-partners/vector-control-us.html). The frequencies of these mosquito-
borne disease outbreaks are projected to increase, rather than decrease, in the future
(Kamal et al., 2019). Although mosquito adulticide applications may offer only temporary
reduction of these populations (Fernandes et al., 2018; Stoddard, 2018), they are a
common management response, especially in emergency situations against mosquito vec-
tored human diseases (Fonseca et al., 2013). Applications can have a broad range of unin-
tended consequences and may have severe impacts on non-target organisms both within
(Milam et al., 2000) and adjacent to treatment areas (Hennessey et al., 1992; Salvato, 2001).
Mosquito pesticides may have an adverse effect on federally listed endangered insects
(Calhoun et al., 2002; Eliazer & Emmel, 1991; Zhong et al., 2010), non-listed insects
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(Bargar, 2012; Breidenbaugh & de Szalay, 2010; Hoang et al., 2011), and pollinators
(Zhong et al., 2003; Zhong et al., 2004). However, the impact of mosquito pesticides on
weed biological control agents is not well known.

Invasive weeds, a primary driver of ecosystem degradation, have wide ranging impacts
on plant communities (Pyšek & Richardson, 2010). Invasive species contribute to the loss
of native plant diversity, the health of natural areas, and agricultural production (Mack
et al., 2000). Classical biological control seeks to decrease the impact of these invasive
species by reuniting coevolved, host specific, control agents with their natural host in
the invaded range. This technique may assist in reducing the aggressiveness of invasive
weeds and may be integrated with other control methods (Van Driesche et al., 2010).

Here, we determined the acute toxicity of mosquito adulticides against non-target weed
biological control agents. The agents included were those released for biological control of
the broad-leaved paperbark tree,Melaleuca quinquenervia (Cav.) S. T. Blake (Myrtaceae),
Old World climbing fern, Lygodium microphyllum (Cav.) R. Br (Lygodiaceae), and air
potato or air yam, Dioscorea bulbifera L. (Dioscoreaceae). The three established biological
control agents were Oxyops vitiosa Pascoe (Coleoptera: Curculionidae) to control
M. quinquenervia (Center et al., 2012), Neomusotima conspurcatalisWarren (Lepidoptera:
Crambidae) to control L. microphyllum (Boughton et al., 2012; Smith et al., 2014), and
Lilioceris cheni Gressitt and Kimoto (Coleoptera: Chrysomelidae) to control D. bulbifera
(Center et al., 2013; Overholt et al., 2016).

Two pesticides, permethrin and naled, are the most commonly used products to control
adult mosquitoes in south Florida municipalities (www.miamidade.gov/global/solidwaste/
mosquito/insecticides.page; www.cmcd.org/operations/control-materials/). Permethrin is
a broad-spectrum pyrethroid with toxicity either by direct contact or by ingestion of
treated leaves. Naled (or dibrom) is a broad-spectrum organophosphate insecticide.
These products are typically applied as an ultra-low volume (ULV) mist from a backpack
or truck-mounted sprayer, or by aerial treatments (https://www.epa.gov/mosquitocontrol/
controlling-adult-mosquitoes). Due to widespread mosquito control activities conducted
in south Florida, approximately 6 million acres were treated with naled in Florida in
2014 (https://www.cdc.gov/zika/vector/aerial-spraying.html), it is likely that weed biologi-
cal control agents are exposed to these two products. Mosquito control applications are
commonly made in urban and suburban neighbourhoods, areas that overlap broadly
with the range of all three weed species and the agents released for their control
(Center et al., 2012, 2013; Smith et al., 2014). Mosquito insecticide applications were con-
sidered a potential factor in the lack of establishment of L. cheni on D. bulbifera in two
south Florida neighbourhoods (Overholt et al., 2016).

Weed biological control insects used in this study were maintained on live plants of
their respective weed hostsM. quinquenervia, L. microphyllum, or D. bulbifera. Neomuso-
tima conspurcatalis and L. cheni were obtained from laboratory colonies, while O. vitiosa
was collected from garden plants. In all cases, the host plants were grown under garden
conditions that were irrigated, fertilised, and pruned to promote foliage suitable for her-
bivore growth and survival. Laboratory colony insects were fed leaves of live plants or cut
foliar bouquets.

Early and late instars of all three biological control agents were tested for acute toxicity.
Immediately prior to pesticide applications, larval fresh weights were estimated gravime-
trically (Denver ® balance; SI-215D; ± 0.1 mg; Bohemia, NY, USA). All pesticides were
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technical grade purchased from Chem Service® (West Chester, PA, USA) or Sigma/Aldrich
(St Louis, MO, USA). Methods of pesticide formulation and insect exposure followed
Hoang et al. (2011) and Pridgeon et al. (2008). Permethrin was formulated with 40%
cis-permethrin and 60% trans-permethrin isomers. Technical grade pesticides were dis-
solved in acetone (Fisher® GC resolv grade; Thermo Fisher Scientific, Waltham, MA,
USA) and applied topically to individuals. At least five concentrations of each pesticide
were applied in a series of 10x dilutions from 10 µg/insect to 0.001 µg/insect. These con-
centrations caused 0–100% mortality. A 0.5 µl droplet of pesticide solution was applied to
the dorsal thorax of each test insect using a 7000 series syringe and a PB 600 repeating
dispenser (Hamilton®, Reno, NV, USA). Each concentration was replicated 10 times on
each instar of each insect species. Control treatment included a 0.5 µl droplet of
acetone alone for each instar and insect species. Larvae were gently manipulated with a
paintbrush or leaf fragment. Insects were maintained in Petri dishes (60 × 15 mm;
Fisher® Sterile Polystyrene Petri Dish, Thermo Fisher Scientific, Waltham, MA, USA)
lined with filter paper (5.5 cm Filter Paper Qualitative 413, VWR®, West Chester, PA,
USA), and provided with an excised leaf of the host weed species. Gloves were worn
when handling leaves and changed between leaf treatments. Petri dishes were stored at
ambient laboratory conditions, 14 h: 10 h (L:D), 50–60% RH, and 25°C. Following treat-
ment, insects were fed suitable fresh host foliage and enough was provided for unlimited
herbivore consumption during 24 h. After a 24 h post-application interval mortality was
recorded. An insect was considered dead if it did not move after being gently prodded with
a fine paintbrush. All larvae survived the acetone control treatment except 6.25% and 5%
of the early and late N. conspurcatalis instars, respectively.

The concentration of each naled sample was confirmed with an Agilent ® GC/NPD
model 6890 (Wilmington, DE, USA). Naled analysis followed a modified version described
by Zhong et al. (2010). A DB-5 ms capillary column (Agilent ® 30-m length, 0.25-mm
inner diameter, 0.25 µm film thickness) bonded with fused silica was used for the naled
analysis. Depending on the concentration, a 0.5–1 µl sample was injected either split
(35:1) or splitless for each analysis. The injector was operated at 250°C and the detector
was maintained at 300°C. Constant flow of helium (4.8 ml/min; 72 cm/sec; 37.5 psi)
was used. The initial oven temperature was 60°C, ramped at 20°C/min to 200°C and
this final temperature was held constant for 3 min. Under these conditions, the retention
time of naled was 6.665 min. Aminimum five-point calibration curve covered a naled con-
centration range from 0.1 to 3,500 ng/μl.

Each permethrin concentration was confirmed by Agilent® GC/MS model 6890/5973.
Methods followed a modified version described by Fillion et al. (2000). A DB-5 ms capil-
lary column (Agilent ® 30-m length, 0.25-mm inner diameter, 0.25 µm film thickness)
bonded with fused silica was used for the permethrin analysis. Target ions for both cis
and trans permethrin were 183 (target), and 163 (abundance ratio Q/tgt: 0.22) and 165
(abundance ratio Q/tgt: 0.18) ions. Depending upon the concentration, either split
(20:1) or splitless injection mode was used. Injections were conducted with an autosampler
(HP-7683) with volumes that ranged from 0.5 to 1 μL; injector temperature, 250°C; detec-
tor temperature, 300°C; and helium served as the carrier gas. The gas chromatograph was
operated in constant flow mode (electronic pressure control) at 0.9 mL/min 28 cm/sec.
Gas chromatograph temperature programme was held for 2.0 min at 160°C, then
increased to 280°C at 3°C/min with a 10 min final hold. Elution time for cis and trans
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permethrin was 36.9 and 37.4 min, respectively. A minimum five-point calibration curve
covered a permethrin concentration range from 0.1 to 1,000 ng/μl (Alder et al., 2006).
Data were analysed with SAS® 9.3 (SAS Institute Inc., Cary, NC, USA). Acute toxicity
results were subjected to Probit analysis (PROC PROBIT) and LD50 values with upper
and lower 95% confidence intervals were calculated.

Acute toxicity values were obtained for both permethrin and naled on three weed bio-
logical control agents, L. cheni, N. conspurcatalis, and O. vitiosa (Table 1). Toxicity values
and confidence intervals were obtained for both compounds for two larval instars of
L. cheni and N. conspurcatalis, whereas toxicity could be determined only with second
instars of O. vitiosa. The results indicated that toxicity differed by species and pesticides
tested. Permethrin was more toxic (10-fold – 67-fold) for both species and both instars
than naled. The L. cheni second and third instars were the most sensitive species to per-
methrin with LD50 values of 0.13 ng/mg larval weight, different than second and fourth
instars of N. conspurcatalis. Lilioceris cheni larvae were also more sensitive in terms of
LD50 values to naled than N. conspurcatalis larvae. The species most tolerant to these pes-
ticides was O. vitiosa with LD50 values for second instars for naled and permethrin greater
than the other species and instars tested. Toxicity levels for the O. vitiosa fourth instars
exceeded 586.7 and 87.9 ng/mg for naled and permethrin, respectively.

Similar acute toxicity results were determined for several non-target species when mos-
quito pesticides were applied to the thorax of various lepidopteran larvae (Hoang et al.,
2011). These studies generally agreed with our results and showed non-target species
were also much more sensitive to permethrin compared to naled (Eliazer & Emmel,
1991; Salvato, 2001). Moreover, mosquito pesticide drift results showed that potentially
toxic levels of naled and a similar pyrethroid fenthion could occur when commercially
applied in adjacent areas inhabited by non-target species (Hennessey et al., 1992; Zhong
et al., 2010). Due to the high sensitivity of the L. microphyllum biological control agent
N. conspurcatalis and especially theD. bulbifera herbivore L. cheni, these mosquito pesticides
should be applied judiciously in the area where these species are being used for biological
control. Additional studies are needed to determine the impact of drift from mosquito adul-
ticide applications on nearby populations of diverse beneficial species, including weed bio-
logical control agents. Where possible other means of control should be investigated that do
not have the unintended consequences of mosquito adulticide applications.

Table 1. Acute toxicity (LD 50) values for approved weed biological control agents treated with two
mosquito pesticides.

Species Compound Instar
LD 50 (ng)/
insect LCI UCI

Weight
(mg)

LD 50

(ng/mg) LCI UCI

Lilioceris cheni Naled 2 160.1 115.5 274.9 18.1 8.8 6.4 15.2
3 160.6 24.4 299.3 28.4 5.7 0.9 10.5

Permethrin 2 1.2 0.0 2.5 8.9 0.1 0.0 0.3
3 3.7 1.6 6.8 28.4 0.1 0.1 0.2

Neomusotima
conspurcatalis

Naled 2 3.9 3.1 4.4 0.2 24.4 19.4 27.5
4 240.3 47.7 354.2 5.6 42.9 8.5 63.3

Permethrin 2 0.2 0.1 0.2 0.2 0.9 0.8 1.1
4 22.7 18.6 28.5 5.6 4.1 3.3 5.1

Oxyops vitiosa Naled 2 707.5 515.2 1199.0 5.0 141.5 103.0 239.8
4 > 50,000 85.3 > 586.7

Permethrin 2 1092 659.1 2060.0 5.0 218.40 131.8 412.0
4 > 7,500 85.3 > 87.9

4 G. S. WHEELER ET AL.



Acknowledgements

We thank Evan Broggi and James Murphy USDA/ARS, Ft Lauderdale, FL for technical assistance.
Mention of trade names or commercial products in this article is solely for the purpose of providing
information and does not imply any recommendation or endorsement by the U.S. Department of
Agriculture. U.S. Department of Agriculture is an equal opportunity employer.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Partial funding was generously provided by the Comprehensive Everglades Restoration Plan.

ORCID

Gregory S. Wheeler http://orcid.org/0000-0002-0691-7907
Ellen C. Lake http://orcid.org/0000-0003-0970-9772
Min B. Rayamajhi http://orcid.org/0000-0001-9573-3634
Melissa C. Smith http://orcid.org/0000-0001-8908-9846

References

Alder, L., Greulich, K., Kempe, G., & Vieth, B. (2006). Residue analysis of 500 high priority pesti-
cides: Better by GC-MS or LC-MS/MS? Mass Spectrometry Reviews, 25(6), 838–865. https://doi.
org/10.1002/mas.20091

Bargar, T. A. (2012). Risk assessment for adult butterflies exposed to the mosquito control pesticide
naled. Environmental Toxicology & Chemistry, 31(4), 885–891. https://doi.org/10.1002/etc.1757

Boughton, A. J., Nelson, B., & Center, T. D. (2012). Efforts to establish a biological control agent
against incipient infestations of Old world climbing fern in Southwest Florida. Florida
Entomologist, 95(2), 482–484. https://doi.org/10.1653/024.095.0234

Breidenbaugh, M. S., & de Szalay, F. A. (2010). Effects of aerial applications of naled on nontarget
insects at Parris Island, south Carolina. Environmental Entomology, 39(2), 591–599. https://doi.
org/10.1603/EN09087

Calhoun, J. V., Slotten, J. R., & Salvato, M. H. (2002). The rise and fall of tropical blues in Florida:
Cyclargus ammon and Cyclargus thomasi bethunebakeri (Lepidoptera: Lycaenidae). Holarctic
Lepidoptera, 7(1), 13–20.

Center, T. D., Purcell, M. F., Pratt, P. D., Rayamajhi, M. B., Tipping, P. W., Wright, S. A., & Dray,
Jr., F. A. (2012). Biological control of Melaleuca quinquenervia: An Everglades invader.
Biocontrol, 57(2), 151–165. https://doi.org/10.1007/s10526-011-9390-6

Center, T. D., Rayamajhi, M., Dray, F. A., Madeira, P. M., Witkus, G., Rohrig, E., Mattison, E., Lake,
E., Smith, M., Zhang, J., Purcell, M., Konstantinov, A., & Schmitz, D. (2013). Host range vali-
dation, molecular identification, and release and establishment of a Chinese biotype of the
Asian leaf beetle Lilioceris cheni (Coleoptera: Chrysomelidae: Criocerinae) for control of
Dioscorea bulbifera L. In the southern United States. Biocontrol Science and Technology, 23(7),
735–755. https://doi.org/10.1080/09583157.2013.790931

Eliazer, P. J., & Emmel, T. C. (1991). Adverse impacts to non-target insects. In T. C. Emmel, & J.
Tucker (Eds.), Mosquito control pesticides: Ecological impacts and management alternative (pp.
17–19). Scientific Publishers.

BIOCONTROL SCIENCE AND TECHNOLOGY 5

http://orcid.org/0000-0002-0691-7907
http://orcid.org/0000-0003-0970-9772
http://orcid.org/0000-0001-9573-3634
http://orcid.org/0000-0001-8908-9846
https://doi.org/10.1002/mas.20091
https://doi.org/10.1002/mas.20091
https://doi.org/10.1002/etc.1757
https://doi.org/10.1653/024.095.0234
https://doi.org/10.1603/EN09087
https://doi.org/10.1603/EN09087
https://doi.org/10.1007/s10526-011-9390-6
https://doi.org/10.1080/09583157.2013.790931


Fernandes, J. N., Moise, I. K., Maranto, G. L., & Beier, J. C. (2018). Revamping mosquito-borne
disease control to tackle future threats. Trends in Parasitology, 34(5), 359–368. https://doi.org/
10.1016/j.pt.2018.01.005

Fillion, J., Sauve, F., & Selwyn, J. (2000). Multiresidue method for the determination of residues of
251 pesticides in fruits and vegetables by gas chromatography/mass spectrometry and liquid
chromatography with fluorescence detection. Journal of AOAC International, 83(3), 698–713.
https://doi.org/10.1093/jaoac/83.3.698

Fonseca, D. M., Unlu, I., Crepeau, T., Farajollahi, A., Healy, S. P., Bartlett-Healy, K., Strickman, D.,
Gaugler, R., Hamilton, G., Kline, D., & Clark, G. G. (2013). Area-wide management of Aedes
albopictus. Part 2: Gauging the efficacy of traditional integrated pest control measures against
urban container mosquitoes. Pest Management Science, 69(12), 1351–1361. https://doi.org/10.
1002/ps.3511

Hennessey, M. K., Nigg, H. N., & Habeck, D. H. (1992). Mosquito (Diptera: Culicidae) adulticide
drift into wildlife refuges of the Florida Keys. Environmental Entomology, 21(4), 714–721. https://
doi.org/10.1093/ee/21.4.714

Hoang, T. C., Pryor, R. L., Rand, G. M., & Frakes, R. A. (2011). Use of butterflies as nontarget insect
test species and the acute toxicity and hazard of mosquito control insecticides. Environmental
Toxicology & Chemistry, 30(4), 997–1005. https://doi.org/10.1002/etc.462

Kamal, M., Kenawy, M. A., Rady, M. H., Khaled, A. S., & Samy, A. M. (2019). Mapping the global
potential distributions of two arboviral vectors Aedes aegypti and Ae. Albopictus under changing
climate. PLOS ONE, 13(12), article e0210122. https://doi.org/10.1371/journal.pone.0210122

Kraemer, M. U. G., Sinka, M. E., Duda, K. A., Mylne, A., Shearer, F. M., Brady, O. J., Messina, J. P.,
Barker, C. M., Moore, C. G., Carvalho, R. G., Coelho, G. E., Van Bortel, W., Hendrickx, G.,
Schaffner, F., Wint, G. R. W., Elyazar, I. R. F., Teng, H.-J., & Hay, S. I. (2015). The global com-
pendium of Aedes aegypti and Ae. Albopictus occurrence. Scientific Data, 2(1), 150035. https://
doi.org/10.1038/sdata.2015.35

Mack, R. N., Simberloff, D., Mark Lonsdale, W., Evans, H., Clout, M., & Bazzaz, F. A. (2000). Biotic
invasions: Causes, epidemiology, global consequences, and control. Ecological Applications, 10
(3), 689–710. https://doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2

Milam, D. C., Farris, L. J., & Wilhide, D. J. (2000). Evaluating mosquito control pesticides for effect
on target and nontarget organisms. Archives of Environmental Contamination and Toxicology, 39
(3), 324–328. https://doi.org/10.1007/s002440010111

Overholt, W. A., Rayamajhi, M., Rohrig, E., Hight, S., Dray, F. A., Lake, E., Smith, M., Hibbard, K.,
Bhattarai, G. P., Bowers, K., Poffenberger, R., Clark, M., Curry, B., Stange, B., Calise, E., Wasylik,
T., Martinez, C., & Leidi, J. (2016). Release and distribution of Lilioceris cheni (Coleoptera:
Chrysomelidae), a biological control agent of air potato (Dioscorea bulbifera: Dioscoreaceae),
in Florida. Biocontrol Science and Technology, 26(8), 1087–1099. https://doi.org/10.1080/
09583157.2016.1185090

Pridgeon, J. W., Pereira, R. M., Becnel, J. J., Allan, S. A., Clark, G. G., & Linthicum, K. J. (2008).
Susceptibility of Aedes aegypti, Culex quinquefasciatus Say, and Anopheles quadrimaculatus
Say to 19 pesticides with different modes of action. Journal of Medical Entomology, 45(1), 82–
87. https://doi.org/10.1603/0022-2585(2008)45[82:SOAACQ]2.0.CO;2

Pyšek, P., & Richardson, D. M. (2010). Invasive species, environmental change and management,
and health. Annual Review of Environment and Resources, 35(1), 25–55. https://doi.org/10.1146/
annurev-environ-033009-095548

Salvato, M. (2001). Influence of mosquito control chemicals on butterflies (Nymphalidae, Lycaenidae,
Hesperiidae) of the lower Florida Keys. Journal of the Lepidopterists’ Society, 55(1), 8–14.

Smith, M. C., Lake, E. C., Pratt, P. D., Boughton, A. J., & Pemberton, R. W. (2014). Current status of
the biological control agent Neomusotima conspurcatalis (Lepidoptera: Crambidae), on
Lygodium microphyllum (Polypodiales: Lygodiaceae) in Florida. Florida Entomologist, 97(2),
817–820. https://doi.org/10.1653/024.097.0268

Stoddard, P. K. (2018). Managing Aedes aegypti populations in the first zika transmission zones in
the continental United States. Acta Tropica, 187, 108–118. https://doi.org/10.1016/j.actatropica.
2018.07.031

6 G. S. WHEELER ET AL.

https://doi.org/10.1016/j.pt.2018.01.005
https://doi.org/10.1016/j.pt.2018.01.005
https://doi.org/10.1093/jaoac/83.3.698
https://doi.org/10.1002/ps.3511
https://doi.org/10.1002/ps.3511
https://doi.org/10.1093/ee/21.4.714
https://doi.org/10.1093/ee/21.4.714
https://doi.org/10.1002/etc.462
https://doi.org/10.1371/journal.pone.0210122
https://doi.org/10.1038/sdata.2015.35
https://doi.org/10.1038/sdata.2015.35
https://doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2
https://doi.org/10.1007/s002440010111
https://doi.org/10.1080/09583157.2016.1185090
https://doi.org/10.1080/09583157.2016.1185090
https://doi.org/10.1603/0022-2585(2008)45[82:SOAACQ]2.0.CO;2
https://doi.org/10.1146/annurev-environ-033009-095548
https://doi.org/10.1146/annurev-environ-033009-095548
https://doi.org/10.1653/024.097.0268
https://doi.org/10.1016/j.actatropica.2018.07.031
https://doi.org/10.1016/j.actatropica.2018.07.031


Van Driesche, R. G., Carruthers, R. I., Center, T., Hoddle, M. S., Hough-Goldstein, J., Morin, L.,…
Van Klinken, R. D. (2010). Classical biological control for the protection of natural ecosystems.
Biological Control, 54(SUPPL. 1).

Zhong, H., Hribar, L. J., Daniels, J. C., Feken, M. A., Brock, C., & Trager, M. D. (2010). Aerial ultra-
low-volume application of naled: Impact on nontarget imperiled butterfly larvae (Cyclargus
thomasi bethunebakeri) and efficacy against adult mosquitoes (Aedes taeniorhynchus).
Environmental Entomology, 39(6), 1961–1972. https://doi.org/10.1603/EN10089

Zhong, H., Latham, M., Hester, G. P., Frommer, L. R., & Brock, C. (2003). Impact of naled on honey
bee Apis mellifera L. Survival and productivity: Aerial ULV application using a flat-fan nozzle
system. Archives of Environmental Contamination and Toxicology, 45(2), 216–220. https://doi.
org/10.1007/s00244-002-0185-8

Zhong, H., Latham, M., Payne, S., & Brock, C. (2004). Minimizing the impact of the mosquito adul-
ticide naled on honey bees, Apis mellifera (Hymenoptera: Apidae): aerial ultra-low-volume appli-
cation using a high-pressure nozzle system. Journal of Economic Entomology, 97(1), 1–7. https://
doi.org/10.1093/jee/97.1.1

BIOCONTROL SCIENCE AND TECHNOLOGY 7

https://doi.org/10.1603/EN10089
https://doi.org/10.1007/s00244-002-0185-8
https://doi.org/10.1007/s00244-002-0185-8
https://doi.org/10.1093/jee/97.1.1
https://doi.org/10.1093/jee/97.1.1

	Abstract
	Acknowledgements
	Disclosure statement
	ORCID
	References

