
ABSTRACT 

MCNELLY, JAMES RICHARD. Surveillance and Control of Aedes (Stegomyia) Species. 

(Under the direction of Dr. Charles S. Apperson.) 

 

The United States has a long history of involvement with Aedes (Stegomyis) aegypti (L.) 

mediated disease. Established populations of Aedes (Stegomyia) albopictus (Skuse) were first 

discovered in the United States (US) in 1985. Both mosquito species are vectors of disease and 

Integrated Pest Management (IPM) directed at these peridomestic mosquito species must be 

efficient, effective and sustainable. These criteria are addressed in this thesis by first evaluating 

larvicide formulations incorporating spinosad (Saccharopolyspora spinosa Mertz and Yao) as 

the active ingredient, versus Ae, albopictus in tires. Two formulations, a single brood 0.5% 

formulation (NatularTM G) expressed on a corn cob carrier and a 2.5% multi brood formulation 

(NatularTM G30) were evaluated. Both formulations were challenged using larvae of Ae. 

albopictus in tires, and only the 2.5% multi brood formulation was found to achieve adequate 

mortality at labeled rates. In a separate experiment, the 2.5% multi brood formulation was 

challenged utilizing an artificial catch basin system, two catch basin regimens – static and 

flushed - and larvae of Culex pipiens quinquefasciatus Say. Results over a six week period 

indicated that the minimum, mid-label and maximum labeled rates provided adequate control 

in static basins; only the mid-label and maximum labeled rates were effective in flushed basins 

and have the potential to exceed the labeled duration (30 days) of control. The diel activity of 

Ae. albopictus, described as a “day biting” mosquito, was evaluated over a 24 hr period in 

Florida (FL) and New Jersey (NJ) using human sweep netting (HSN) as a proxy for human 

mediated landing rates and with bottle rotating traps (BRT). Both HSN and BRT data supports 



our contention that Ae. albopictus activity is not relegated to daylight hours; rather, substantial 

activity was identified by both surveillance techniques in FL and NJ. This activity over 24 hrs 

provides evidence of Ae. albopictus as an ambush predator, and provides further support for 

the utilization of ultra low volume space sprays directed at this mosquito species after sunset. 

Finally, an autocidal gravid oviposition trap (AGO) developed by the Centers for Disease 

Control (CDC) was evaluated for the surveillance and control of Ae. aegypti and Ae. albopictus 

in Volusia County, central Florida. Fermented infusions of senescent Laurel oak leaves 

(Quercus laurifolia Michx.) at two rates (100% and 50%) were evaluated in the field over eight 

wks. In a second experiment, 30g packets of either laurel oak leaves or Bermuda hay (Cynodon 

dactylon) were evaluated. Two day old tap water served as a control infusion in both 

evaluations. Fermentation of the respective oak leaf and hay packets proceeded in the AGO 

traps over the eight weeks of this evaluation. Our research indicates that both Stegomyia 

species responded significantly (P ≤ 0.05) to the oak leaf infusions, with the 100% infusion 

most attractive to Ae. albopictus and the 50% infusion most attractive to Ae. aegypti. In the 

second evaluation, Ae. albopictus response was greatest to the oak infusion and was 

significantly different ((P ≤ 0.05) when compared to AGO traps with either hay or water; Ae. 

aegypti was most attracted to traps with hay packets. Our research indicates that a laurel oak 

leaf infusion can be utilized in central FL to survey and capture gravid females of both 

Stegomyia species. The response of Ae. aegypti to AGO traps with hay was comparable to 

results achieved in Puerto Rico as deployed by CDC. The trap has the potential to meet three 

criteria vital to area wide, sustainable surveillance and control efforts: 1) potential for 



implementation by vector control programs and individual home-owners; 2) low cost of 

implementation; and 3) minimal effort for long-term maintenance. 
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CHAPTER 1: Evaluation of the Residual Efficacy of Spinosad Formulations in 

Artificial Systems Against Aedes albopictus and Culex quinquefasciatus (Diptera: 

Culicidae) 

 

ABSRACT 

Larvicide formulations utilizing the active ingredient spinosad have been available for 

commercial use in the United States since 2009. Single brood and residual, or slow-release, 

formulations are used throughout the US against a wide variety of mosquito species, including 

peridomestic species such as Aedes albopictus and Culex quinquefasciatus. The efficacy of 

two formulations, NatularTM G and NatularTM G30 was evaluated outdoors in used tires against 

Ae. albopictus and in an artificial catch basin system versus Culex quinquefasciatus. High and 

low label rates of both formulations were evaluated in used tires, however, NatularTM G30 

alone was utilized in simulated catch basins. The artificial catch basin system included both 

“static” or non-flushed basins and basins subjected to weekly flushing events.  In catch basin 

evaluations, NatularTM G30 was packaged and introduced via water soluble packets.  In both 

environments against both mosquito species, labeled rates of the NatularTM G30 formulation 

have the potential to exceed the duration of control (30 days) that appears on that formulation’s 

label. 
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INTRODUCTION 

Integrated Pest Management (IPM) has been accepted as an environmentally preferable 

approach to insect control, across a variety of systems including public health, for more than 

three decades and more than 67 varied IPM definitions can be found in the literature (Bajwa 

and Kogan 2002).  In an attempt to clarify the application of an IPM approach to the 

surveillance and control of mosquitoes, the term Integrated Mosquito Management (IMM) 

has been embraced and is often utilized to communicate a management strategy that uses 

mosquito control methodologies to reduce populations to tolerable levels, and mitigate 

mosquito-borne disease, while maintaining environmental quality. Typical components of an 

IMM program are surveillance, source reduction, public education, adulticiding and where 

mosquito production sites are clearly identified, larviciding (Rose 2001). 

Spinosad was registered for use as a mosquito larvicide by the United States Environmental 

Protection Agency in 2007.  Use of this active ingredient within a mosquito control program 

promotes IMM because the insecticide was approved by the US EPA as a reduced-risk 

pesticide (Hertlein et al. 2010). Spinosad is produced via fermentation by a naturally 

occurring soil actinomycete, Saccharopolyspora spinosa Mertz and Yao.  Two insecticidal 

components, Spinosyns A and D, are present in a 85:15% ratio within the fermentation 

product (Mertz and Yao 1990). Spinosad is both a contact and stomach poison, and targets 

the insect nervous system through a unique mode of action at sites on the nicotinic 

acetylcholine and gamma-aminobutyric acid (GABA) receptors (Salgado 1998, Salgado and 

Sparks 2005). 
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Mosquito production in stormwater and septic related infrastructure, and in artificial 

containers are global public health issues, which are mitigated through the application of 

insecticides (Cetin et al. 2007, Sadananadne et al. 2009, Anderson et al. 2011, Su et al. 2014a 

).  The organic content associated with waters found in stormwater supports larval 

development of a variety of species, including those of the Culex pipiens complex, which 

includes Culex pipiens pipiens L. and Culex pipiens quinquefasciatus Say. Both species 

thrive in habitats such as catch basins, storm drains, combined sewage overflow and waste 

water treatment systems (Su et al. 2003a, Ruiz et al. 2004, Harbison et al. 2010, Vaquez-

Prokopec et al. 2010, Gardner et al. 2013).  In the United States, the Culex pipiens complex 

plays an important role in the amplification and potential transmission of St. Louis and West 

Nile encephalitis viruses (Reisen et al. 1992, Andreadis et al. 2004, Farajollahi et al. 2011, 

Turrell et al. 2012).     

The global distribution and continued range expansion of Aedes (Stegomyia) albopictus 

(Skuse) also raises international public health concerns (Knudsen 1995, Benedict et al. 2007, 

Gratz 2004, Lambrechts et al. 2010). Larval development typically takes place following 

oviposition in both natural and artificial containers (Hawley 1988). The proliferation of 

artificial containers in close proximity to human habitation, including tires, trash cans, 

planter dishes and corrugated extension spouts (Nasci et al. 1994, Bartlett-Healey et al. 2012, 

Unlu et al. 2014), facilitates establishment of peri-domestic populations of Ae. albopictus. A 

secondary vector of dengue, globally the most prevalent arboviral infection, Ae. albopictus 

has been implicated in epidemic outbreaks of dengue in locations including the Seychelles 

Islands, China and Hawaii (Lambrechts et al. 2010). More recently, the importation of 
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disease agents as individuals travel between countries during disease outbreaks has re-

invigorated public health concerns (Beltrame et al. 2007, Gibney et al. 2011). Autochthanous 

transmission of chikungunya virus (CHIKV, genus Alphavirus, family Togaviridae) by Ae. 

albopictus has occurred in France (Gould et. al 2010) and Italy (Rezza 2010). These disease 

outbreaks preceded a large scale epidemic of chikungunya for the first time in the Americas, 

where over one million suspected cases of CHIKV infection  were recorded from 2013-2015 

(http://www.paho.org/hq/index).  During this same period, the U.S. experienced 2,481 

imported cases of CHIKV (http://www.cdc.gov/chikungunya/geo/united-states-2014.html); 

11 autochthonous cases were diagnosed in Florida in 2014. Given the massive, readily 

accessible and expedient flight transit system that allows for global movement of individuals 

harboring arboviral pathogens, the threat to public health from arboviruses is unlikely to 

abate (Kilpatrick and Randolph 2012).  To that end, Zika Virus (ZIKV, genus Flavivirus, 

family Flaviviridae) has been identified and is rapidly spreading in the Americas (Musso and 

Nhan 2015, Fauci and Morens 2016). The US has documented hundreds of imported human 

cases of ZIKV through the first half of 2016 (http//:www.cdc.gov/zika/geo/united-

states.html) and while the role of Ae. albopictus as a potential vector in the US has yet to be 

determined, evidence indicates that vector competency  exists (Wong et al. 2013, Grard et al. 

2014). If Ae. albopictus is vector competent, Zika virus transmission will pose a global 

public health threat (Gardner et al. 2016).  

Catch basins support development and production of both Ae. albopictus and Cx. 

quinquefasciatus (Rey et al. 2006). Stormwater catch basins are as ubiquitous as tires and 

other artificial containers in many suburban areas of the U.S., creating thousands of cryptic 
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mosquito production sites. The proximity of these sites to business, residential, and 

recreational locations enhances the potential contact between humans and disease vectors, 

and impacts basic quality of life issues related to outdoor activities (Halasa et al. 2012, 

Worobey et al. 2013).  Control strategies often include the application of residual 

formulations of larvicides to these sites, to mitigate labor expenses and extend the potential 

duration of control (Stockwell et al. 2006, Anderson et al. 2011, Su et al. 2014a,b).     

The challenges associated with the evaluation of insecticide formulations in dynamic, natural 

environments and systems are myriad. Therefore, a variety of artificial environments and 

systems have been utilized over time to assess the efficacy of potential control agents in a 

controlled environment (Guzman and Axtell 1989, Floore et al. 2006, Su 2008, Su et al. 

2014a,b, Peterson et al. 2010, Lawler and Dritz 2013). This includes the use of tires to 

evaluate the active ingredient methoprene and Bacillus thuringiensis israelensis (Bti) 

(Kramer 1990, Nasci et al. 1994) and biological predators such as copepods (Marten 1990, 

Rey et al. 2004) in the control of Ae. albopictus. Simulated catch basin systems have been 

created to contend with the dynamics of rain events, as well as the variability associated with 

organic load, catch basin design including size and material composition and other 

anthropophilic influences while evaluating residual formulations versus the Culex pipiens 

complex (Butler et. al. 2006, Su 2008). 

Several formulations of spinosad have been developed and are registered for use in the U.S 

as mosquito larvicides. These include both single brood or “quick release” formulations and 

multi brood or “extended release” formulations which take into account major degradative 

pathway, photolysis, as well as adsorption to organics (Hertlein et al. 2010).  This work was 



 

6 

 

performed to evaluate the initial efficacy and longevity of two spinosad based formulations, a 

single brood 0.5% formulation (NatularTM G) expressed on a corn cob carrier and a 2.5% 

multi brood formulation (NatularTM G30) that utilizes a sand core carrier and is labeled 

commercially to provide effective control up to 30 days post-application (Clarke, NatularTM 

G30 label, A0302).  Both formulations were evaluated when applied to tires at a field site 

location in Raleigh, North Carolina and challenged with lab reared Ae. albopictus.  Simulated 

catch basins were used at a field site in Riverside, California to evaluate NatularTM G30 

effectiveness versus Cx. quinquefasciatus. 

MATERIALS AND METHODS 

Trials in Used Tires, Formulations and Rates 

The spinosad formulations evaluated were provided by the manufacturer (Clarke, 110 E. 

Irving Park Road, Roselle, Illinois 50172). A corn cob grit, single brood formulation 

(Development Code GF-1578, 0.5% AI) and a sand core-based extended release formulation 

(Development Code GF-1983, 2.5% AI) were both evaluated at a low and high end dosage.  

High and low dosages were derived from application rates specified on the product labels. 

The label specifies that GF-1578 should be applied at 3.5 to 9.0 g per 100 ft2, while GF-1983 

should be applied at 5 to 20 g per 100 ft2. The amounts added to each tire were calculated 

using an average area of 0.74 sq. ft. for the water surface in a tire holding three (3) liters of 

water.  The low dosage of GF-1983 was determined to be 0.037g, and the high end dosage 

was 0.150g.  For the GF-1578 formulation, the low dosage rate was 0.026g and the high end 

dosage 0.067g.  Untreated control tires each received 0.067 g of a blank 10/14 mesh corn cob 
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grit material.  Each formulation and dosage was replicated in three tires. Similarly, three 

control tires received the blank corn cob grits. 

Study Area and Design 

A mixed hardwood forest area on the North Carolina State University, Raleigh, NC campus 

was used as the study site. An overstory dominated by red oak (Quercus rubra L.) and white 

pine (Pinus strubus L.) shaded the tires and the woodland floor was covered with a dense leaf 

litter layer. Standard automobile tires were obtained from a nearby tire reclamation facility 

and had been in place at the study site for approximately one year prior to their use for this 

insecticide trial.  Before each trial, tires were thoroughly cleaned. After drying, each tire was 

filled with three (3) liters of well water and 100 Aedes albopictus (3rd instar) lab reared larvae 

were transferred to the tire. The Ae. albopictus colony producing these larvae was previously 

established from eggs collected in New Orleans, LA in 2007. A high or a low dosage of each 

spinosad formulation was applied by gloved hand to each individual tire. Tires receiving each 

formulation and dosage were selected randomly. Tires were positioned at a 45o angle and 

supported by a metal stake (Fig. 1). Cohorts of 100 3rd instar larvae were added to each 

treatment and control tire on a weekly basis as described below. Two trials were completed.  

The first trial was conducted from August 12 to September 16, 2008 and the second trial was 

conducted from September 16 to October 21, 2008. 

Data Collection 

Every 24-h for 6 consecutive days after the insecticide granules were applied, each tire was 

carefully inspected for dead larvae and pupae, which were removed from each tire, and 

transported to the laboratory to be counted. On the 7th day of each week within the trial 
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period, the water from each tire was removed and all remaining live and dead mosquitoes 

were collected, transported to lab facilities, and counted. The water of each insecticide 

treated tire was returned to the respective tire, but water from the control tires was filtered 

through a fine mesh screen to remove any early instar larvae hatched from eggs laid in the 

tires by feral Ae. albopictus females. After all larvae were collected, another cohort of 100 3rd 

instars was added to each tire, and the daily collection of mosquitoes was resumed 24-hrs 

later. Well water was added to each tire on a weekly basis to replenish the amount lost to 

evaporation. Some treatments or dosages were discontinued after the first and/or second 

week because of low larval mortality. Air temperature was recorded continuously at a single 

location at a height of approximately one meter using a HoboTM data logger (Onset, Pocasset, 

MA).  Rainfall was monitored with a gauge that was attached to the plastic shield of the data 

logger. Rainfall totals should be considered to be approximate estimates because of gauge 

placement beneath the tree canopy. 

Data Analysis 

The percentage mortality was calculated for each tire on a daily basis. These percentages 

were summed on a daily basis to give a cumulative percentage mortality and an overall 

percentage mortality in each tire for each larval cohort. Mean percentage mortality (± SD) 

per treatment per week was calculated for the three tires for each treatment and dosage rate. 

Trials in Artificial Catch Basins, Formulations and Rates 

A single formulation of spinosad (NatularTM G30, 2.5% a.i., Lot# 91104-03) was evaluated 

and was supplied by the sole manufacturer of this product, Clarke. The formulation was 

contained within MonoSol AF L330 water-soluble film (MonoSol, LLC, Portage, IN) in the 
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form of water soluble packets (WSP). Multiple WSP allowed for replicated evaluations at 5g, 

12.5g, 20g, 27.5g and 35g rates. In addition, blank material utilizing the formulation’s carrier 

and inert materials was also provided for the same application rates (Lot# NB140-10-02). 

Study Area and Design 

Product evaluation was carried out in the suburbs of Riverside, CA at a site previously 

utilized by Su (2008). Both residences and the surrounding landscape provide partial shading.  

The simulated catch basin system (SCBS) is designed to provide conditions comparable to 

those that occur in catch basins, often found in parking lots, engineered to mitigate storm 

surges while trapping sediments and oils (Brooks et al. 1962). The SCBS was constructed 

from plastic basins, rectangular (Rubbermaid, 43.2–61.0 x 43.2–61.0 x 71.1 cm, tilted sides, 

and 151.4 liters in volume) or round (Rubbermaid, 61.0 cm diameter top, 71 cm depth, 41 cm 

diameter bottom) fitted with an inverted 5 cm PVC overflow pipe (5.1 cm long horizontally, 

and 10.2 cm long vertically) at the 50.8-cm level of the tub. To simulate catch basin-like 

covers, rectangular tub lids were cut to have five  slots; but round lids each had seven 7.6 

diameter holes drilled in them (Fig. 2).   

Treatments used the five WSP treatment rates x two catch basin shapes (square and round) x 

two flooding regimens (static and weekly flushing) x one replicate each for a total of 20 

treatment catch basins. There were four replicates per WSP treatment rate, two static and two 

weekly flushing. Untreated controls receiving blank material utilized the two shapes x two 

flooding regimens x one replicate each, or four control basins. A total of 24 artificial catch 

basins were used in this evaluation. 
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To simulate the organic load in catch basins, soil of moderate organic content collected from 

a nearby cultivated field was added to each SCBS to a depth of 5.1 cm, and 100 g of rabbit 

food pellets was placed on top of the soil. Each basin was then filled with 125 liters of water.   

Each SCBS was then allowed to “season” for 10 days prior to testing. During the evaluation 

period, basins were covered with 12 mesh window screening to prevent oviposition by feral 

mosquitoes.  

WSP treatments were carried out 24-hrs in advance of transferring 50 late 2nd- early 3rd instar 

Cx. quinquefasciatus to each SCBS. Larvae were confined in a sentinel cage (described 

below) in each basin.  During the 6 week test period, half of the basins were flushed on a 

weekly basis by gently adding 13.3 liters of fresh water, approximately 10% of the original 

volume.   Basins were first flushed one week post-WSP application. Excess water exited the 

basin from the overflow pipe. Static basins were not flushed during the test period; however, 

water was added on the same day when weekly flushing occurred to replenish water loss due 

to evaporation and restore the basin to the original water level. Static and flushed basins were 

intended to mimic variable and seasonal environmental conditions, and to reflect variable 

flooding conditions in natural catch basin systems. To sustain the amount of organic matter 

in each SCBS, each basin receiving weekly flushing also received 25g of additional rabbit 

pellets.  Static basins received the same amount of rabbit pellets bi-weekly. Water 

temperature was monitored throughout the test period. 

Treatment efficacy was evaluated using one sentinel cage per basin of each type per sampling 

interval. Efficacy was evaluated by calculating the percentage mortality of Culex 

quinquefasciatus larvae placed in the sentinel cages. Larvae were obtained from a colony 



 

11 

 

maintained by co-author Su that originated from a local, suburban Riverside CA population. 

Each sentinel cage was constructed of a quart-sized plastic container. Styrofoam glued to two 

opposite sides of the cage, suspended the cage and allowed it to be immersed to a depth of 10 

cm; 5 cm diameter holes covered by 300 micro nylon mesh allowed for movement of water 

in and out of the cage. Larvae were initially exposed to each treatment regimen for a period 

of 72 hours to determine efficacy, i.e. larval mortality at 24-hr intervals post-introduction. 

This exposure period was selected based on previous research showing cumulative mortality 

peaked 72-hrs post-exposure (Hertlein et al. 2010). Moribund larvae, larvae unable to 

maintain position and access the water-air interface, were considered dead. Upon completion 

of 72-hr efficacy determination, larvicidal efficacy was evaluated weekly for 6 weeks post-

treatment. There were 24 basins x nine (9) sampling intervals for a total of 216 samples.  

Data Analysis 

Significant differences in larval mortality between treatments and untreated controls at each 

sampling interval were analyzed by Chi-square test at 0.05 level (Abacus Concepts, Inc. 

1987, Su and Mulla 1999a, b, Su et al. 2003).   

 

RESULTS 

Efficacy in Used Tire Trials. The corn cob grit formulation of spinosad (GF-1578), currently 

registered and labeled as NatularTM G, demonstrated low (<50%) Ae. albopictus larval 

mortality at both the high and low dosage rates at the end of the first week of both trials (Fig. 

3).  Consequently, evaluation of this formulation was discontinued in both trials after one 

week.  In contrast, the sand-core based formulation (GF-1983), trade name NatularTM G30, 
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achieved high levels of mortality over the first four weeks that ranged from approximately 81 

to 100% mortality at the high dosage rate in both trials. In the first trial, mortality declined to 

70% at the end of the fifth week. The field site experienced heavy rainfall that flooded the 

tires late August and early September in the third and fourth weeks of Trial 1. In the second 

trial, mortality declined in week four to 86% from week three’s 100% efficacy, but increased 

in the fifth and final week of Trial 2 to 92%. Temperature markedly declined during the 

second trial.  Average daily temperature was reduced by approximately 5oC; more 

importantly, lower minimum and maximum temperatures were experienced, as much as 6oC 

and 9oC, respectively. During the final week of Trial 2, minimum temperatures were 

primarily between 10-22oC, maximum temperatures between 15-22.5oC.  However, high 

levels of mortality occurred throughout the five (5) weeks of this trial despite the decline in 

temperatures. 

In the first field trial, the low dosage rate of GF-1983 achieved 95% mortality of the first 

cohort of Ae. albopictus larvae; however, mortality of the second cohort declined to 

approximately 50%. As a result, further evaluation of the low dosage of GF-1983 was 

discontinued at the end of the second week.  In the second trial, high larval mortality 

occurred during the first two weeks and declined precipitously at the end of the third week.  

The mortality – time curves for the two GF-1983 formulations were curvilinear (Fig. 4) with 

the highest percentage of mortality recorded 24-hrs after the treatment.  The variance in 

larval mortality between tires decreased over time for the high dosage of GF-1983, but 

increased at the low dosage (Fig. 3).  
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Efficacy in SCBS, 24 hours to Week One Post-Treatment. As previously described, the first 

flushing event was implemented one week post-WSP application. All basins across the first 

sampling periods of 24-72 hrs and one week post-treatment were therefore static. For this 

reason, efficacy starting at 24 hrs through one week post-treatment from Static and Flushed 

basins were combined; the results for both treatment regimens are provided in Table 1.  

Untreated controls experienced negligible mortality (2-4.5%). Dose-dependent larval 

mortality was demonstrated at each sampling interval (X2 > 3.84, P < 0.05, n = 200). Higher 

dose resulted in greater larval mortality and complete control was reached earlier. Following 

the wk one larval mortality readings, flushing comprised of dilution and gentle physical 

agitation was conducted on a weekly basis. At this time, data from Static and Flushed basins 

were analyzed separately.  

Week Two Through Week Six Post-Treatment in Static Basins. Results with statistical 

analysis from Static basins during wks two through six wks post-treatment are provided in 

Table 2. Over the course of  this five wk period, untreated control basins continued to exhibit 

low mortality (2 – 6%). In basins receiving treatment, both dose- and time-dependent larval 

mortality was demonstrated. Significant control (≥68% mortality) was achieved by all 

treatments on each sampling interval (X2 > 3.84, P < 0.05, n = 100). Complete control was 

achieved by higher doses at 20.0 g (except wk 6), 27.5 g and 35.0 g. Control levels showed a 

general trend of post-treatment decline, particularly at the lowest dose of 5g per basin.  

Week Two Through Week Six Post-Treatment in Flushed Basins.  Basins were flushed at 10% 

of the original flooding volume on a weekly basis during wks two through six. Results with 

statistical analysis from Flushed basins during these wks are provided in Table 3. Untreated 
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control basins demonstrated low larval mortality (0 – 8%). All treatments provided 

significant control throughout all sampling intervals (X2 > 3.84, P < 0.05, n = 100). As with 

Static basins, dose- and time-dependent larval mortality patterns were identified. The impact 

of weekly flushing on larvicidal mortality was more profound at lower doses, where 

enhancement in efficacy was observed at lower dose rates 5g and 12.5g per basin in the wk 

two sampling interval. Conversely, efficacy generally declined more quickly when compared 

with efficacy in Static basins at these two dose rates, in particular at wks five and six post-

treatment.  

Water temperature. Water temperatures were typically low during the first three weeks post-

treatment, with minimum temperatures ranging from 10-11°C and maximum temperatures 

between 15-17°C. Water temperatures increased appreciably during the final three weeks of 

the evaluation, minimum temperatures ranging from 15-17oC and maximum water 

temperatures between 22-26oC.  

DISCUSSION 

A corn cob grit, single brood formulation and a sand core-based extended release formulation 

were both evaluated under field conditions in tires at a low and high end dosage. GF-1578 

has subsequently been registered for commercial use in the US as NatularTM G, while GF-

1983 is registered as NatularTM G30. GF-1578 was evaluated against laboratory-reared Ae. 

albopictus, but neither the high nor the low rates provided adequate control. In both trials, 

efficacy was less than 50% at the high dosage rate, which is equivalent to the maximum label 

rate of 9 lbs per acre for natural and artificial containers. The current label of this formulation 

includes language that provides for application rates up to 20 lbs/AC “where monitoring 
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indicates a lack of kill at typical rates” (Clarke label AL0302). Tire piles commonly 

challenge mosquito control entities tasked with the control of mosquito species produced in 

these habitats.  The introduction of Ae. albopictus in 1985 in used tires (Sprenger and 

Wuithiranyagool 1986), and the subsequent spread and establishment of this mosquito across 

the US has underscored the need for effective larval management tools for over three 

decades. Piles of tires stacked vertically in columns or “laced” in a consistently uniform 

manner to prevent tipping, are just as difficult to treat with an insecticide as those 

haphazardly thrown to create a “mountain” of tires.  In making applications to large tire piles, 

mosquito control personnel often find it difficult to achieve control in tires located in the 

pile’s interior, or near the bottom of the pile.  The cost of the insecticide formulation used is 

often a critical factor limiting product choices. Cost is influenced by both the rate per acre 

utilized and the duration of control achieved. Logistically, personnel often make the decision 

to apply the maximum label rate of a given formulation in order to penetrate the tire pile’s 

core and to ensure that tires near the bottom of the pile are treated. Corncob granules as a 

carrier for both B.t.i. and temephos have been evaluated and demonstrated efficacy and 

operational utility in the treatment of tire piles (Novak et al. 1990, Morris et.al. 1996). Half 

the maximum label rate of temephos on a corncob grit carrier provided extended control 

against Ae. albopictus (Morris et al. 1996). Further evaluation of the NatularTM G formulation 

at rates above those used in the present evaluation are required to determine the utility of this 

spinosad formulation to control mosquito species such as Ae. albopictus in tires.  

GF-1983 or NatularTM G30, however, at the high dosage rate in our tires achieved efficacious 

results.  The current label of this formulation identifies “30 days of effective control under 
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typical environmental conditions” (Clarke label AL0375). Despite heavy rainfall during the 

third and fourth weeks of the first trial that flooded the tires, affecting the formulation’s rate 

of release and subsequent decline in larval mortality, efficacy at four weeks post-treatment 

(28 days) was 82%. In the second trial, sustained larval mortality approaching 86% was 

achieved in week four and increased to 92% a week later (35 days post-treatment), five days 

longer than the labeled 30 day “effective control” claim. The low rate of this formulation, 

equating to 5 lbs/AC, provided only short-term control in our evaluation, with efficacy 

falling below 50% two wks post-application. In these evaluations, the highest labeled dosage 

rate of GF-1983, or NatularTM G30, provided the longest duration of efficacy and is 

comparable to the longevity expected by operational mosquito control entities and personnel. 

The ability to potentially exceed the labeled 30 day duration, as evidenced in the second trial, 

is valuable when considering the potential impacts of tires and tire piles to the production of 

peridomestic and vector competent mosquito species such as Ae. albopictus and Ae. aegypti. 

The recent isolation of LaCrosse virus in West Virginia from Aedes japonicus (Harris et al. 

2015), also prevalent in containers including tires along the east coast of the U.S. highlights 

the continuing need for research associated with mitigation of container mosquito production. 

An evaluation of spinosad as a liquid suspension concentrate formulation (Tracer 480SC, 

Dow Agrosciences LLC, Indianapolis, IN) provided up to eight weeks of control versus 

several mosquito species including Ae. albopictus in southern Mexico (Marina et.al. 2012). 

Spinosad applied to tires in tablet form (NatularTM DT, Clarke) was determined to be 

efficacious for up to 91 days post-application against Aedes spp., including Ae. albopictus 

(Garza-Robledo et al. 2011). In addition, this evaluation identified a lack of impact to the 
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mosquito larval predator Toxorhynchites sp. While Marina et al. (2012) did indicate reduced 

numbers of  Toxorhynchites theobaldi (Dyar and Knab), it was not clear whether the 

reduction was the result of spinosad toxicity or the removal of prey. Further evaluations 

would be required to determine optimal application rates of the NatularTM G30  formulation 

for area-wide control of mosquitoes in tire piles.   

An artificial, field based catch basin system (SCBS) was used to evaluate five NatularTM G30 

(2.5% AI) rates packaged in water soluble film, to create water soluble packets (WSP). The 

use of WSP’s as a method of delivering a prescribed dose of a larvicide is a widely accepted 

larviciding methodology, and incorporates active ingredients such as Bacillus thuringiensis 

israelensis and Bacillus sphaericus into WSP’s that facilitate delivery through catch basin 

grates (Su 2008). The three lowest WSP rates used in this evaluation, 5g, 12.5g and 20g, are 

equivalent to the G30 label minimum, mid and maximum label rates. In the present 

evaluation against Cx. quinquefasciatus, because a dynamic, flushing effect was used, it was 

decided to also evaluate the efficacy duration of two rates above the labeled rates of this 

formulation, 27g and 35g. In the first 72-hrs of this evaluation all dosage rates, in both the 

static and flushed basins, provided mortality within 48-hrs of treatment that was not 

significantly different than that at 72-hrs.  Spinosad’s toxicity to mosquito larvae is generally 

slower than that of other larvicide active ingredients, with maximum cumulative mortality 

more commonly expressed at 72-hrs (Hertlein et al. 2010). In the two lowest WSP rates, 

combined mortality in static and flushed basins was generally low in the first 72-hrs at 5g 

(62%) and only slightly higher at 12.5g (76%). The 20g WSP’s 92% efficacy was more 

indicative of the operational expectations of a given formulation; the two highest rates 
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provided 100% efficacy within 48-hrs but exceed the current label rates of this formulation. 

The decrease in efficacy at the two lowest rates in static basins one wk post-treatment, 

combined with the significantly enhanced efficacy of the lowest WSP rate in flushed basins 

might indicate a promotion of AI release by physical agitation of the water along with mixing 

that would have occurred as a result of flushing and albeit, gentle agitation. The results 

indicate that a clear dose-response relationship was established in both static and flushed 

treatment regimens. Following the increased efficacy after the first week’s initial flushing in 

flushed basins, a noticeable decline in efficacy was observed, due to the 10% volume dilution 

of the treatments. Static basins provided less fluctuation in larval mortality and more stable 

efficacy dynamics. Enhanced larval mortality was observed with gradually increasing water 

temperatures in the final three weeks of the evaluation, which might have influenced 

increased ingestion of the active ingredient by the exposed larval cohort. Larval feeding is 

typically enhanced with warmer water temperatures (Walker 1995) and while spinosad 

exposure takes place both through the cuticle and ingestion, the primary pathway of exposure 

is through feeding and ingestion (Salgado and Sparks 2005).   

In static basins, WSP rates above 5g performed well providing greater than 95% efficacy for 

five weeks post treatment and exceeding the label’s “30 days of effective control” (Clarke 

label AL0302). Even at six weeks post-treatment, twelve days beyond the labeled 30 day 

claim, the 12.5g mid-rate WSP and 20g WSP achieved 87% and 98% efficacy, respectively, 

in static basins. In flushed basins, the mid-label rate met label expectations of 30 days control 

while the maximum label rate of 20g was the only labeled rate to provide acceptable control 

beyond 30 days; 100% through five weeks (35 days) and 92% through wk six (42 days). 
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While basins were only subjected to a 10% volume dilution on a weekly basis, the evaluation 

indicates that the maximum label rate when used in artificial containers such as catch basins 

has the ability to provide 30-42 days of control when organic load and water flow are both 

moderate. The different levels of efficacy achieved at the 12.5g WSP rate, 96% in static 

basins versus 76% in flushed basins, coupled with the 100% efficacy results provided at the 

20g application rate for both flushing regimens, indicates that it is conceivable that the 

appropriate dosage for a comparable system would fall between the mid and maximum 

labeled rates of 12.5g and 20g.   

In summary, while a WSP delivery system is not currently available for the NatularTM G30 

formulation, the formulation is labeled for use in storm sewers and catch basins and the 

present evaluation indicates utility of the formulation when applied to these types of habitats, 

to mitigate the production of potential disease vectors such as Cx. quinquefasciatus and Ae. 

albopictus. The inclusion of spinosad within an IMM program is justified by the results of 

the NatularTM G30 formulation, the US EPA’s approval of spinosad based larvicides as 

reduced-risk pesticides and spinosad’s designation as a Group 5 insecticide by the Insecticide 

Resistance Action Committee (www.irac-online.org/documents/moa-classification). When 

alternated or rotated with active ingredients demonstrating different modes of action, 

larvicides formulated with spinosad are efficacious and mitigate the potential of insecticide 

resistance.  In turn, spinosad supports both IMM management strategies and a sustainable 

IMM program.  
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Table 1. Combined efficacy of NatularTM G30 in Static and Flushed basins over the 

 first 72-hrs and Week 1 post-treatment prior to flushing (n = 20).   

  Mean Percentage Mortality (± SE) 

 Treatments 24h 48h 72h Wk 1 

Untreated control 3.0a* (1.2) 4.0a (1.4) 4.5a (1.5) 2.0a (0.9) 

Natular WSP - 5 g 32.0b (3.3) 61.0b (3.4) 62.0b (3.4) 85.5b (2.5) 

Natular WSP - 12.5 g 45.0c (3.5) 76.0c (3.0)  70.0b (0.3) 99.0c (0.7) 

Natular WSP - 20.0 g 59.0d (3.5) 92.0d (1.9) 93.0c (1.9) 100.0c 

Natular WSP - 27.5 g 82.0e (2.7) 100.0e 98.0d (1.0) 100.0c 

Natular WSP - 35.0 g 92.0f (1.9) 100.0e 100.0d 100.0c 

*Different letters on a given sampling interval indicated significant differences in 

 larval mortality (X2 > 3.84, P < 0.05, n = 200). 

  



 

29 

 

Table 2. Efficacy of five WSP treatment rates in Static Basins (n = 10). 

  Mean Percentage Mortality (± SE) 

Treatments Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 

Untreated control 2.0a (1.4) 5.0a (2.4) 3.0a (1.7) 6.0a (2.4) 5.0a (2.2) 

Natular WSP - 5 g 70.0b (4.6) 87.0b (3.4) 79.0b (4.1) 76.0b (4.3) 68.0b (4.7) 

Natular WSP - 12.5 g 82.0c (3.8) 100.0c 98.0c (1.4) 96.0c (2.0) 87.0c (3.4) 

Natular WSP - 20.0 g 100.0d 100.0c 100.0c 100.0d 95.0d  (1.4) 

Natular WSP - 27.5 g 100.0d 100.0c 100.0c 100.0d 100.0 

Natular WSP - 35.5 g 100.0d 100.0c 100.0c 100.0d 100.0 

*Different letters on a given sampling interval indicated significant differences in larval  

mortality (X2 > 3.84, P < 0.05, n = 100). 
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Table 3. Efficacy of five WSP treatment rates in Flushed Basins (n = 10). 

 Mean Percentage Mortality (± SE) 

 Treatments Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 

Untreated control 0.0a 0.0a 8.0a (2.7) 0.0a 6.0a (2.4) 

Natular WSP - 5 g 96.0b (2.0) 58.0b (4.9) 69.0b (4.6) 66.0b (4.7) 53.0b (5.0) 

Natular WSP - 12.5 g 100.0c 92.0c (2.7) 100.0c 76.0c (4.3) 68.0c (4.6) 

Natular WSP - 20.0 g 99.0c (1.0) 92.0c (2.7) 100.0c 100.0d 92.0d (2.7) 

Natular WSP - 27.5 g 100.0c 100.0d 100.0c 100.0d 100.0e 

Natular WSP - 35.5 g 100.0c 100.0d 100.0c 100.0d 100.0e 

*Different letters on a given sampling interval indicated significant differences in larval 

mortality (X2 > 3.84, P < 0.05, n = 100). 
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Fig. 1. Tires at NCSU Field Site used to evaluate spinosad formulations against Ae. 

albopictus. 

  



 

32 

 

 

 

Fig. 2. Artificial catch basins used to evaluate residual efficacy of spinosad against  

Cx. quinquefasciatus in CA. 
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Fig. 3. Weekly mean percent mortality of Ae. albopictus larvae exposed to two  

formulations of spinosad, GF-1578 (NatularTM G) and GF-1978 (NatularTM G30) 

with Trial 1 conducted between 12 August and 16 September and Trial 2 between 16 

September and 21 October 2008. 
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Fig. 4. Daily cumulative mortality of Ae. albopictus larvae in tires after application of  

GF-1978 (NatularTM G30) sand-core residual formulation of spinosad with Trial 1 

conducted between 12 August and 16 September and Trial 2 between 16 September 

and 21 October 2008. 
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CHAPTER 2: Do tigers hunt during the day? Diel Activity of the Asian tiger mosquito, 

Aedes albopictus (Diptera: Culicidae), in Urban and Suburban 

Habitats of New Jersey and Florida 

ABSTRACT 

Aedes (Stegomyia) albopictus (Skuse) negatively impacts human outdoor activity through its 

aggressive biting behavior and public health potential because of its role as an important 

vector of mosquito-borne diseases. Unlike most other mosquito species which primarily feed 

at dawn and dusk, Ae. albopictus has been traditionally characterized as a day-biting 

mosquito. However, with the global expansion of Ae. albopictus, data are lacking on the diel 

activity of the species, particularly in newly invaded areas. We evaluated the diel activity of 

Ae. albopictus over 24-hr periods in central New Jersey (Mercer County) and Florida 

(Volusia County) using human sweep netting (HSN), bottle rotator traps (BRT), and BG 

Sentinel (BGS) traps. HSN was performed at Sunrise, Solar Noon, Sunset, and Lunar 

Midnight and activity was identified at all four time intervals in both geographic locations. 

Changes in diel activity, based upon season (Early, Peak, and Late) were detected in New 

Jersey, with Late season activity relegated to Solar Noon and Sunset. Human sweep netting 

showed the greatest activity was found at Solar Noon in New Jersey during the Peak and Late 

season, but substantial activity was also detected at Sunrise, Sunset and Lunar Midnight with 

activity different in Peak season only when comparing Sunrise and Sunset (P < 0.05). Human 

sweep netting in Florida also indicated activity was greatest at Solar Noon, and identified 

differences in Ae. albopictus activity only when comparing Solar Noon and Lunar Midnight 

(α < 0.05). The BRT’s in New Jersey support the continuous activity of Ae. albopictus over a 
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24-hr period. BGS traps were in place at all parcels monitored by HSN and were positively 

correlated in Florida (r = 0.401, P < 0.001) and New Jersey (r = 0.477, P < 0.001). Our 

studies provide novel evidence on the diel activity of Ae. albopictus in established areas of its 

expanding range and further highlight the importance of ecological investigations which 

challenge conventional wisdoms and provide public health practitioners with knowledge to 

mitigate host-seeking populations of this peridomestic species and associated arbovirus 

transmission.  

Keywords: Aedes albopictus, diel activity             
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INTRODUCTION 

Mosquito control entities across the USA, both public and private, characterize surveillance 

and control programs as Integrated Pest Management (IPM), Integrated Mosquito 

Management (IMM), Integrated Vector Management, and/or Environmental Mosquito 

Management. Regardless of the entity or regional preference for the “banner” under which 

they choose to deploy mosquito surveillance and control methodologies, the voices of 

integrated programs are unified when the targeted species exerts extreme annoyance and is a 

vector of disease, such as Aedes (Stegomyia) albopictus (Skuse). 

Morris and Clanton (1988) decried the lack of credible scientific relationships between 

adult mosquito populations and annoyance issues. Morris and Clanton’s research in Florida 

utilizing surveys of people living in areas subject to both diurnal and crepuscular host-

seeking mosquito species validated Headlee’s (1932) opinion that “… when a human 

collector can take an average of more than one mosquito in fifteen minutes, the density is 

sufficient to give the householder trouble.” More recently, research in New Jersey has 

identified quality of life related issues including reduced time spent outdoors as a result of 

the annoyance exerted by nuisance populations of Ae.albopictus in yards and near porches 

(Worobey et al. 2013, Halasa et al. 2014). 

Recent research in New Jersey has advocated for an area-wide integrated pest 

management (AW-IPM) approach to both the surveillance and control of Ae. albopictus, in 

an attempt to drive population levels across a large, geographic area below those of 

reasonable economic or public health related thresholds (Unlu et al. 2011, Fonseca et al. 

2014). During the course of multiple years of intensive field investigations, personnel 
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associated with aspects of the AW-IPM field research that required work to take place 

between sunset and sunrise, noted variable levels of Ae. albopictus activity which took place 

well into the night and early morning hours (Faraji, unpublished data).  

 Communities around the world suffer from the annoyance and potential disease threats 

posed by Ae. albopictus, and this situation will continue to increase with the range expansion 

of this species, characterized as the most invasive mosquito in the world (Benedict et al. 

2007). Outbreaks of dengue virus (DENV) in locations including the Seychelles Islands, 

China, La Réunion, Hawaii, Mauritius and Europe have implicated Ae. albopictus as the 

primary vector (Lambrechts et al. 2010, Perera-Lecoin et al. 2016).  Autochthonous 

transmission of chikungunya virus (CHIKV) implicating Ae. albopictus as the vector, has 

been identified in both France (Gould et al. 2010) and Italy (Rezza 2007).  In Gabon, central 

Africa, surveillance epidemiological surveillance determined that Ae. albopictus was the 

principal vector of Zika virus (ZIKV) during an urban outbreak in 2007 (Grard et al. 2014). 

The diurnal host-seeking activity of Ae. albopictus is well documented (Hawley 1988), 

and conventional wisdom among IPM and IMM programs in the US maintains that this 

mosquito is only active during daylight hours.  The purpose of this study’s research was to 

investigate the diel activity of Ae. albopictus in New Jersey and Florida, and provide data on 

mosquito-human contact to personnel supporting IPM and IMM programs that supports the 

implementation of control strategies and mitigation of human contact with this important 

disease vector.  
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MATERIALS AND METHODS 

Site Selection 

All sites in New Jersey were highly urbanized, residential sites within the City of 

Trenton and were comparable to the field site descriptions provided by Unlu et al. (2011) and 

Farajollahi et al. (2012). The study area encompassed a mix of adjoining homes, two-story 

row homes or duplexes and occasionally, abandoned homes subject to occupation by 

transients. In Florida, sites were located in suburban neighborhoods within the City of 

Edgewater. All sites were single family residences and parcel size analogous to those 

described in suburban Monmouth County, New Jersey (Unlu et al. 2011).    

Human Sweep Net Collection  

Human sweep net (HSN) collections were made using a standard 30.5 cm diameter 

sweep net purchased from Fisher Scientific (Atlanta, GA, USA).  A 24 hr day was broken 

into four (4) discrete sampling periods: Sunrise, Solar Noon, Sunset, and Lunar Midnight. 

Solar noon was identified using http://www.esrl.noaa.gov/gmd/grad/solcalc/, while lunar 

midnight was considered to be 12-hrs post-solar noon. Sunrise and Sunset were delineated 

using http://www.sunrisesunset.com/. Protocol required sampling to begin 30 mins prior to 

the four sampling periods. The same individuals performed the sweep surveillance 

throughout the study.  The individual walked onto the parcel, walked around the perimeter of 

the parcel as the geography allowed, and went to the pre-determined sampling location. This 

location allowed for sweep netting, being free of obstructions. During daylight, this sampling 

location was a shaded to partially shaded aspect of the parcel. At night, personnel used a 

flashlight that incorporated a red filter to navigate around the perimeter of the parcel. Each 

http://www.esrl.noaa.gov/gmd/grad/solcalc/
http://www.sunrisesunset.com/
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individual stood still and used the sweep net in a butterfly -“figure 8” pattern (Fig. 1) - for 

five (5) minutes to collect mosquitoes, with a pattern working the area from head-to-toe. On 

each minute mark, the individual rotated 90o degrees, such that in the final minute the 

individual was in the original (first minute) position.  Upon completion of the sampling, the 

net and collection were placed in a cooler with dry ice for collection knockdown. Personnel 

then went to the next location and repeated the procedure with a second net. In Mercer, New 

Jersey two individuals performed this routine at each parcel for all dates and times. When the 

first person completed the five min collection and returned to the vehicle, the second 

individual would deploy and repeat the collection.  In part, two personnel were used to 

enhance safety within the urban environment. A single individual performed all collections in 

Volusia, FL. Net contents were transferred in the field to a collection cup. Cups were 

transported to respective laboratories and all mosquitoes, male and female, identified to 

species and counted. Weekly collections were made between 8 August and 22 October in 

Mercer at ten residential parcels and between 16 July and 9 September 2013 at six residences 

in Volusia. A single location was used at each residence in both Mercer and Volusia to 

perform the HSN surveillance. For analysis of New Jersey data, the study was divided into 

two time periods: 1) Peak (8-29 August), and 2) Late (5 September- 3 October).   

Bottle Rotator Trap Collection 

Bottle Rotator Traps (BRT)  Model 1512 (John W. Hock Company, Gainesville, FL, 

USA) were used in Mercer County, NJ to further delineate the diel activity of Ae. albopictus.  

Using a programmable timer and powered by a 12 volt, ten amp rechargeable DC battery, the 

BRT trap is capable of segregating a collection into as many as eight (8) discrete collections. 
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Two traps and sites were utilized to collect continuously over a 24 hr period divided into 

eight periods of three (3) hrs each: 0700-1000, 1000-1300, 1300-1600, 1600-1900, 1900-

2200, 2200-0100, 0100-0400 and 0400-0700. Traps were reprogrammed weekly to adjust for 

seasonal changes in the timing of Solar Noon. BRT traps employed both a CO2 and BG Lure 

attraction component, CO2 delivery utilized dry ice. Traps were held in place using a cast-

concrete base and positioned 18 in above ground level; a light source was not used. Two 

residential parcels, both associated with HSN and BGS trap sites were utilized and trapping 

took place concurrently with HSN and BGS surveillance, between 3 July and 22 October 

2013. The same site within the parcel was used on each trapping date. At the end of 24-hrs, 

traps and trap contents were transported to the Mercer laboratory, identified to species, and 

counted. Female and male Ae. albopictus were recorded separately. For data analysis, the 

study was divided into 3 time periods: 1) Early (3-19 July), 2) Peak (25 July-19 September), 

and 3) Late (22 September- 22 October).   

Comparison of Biogent Sentinel Trap catches with Human Sweep Net Collection 

Biogent Sentinel Traps (BGS) (BGS, Biogents AG, Regnesburg, Germany) 

surveillance was conducted in conjunction with human sweep net surveillance to correlate 

HSN surveillance with BGS traps.  BGS traps are used routinely in both Mercer County, NJ 

and in Volusia County, FL for Ae. albopictus surveillance.  BGS traps were baited with a 

standard Biogents BG-Lure (Biogents AG, Regensburg, Germany) and deployed for 24-hrs.  

In Mercer, ten traps and locations were selected for monitoring and traps were additionally 

baited with CO2 via dry ice; six traps and locations were used in Volusia. Site locations were 

chosen where traps would be afforded partial shade (Crepeau et al. 2013); surveillance took 
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place within the same parcel at which HSN surveillance was performed, no closer than 7.62 

m and no more than 10.67 m away from the HSN location. At the end of 24-hrs, traps and 

trap contents were transported to respective laboratories, identified to species, and counted. 

Female and male Ae. albopictus were recorded separately. 

Data Analysis 

Analysis of HSN Data. To determine the peak activity for Ae. albopictus, we compared 

the number of adults, female and male, collected during four time periods using generalized 

linear model. Overdispersion was detected in the Poisson model (value/df  = 1.986), so the 

model was refit using negative binomial distribution (PROC GENMOD, SAS version 9.3; 

SAS Institute 2011) with site, season, time and interaction term season*time all used as 

predictors. The model was determined to fit the data adequately (χ2 = 76.62, df = 63,  P = 

0.116) in New Jersey and the interaction term was significant (χ2 = 65.20, df = 3, P < 0.001). 

The association between Florida HSN counts and time were investigated using poisson 

regression adjusted for overdispersion (PROC GENMOD, SAS version 9.3; SAS Institute 

2011), with site and time as predictors. The model fit adequately (χ2 = 20.61, df =15,   P = 

0.150) and the main effect of time was significant ((χ2 = 9.94, df = 3, P = 0.020). P values 

between comparisons were adjusted using Holm’s test, which adjusts the calculation of 

probability in line with the number of comparisons made to avoid type I errors (Holm 1979).   

BRT trap analysis. To determine the peak activity for Ae. albopictus, and eliminate the 

human component, we compared the number of all adults collected - male and female - by 

BRT trap during four time periods, with sunrise incorporating the 05:00-11:00 collections, 

solar noon 11:00-17:00, sunset 17:00-23:00 and lunar midnight 23:00-05:00. Analysis was 
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performed using the generalized linear model (PROC GENMOD, SAS version 9.3; SAS 

Institute 2011). Overdispersion was detected in Poisson and negative binomial models. 

Therefore, an ANOVA model was fit to the CBR trap data. The relationship between rotating 

trap counts, season and time were investigated using ANOVA (PROC GLM, SAS version 

9.3 for Windows). Normality and equal variances assumptions were violated and we used the 

Box-Cox transformation to achieve approximate normality and we used eighth root 

transformation to normalize the data. The main effects of site, season and time were used as 

predictors of the transformed adult counts.  P values between comparisons were adjusted by 

using Tukey tests.  

Comparison between HSN and BGS trap collections 

Linear correlations (Pearson’s correlation) were calculated between the numbers of Ae. 

albopictus collected for HSN and BGS for each state. Each HSN session for each trapping 

location was 10 min while BGS traps deployed for 24 hrs, therefore a linear correlation test 

was appropriate to investigate the concordance of the two sampling methods.        

RESULTS 

Human Sweep Net.  A total of 808 Ae. albopictus adults were collected in New Jersey, 

with most specimens collected during Solar Noon 374 (46.3%), followed by 172 (21.3%) at 

Sunrise, and 156 (19.3%) and 106 (13.1%) during Sunset and Lunar Midnight, respectively. 

Of the total number captured, 508 were females (62.9%) along with 300 males (37.1%). The 

interaction term of season*time was found to be a significant predictor of the mean number 

of adults collected (χ2=65.20, df=3, P<0.001), and all pairwise contrasts are provided (Table 

1). Human sweep netting showed the greatest activity was found at Solar Noon in New 
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Jersey during the Peak and Late season, but substantial activity was also detected at Sunrise, 

Sunset and Lunar Midnight with activity different in Peak season only when comparing 

Sunrise and Sunset (P < 0.05). The mean number of Ae. albopictus per collection declined in 

late season. The highest level of activity, at Solar Noon, was followed by that of Sunset and 

both were statistically different (P < 0.05) than that of diminished levels at Sunrise and Lunar 

Midnight (Table 1).     

In Florida, a total of 202 Ae. albopictus specimens were sampled with 68 (33.66%) 

captured at Sunrise, followed by 55 (27.2%) at Solar Noon, 48 (23.8%) during Sunset and 

finally 31 (15.35%) at Lunar Midnight. Females (168 - 83.17%) outnumbered males (34 – 

16.83%).  Only the levels of activity at Solar Noon and Lunar Midnight were found to be 

statistically different (χ2=9.94, df=3, P=0.020), and all pairwise contrasts were examined and 

are provided (Table 2).   

Bottle Rotator Trap. The ANOVA analysis evaluating the relationship between BRT 

trap counts, season and time determined that the main effects of Site (F (1,17) = 13.79, P = 

0.002), Season (F (2,17) = 11.40, P = 0.001) and Time (F (3,17) = 9.03, P = 0.001) 

significantly affected trap counts. The least square means and corresponding 95% confidence 

intervals, along with the results of post-hoc Tukey tests for Season and Time are provided in 

Tables 3 and 4. 

The least square means provided in Table 3 demonstrate that for the three seasons - 

Early, Peak and Late in New Jersey - only the Peak and Late seasons were statistically 

different (Tukey’s test P < 0.05). In contrast, early season Ae. albopictus activity was 

statistically similar to both Peak and Late season activity (Tukey’s test P < 0.05). The 
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activity of Ae. albopictus at the two BRT trap sites, inclusive of all collections by time period 

across the three seasons, is provided in Table 4. Highest captures of Ae. albopictus were 

recorded at Solar Noon but were not significantly different than those collected at Sunset. 

Solar Noon and Sunset activity was found to be statistically similar, but was different 

statistically from the activity found at both Sunrise and Lunar Midnight; Sunrise and Lunar 

Midnight shared statistically similar levels of activity (Tukey’s test, P < 0.05). 

Comparison between HSN and BGS trap collections. A total of 808 Ae. albopictus 

adults (508 female, 300 male) were collected in New Jersey during HSN surveillance; BGS 

traps accumulated a total of 1,061 specimens – 585 females and 476 males. In Florida, a total 

of 202 Ae. albopictus specimens were sampled (168 females, 34 male) in HSN surveillance. 

Florida BGS traps captured a total of 349 Ae. albopictus, 299 females and 50 males. Analysis 

of mosquito collections showed that HSN and BGS trap collections were positively 

correlated in Florida (r = 0.401, P < 0.001) and New Jersey (r = 0.477, P < 0.001).  

DISCUSSION 

Human Sweep Net collections in an urban environment in Mercer, NJ and suburban 

setting in Volusia, FL identified differences in the diel activity of Ae. albopictus. Sampling 

activity in Volusia was initiated in mid-July, when Ae. albopictus populations are often high. 

Overall Ae. albopictus activity levels were lower in the suburban Volusia environment than 

those found in Mercer’s urban habitat. There were no statistically significant differences in 

diel activity between Sunrise, Solar Noon, or Sunset in Volusia, and while Ae. albopictus 

activity was lowest at Lunar Midnight in Volusia, the level of activity at this time was only 

different from that of activity at Sunrise. In New Jersey, diurnal activity was clearly greatest 

at Solar Noon during the Peak and Late seasons, but did not differ significantly between the 
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two seasons. Activity was different when comparing Sunrise and Sunset in both Peak and 

Late season. Interestingly, activity at Lunar Midnight during Peak season was only different 

from than that of Solar Noon regardless of season.  

Bimodality activity has been documented in a variety of Aedes species including Aedes 

aegypti L. in Trinidad (Chadee 1988), Aedes polynesiensis Marks (Samarawickrema et al. 

1987) in Samoa and Aedes woodi Edwards (Trpis and Gerberg 1974) in East Africa. The 

bimodal activity of Ae. albopictus reported by Hawley (1988) and others, including Delatte et 

al. (2010) on the island of La Réunion during an outbreak of CHIKV was not seen in either 

Mercer or Volusia.  Delatte et al., however, record continuous activity across 24-hr in a series 

of human baited experiments.  This is also the case with the data generated by HSN 

collections in both Volusia and Mercer. These findings corroborate the observations of 

Mercer personnel supporting previous AW-IPM field operations of nocturnal host-seeking 

activity, and research including that of Yee and Foster (1992), Higa et al. (2000) and Barnard 

et al. (2011) identifying nocturnal host-seeking by Ae. albopictus under both laboratory and 

field conditions.  Barnard et al. found that 25% of all Ae. albopictus activity monitored by 

human landing rates took place at night. For those organizations charged with the 

deployment of ULV space sprays, our research provides supporting evidence for the success 

of adulticiding directed at Ae. albopictus in Mercer between 2009-2011 (Farajollahi et al. 

2012), where nightime applications of a synthetic pyrethroid insecticide (DUETTM Clarke, 

Roselle, IL, USA) at mid-label rates, when sprayed and spaced one or two days apart, 

achieved 85% reduction in Ae. albopictus populations in the same urban habitat in which 

Mercer HSN surveillance took place in the current study. 
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While Late season diel activity in Mercer is reduced from that of the Peak season, 

activity levels remain greatest at Solar Noon while activity at Sunrise and Lunar Midnight is 

negligible.  Seasonal influences upon the diel activity of Ae. albopictus have been identified 

on La Reunion, with diel activity at night being reduced, and during winter being entirely 

absent, as a result of lower temperatures  (Delatte et al. 2010). Decreasing temperatures in NJ 

are known to influence diel activity of Aedine species, and as a result, shift levels of activity 

between summer and fall seasons (Crans and Sprenger 1996). While a temporal shift in the 

activity of Ae. albopictus is not apparent in Mercer, overall activity is curtailed and diel 

activity is limited to warmer temperatures between Solar Noon and Sunset.  

Seasonal levels of activity in Mercer monitored with BRT traps indicate Early season 

capture is comparable to that of Peak and Late season, as Ae. albopictus populations climb 

and approach Peak numbers. Peak season populations were only different when compared to 

those of Late season. The lower population levels of the Early and Late seasons were 

identified by and advocated through AW-IPM research as strategic periods in which to 

deploy adulticide applications, with the potential to mimic the natural control associated with 

low temperatures while providing a longer duration of relief from host-seeking Ae. 

albopictus due to lower densities of mosquitoes and enhanced vulnerability to adulticides 

during cooler periods in New Jersey and throughout the northeastern US (Fonseca et al. 

2014). 

The relationship between BRT collections, the four times of diel activity and three seasons  

indicate the highest collections were made during the times associated with Solar Noon and 

Sunset and that activity was comparable; activity was only different when comparing Solar 
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Noon and Sunset to that of Sunrise and Lunar Midnight.  While reduced from that of Solar 

Noon and Sunset, collections associated with Sunrise and Lunar Midnight were also found to 

be statistically indistinguishable. BRT traps in this study were baited with CO2 released from 

sublimated dry ice. In discussing the potential weakness of using a CO2 source with a BRT 

Trap to monitor host-seeking activity, Godsey et al. (2010) provide  an overview of potential 

influences from CO2 supplied variously as sublimated dry ice or regulated gas from a CO2 

cylinder. The authors noted the distinction between studies using traps baited with CO2 and 

those using landing rates, indicating those utilizing CO2 identified higher levels of activity 

later into the night, but ultimately concluding that the expression of CO2 would likely impact 

the length of host-seeking rather than peak time of activity. The utilization of both the BRT 

(CO2baited) and HSN (unbaited) surveillance methods in the current study, however, 

identified 24 hr activity by Ae. albopictus. This activity, outside the boundaries typically used 

by IMM programs to paint Ae. albopictus as a “day biter” and thus one that is not impacted 

by conventional ULV space sprays, further explains the success of adulticiding applications 

performed in NJ during AW-IPM operations directed at Ae. albopictus (Farajollahi et al. 

2012, Faraji et al. 2016). Our data supports diel activity patterns in New Jersey and Florida 

that may be exploited by integrated aspects of AW-IPM, including ULV space sprays. With 

BRT and HSN data from urban neighborhoods of Mercer Co., and HSN data from suburban 

neighborhoods of Volusia Co. indicating Ae. albopictus activity is not limited to diurnal 

hours, but rather, persists through Sunset and can be identified during Lunar Midnight, ULV 

applications could be expected to have an impact whether specifically directed at this 

mosquito species or another target species. 
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Differences in the diel periodicity of Aedeine mosquitoes from urban and rural 

locations have been reported previously (Chadee and Martinez 2000), and it has been 

proposed that the increased lighting associated with streets and residences promotes 

modifications or adaptations in behavior, including host-seeking.  Kawada et al. (2005) 

performed cross sections of the compound eye of Ae. albopictus to determine ommatidial 

diameter and interommatidial angle, determinants of vision.  The eye parameter value (1.59) 

identified explains the lower level of light that initiated host-seeking in Ae. albopictus when 

compared to Ae. aegypti in a laboratory setting, and explains why Ae. albopictus has a 

preference for brighter environments. 

Sippell and Brown (1953) noted the importance of movement to host location by diurnal 

species.  Under laboratory conditions, similar sized moving targets attracted twice the 

number of diurnally active Aedes mosquitoes compared to stationary targets.  Trap capture of 

Ae. albopictus in Japan was attributed to the movement of field personnel walking toward 

and attending to traps (Kusakabe and Ikeshoji 1990).  While our research did not attempt to 

clarify the potential influence of light from street or other light sources associated with the 

urban and suburban residences where our surveillance took place, these are all potential 

influences on night time activity (Chadee and Martinez 2000). However, the use of HSN 

surveillance to monitor Ae. albopictus activity with one individual in Volusia and two 

individuals in Mercer and all individuals walking the perimeter of the parcel to be surveyed 

and then sweeping the net continuously for a period of five (5) min would have provided 

strong visual cues to host-seeking mosquitoes. 
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BGS traps have proven to be an effective surveillance tool for monitoring host-seeking 

populations of Ae. albopictus, and are used routinely in both Mercer and Volusia to estimate 

population levels and evaluate control activities directed at this species. It is not uncommon 

in Volusia to use a landing rate in association with a homeowner’s service request, and 

determine that the request is due to the presence of Ae. albopictus.  BGS traps have 

previously been determined to approximate human landing rate estimates (Krockel et al. 

2006, Obenauer et al. 2010).  Incorporation of BGS traps into Volusia’s surveillance program 

in 2012 was facilitated by participation in the AW-IPM evaluation and has enhanced 

peridomestic mosquito surveillance, which includes both Ae. albopictus and Ae. aegypti. The 

positive correlation of BGS traps with HSN in both the urban and suburban environments 

evaluated during the course of this research is invaluable, when considering landing rate 

surveillance and the influence of varied levels of attractiveness, and collection and 

enumerating skills when performed by different individuals (Silver 2008). In addition, the 

availability of a trap such as the BGS trap removes any perceived ethical concerns or 

problems related to personnel performing landing rates during periods of disease activity.   

The level of activity identified in Mercer at Solar Noon occurs at a time of the day, and 

coincides with a time of the season when outdoor human activity is also at peak levels in 

Mercer and throughout the northeast, with schools closed for the summer. Previous research 

in NJ associated with AW-IPM directed at Ae. albopictus highlighted the negative impacts to 

children’s (8-10 years old) time spent outdoors in the absence of AW-IPM, with children in 

an AW-IPM management area spending an average of 229 min outdoors to the 99 min of 

children within an unmanaged area (Worobey et al. 2013). Activity at Sunset, however, is 
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substantial in Mercer HSN collections and could be expected to influence summer use of the 

outdoors by the populace.  A survey of 121 households in NJ impacted by Ae. albopictus 

reported 59.5% of respondents indicated mosquito activity prevented enjoyment of outdoor 

recreational activities and negatively impacted quality of life (Halasa et al. 2014), including 

yard and porch time.  Similarly, outdoor activities are negatively influenced in Virginia, with 

81.3% of survey respondents opting to remain indoors as a result of Ae. albopictus host 

seeking activity (Ratigan 2000).  In FL, survey respondents in two counties were asked to 

characterize a “bothersome” mosquito problem while sitting on their porch; respondents, 

including those predominantly impacted by diurnal host seeking Aedes spp., indicated that 

one mosquito “attack” every twelve minutes was considered to be “moderate”, while a single 

attack every minute was “bad” (Morris and Clanton 1988).  

The strong association of Ae. albopictus with human habitation in suburban and urban 

neighborhoods and the ubiquitous availability of production sites place humans and mosquito 

in close contact. The exophilic behavior of this mosquito precludes categorization of the 

host-seeking strategy as “cohabitation”, as applied to Ae. aegypti and it’s endophilic 

propensity for living inside human habitations (Day 2005). The relatively limited flight range 

of Ae. albopictus, rarely greater than 200 m (Bonnet and Worcester 1946) and approaching a 

maximum distance of 500 m (Estrada-Franco and Craig 1995), restricts the extent of adult 

host-seeking on a neighborhood-wide basis. As described in Day (2005), ceratopogonid 

biting midges are weak fliers and rest in vegetation awaiting a host, an “ambush technique”. 

The diel activity identified by HSN surveillance is evidence of the ability of Ae. albopictus to 
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actively host-seek across all four diel periods we monitored - when activated by host 

movement - and is perhaps indicative of ambush predation. 

The potential for this mosquito to host-seek around the clock coupled with host feeding 

characterized as opportunistic (Hawley 1988, Savage et al. 1993, Delatte et al. 2010) 

facilitates obtainment of a blood-meal and as expressed by Chadee and Martinez (2000) have 

“significant epidemiological consequences”. With humans functioning as the amplification 

mechanism for anthrponoses such as DENV and CHIKV, and Ae. albopictus use of myriad 

container types as larval habitats attached and adjacent to human residences, these same 

residences provide an intersection of potentially competent and infectious vectors, and 

competent and susceptible vertebrate hosts thus becoming “the primary nidus of infection” 

(Reisen 2010). 

The ongoing importation of tropical diseases to the US by travelers from CHIKV, 

DENV, and ZIKV endemic countries and the potential for local transmission that has re-

invigorated public health concerns around the globe (Beltrame et al. 2007, Gibney et al. 

2011, Wong et al. 2013). The proximity to countries with endemic arbovirus transmission is 

considered to be a dominant factor in risk associated with flights between the US and these 

countries; Florida’s proximity to Central and South America along with high levels of flight 

traffic and human infection place the state at risk of arboviral disease importation, and 

established populations of Ae. albopictus underscores the potential for Florida to potentially 

play a role as “a fulcrum spreading dengue to other parts of the continental U.S. (Gardner et 

al. 2012). Further, Gardner et al. (2012) note that for many countries in Europe and areas of 

the US with established Ae. albopictus populations, the “establishment of an autocthonous 
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disease cycle is likely”. In recent years, transmission of both CHIKV and DENV has 

occurred via local mosquito populations in Florida, notably an extensive DENV outbreak in 

the Florida Keys in 2009-2010 (MMWR 2010) and  twelve cases of autocthonous CHKV in 

southeastern FL in 2014 (http://cdc.gov/chikungunya/geo/united-states-2014.html). On going 

importation of ZIKV in 2016 places a large geographic area of the US, where Ae. albopictus 

resides, at risk of local transmission (http://www.cdc.gov/zika/vector/range.html, accessed 

8.31.16). Research in Singapore found local Ae. albopictus to be susceptible to ZIKVand 

included elevated rates of dissemination and transmission (Wong et al. 2013). Should other 

populations of Ae. albopictus be determined to be a competent vector of ZIKV, much of the 

globe will be at risk from this arbovirus (Gardner et al. 2016). 

Following the introduction and establishment of Ae. albopictus in the US, Hawley 

(1988) wrote: “If a single theme emerges from a broad view of the biology of Ae. albopictus 

it is that of variability”.  Hawley provides several exceptions to accepted generalizations 

including that “it is diurnally active (but has been captured feeding at night)”, which leads the 

author to conclude that “Aedes albopictus is an ecological generalist”.  Our research supports 

Hawley’s conclusion and provides temporal evidence of activity extending well beyond that 

characterizing Ae. albopictus as a “day biting mosquito”. The diel activity demonstrated by 

Ae. albopictus in both New Jersey and central Florida increases the potential of mosquito-

human contact and therefore places individuals at risk of health impacts related to arbovirus 

transmission by this species.   The ongoing global expansion of Ae. albopictus and dynamics 

of viral adaptation and vector evolution continues to place more humans at risk (Lambrechts 

et al. 2010, Rochlin et al. 2013, Egizi et al. 2016). An understanding of temporal activity and 

http://cdc.gov/chikungunya/geo/united-states-2014.html
http://www.cdc.gov/zika/vector/range.html


 

54 

 

potential seasonal influences upon levels of activity are vitally important to the deployment 

of successful control strategies (Godsey et al. 2010). For personnel actively engaged in 

organized mosquito surveillance and control programs, whether identified as an IMM, IPM 

or another type of integrated management program, this research provides information that 

supports the potential to impact adult populations of a potential disease vector outside widely 

accepted parameters.  
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Table 1. Least square means from log-linear analysis of New Jersey Human Sweep Net 

counts of all Aedes albopictus for ten study sites over two seasons Peak and Late and four 

time periods: Sunrise, Solar Noon, Sunset and Lunar Midnight. 

Season Time 
LS 

Mean¥  
95% C.I. 

Peak 

Sunrise 13.48 b  10.60 - 17.15 

Solar Noon 22.73a 18.30 - 28.23 

Sunset   8.07 c      6.12 - 10.64 

Lunar Mid   8.77 b,c 6.70 - 11.5 

Late 

Sunrise   0.39 c 0.14 - 1.05 

Solar Noon 10.22 a 7.89 - 13.25 

Sunset 3.62 b 2.51 - 5.23 

Lunar Mid   0.10 c 0.01 - 0.70 

 
¥Values not sharing the same superscript are significantly different (Holm’s test, P < 0.05) 
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Table 2. Least square mean estimates from log linear analysis of Florida Human Sweep Net 

counts of all Aedes albopictus for six sites over four time periods: Sunrise, Solar Noon, 

Sunset and Lunar Midnight. 

Time LS Mean¥ 95% C.I. 

Sunrise 4.39a,b 2.82 - 6.85 

Solar Noon 5.43a 3.56 - 8.29 

Sunset 3.83a,b 2.42 - 6.07 

Lunar 

Midnight 
2.47a 1.47 - 4.17 

 
¥Values not sharing the same superscript are significantly different (Holm’s test, α < 0.05) 
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Table 3. Least square means with confidence intervals for New Jersey Bottle Rotator Traps 

 Traps counts of all Aedes albopictus at two study sites over three seasons, Early, Peak and 

Late over a 24 hour period.  

Season LS Mean 95% C.I. 

Early  61.08a,b 22.68 - 146.98 

Peak  247.92a 109.26 - 522.93 

Late  12.48b 3.66 - 35.96 

 

Values not sharing the same superscript are significantly different (Tukey’s test, P < 0.05) 
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Table 4. Least square means with confidence intervals for New Jersey Bottle Rotator Traps 

capture of all Aedes albopictus, at two study sites, combining three seasons (Early, Peak and 

Late) and four time periods: Sunrise, Solar Noon, Sunset and Lunar Midnight. 

 Time LS Mean 95% C.I. 

 Sunrise 21.69b 5.76 - 67.63 

All 

Seasons 
Solar Noon 247.92a 95.24 - 582.20 

 Sunset 175.64a 64.43 - 426.97 

 

Lunar 

Midnight 
10.65b 2.47 - 36.66 

 

Values not sharing the same superscript are significantly different (Tukey’s test, P < 0.05) 
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Fig. 1. Diagramatic representation of individual performing Human Sweep Net surveillance 

using a butterfly -“figure 8” pattern Tires at NCSU Field Site used to evaluate 

spinosad formulations against Ae. albopictus 
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CHAPTER 3: Evaluation of the CDC Autocidal Gravid Ovitrap in the Surveillance of 

Aedes albopictus and Aedes aegypti (Diptera: Culicidae) in Central Florida 

ABSTRACT 

Surveillance and control of Aedes (Stegomyia) albopictus (Skuse) and Aedes (Stegomyia) 

aegypti (L.) is important throughout the global range of these peridomestic mosquito species. 

The state of Florida has identified a resurgence in Ae. aegypti populations in recent years, 

and has also experienced local transmission of dengue, chikungunya and Zika viruses. The 

Centers for Disease Control and Prevention’s (CDC) Autocidal Gravid Ovitrap (AGO) has 

been demonstrated to be useful for surveillance and has reduced gravid populations of Ae. 

aegypti in Puerto Rico, potentially mitigating disease outbreaks initiated by this mosquito.  

The utility of the AGO trap for monitoring Ae. albopictus and Ae. aegypti populations was 

evaluated at residences in central Florida to monitor during the 2014 mosquito season. AGO 

traps received either 1x or 2x dilutions of an organic infusion made from senescent laurel oak 

leaves (Quercus laurifolia Michx.). Each infusion was evaluated in the field over a two-week 

period. In addition, laurel oak leaves and hay infusion “packets” were both evaluated in AGO 

traps over eight weeks. In both evaluations AGO traps infused with two-day old tap water 

served as a control oviposition medium. Ae. aegypti, Ae.albopictus and Culex 

quinquefasciatus (Say) were the most abundant mosquitoes collected. Greater and 

significantly different responses (P = 0.01) were exhibited by both Stegomyia species to 2x 

(=100%) oak leaf infusion (OLI) and 1x (=50%) OLI compared to Cx. quinquefasciatus. The 

response of Stegomyia species to both oak leaf infusions was significant when compared to 

water (P = 0.01), as was the response of Cx. quinquefasciatus (P = 0.05). In the field 
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experiment comparing an OLI and Coastal Bermuda Grass or hay infusion (HI), the two 

oviposition media elicited a greater response than water alone (P = 0.05).  Over the eight 

weeks of the evaluation, mean numbers of female Ae. albopictus captured were greatest in 

OLI AGO traps (1.49 ± 0.13) followed by HI (1.03 ± 0.12) with mean numbers lowest in 

traps containing water only (0.39 ± 0.07).  Conversely, highest mean numbers of female Ae. 

aegypti were captured in HI traps (1.53 ± 0.14), followed by OLI (0.55 ± 0.07). In contrast, 

mean numbers of Cx. quinquefasciatus females were highest in HI traps (0.61 ± 0.15).  

Keywords: Aedes aegypti, Aedes albopictus, Culex quinquefasciatus, AGO Trap, oviposition 

response, infusion 
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INTRODUCTION 

The United States has a long history of involvement with Ae. aegypti (L.) mediated disease, 

dating to the early 1600’s and the introduction of this mosquito and yellow fever (YF, family 

Flaviviridae, genus Flavivirus) to the Western Hemisphere via ship mediated commerce , 

some of which was involved in African slave trade (Slosek 1986, Gubler 2002). As 

commercial shipping and trade increased and expanded, so too did the spread of disease and 

mosquito vectors. The first dengue virus (DENV, family Flaviviridae, genus Flavivirus) 

epidemic reported in the US occurred in Philadelphia in 1780 (Rush 1789). Epidemics of 

both YF and DENV continued to impact the US between the seventeenth and twentieth 

centuries.  As late as 1888, an epidemic in Jacksonville, Florida involved 4,656 cases of YF 

(Patterson 2004) and in 1934 a wide-spread and significant DENV epidemic took place in 

FL, with 1,671 reported cases, involving 70 cities in 31 counties (Griffitts 1935). More 

recently, Monroe County in southern FL experienced 63 autocthonous cases of DENV in 

2010 and pools of Ae. aegypti from the area tested positive for DENV-1 (Richards et al. 

2012). Since that date and between 2011 and 2016, 42 local cases of DENV have been 

identified, primarily in southern FL counties with established Ae. aegypti populations 

(http://www.floridahealth.gov/diseases-and-conditions/mosquito-borne-

diseases/surveillance.html). Currently, authocthonous dengue cases reported from more than 

100 countries with approximately 50 million infections of DENV estimated to occur annually 

(Dick et al. 2012). 

Aedes albopictus was first discovered in FL in 1986, one year after the initial 

identification of an established population in Harris County, TX, and had spread to 64 of 67 

http://www.floridahealth.gov/diseases-and-conditions/mosquito-borne-diseases/surveillance.html
http://www.floridahealth.gov/diseases-and-conditions/mosquito-borne-diseases/surveillance.html
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Florida counties seven years later (O’Meara et al. 1993).  This mosquito is now found in all 

67 counties of Florida (O’Meara et al. 1995). Following the establishment and spread of Ae. 

albopictus in FL, a reduction in the abundance of Ae. aegypti was noted throughout northern 

and central FL, with Ae. aegypti retaining dominance in southeastern, urban production sites 

(O’Meara et al. 1995). Since that time, central FL mosquito control districts, including 

Volusia County Mosquito Control (VCMC), have observed a “resurgence” in Ae. aegypti 

populations. Whether in fact this is a real phenomenon, influenced by warmer winters 

(Rochlin et al. 2013), the evolution of resistance to satyrization of female Ae. aegypti by 

males of Ae. albopictus (Bargielowski et al. 2013) or is the artifact of a relaxed surveillance 

system remains to be determined. Biogents Sentinel traps (BGS, Biogents AG, Regensburg, 

Germany) deployed in eastern Volusia County have consistently collected both Ae. 

albopictus and Ae. aegypti since 2012 (McNelly, unpublished data).   

             Autochthanous transmission of chikungunya virus (CHIKV, genus Alphavirus, 

family Togaviridae) by Ae. albopictus has occurred in France (Gould et. al 2010) and Italy 

(Rezza 2007).  These disease outbreaks preceded a large scale epidemic of chikungunya for 

the first time in the Americas, where over one million suspected cases of CHIKV infection 

were recorded from 2013-2015 (http://www.paho.org/hq/index).  During this same period, 

the U.S. experienced 2,481 imported cases of CHIKV 

(http://www.cdc.gov/chikungunya/geo/united-states-2014.html); more importantly, 11 

autochthonous cases were diagnosed in Florida in 2014. Similarly, the expansion of Zika 

virus (ZIKV, family Flaviviridae, genus Flavivirus) transmission into the Americas in 2016 

has resulted in thousands of travel related cases in the US, dozens of autochthonous cases in 
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FL and tens of thousands of locally acquired cases in US territories 

(https://www.cdc.gov/zika/geo/united-states.html).  

Over the past five years, Volusia County Mosquito Control personnel have responded 

to multiple travel-related cases of CHIKV, DENV and ZIKV. Volusia County Mosquito 

Control receives information from the Florida Department of Health (FDOH) identifying 

constituent contact with these arboviral diseases, information that includes the individual’s 

period of infectivity and potential contact with local mosquito populations. It is not 

uncommon for an individual to be infectious upon return to Volusia County and for that 

person to have had contact with local, host-seeking mosquitoes. BGS Traps have proven to 

be a useful surveillance tool in evaluating host-seeking populations of Ae. aegypti and Ae. 

albopictus in Volusia County and in guiding the level and duration of surveillance and 

control activities directed at the two peridomestic mosquito species of concern. While 

reliable, BGS traps are expensive to purchase as is the BGS-Lure, a mixture of lactic acid, 

ammonia, and caproic acid, chemicals found on human skin (Krockel et al. 2006) and used as 

an attractant in the BGS traps. In addition, use of the trap requires personnel to routinely 

deploy and pick up traps, which involves another series of operational expenses related to 

labor and vehicles. During the 2014 season, VCMC evaluated a novel sticky trap designed by 

the Centers for Disease Control and Prevention, an autocidal gravid ovitrap (AGO), 

previously utilized in Puerto Rico to both monitor and control gravid Ae. aegypti (Mackay et 

al. 2013, Barerra et al. 2014 ). Gravid mosquito females have taken at least one blood meal 

and are potentially infected with an arbovirus (CHIKV, DENV or ZIKV). Here we report the 

utility of this trap to monitor gravid populations of Ae. albopictus and Ae. aegypti in the field 

https://www.cdc.gov/zika/geo/united-states.html
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in suburban neighborhoods in Volusia County. We determined whether using a hay infusion, 

as is used within AGO traps in Puerto Rico, or dilutions of an infusion of senescent Laurel 

oak leaves (Quercus laurifolia Michx.) would enhance mosquito collections. 

               MATERIALS AND METHODS 

Autocidal Gravid Ovitraps 

Thirty Autocidal Gravid Ovitraps (AGO traps) were obtained from the Centers for 

Disease Control (CDC), San Juan Puerto Rico.  Traps were assembled in Florida by VCMC 

personnel, following directions provided by CDC (Barrera et al. 2014) (Fig 1).  Prior to 

deployment in the field, traps were “seasoned” by filling the trap bucket with tap water and 

setting the trap top and collection chamber loosely on the bucket without the sticky paper.  

Trap components with water were placed outside in semi-shade for seven (7) days.  Rain 

shields were developed to minimize dilution of the AGO’s infusion.  Rain can be frequent 

and substantial during the mosquito season in Volusia County.  The shields were composed 

of (two) 1 m lengths of 1.27 cm aluminum conduit, (one) 2.54 cm x 0.159 cm x 0.61 m piece 

of flat aluminum stock, (two) 1.9 cm conduit slip couplings, (four) rivets and (one) 18.93 L 

black pail lid (Fig. 2). 

Autocidal Gravid Ovitraps with Oak Leaf and Hay Infusions 

 Autocidal Gravid Ovitraps (AGO) with oak leaf infusion (OLI) were created utilizing 

two (2) dilutions after Trexler et al. (1998), a 1x and 2x infusion incorporating 8.4 g of 

senescent Laurel oak leave (Quercus laurifolia Michx.) per liter of tap water.  The 

fermentation process required 150 liters (39.63gal) of 2x infusion, requiring 1260 grams 

(2.77 lbs) of senescent Laurel oak leaves.  The 1x infusion was created through dilution of 



 

74 

 

the 2x stock solution.  Extra stock infusion was made to ensure adequate supply in the event 

of spills and/or the ability to “top off” traps in the field due to evaporation; hence, 170 L of 

2x infusion was fermented for each time interval requiring 1428g of Laurel oak leaves.  

Leaves were contained within a nylon shrimp net “tea bag” inside a 189.3 L drum.  The top 

of the drum was removed to allow for a trash bag to be placed over the opening, and the bag 

was tied to a point on the ceiling above each drum to create headspace as part of the 

fermentation process as described by Ponnusamy et al. (2010). 

In a second experiment, AGO traps each received either 30 g of dried Coastal 

Bermuda hay (C. dactylon) after Barrera et al. (2014), and avoiding hay species with high 

nitrogen content (Barrera, personal communication), or 30 g of senescent Laurel oak leaves.  

Tea bags of hay and oak leaves, made with a white, nylon tulle material (Michaels, Item No. 

MD011173S) and placed in the bottom of the AGO Trap’s bucket prior to filling with water.  

These traps were left in the field between 13 August and 1 October 2014 for a total of eight 

wks, and fermentation proceeded within each of the individual traps. 

Experimental Design 

All sites were residential and mosquitoes at each residence were monitored with a 

single AGO trap.  A grid pattern after Farajollahi et al. (2012) was utilized, such that adjacent 

sites were separated by a distance of 175–200 m. This distance is based on knowledge of the 

flight range of Ae. albopictus.  AGO trap placements within residential locations were 

mapped using the Fishnet tool within ArcGIS Desktop 9.2 (Environmental Systems Research 

Institute, Redlands, CA, USA).  The neighborhood, in Holly Hill, Volusia County where the 

evaluations took place is one that has been monitored by VCMC with BGS traps since 2012, 
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which allowed us to incorporate several existing surveillance sites into the grid pattern.  Ten 

AGO traps with the 2x dilution of OLI and ten with the 1x dilution were deployed in 

conjunction with ten control AGOs each containing two-day old tap water.  AGO traps filled 

with OLI or tap water were randomly deployed within the grid for a period of eight weeks.  

Specific trap locations at the residence were selected where traps would be placed in partial 

shade.  Collections from AGO trap sticky boards took place weekly.  AGO trap sites at all 

thirty locations were swapped weekly to another location within the residential parcel to 

account for potential site effects. 

Weather 

Temperature and relative humidity were measured using a HOBO® Data Logger 

(Onset Computer Corporation, Pocasset, MA, USA) and rainfall measured via rain gauge, co-

located near the center of the trap grid. 

Processing of Mosquito Collections 

Mosquitoes captured by the AGO traps were removed from each trap with forceps, 

and placed onto filter paper cut to fit inside a 100mm x 15mm petri dish (Fisher Scientific).  

Petri dishes were labeled in the field and returned to the laboratory for enumeration and 

identification with females and males of all species recorded separately (Darsie and Morris 

2003).   

Data Analysis   

Analyses were restricted to Ae. albopictus, Ae. aegypti and Cx. quinquefasciatus, as 

they were the most abundant species collected mosquitoes in AGO traps.  Descriptive 

statistics were calculated for the numbers of mosquitoes collected.  Separate analyses were 
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carried out for the two AGO trap experiments.  For both experiments, the number of gravid 

females captured in traps on each sampling date were summed for each oviposition medium 

(OLI and hay infusion [HI] or water; 100%, 50% and 0% [= water] concentration of OLI) by 

mosquito species and divided by the number of traps deployed to calculate mean values.  For 

each species, the mean values were averaged across all eight sampling dates and standard 

errors calculated using SAS® software (SAS® 9.4 for Windows, SAS Institute, Cary, NC).   

Planned comparisons were made between and within mosquito species to determine if 

there were significant differences in the responses of each mosquito species to the different 

oviposition treatments (HI, OLI or water) contained in AGO traps.  The mean to variance 

ratios for the numbers of mosquitoes collected in AGO traps suggested that the data 

conformed to a Poisson distribution.  Accordingly, the mean number of females captured per 

sampling date (dependent variable) across the number of traps were subjected to a Poisson 

regression using a generalized linear mixed model (PROC GLIMMIX of SAS), with number 

of traps used as the offset value given that the number of traps varied between sampling 

dates.  For a combined analysis of all three mosquitoes, species and medium (HI, OLI or 

water) and the interaction of species and medium were independent variables and sampling 

date was specified as a random effect factor in the analysis.  A separate Poisson regression 

was carried out for each mosquito species with mean number of females captured per 

sampling date specified as the dependent variable and medium (HI, OLI, water) specified as 

the independent variable.   

Variances for the mean numbers of females captured in AGO traps containing OLI 

(100%, 50%, or 0% concentration) were larger than their corresponding means, indicating 
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that the data were distributed as a negative binomial.  Accordingly, the relationship between 

the numbers of females captured in AGO traps and the oviposition medium contained in the 

traps was tested using a negative binomial generalized linear mixed model (PROC 

GLIMMIX).  The mean number of mosquitoes of each species captured in AGO traps 

containing one of the three oviposition media was the dependent variable and oviposition 

medium was the independent variable.   

Degrees of freedom were calculated using the Kenward-Rogers method, which improves 

the precision of the standard errors for the estimated parameters in the model.  Significant 

differences between treatment effects for each mosquito species were analyzed with pairwise 

t-tests of least squares means at a 0.05 significance level under the null hypothesis H0: LSMi 

= LSMj. 

 RESULTS 

Comparison of Oviposition Medium: Oak Leaf Infusion versus Hay Infusion versus Water.  

The response of each species to the oviposition media (OLI, HI or water as a control), 

analyzed using a Poisson regression, determined that the Species*Oviposition Medium 

interaction was significant (P = 0.05, Table 1).  As a result, differences between oviposition 

media for the mean number of females of each species captured in AGO traps per sampling 

date were tested separately for significance by Poisson regression.  Significant differences 

were found between all three media for all three mosquito species (P = 0.05) (Table 2).  Over 

the eight weeks of the evaluation, mean captured female Ae. albopictus were greatest in oak 

leaf infused AGO traps ( 1.488 ± 0.134) followed by hay (1.025 ± 0.119); mean numbers 

were lowest in traps containing water only (0.388 ± 0.070).  Conversely, mean female Ae. 
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aegypti captured were highest in hay infused traps (1.532 ± 0.135) followed by the female 

mean associated with the OLI (0.550 ± 0.071); mean numbers were again lowest in traps 

utilizing only water (0.488 ± 0.069).  The response to OLI was not significantly different 

from that of water only for Ae.aegypti (P > 0.05) (Table 3).  Finally, mean numbers of Cx. 

quinquefasciatus females were also found to be greatest in hay infused traps (0.608 ± 0.154).  

Mean Cx. quinquefasciatus were higher in water (0.213 ± 0.058) over eight weeks than in the 

oak leaf infused traps (0.150 ± 0.062). Overall a total of 231 Ae. albopictus were captured 

across all three infusions, 227 females (98.3%) and 4 males (1.7%). The OLI AGO traps 

captured 119 Ae. albopictus (51.5%) followed by HI AGO traps (81 or 35.1%) and water 

only with 31 (13.4%). No male Ae. albopictus were captured in the HI AGO traps; two males 

were captured in each of the OLI and water only traps (1.7% and 6.45% respectively). A total 

of 77 Cx. quinquefasciatus were captured; 48 (62.3%) in HI AGO traps, 17 (22.1%) in water 

only traps and 12 (15.6%) in OLI AGO traps.          

Comparison of Oviposition Medium: Pairwise Comparisons. Student’s t test was employed 

tocompare media and determine if differences existed in the response of each species to these 

media.  Results of this pairwise comparison of the response to oviposition media are 

presented in Table 3.  All pairwise comparisons were found to be significant for Ae. 

albopictus (P = 0.05).  Aedes albopictus was the only species in which all pairwise 

comparisons were found to be significant.  For Ae. aegypti, both the HI versus water and the 

HI versus OLI comparisons were found to be significant (P = 0.05).  The OLI versus water 

comparison was not significant (P > 0.05). Both the OLI and HI media were better than water 

only in attracting Ae. aegypti and Ae.albopictus, but no difference was found between the 
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two media (P < 0.05)  For Cx. quinquefasciatus, the OLI versus water was also not 

significant (P > 0.05).  The pairwise comparison of the HI versus water was marginally 

significant (P = 0.0591) and the HI versus OLI was found to be significant (P = 0.05).                

Comparison of Oviposition Medium: 100% OLI versus 50% OLI versus Water. The response 

of the three mosquito species to two concentrations of OLI, a 2x infusion (= 100% 

concentration) and a 1x (= 50% concentration), and water were analyzed using a negative 

binomial regression.  The Species*Oviposition Medium interaction was found to be 

marginally significant (P = 0.0595, Table 4).  As this comparison contributed to an 

understanding of species response to the three media, an analysis between the species was 

performed and results are presented in Table 5.  There were significant differences in the 

response of the three mosquito species to the oviposition media.  The response of Ae. 

albopictus and Ae. aegypti to the OLI were not significantly different.  Conversely, the 

response of both of these species was different from that of Cx. quinquefasciatus as the 

difference of the LS Means were highly significant (P = 0.01). 

 Significant differences were found between all three media for all three mosquito species 

(Table 6). Both Stegomyia species responded significantly to both OLI concentrations (P < 

0.01). For mean female Ae. albopictus, the strongest response was found for AGO traps 

containing a 100% OLI (2.73 ± 0.45), followed by the 50% Oak infusion (1.97 ± 0.34), and 

the weakest response was to water only (0.74 ± 0.15).  Mean Aedes aegypti females were 

most responsive to the 50% OLI (2.36 ± 0.50) followed by the 100% OLI (1.28 ± 0.29) and 

lastly to water (0.73 ± 0.17).  Finally, the strongest response within the mean number of  Cx. 

quinquefasciatus was to the 50% OLI (0.42 ± 0.1290), followed by the 100% OLI (1.28 ± 
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0.29).  As was the case with Ae. albopictus and Ae. aegypti, both media produced a better 

response for Cx. quinquefasciatus (P < 0.05). A total of 307 Ae. albopictus were captured 

during this evaluation; 158 (51.4%) in the 2x OLI of which 147 (93%) were female, 108 

females (35.2%) in the 1x OLI and 41 females (13.3%) responded to water only. Male Ae. 

albopictus were only captured in the 2x OLI (n = 11, 7%). A total of 336 Ae. aegypti were 

collected across the three infusions: 129 (38.4%) by the 2x OLI, 131 in the 1x OLI traps 

(39%) and 76 (22.6%) in water only traps. Of the 129 total Ae. aegypti captured in the 2x 

traps 102 (79%) were female and 27 (21%) male, 119 (90.8%) were females and 12 (9.2%) 

in the 1x traps and finally 59 females (77.6%) and 17 males (22.4%) in water only infused 

AGO traps. A total of 56 Cx. quinquefasciatus were captured in this evaluation; 26 (46.4%) 

in HI AGO traps, 23 (41.1%) in OLI traps and 7 (12.5%) responded to AGO traps with water 

only.       

Comparison of Oviposition Medium: Pairwise Comparison of Females Captured in 100% 

and 50% OLI Versus Water.  Pairwise comparisons between the oviposition media were 

carried out using a Student’s t test (Table 7).  All pairwise comparisons for both Stegomyia 

species, Ae. albopictus and Ae. aegypti, were determined to be significant (P = 0.01).  The 

100% versus 50% OLI for Ae. albopictus comparison was marginal at this level (P = 

0.0175).  The 100% OLI elicited the highest response by Ae. albopictus, followed by the 

50% OLI while Ae. aegypti was most responsive to the 50% OLI compared, followed by the 

100% OLI (t value 3.14).  The 50% OLI versus water comparison generated a significant 

response within Cx. quinquefasciatus (P = 0.05).  No differences were not found for the 

response to 100% OLI versus water or the 2x/100% versus 1x/50% OLI (P > 0.05).   
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Weather: During the eight wk period of the 100% OLI versus 50% OLI versus Water 

comparison that took place between 4 June and 31 July, temperatures ranged between 18.9oC 

and  34.4oC; daily averages were 22.3oC min – 31.9oC max. Total rainfall during this 

evaluation was 27.91 cm; daily average was 0.48 cm. During the eight wks of the Oak Leaf 

Infusion versus Hay Infusion versus Water comparison (6 August – 3 October), temperatures 

ranged between 20.5oC  and 36.1oC; daily averages were 23 min oC – 31.7oC max. Total 

rainfall during these comparisons was 51.5 cm; daily average rainfall was 0.87 cm.        

DISCUSSION 

The CDC’s AGO trap is a sticky trap (Mackay et al. 2013, Barrera et al. 2014) that 

utilizes both visual and olfactory cues via a large capacity (19 L) black pail in conjunction 

with a large infusion reservoir (9.3 L), to lure gravid females to an artificial site attractive for 

egg deposition. Mosquito species using containers as oviposition and development sites for 

the aquatic, immature stages of the life cycle use both chemical and physical cues in 

container location and selection (Allan et al. 1987, Bentley and Day 1989, Bidlingmayer 

1994).  As deployed in Volusia County in central Florida, AGO traps received two different 

dilutions of OLI, as well as a standard HI after Barrera et al. (2014). Tap water was used as a 

control oviposition medium. All infusions were enhanced collections of gravid females of Ae. 

albopictus, Ae. aegypti and Cx. quinquefasciatus compared to water. Our study is one of the 

first research efforts to utilize an infusion using senescent laurel oak leaves (Quercus 

laurifolia Michx.) as an attractant in conjunction with a gravid ovitrap in the field. Allan et 

al. (2005) evaluated several infusions, including an oak leaf infusion that used laurel oak 
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leaves in combination with live oak leaves (Quercus virginiana Miller  and) to survey Cx. 

quinquefasciatus populations at a Florida dairy farm.        

We found significant differences among the three mosquito species in their response 

to the three infusion media (HI, OLI and water) with the strongest response over the eight-

week experiment observed for female Ae. albopictus, where greater numbers were captured 

in AGO traps containing OLI infusion than either of the other two infusions. A variety of 

OLI have previously shown to be attractive to Ae. albopictus, including white oak (Quercus 

alba, Trexler et al. 1998), red oak (Quercus rubra, Burkett et al. 2004), live oak (Quercus 

virginiana Miller, Reiskind et al. 2009), and water oak (Quercus nigra L. in combination 

with longleaf pine, Pinus palustris Mill, Obenauer et al. 2009). In our experiments, laurel oak 

leaves (Q. laurifolia) were used and elicited the greatest response from Ae. albopictus among 

the three infusions used in AGO traps. Collections of Ae. aegypti females were most 

abundant in HI AGO traps; this was also the infusion that collected the most Cx. 

quinquefasciatus. Mean numbers of females collected for all three species were low, the 

highest mean numbers collected being Ae. aegypti females in HI AGO traps (1.52 ± 0.14). 

The numbers collected in our study is comparable to HI AGO traps collections of Ae. aegypti 

in Puerto Rico (Barrera et al. 2013, Mackey et al. 2013, Barrera et al. 2014), particularly in 

those areas designated as “intervention areas” where other mosquito control methods were 

deployed.  Addition of infusions to ovitraps and gravid traps has previously been shown to 

increase trap catch when compared with water alone (Holck et al. 1988, Reiter et al. 1991). 

The response of Ae. aegypti to HI AGO traps in our evaluation was slightly more than 3 fold 

the response to water. Mackey et al. (2013) reported a 1.6 – 2.5 fold increase in Ae. aegypti 
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collected when comparing their hay infusion to water only. This was not the case for Ae. 

aegypti or Cx. quinquefasciatus when comparing the OLI and water only infusions in the 

field where we found no statistically significant differences for the mean numbers of females 

captured.  

When two different dilutions of OLI infusions were used in the AGO traps, the 

response of Ae. albopictus was strongest to the 2x infusion (= 100% concentration), while 

both Ae. aegypti and Cx. quinquefasciatus were more responsive to the 1x infusion (= 50% 

concentration). Mean numbers of females collected were higher in this experiment than in the 

OLI versus HI and water evaluation, as it took place earlier in the year between 4 June and 

31 July, when Ae. albopictus populations are typically at their peak in Volusia County 

(McNelly unpublished data). Mean number of Cx. quinquefasciatus females captured were 

lower during this experiment and numbers captured were generally less than those derived 

during the HI versus OLI evaluation.  A variety of organic materials have been used to create 

aqueous infusions for use with traps designed to lure and capture gravid female mosquitoes 

and/or collect their eggs. Bermuda grass or hay (Cynodon dactylon L.) is a recurring material 

sourced for infusions (Reiter et al. 1991, Millar et al. 1992, Chadee et al. 1993, Lee et al. 

2013, Barrera et al. 2014) and was the material used to create our HI infusion. Alternatively, 

bulrush (Schoenoplectus californicus (Meyer), Du and Millar 1999), Kentucky bluegrass 

(Poa pratensis, Lampman and Novak 1996), steer manure (Reisen and Meyer 1990), rabbit 

chow (Jackson et al. 2005) and pine straw, red (dyed) hardwood mulch and composted 

manure (Burkett-Cadena and Mullen 2008) have been evaluated. Supplements, including 

lactalalbumin and brewers yeast, have also been used to “enhance” the fermentation process 
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(Weber 1993, Reiter et al. 1991, Burkett et al. 2004, Obenauer et al. 2009). Typically, 

infusions that elicit a response and are effective in attracting and collecting Culex females 

have been relatively ineffective in collecting Stegomyia species that commonly use 

containers as oviposition sites, including Ae. albopictus and Ae. aegypti (Trexler et al. 1998). 

Lampman and Novak (1996) were successful capturing Ae. albopictus using Kentucky 

bluegrass (undried) with a gravid trap in Illinois. Red oak leaves (Quercus rubra, Burkett et 

al. 2004) were used in Georgia to increase the capture of Ae. albopictus.  An unidentified 

species of grass (undried) and hay (dried) in New Jersey was used in conjunction with a 

gravid trap for capturing Aedes japonicus (Theobald) (Scott et al. 2001). Our use of laurel 

oak leaves proved successful in increasing numbers of Ae. aegypti and Ae. albopictus 

captured in AGO traps. While the mean number of Ae. aegypti captured (2.36 ± 0.50) was 

highest in AGO traps infused with the 1x or 50% OLI infusion and Ae. albopictus mean 

numbers were greatest in the 2x or 100% OLI concentration (2.73 ± 0.45), the mean number 

of female Ae. albopictus collected by the 1x or 50% OLI infusion (1.97 ± 0.34) was 

comparable to that of Ae. aegypti at the same infusion concentration. It is conceivable that 

VCMC could utilize the 1x OLI infusion to monitor and reduce the number of females of 

both species, as the 1x infusion is readily created through a simple dilution of the 100% stock 

infusion. When working in areas where one species is known through historical surveillance 

to be more prevalent, it would also be a consideration to use the infusion that was most 

attractive to that species – such as using the 2x infusion for Ae.albopictus. Similarly, an 

undiluted red oak leaf infusion was also found to be of greater attractancy to Ae. albopictus 

in Atlanta, GA (Burkett et al. 2004).   
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The global economic and public health impacts of Ae. aegypti as the primary vector 

of DENV, and other arboviruses including CHIKV, YF and ZIKV have resulted in a variety 

of techniques and trap types directed at the surveillance and control of this mosquito. 

Similarly, the on-going global expansion of Ae. albopictus coupled with the status of this 

species as a vector of various arboviruses has also necessitated the evaluation of surveillance 

and control tools. Standard ovitraps consisting of black, water-filled containers augmented 

with the addition of an oviposition substrate such as balsa paddles or strips of velour paper 

have been widely used for decades, dating back to the US Aedes aegypti Eradication Program 

(Schliessmann 1964). Entities including the World Health Organization have been advocates 

for the use of ovitraps as an Ae. aegypti surveillance tool (WHO 1972). In part, this is due to 

the diminished response of Ae. albopictus and Ae. aegypti to light traps, including those 

using CO2 as a supplemental attractant (Loor and DeFoliart 1969, Chan 1985). Numerous 

studies have been conducted of the wide array of traps variously characterized as “autocidal” 

or “lethal” including those that achieve mortality through mechanical means (Chan et al. 

1977, Cheng et al. 1982), those incorporating insecticides (Perich et al. 2003, Caputo et al. 

2012, Eiras et al. 2014, Ritchie et al. 2014), and traps using sticky adhesives (Ordonez-

Gonzalez et al. 2001, Gama et al. 2007, Zhang and Lei 2008, Facchinelli et al. 2008, Chadee 

and Ritchie 2010). Sticky traps have proven to be a sensitive surveillance tool for detecting 

the presence of Ae. aegypti, when compared with the sampling of immature stages in 

containers (Gama et al. 2007, Steffler et al. 2011).   

   The development and evaluation of new tools to survey and control mosquitoes is 

hardly a fresh concept; however, it is imperative in the context of the public health 
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implications of Ae. albopictus and Ae. aegypti, two ubiquitous, peridomestic vector species. 

In recent years, philanthropical support has not only re-invigorated interest in new 

technologies directed at mosquito disease vectors, but more importantly has provided the 

financial support often lacking (Hemingway et al. 2006). The financial support of mosquito 

control agencies and programs in the US, as it is around the world, is highly variable, and 

inadequate resources is one of the root causes of ineffective and unsustainable efforts 

directed at Ae. aegypti (Eisen et al. 2009). The state of Florida participated in the US Aedes 

aegypti Eradication Program, as did Volusia County and VCMC. In large part, the 

abandonment of this program and the concept of eradication was due to a lack of financial 

support (Schliessmann 1964). Currently in Florida, 62 of 67 counties have a dedicated 

mosquito surveillance and control program, even if that program is represented by a single 

person or relies upon the services of a private contractor. Budgets for these programs are 

again, widely variable, ranging from $32,467.65 to $24,097,100 Fiscal Year 2016/2017 

dollars (Adriane Rogers, personal communication). The need for new and innovative 

surveillance and control tools that can be financially accessed by all entities tasked with the 

responsibility of controlling Ae. albopictus and Ae. aegypti is imperative. The AGO trap 

materials used in our research cost approximately $6.50 (Mackey et al. 2013); a comparable 

version is now produced by and available for purchase in the US at $74.98 for two traps 

(SpringStar, Seattle, WA Item No. TK74010).      

The AGO traps deployed in this research project were monitored on a weekly basis. 

Research performed in Puerto Rico has shown that the trap, with the inclusion of a 30 g hay 

packet, attracts and captures gravid Ae. aegypti for up to eight weeks (Barrera et al. 2014). At 
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the end of this time frame, the trap’s sticky board and hay packet are removed and replaced, 

and fresh infusion added. Long term deployment of AGO traps and the ability of the trap to 

eliminate gravid females and function as an egg sink in Puerto Rico, coupled with our 

research in central Florida, highlights the trap’s effectiveness and potential long term utility 

that would include diminished operational expenses of trap deployment when used in the US 

versus populations of Ae. albopictus, Ae. aegypti and Cx. quinquefasciatus.  

Autocidal gravid ovipositional traps are compatible with other widely accepted 

control methods including source reduction and larviciding, ovitraps, ULV space sprays, 

application of residual barrier insecticides, materials – bed nets, curtains - impregnated with 

insecticide, and the release of genetically modified or Wolbachia-infected males (Barrera et 

al. 2014). Eisen et al. (2009) wrote: “We advocate for increased use of proactive vector 

control approaches. These approaches ideally should have the following characteristics, 

which will favor support from public health and political leadership as well as individual 

home-owners: 1) potential for implementation not only by vector control programs but also 

by individual home-owners; 2) low cost of implementation; and 3) minimal effort for long-

term maintenance. This combination of characteristics sets the stage for sustainable, large-

scale implementation of proactive vector control measures through simultaneously operating 

top-down and bottom-up mechanisms.”  

The AGO trap as used by Barrera et al. (2014) in Puerto Rico, with three traps per 

residence, demonstrated the effectiveness of this trap in mitigaitng the public health impacts 

of dengue transmission by Ae. aegypti. The current commercial US price of the AGO trap is 

approximately 5.8 fold higher than the cost of the component materials provided by Mackey 
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et al. (2013).  However, this cost estimate did not include the expense of associated personnel 

charged with procuring materials, rendering those materials to conform to the components of 

the trap’s design and ultimately constructing the AGO trap. As utilized in Volusia County, 

the AGO trap has the potential to meet all three criteria advocated by Eisen et al. (2009) as 

part of an integrated mosquito management program. 
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Table 1.  Effects1 of oviposition medium and mosquito species on the mean number of female 

mosquitoes collected in AGO traps in 2014. 

Effect 

df (numerator, 

denominator) 

F Value P > F 

Species  2, 15.16 8.30 0.0037 

Oviposition medium 2, 15.16 10.61 0.0013 

Species*Oviposition 

Oviposition medium* species 

4, 15.16 3.90 0.0227 

 
1Type III tests of fixed effects using Poisson regression on log transformed mean values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Comparison1 of hay infusion, oak leaf infusion and water for the number of gravid 

female mosquitoes captured in AGO traps distributed in suburban landscapes of Volusia 

County, Florida from April to September 2014. 
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 n 

Mean no. 

females/trap/ 

week  (±SE) 

df (numerator, 

 denominator) 
F value P > F 

Aedes albopictus   2, 5.351 11.62 0.0113 

Water 8 0.388 (0.070)    

Hay infusion 8 1.025 (0.119)    

Oak leaf infusion 8 1.488 (0.134)    

Aedes aegypti   2, 4.069 10.21 0.0259 

Water 8 0.488 (0.069)    

Hay infusion 8 1.532 (0.135)    

Oak leaf infusion 8 0.550 (0.071)    

Culex 

quinquefasciatus 
  2, 16.38 4.36 0.0304 

Water 8 0.213 (0.058)    

Hay infusion 8 0.608 (0.154)    

Oak leaf infusion 8 0.150 (0.062)    

1Differences between oviposition media for the mean number of females of each mosquito 

species captured in AGO traps per sampling date were tested separately for significance by 

Poisson regression. 
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Table 3.  Pairwise comparison of oviposition media for the number of females captured in AGO traps. 

 Aedes albopictus  Aedes aegypti  Culex quinquefasciatus 

Pairwise 

comparison 

df Student’s t P > t  df Student’s t P > t  df Student’s t P > t 

Hay infusion vs. 

Water 

5.35 3.33 0.0187  4.074 3.70 0.0202  16.38 2.03 0.0591 

Oak leaf infusion 

vs. Water 

5.35 4.80 0.0041  4.067 0.33 0.7533  20.89 0.46 0.6490 

Hay infusion vs. 

Oak leaf infusion 

5.35 -1.84 0.1215  4.065 3.46 0.0252  17.33 2.34 0.0314 
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Table 4.  Effects1 of oviposition medium and mosquito species on the mean number of 

female mosquitoes collected in AGO traps in 2014. 

Effect 
df (numerator,  

denominator) 
F P > F 

Species 2, 35.66 51.81 < 0.0001 

Oviposition medium 2, 43.26 22.04 < 0.0001 

Species*Oviposition medium 4, 33.56 2.52 0.0595 

Type III tests of fixed effects using a negative binomial regression. 

  



 

102 

 

Table 5.  Difference between least squares means at natural log scale for the response of 

mosquito species to oviposition media. 

Species comparison Estimate¥ 

Standard 

Error 

df t value P > |t| 

Ae. aegypti vs.  

Ae. albopictus 

-0.1651 0.1382 20.96 -1.190 0.2457 

Ae. aegypti vs.  

Cx. quinquefasciatus 

1.6598 0.1861 63 8.92 <0.0001 

Ae. albopictus vs.  

Cx. quinquefasciatus 

1.8249 0.1851 63 9.86 <0.0001 

Difference between natural log-transformed least squares means for the paired species. 
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Table 6. Response of gravid mosquitoes to AGO traps containing a 100% or 50% 

concentration oak leaf infusion or water. 

Treatment n 

Mean no. 

females/ trap/ 

week (±SE) 

df (numerator, 

denominator)  
F value€ P > F 

Aedes albopictus   2, 16.06 36.84 <0.0001 

Oak leaf infusion - 

100% 
8 2.73 (0.45)    

Oak leaf infusion - 

50% 
8 1.97 (0.34)    

Water 8 0.74 (0.15)    

Aedes aegypti   2, 11.69 25.87 <0.0001 

Oak leaf infusion - 

100% 
8 1.28 (0.29)    

Oak leaf infusion - 

50% 
8 2.36 (0.50)    

Water 8 0.73 (0.17)    

Culex 

quinquefasciatus 
  2, 17.17 4.55 0.0260 

Oak leaf infusion - 

100% 
8 0.26 (0.089)    

Oak leaf infusion - 

50% 
8 0.42 (0.129)    

Water 8 0.11 (0.047)    

€Type III test of fixed effects using a negative binomial regression 
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Table 7.  Pairwise comparisons of the mean€ number of gravid females of each species 

captured in AGO traps containing different concentrations of oak leaf infusion (OLI) and 

water. 

Treatment t df P > t 

Aedes albopictus 
   

100% Oak leaf infusion vs. Water 
8.62 21 <0.0001 

50% Oak leaf infusion vs. Water 
6.22 21 <0.0001 

100% Oak leaf infusion vs. 50% Oak leaf 

infusion 

2.88 9.43 0.0175 

Aedes aegypti 
   

100% Oak leaf infusion vs. Water 
3.14 18.57 0.0055 

50% Oak leaf infusion vs. Water 
6.98 14.33 <0.0001 

100% Oak leaf infusion vs. 50% Oak leaf 

infusion 

-4.15 8.36 0.0029 

Culex quinquefasciatus 
   

100% Oak leaf infusion vs. Water 
1.89 21 0.0703 

50% Oak leaf infusion vs. Water 
3.01 21 0.0066 

100% Oak leaf infusion vs. 50% Oak leaf 

infusion 

-1.27 11.54 0.2299 

€Differences between Least Squares Means were tested for significance by Student’s t test. 
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Fig. 1. Description of the Centers for Disease Control’s Autocidal Gravid 

Ovitrap(AGO).After Barrera et al. (2014): (A) Black polypropylene 

netting to exclude the entry ofdebris,(B) polyethylene cylinder that 

serves as the trap entrance and capture chamber, (C) stickysurface 

made of a black styrene cylinder coated with a nonsetting adhesive, 

(D) screen barrier to prevent adult mosquitoes from reaching the 

infusion reservoir, (E) black pail lid, (F) black polyethylene pail, 

(G) drainage holes, (H) water, and (I) hay packet. 
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Fig. 2. The Autocidal Gravid Ovitrap (AGO) with rain shield as deployed in 

Volusia County in 2014. 

 

 


