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Figure 1. Steep side slopes on agricultural canals (A) and physical barriers, such as barbed wire (B), 
limit access for staff to manually place emergence traps. District field technicians and biologists 
wade into wetlands and canals to place traps (C).

Drone vs. Gator: Development of a New Drone Deployable Emergence Trap

by Peter Brake, Andrew Weiss, Rachel B. Bales, Rebecca Heinig and Keira J. Lucas

The unique collection of flora and 
fauna, as well as the wetland ecosystems 
within the state of Florida provide a 
distinct challenge for mosquito control 
professionals. Freshwater sloughs, 
cypress forests, mangrove swamps, salt 
marshes, and man-made agricultural 
systems not only provide immense 
mosquito habitat, but also serve as 
home for native species of wildlife, 
including the American alligator, 
American crocodile, water moccasins, 
Florida panther, Florida black bear and 
wild hogs. Mosquito control personnel 
working in these environments must 
navigate how to perform effective 
surveillance and treatments, while 
respecting the boundaries and 
safeguarding from incidental run-ins 
with these creatures in their natural 

habitat. Further, access into these areas 
on foot to conduct surveillance and 
provide a full picture of the status of 
mosquito production can be difficult 
due to physical and environmental 
barriers.

One of the more challenging mosquito 
genera for surveillance is Mansonia, 
a genus that is produced in copious 
numbers through their association 
with invasive aquatic plants in the 
freshwater sloughs, cypress forests, and 
man-made waterways of Southwest 
Florida. In 2019, the Collier Mosquito 
Control District (the District), located 
in Collier County Florida, began an 
aquatic plant and Mansonia habitat 
monitoring program. To obtain oxygen 
and avoid predators, Mansonia dyari 

and Mansonia titillans larvae attach to 
the roots of the floating aquatic plants, 
water lettuce (Pistia stratiotes) and 
water hyacinth (Eichhornia crassipes), 
respectively (Slaff and Haefner, 1985). 
While not significant disease vectors to 
humans, these species are fierce biters 
and most active during sunset – a time 
that coincides with outdoor activities 
by District residents – making them 
two of our primary nuisance species 
targeted for aerial adulticiding. 
Unfortunately, their close association 
with aquatic plants renders traditional 
surveillance methods, such as larval 
dipping, unreliable and difficult. 

One solution has been passive 
emergence traps: pyramidal nets 
placed directly on top of the floating 
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Figure 2. Field technicians and biologists often come across alligators 
during larval surveillance or trap placement activities (A), and surveil-
lance equipment and traps are regularly victim to alligator attacks (B-C).

Figure 3. Reconnaissance missions using the Districts DJI Mavic Pro 
Platinum UAV can be used for aerial scouting to identify potential 
hazards during trap placement.

aquatic plants that capture new adult 
mosquitoes as they emerge from 
the pupal stage. The typical passive 
emergence trap used in Mansonia 
monitoring often results in small 
capture rates due to predation, 
length of time spent in the emergence 
chamber, and loss of emerged 
mosquitoes during transfer. In 2020, 
the District developed an active 
emergence trap design for monitoring 
Mansonia larval habitat and adult 
production (Bales et al. 2022). The 
active emergence trap uses a CDC 
miniature light trap (John W. Hock 
Company, Gainesville, Florida, USA) 
within the pyramidal structure to 
attract and safeguard emerging adults. 
This method has greatly enhanced our 
emergence trap efficiency.

While our emergence trap 
significantly increases our catch rates, 
access to floating aquatic vegetation 
remains difficult. Steep side slopes 
on agricultural canals and drainage 
ditches hinder access to manually 
placed traps (Figure 1A). Further, 
barbed wire or electric fencing is often 
used to hold free-range cattle within 
the confines of preserves, sloughs, 
and agricultural pastures where 
water lettuce and water hyacinth 
are plentiful (Figure 1B). And even 

where access to floating aquatic 
plants is achievable, District field 
technicians and biologists must wade 
into wetlands and canals (Figure 1C) 
harboring alligators, water moccasins 
and other potentially dangerous 
wildlife.

It is not uncommon for field 
technicians and biologists to 
stumble upon alligators during 
larval surveillance or trap placement 
activities (Figure 2A), or to have their 
surveillance equipment and traps fall 
victim to a curious alligator (Figure 2 

B-C). Initially, reconnaissance missions 
using the District’s DJI Mavic Pro 
Platinum unmanned aerial vehicle 
(UAV) (SZ DJI Technology Co., Ltd., 
Nanshan, Shenzhen, China) were used 
for aerial scouting to identify potential 
wildlife hazards before trap placements 
(Figure 3). While reconnaissance 
missions can assist with identifying 
large reptiles, they do not solve the 
hurdle of accessibility. And as the 
District continued to expand our 
Mansonia monitoring program and 
staff spent more time scaling barbed 
wire fencing and wading into the 
murky wetlands of Southwest Florida, 
necessity and alligators became the 
mothers of invention – the result being 
the drone deployable emergence trap.

To adapt the active emergence 
trap design for drone deployment, 
modifications were made to reduce 
weight and bulkiness of the trap (Figure 
4A). Our major considerations when 
redesigning the active emergence 
trap for drone deployment were 
configuring a lightweight and compact 
6V battery system that could run for 
the entire trap deployment of four 
days, adding a lift mechanism system 
to attach the trap to the drone, and an 
emergency release system. Traps were 
built in-house using PVC pipe, mesh 
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Figure 4. The District's active emergence trap design has been modi-
fied for drone deployment (A) and is carried using a DJI Matrice 600 
Pro UAV (B). This method of trap delivery allows for greater precision 
within the aquatic weeds and safeguards District staff from wading in 
dangerous aquatic habitats (C).

Figure 5. First generation drone- 
deployable trap was a modified 
passive emergence trap.

screen, foam pool floats, and a CDC 
light trap as previously described by 
Bales et al. (2022). The CDC light trap 
portion of the active emergence trap 
was powered by two 12V rechargeable 
lithium-ion battery packs (TalentCell 
Technology, Longgang District, 
Shenzhen, China) and a voltage 
regulator (DROK, Baiyun District, 
Guangzhou Guangdong, China) to set 
the output to the 6V necessary for CDC 
light traps and maintain power for up 
to five days. A 1/8” galvanized aircraft 
cable (Cumberland Sales Company, 
Nashville, TN, USA) was bolted to 
the PVC frame of the emergence 
trap and served as the main lift point 
of the trap assembly. A DJI Matrice 
600 Pro UAV (SZ DJI Technology 
Co., Ltd., Nanshan, Shenzhen, China) 
was used to lift the 9 lb trap (Figure 
4B). The main lift mechanism and 
delivery system attached to the drone 
consisted of 550 lb braided fishing 
line supporting a three-claw stainless 
steel climbing hook. In the event 
that the trap becomes caught in a 
tree, fence or other obstruction, the 
lift mechanism and delivery system 
are attached to an emergency servo 
release mechanism. This mechanism 

allows the UAV operator to release 
the trap and protect the Matrice 600P 
from collateral damage.

Surveillance for Mansonia mosquito 
larval production sites in Collier is 
exclusively performed using our active 
emergence traps deployed manually 
or with drones. As the larvae of 
multiple mosquito species have been 
shown to be attached to aquatic light 
traps (Service et al. 1983, Beehler & 
Webb 1992, Hribar & Hribar 2006), 
the above water light emitted by 
the CDC light trap possibly creates 
a sampling bias by attracting more 
larvae under the floating emergence 
trap.  For this reason, care should 
be taken when using data from this 
type of trap to estimate larval density 
per unit of surface area. If a density 
estimate is desired, modifications to 
passive emergence traps can also be 
made for drone deployment. Our 
first generation of drone-deployable 
emergence traps were passive 
emergence traps (Figure 5) and serve 
as a feasible method of Mansonia spp. 
monitoring if the use of an above water 
incandescent light is undesirable. 
Further, drone deployment may prove 

useful in the development of modified 
pyramidal emergence trap design to 
surround cattails (Typha spp.) for the 
collection of Coquillettidia perturbans 
in inaccessible areas.
  
The drone deployable emergence 
trap has greatly enhanced our large-
scale aquatic plant and Mansonia spp. 
monitoring program, by increasing 
our ability to more accurately survey 
for Mansonia spp. production sites. 
Physical and environmental barriers 
no longer inhibit field technicians 
and biologists from placing traps 
in hard-to-reach locations. Further, 
drone deployment of emergence 
traps allows for increased precision 
and placement of the trap in central 
locations of the wetlands as opposed 
to the outer perimeter of aquatic 
plant growth (Figure 4C). And perhaps 
most importantly, drone deployment 
promotes employee safety by 
eliminating the need for District staff 
to wade into freshwater habitat where 
alligators are plentiful.  

The mosquito control industry has 
seen numerous advances in UAV 
technology and use in recent years. 
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Drones have been used to conduct 
mosquito habitat mapping (Hardy et 
al. 2017, Carrasco-Escobar et al. 2019, 
Hass-Stapleton et al. 2019, Johnson 
et al. 2020, Lucas et al. 2021, Hardy et 
al. 2022) and application of control 
materials (Xiao et al. 2019, Lucas et 
al. 2020, Williams et al. 2020). As UAV 
technology continues to advance, 
innovative methods to increase 
mosquito control efficiency during 
mosquito surveillance activities and 
delivery of control materials will 
continue to emerge.  
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Thinking Outside the Box 
by Jared Whitehurst

or origin came and passed. It made 
no sense. The hatch-offs didn’t match 
any rain or tidal schedules. The techs 
began to tire of searching and were be-
coming frustrated when one of them 
came up with an idea. “What if the re-
claimed water percolation ponds were 
the issue?” A unique spot typically only 
a larval habitat for Culex mosquitoes, 
the percolation ponds were located 
500 feet northwest of the school. 

Upon arrival, the techs noticed that 
the ponds held water despite a lack 
of recent rain. After taking several 
dips they were disappointed to find 
only exoskeletons; no way to tell the 
species. Whatever emerged from 
this location was already gone. Sure, 
there were plenty of adult Ae. sol-
licitans and everywhere nearby had 
them covering their walls. The same 
lead tech decided to test an idea of 
his. “A salinity test,” he said. “That 
should give us the information we’re 
looking for.” It was a stretch but one 
worth trying when you’re grasp-
ing for anything. “It’s saline,” he said 
looking backward over his shoulder 
while holding the test in his hands. 

Freshwater salinity is normally around 
0.5 ppt while water from the gulf is 
typically 30-35 ppt. The pond water 
tested at 7 ppt, putting it f irmly 
in brackish water territory. This 
site was certainly a possible breed-
ing site at this point. But how? 

Over the next several months we 
confirmed that this overflow pond 
was the culprit. The site has overflow 
ponds for the Spring Hill Wastewa-
ter Treatment Plant located three 
miles north. When different sites in 
Hernando County no longer need re-
claimed water from the plant for their 

golf courses it is sent to the overflow 
percolation ponds. This explained the 
weird hatch-off schedule that didn’t 
match rain or tidal activity, but what 
was the origin of the high salinity? 

The answer was Hernando Beach. 
The wastewater plant receives a 
large amount of waste from the Her-
nando Beach area f ive miles away 
to the northwest. It was discovered 
that most of the pipe in the beach 
area was being replaced or repaired 
due to water infiltration. The old clay 
pipes would loosen at the seams and 
allow brackish and saltwater to enter 
due to the pressure. This water was 
then sent to the local wastewater 
treatment facility to be treated. This 
process does not remove the salt 
from the reclaimed water. After treat-
ment, the water is disbursed to 
several areas in small amounts with 
the leftover being sent to the overflow 
percolation ponds near the school. 

Since discovering this  we have 
created a treatment schedule work-
ing in conjunction with the plant 
operators to prevent future out-
break s .  S ince  this  process  has 
started, we have had no hatch-
offs of Ae. sollicitans from this site. 

It was a quintessential March day at 
Hernando County Mosquito Control, 
located on the west coast of central 
Florida. A month rarely dedicated 
to service requests other than the 
random swimming pool violation 
or container mosquitoes. Today was 
dif ferent. Today there was a com-
plaint from the Catholic school on 
US Highway 19. The school is located 
in a unique area between commer-
cial buildings to the east and woods 
to the west. To the north is a county 
overflow percolation pond and to 
the south is an apartment complex. 

Typical service requests in the area 
have resulted in treatments for 
Culex spp. or container Aedes. This 
time would prove to be dif ferent. 
Immediately upon arrival, the tech-
nicians noticed the ground worker 
at the school running across the 
parking area to meet them with a 
swarm of mosquitoes following. 
“They’re horrible,” he exclaimed 
while waving away the adult biters. 

The techs began taking in all the infor-
mation they could. “They just started 
today, and they have not let up yet,” he 
told them as they tried to get a view 
of the aggressors. And there it was, 
suddenly coming into view for the 
technicians: Aedes sollicitans, the east-
ern salt marsh mosquito. Hernando 
County has always had this species, but 
never in such large numbers and never 
this far from the coast. The nearest 
salt marsh was a mile away and no-
body near the marsh had complained. 

The techs had a big job ahead of them, 
one that unfortunately wouldn’t be 
solved at the time. “Where are they 
hatching from?” Several more visits 
and failed attempts to find the site 
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Creation and Development of an Aerial Spray Program at 
Anastasia Mosquito Control District, St. Augustine, Florida

by Rui-De Xue, Richard Weaver and Dana Smith

Figure 2. AMCD Program Review Committee (9 program 
Directors) in June 2006 (from right): Edsel Fussell (Florida 
Keys MCD), Gungye Hu (Hernando County MC), Frank Van 
Essen (Collier MCD), Ken Linthicum (USDA/CMAVE), James 
Clauson (DACS), John Smith ( FAMU/PHEREC), Richard Smith 
(Jacksonville MCD), Richard Lobinske (Leon County MCD), Rui-
De Xue (Anastasia MCD). 

Figure 3. E. John Beidler (left) and 
Dave Dame (right) for independent 
program review in 2009.

Figure 1. AMCD’s intended purchase 
of the Yamaha RMax drone in 2005.

Anastasia Mosquito Control District 
(AMCD) of St. Johns County, St. 
Augustine, Florida was formed on 
Anastasia Island in 1948 with the 
service covering 18 square miles. In the 
early 1960’s, the district expanded to 
cover Ponte Vedra. In 1988, the district 
expanded once again, into the northern 
part of the county. And in 
2002 the District expanded 
to cover the entire county’s 
609 square miles (Xue 2009). 
In 2016, the district moved 
to a new central location 
consolidating 4 substations. 
Because of the county-wide 
coverage and corresponding 
increase in service requests 
(Holt et al. 2011, Weaver et al. 
2013, Weaver and Xue 2015), 
the district explored the 
creation and development 
of our own aerial capability 
beginning in 2003. 

Former Director Robert 
Betts located a new Bell 206 
helicopter and a skilled pilot 
in 2003/2004, but his proposal 
and recommendation 
was not approved by the 
Board. In 2005, the new Director, Dr. 
Rui-De Xue, continued to explore 
an aerial capability for operational 
efficiency through collaboration 
with Dr. James Brown, independant 

consultant.  Brown and Xue proposed 
purchasing a drone, a Yamaha RMax, 
with a 48 pound payload (Figure 1) 
to the Board after field testing and 
evaluation with the Navy Entomology 
Center of Excellence at Jacksonville’s 
Cecil Airport. The Board sent the 
Director, two Station Supervisors, and 

the Director of Finance to Tucson, 
Arizona to observe the drone spraying 
larvicides into a water treatment pond. 
The group recommended purchasing 
the drone, and the Board approved 
their recommendation. 

In June, 2006, the District invited nine 
mosquito control directors/managers 
(Figure 2) from Florida to review the 
AMCD. The committee was not in 
favor of using a drone to start an 
aerial program, and recommended 
purchasing a conventional helicopter. 
AMCD appointed an aerial program 

committee which included a 
Commissioner, Director, two staff 
members, and the St. Johns County 
Sheriff Department’s Chief Pilot. The 
committee proposed the purchase of 
a $1.8 million Bell 206 L4 after a survey, 
analysis study, and investigation. The 
Board approved the proposal and 

signed a purchase contract, 
but in 2007 a newly elected 
Board cancelled the contract 
because the purchase was 
made without competitive 
bids. 

The new Board appointed an 
aerial program committee 
consisting of retired Col. 
Ron Radford from a citizens 
group as the committee 
Chair, Richard Smith, 
Superintendent and Pilot 
from Jacksonville MCD, 
William Reynolds from 
ADAPCO, and Dr. Xue. The 
committee recommended 
purchasing a used Bell 206 
helicopter but continue to 
have an aerial contract for 
emergency service. In 2009, 
the Board invited Mr. E. John 

Beidler and Dr. Dave Dame (Figure 3) 
to conduct an independent program 
review. An aerial capability and district 
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Figure 4. AMCD’s aerial group (from 
right): A & P Mechanic Ralph Bruner, 
Chief Pilot & Aviation Manager Dana 
Smith, and Pilot Michael Phillips.

Figure 5. AMCD’s three Bell 206 B3 
helicopters and hangar, 2021.

Figure 6. Dana Smith received the 
leadership award from the Governmental 
Technology, AT&T, November 2021.

centralization were recommended. 
The Board signed a contract with 
Southern Helicopter for larviciding and 
adulticiding hotpots, a contract that 
continued for several years. The Board 
subsequently contracted with Clarke 
Mosquito Control for large aerial and 
emergency aerial adulticiding. In 2016, 
the district merged the North Station 
and moved its Anastasia Island station 
to the new 18 acre complex located in 
central St. Johns County. 

In October 2016, Hurricane Matthew 
brought countywide flooding and 
large mosquito outbreaks (Weaver 
et al. 2020). The contractors for aerial 
adulticiding were not available and 
the ground operation was insufficient 
to mitigate the situation quickly. 
This sparked numerous complaints, 
resulting in a petition from residents 
for AMCD to create an independent 
aerial spray program.

In 2017, the district appointed yet 
another aerial program committee, 
including Board member Gary Howell, 
Director Xue, Business Manager 
Richard Weaver, and two pilots from 
outside (Brad Gunn and Paul Leone). 

The Committee created the pilot 
job description and recommended 
the purchase of a surplus helicopter 
from Lee County Mosquito Control 
District using the Hurricane Matthew 
reimbursement money from the 
Federal Emergency Management 
Agency and the money derived from 
sale of the North Station property. In 
2018, the district hired the first pilot, 
Mr. Paul Leone. However, Mr. Leone 
soon resigned to accept a position at 
another mosquito control program 
in August, 2019. Soon after Mr. Kevin 
Card then joined AMCD as a part-time 
pilot (1 day/wk) for four months, flying 
missions, and assisting the District with 
continued development of our aerial 
program. During the development 
phase of the program, the district 
conducted aerial larviciding of a few 
hundred acres. The District hired a 
full-time Airframe and Powerplant (A 
& P) Mechanic in September 2019, a 
part time pilot, Mr. Michael Phillips, in 
February 2020, and in April 2020 hired 
a full-time Chief Pilot and Aviation 
Manager, Mr. Dana Smith. 

The district now conducts aerial 
larviciding for several hundred 
acres and adulticides more than 
ten thousand acres in hot spots. In 
December 2020, the Board approved 
the purchase of two additional used 
Bell 206 helicopters ($180,000 each 
and spare parts) from military surplus 
using money originally budgeted for 
one commercially available Bell 206. 
In 2021, the District expanded aerial 
adulticiding to 59,408 acres. 

AMCD presently has two pilots, 
one A & P Mechanic (Figure 4), and 
three helicopters (Figure 5). Chief 
Pilot and Aviation Manager Mr. 
Smith received the Special Districts 
Southeast Leadership Award from 
the Governmental Technology AT&T 
Program in November, 2021 (Figure 6) 
for his contribution in saving millions 
of dollars for the District and building 
the aerial program into a modern and 
efficient program.

AMCD experienced many political 
debates, audits, program reviews, 
public complaints, and inspections 
over the 18 year creation and 
development of our aerial program. 
What lessons did we learn from over 
those 18 years? We believe it was the 
correct decision to have our own aerial 
program, which has increased service 
and operational efficiency, and that the 
district must continue to progress in 
that direction. Our staff has collected 
documentation and evidence for the 
Board and related organizations after 
a comprehensive study and fiscal 
analysis over several years. We have 
learned from and consulted with our 
peers in mosquito control programs. 
Our staff has educated elected officials 

and the public regarding the aerial 
program, presented the pros, cons 
and options, and above all learned 
patience. The district conducted 
public education and invited public 
involvement. We regularly conducted 
program reviews and evaluations by 
our staff or independent agencies. 
We believe it is important to hire the 
right persons to do the right jobs. The 
district feels strongly it must follow all 
rules, regulations, policies, and keep 
good records. 

      AMCD plans to continue to develop 
and expand its aerial capability for 
larviciding and adulticiding both 
hotspots and large areas, and will 
conduct further studies on the efficacy 
and efficiency of barrier aerial spraying 
for larviciding and adulticiding. 
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We will continue using a contract 
service for large-area emergency 
spraying. AMCD’s future plans include 
purchasing drones and hiring a drone 
pilot for surveillance and larval control 
of salt marsh mosquitoes in 2023. 
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Year ID 0 Week -1 Week -2 Weeks FDOH Confirmatory Results
2020 583 Negative Positive Negative Confirmed
2021 1009 Negative Positive Negative Undetermined
2021 1055 Negative Positive Negative Undetermined
2021 1014 Negative Positive Negative Confirmed
2021 1020 Negative Negative Negative Confirmed
2021 1035 Negative Positive Negative Confirmed
2021 1050 Negative Positive Negative Undetermined
2021 1025 Negative Negative Negative Undetermined
2021 1059 Negative Positive Negative Confirmed
2021 1046 Negative Negative Negative Undetermined
2021 1047 Negative Negative Negative Undetermined
2021 1015 Negative Negative Negative Undetermined
2021 1073 Negative Positive Negative Undetermined

Table 1. West Nile virus antibody-positive serum samples and their corresponding RT-
qPCR and Florida Department of Health confirmatory results for sentinel chickens 
from the Anastasia Mosquito Control District, 2020-21. 

In-House Confirmation of West Nile Positive Sentinel Chicken Serum

by Steven T. Peper

The use of sentinel chickens to screen 
for arboviral activity is a common 
practice in Florida and California, as 
well as other mosquito control districts 
throughout the country. This practice 
provides relevant knowledge needed to 
help guide vector abatement decisions 
throughout the season. Studies have 
shown the use of sentinel chickens can 
be one of the most sensitive indicators 
of virus activity in an area (Day and 
Lewis 1992, Reisen et al. 1994, Ramirez 
et al. 2018). 

Free or low-cost testing of sentinel 
chickens is often provided to 
mosquito control programs (MCPs) 
through outside laboratories, such 
as state departments of health. This 
low- to no-cost aspect is obviously 
beneficial to MCPs. Other benefits 
from using outside laboratories 
include the comparability of results 
and the quality assurance of samples 
processed through these larger 
centralized laboratories. One of the 

to have a much faster turnaround 
compared to outside laboratories. 
Labs often use a two-fold testing 
regimen which includes the initial 
“presumptive” result and then the 
use of confirmatory testing on any 
presumptive positive samples. Though 
presumptive samples may be provided 
within a few days (often within a week), 
confirmatory results often take much 
longer (weeks to a month or more). 
This drastic delay in mosquito control 
programs receiving confirmatory 
results negate the purpose of using 
sentinel samples in the first place as 
viral activity would have been actively 
circulating during the delay in receiving 
results and before treatment measures 
have been deployed. 

This study evaluated the timeliness 
and efficacy of confirming WNV 
antibody-positive sentinel chicken 
serum samples in-house using a real-
time reverse transcriptase polymerase 
chain reaction (RT-qPCR) assay. As part 

of an ongoing surveillance program 
at the Anastasia Mosquito Control 
District of St. Johns County, FL, sentinel 
chickens were determined WNV 
antibody-positive through testing by 
the FDOH and in-house testing with 
the commercial ELISA kit previously 
mentioned. These WNV antibody-
positive samples were then used to 
determine the efficacy of confirming 
these sentinel chickens as truly WNV-
positive. 

RNA from serum samples that were 
determined as WNV antibody-positive 
were extracted using the QIAamp 
Viral RNA Mini Kit (QIAGEN, Venlo, 
Netherlands). Serum from the week 
that each sentinel chicken tested 
antibody-positive, as well as serum 
from the previous two weeks, had 
RNA extracted. RNA extracts were 
then tested via RT-qPCR using TaqPath 
1-Step Multiplex Master Mix (Applied 
Biosystems, Foster City, CA) and 
WNV primers/probe (WNENV) from 

major downsides, however, is 
the delay in receiving results. 
When abatement decisions are 
predicated on the positivity or 
negativity of sentinel chicken 
samples, any delay in receiving 
results will then in turn delay 
these abatement efforts. 

A commercially available 
competitive enzyme-linked 
immunosorbent assay (cELISA) 
kit for the detection of West 
Nile virus (WNV), which was 
previously evaluated for its 
effectiveness as an in-house 
assay (Peper and Sterling, 
under review in the Journal of 
the Florida Mosquito Control 
Association), has shown 
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Lanciotti and colleagues (2000). In 
short, 8.75 µL of nuclease-free water, 5 
µL of TaqPath 1-Step Multiplex Master 
Mix, 0.5 µL of each primer (10 µM), 
and 0.25 µL of the probe (10 µM) per 
sample were mixed together and added 
to 5 µL of extracted RNA in a PCR 
plate. The plate was then put in the 
RT-qPCR machine with the following 
cycle conditions: lid temperature of 
105°C (1) 25°C for 2 minutes, (2) 53°C 
for 10 minutes, (3) 95°C for 2 minutes, 
(4) 95°C for 15 seconds, (5) 60°C for 1 
minute, (6) plate read, (7) repeat steps 
4-6 39 times. 

During 2020 and 2021, 13 sentinel 
chickens tested WNV antibody-
positive, of which, eight tested positive 
via the RT-qPCR assay (Table 1). 
All RT-qPCR-positive samples were 
from the week before the antibody-
positive sample appeared, which 
intuitively makes sense as an active 
infection proceeds the development 
of antibodies (Day and Lewis 1992). 
Five of the RT-qPCR-positive samples 
were also confirmed by the FDOH 
laboratory with the remaining eight 
samples undetermined (Table 1). One 
sample was confirmed by FDOH and 
yet tested negative via the qRT-PCR.

Viremia is often limited to 3-5 
days (Day and Lewis 1992) and 
seroconversion is frequently low in 
sentinel birds (Langevin et al. 2001, Day 
et al. 2015). Therefore, when drawing 
blood from sentinel chickens every 
seven days, there is a chance that the 
RT-qPCR assay may not detect an 
actual infection, resulting in a false-
negative. This might explain the five 
RT-qPCR-negative samples observed in 
this study. 

Despite the many benefits to using an 
ELISA assay with sentinel chickens (Day 
and Lewis 1992, Johnson et al. 2003), 
one drawback to the use of serological 
assays is the known potential of assays 
to cross-react with similar pathogens. 
The identification of an active infection 

or particulate RNA using RT-qPCR is 
solid evidence supporting the outcome 
of the serological assay and thus serves 
as a confirmatory test. Due to many 
benefits, RT-PCR is becoming the most 
popular method of virus detection, 
even potentially displacing virus 
isolation (VI) as the new gold standard 
(Ramirez et al. 2018). With VI and 
plaque reduction neutralization test 
(PRNT) often serving as the current 
form of confirmation, the ability for RT-
qPCR to serve as a reliable serological 
confirmation assay in sentinel chickens 
is beneficial due to the quicker assay 
turnaround time compared to both 
VI and PRNT. Extraction of RNA and 
the completion of a RT-qPCR is easily 
obtainable in the same day. This would 
directly benefit mosquito control 
programs as their confirmatory results 
would be received sooner allowing for 
a faster call to action regarding their 
abatement efforts. 
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Collaboration Combats Insecticide Resistance and Improves Vector Management

by Katie Williams, Tre Williams, Caio Martinelle França and Casey Parker-Crockett

Figure 1. Sampling Station

Figure 2. Casey Parker-Crockett 
setting up the Kestrel. 

Mosquito adulticides are a critical 
component of any mosquito control 
program in targeting vector and 
nuisance mosquito populations. 
Protecting public health has never been 
more important, and it is a mosquito 
control district’s responsibility to 
ensure communities receive efficient 
and effective protection. When it 
comes to insecticide resistance, 
the importance of this topic to the 
mosquito control industry has only 
increased over time. As the tools in 
our adulticide chemical toolbox have 
dwindled to a mere two chemical 
classes, there has been growing 
urgency to identify and respond to 
resistance in mosquito populations. 
One of the best ways mosquito control 
programs can combat insecticide 
resistance is through laboratory assays 
and field trials. However, the expertise, 
resources, and capacity to conduct 
these tests are not ubiquitous in our 
industry. Many programs do not have 
accurate data on how their products 
perform in a laboratory and field 
setting. 

In the mosquito control industry, 
most of us are all working towards the 

same goal: “Kill mosquitoes, protect 
public health!” But how can we do 
so effectively if we don’t collaborate? 
There is a need for collaboration 
between entities with the goals of: 
(1) collecting accurate efficacy data 
to improve vector management 
decisions, and (2) capacity building 
for programs with less experience 
conducting these assays. In June of 
2021, an opportunity for collaboration 
between industry, local mosquito 
control, government, and academic 
partners presented itself. The team 
assembled to conduct the first 
documented field trial in Oklahoma 
City. 

If you have attended a conference 
like AMCA, you’ve seen presentations 
on field trial set-ups. Typically, 
this includes a 3x3 grid with 100 ft 
separations between each sampling 
station. The sampling stations consist 
of a tripod, caged mosquitoes, 
impingers, and Teflon-coated slides 
(Figure 1). Our trial was designed 
similarly in an open field with two 
control sampling stations upwind of 
the spray path and a Kestrel Pocket 
Weather Tracker® (KestrelMeters.
com, Boothwyn, PA) to record 
temperature, wind direction wind 
speed, and relative humidity (Figure 2). 

Local populations of Culex 
quinquefasciatus/pipiens complex, 
Culex tarsalis, Aedes vexans, 
Psorophora columbiae and Anopheles 
quadrimaculatus from Tulsa and 
Oklahoma City were used. Our 
goal was to test a product (Figure 3) 
from each of two chemical classes: a 
pyrethroid and an organophosphate. 
We wanted to know (1) which class of 
adulticide would be most efficacious 
against these local populations, (2) 
was there any resistance among 

those populations  and (3) what 
management decisions should be 
made in these counties to ensure the 
most effective mosquito control.

Our trial had all the basic components 
you would expect. What made the 
trial unique was diverse stakeholder 
participation. On-site collaborators 
included individuals from ADAPCO 
(Casey Parker-Crockett and Justin 
Pfeiffer), Oklahoma City-County 
Health Department (Tre Williams), 
Tulsa Health Department (Mandy 
Dixon), and from Southern Nazarene 
University (Dr. Caio Martinelle Franca, 
Hayden Jacobs, and several under-
graduate students). Al Estep from 
the USDA CMAVE in Gainesville, FL is 
running metabolic assays and genetic 
testing to expand the results. Each 
collaborator brought a unique back-
ground and skill set to the team with 
one goal in mind, to draw meaning-
ful conclusions that lead to effective 
management decisions for operational 
mosquito control.

We interviewed several collaborators 
regarding why they wanted to con-
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Figure 3. Spray night, waiting for 
a temperature inversion.
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“We gained the knowledge from 
the field trial for resistance testing. 
We feel that we learned more 
about the availability of our 
community partners such as SNU 
and ADAPCO. The collaboration 
was great for capacity building as 
well.”

For Dr. França, working together on 
this trial met a major objective of 
his lab and exposed students to new 
types of field work. 

“To our knowledge, the 
coordination, collaboration, and 
follow up analysis conducted 
in this insecticide field trial was 
the first ever done in Oklahoma 
and the data generated served 
to fulfill one of our goals: to work 
closely with public health agencies 
to provide data to inform public 
health/vector control decisions.”

According to Christine Abraham, a 
student of Dr. França’s, 

“Participating in the trials 
allowed me to gain a wonderful 
experience as well as knowledge. 
It was intriguing to figure out 

which insecticide was better at 
killing our mosquitoes and how 
the insecticides affect each species 
of mosquitoes. Participating in 
the trials also allowed me to 
apply the knowledge I gained 
from my research experience 
such as knowing what species 
of mosquitoes might carry what 
disease.”

Finally, Brianna Temby from Southern 
Nazarene University spoke on her role 
and biggest takeaways. 

“My role in the field trial was to be 
sure that the mesh cages were set 
at the correct location during the 
trials, count the mortality rates 
12 hrs and 24 hrs following the 
field trial, identify the mosquitoes 
following the trial, and label and 
place them according to their 
trial location for further genetic 
analysis.”

“My biggest takeaways from my 
experiences in the field trial included 
learning about the importance of 
the trial in public health and vector 
control management. I learned 
a lot about how and why the 
different mechanisms were used 
to gather more information and 
details to expand our knowledge 
and findings. I learned that I really 
enjoy research, being in a lab 
and the importance of details in 
research.”

Everyone gained valuable experience 
and knowledge. Additionally, the 
collaborative relationships developed 
will expand beyond this individual 
trial. This is just the beginning! As a 
result of this collaboration and the 
data gathered, the Oklahoma City-
County Health Department is working 
on updating its Vector Management 
Plan to reflect the results of the field 
trial against their local mosquito 
populations. Dr. França is pursuing 
funding opportunities that could 
expand the capacity building potential 
of similar trials by collaborating with 

ADAPCO. He is also working with 
Casey Parker-Crockett and Al Estep 
to further analyze the metabolic and 
genotype data and marry this with the 
field trial data to further characterize 
the tested mosquitoes. 

Collaborations and the teamwork 
that took place with the various 
stakeholders are an example of how 
everyone with the same goal can 
work together in preserving public 
health. Industry, academia, local 
mosquito control districts, and other 
government entities can ensure that 
this goal is met. An effective integrated 
pest management program works 
best when it uses comprehensive 
information gathered from field trials 
like the one conducted in Oklahoma.

tribute to the field trials and what they 
came away with after the data were 
gathered. Tre Williams believes his 
team walked away with a greater 
understanding about their local 
mosquito populations.
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Overwintering Mosquitoes:
 It’s Always Summer in Philadelphia

by Mark Baker

Overwintering mosquitoes 
provide a unique opportunity 
to learn about mosquito 

habitats and populations in a select 
area. During the winter months, female 
Culex mosquitoes become dormant, 
entering a hibernation-like state called 
diapause. Overwintering mosquitoes 
need dark, damp areas with stable 
temperatures, such as basements, 
barns, caves or as we’ve found in 
Philadelphia, historical bunkers. Fort 
Mifflin is a National Historic Landmark 
located in southeast Philadelphia along 
the banks of the Delaware River. Not 
only is the fort a site for one of the few 
intact Revolutionary War battlefields, 
but we’ve learned this is an ideal 
habitat for overwintering adult female 
Culex mosquitoes. 

Over the course of the previous two 
decades more than eight thousand 
overwintering female mosquitoes 
have been collected at Fort Mifflin 
by battery-operated aspirators. Last 
winter (2021), we conducted two 

separate excursions: the first for 
surveillance and the second for control 
(Figure 1). With our flashlights and 
aspirators in hand, the deeper we 
traveled into the tunnels away from 
the outdoor elements, exploring the 
nooks and crannies of the bunkers, 
the more overwintering mosquitoes 
we found (Figure 2). While outdoor 
temperatures hovered around 

freezing, the conditions inside the 
bunkers averaged a balmy 52°F and 
77% humidity. Another interesting 
observation was almost all mosquitoes 
were found chest to ceiling high; none 
were located at or near ground level. 
Since cold air is dense and sinks, and 
warmer air is buoyant and rises, we 
assume overwintering mosquitoes are 
meteorologists as well! 

Our control mission aimed to 
eliminate as much of the overwintering 
population as possible, thereby 
suppressing the critically important 
spring generation of ovipositing 
females. We started at the rear of each 
bunker and fogged using Zenivex E4 

(ai. Etofenprox) all the way to the front 
using a Curtis Dyna Golden Eagle, 
Model - 2610 Electric Start XL thermal 
fogger (Figure 3). We returned a week 
later for post-treatment surveillance. 
Except for a few brawny mosquitoes 
here and there, much to our delight the 
mortality was fantastic. Fast forward a 
year into February 2022, we replicated 
our efforts again. This time our unit 
invited staff from the Monmouth 
County Mosquito Commission to tag 
along. (Figure 4). It was a fun learning 
experience and another tool added to 
the mosquito control toolbox for our 
friends across the river. Hopefully their 
time in Philly can translate into finding 
the next overwintering honey hole in 
New Jersey!

We recently discovered Philadelphia 
is home to The Cave of Kelpius (aka 
Hermit’s Cave). This unique structure 
was built into the side of a steep hill, 
with a stone frame entrance marking 
what’s believed to be the 17th century 

Figure 2. Overwinting mosquitoes on 
the ceiling of Fort Mifflin.

Figure 1. Mark Baker aspirating 
mosquitoes at Fort Mifflin.

Figure 3. Thermal fogging bunkers
 of Fort Mifflin.
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home of America’s first doomsday 
cult that awaited the end of the world 
(Figures 5AB). The cave is nestled deep 
in the woods of Fairmount Park and 
is another great location to find adult 
mosquitoes during the winter months.

Lastly, we had the opportunity to 
investigate Eastern State Penitentiary, 
centrally located in a heavily urbanized 
area of Philadelphia. We suspected the 
large populations of mosquitoes in 
the surrounding neighborhood during 
the summer months likely make their 
way into the ruins of the abandoned 
guard towers and empty cell blocks 
before the first frost hits. The 43°F- 
45°F temperatures inside the prison, 
however, were too cold to sustain 
a prolonged place of harborage for 
overwintering mosquitoes. Unlike Fort 

Mifflin, which is protected by concrete 
walls 4 - 5 feet thick, with a mound 
of soil surrounding them similar to 
a bunker, the prison walls were only 
18 inches thick, allowing too much 
winter air to penetrate. Even though 
we didn’t find any overwintering 
activity it still taught a valuable lesson 
on how optimal conditions need to be 
for mosquitoes to find refuge all year 
long. We plan on brainstorming new 
locations to investigate and find the 
next overwintering hot spot during 
the winter of 2023. Why? Because it’s 
always summer in Philadelphia.

Figure 4. Members of The Monmouth 
County Mosquito Commission aspirat-
ing mosquitoes. 

Figures 5. Cave of Kelpius: entrance (A), inside (B). 
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The Connecticut Center for Vector Biology & Zoonotic Diseases: 
A Long History of Research Partnership and Outreach in Public Health Entomology

by Goudarz Molaei and Theodore Andreadis

The Connecticut Agricultural 
Experiment Station (CAES) is a Land 
Grant Institution that was established 
in 1875 as the first agricultural 
experiment station in the United States. 
The mission of the Station is to develop, 
advance, and disseminate scientific 
knowledge, improve agricultural 

scientists have conducted many 
landmark investigations on the 
ecology and epidemiology of a myriad 
of mosquito-borne arboviruses native 
to the region that cause human 
disease including: Cache Valley, eastern 
equine encephalitis (EEEV), Jamestown 
Canyon, La Crosse, and West Nile 

was established in 2009 as a joint 
venture among the Departments of 
Entomology, Environmental Sciences, 
and Forestry. The Center formally 
brought together the research, 
surveillance, and diagnostic activities of 
the CAES scientific and technical staff 
on arthropods of public health concern 

Figure 1. Research technician Angela Bransfield working 
at the CVBZD Biosafety Level 3 containment laboratories 
in New Haven, CT.

Figure 2. Research technician (Noelle Khalil), seasonal 
research assistant (Julia Ellman), and student interns (Mor-
gan Fitch and Kristy Lok) from the New Haven University 
performing molecular assays and identifying tick species at 
the CVBZD Tick and Tick-borne Diseases laboratory located 
at the Jenkins-Waggoner Building in New Haven, CT.productivity and environmental 

quality, protect plants, and enhance 
human health and well-being through 
basic and applied research in four 
core areas: agriculture, food safety, 
the environment, and public health. 
The CAES is currently organized 
into five academic departments: 
Analytical Chemistry, Entomology, 
Environmental Sciences, Forestry, and 
Plant Pathology & Ecology.

CAES scientists have a long, rich 
tradition of research in public health 
entomology (see Anderson 2010) with 
the first publication on mosquitoes 
dating back over a century ago when 
malaria was still a serious disease 
in the state (Britton and Viereck 
1904). Over the past 118 years, CAES 

(WNV) as well as 
equally significant 
investigations on mosquito biology, 
behavior, and ecology, morphology 
and physiology, genetics, taxonomy 
and biological, chemical and physical 
control (Anderson 2010). The Station 
has also been a leader in the study of 
ticks and associated tick-borne diseases 
in the northeastern US with a major 
focus on tick ecology and control. 
These research activities have resulted 
in publication of hundreds of scientific 
papers in peer-reviewed journals and 
contributed to a better understanding 
of the role of arthropods in pathogen 
transmission. 

The CAES Center for Vector Biology 
& Zoonotic Diseases (CVBZD) 

and the infectious disease organisms 
they transmit in Connecticut and the 
Northeastern US. The mission of the 
Center is to advance the knowledge 
of epidemiology and ecology of 
vector-borne disease organisms 
and to develop novel methods and 
more effective strategies for their 
surveillance and control.

The CVBZD is currently engaged in 
laboratory and field research on the 
biology and control of mosquitoes, 
ticks, and bedbugs and is investigat-
ing the epidemiology and ecology of 
mosquito-borne viruses that occur 
throughout the region including WNV, 
EEEV, and other arboviruses, as well as 
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tick-borne pathogens such as Borrelia 
spp., Anaplasma phagocytophilum, Ba-
besia microti, Ehrlichia spp., and Pow-
assan virus. The Center is additionally 
responsible for conducting the state-
wide mosquito and arbovirus surveil-
lance for EEEV and WNV as well as 
active and passive tick and tick-borne 
diseases surveillance.

In 2017, the CVBZD in partnership 
with Cornell, Columbia, and Rutgers 
Universities, and Wadsworth Center, 
New York State Department of 
Health, established the Northeast 
Regional Center for Excellence in 
Vector-Borne Diseases (NEVBD) 
network of researchers, public health 
experts, and vector-borne disease 
professionals to collaborate on applied 
research projects, professional training 
programs, and the sharing and creation 
of resources on mosquitoes, ticks, and 
the pathogens they carry in the region. 
The NEVBD received a competitive 
research grant from the Centers 
for Disease Control and Prevention 
for 2017-2021, and as a result of this 
research funding and partnership, has 
published over 100 articles in peer-reviewed 
journals and hundreds of other educational 
materials on vector-borne diseases. 

The CVBZD maintains several 
microbiology, pathology and molecular 
biology laboratories, a transmission 
and scanning electron microscope 
laboratory, a Biosafety Level 3 
containment facility (Figure 1), the Tick 
and Tick-borne Diseases Laboratory 
(Figure 2), and the Insect Information 

Office located at the main campus in 
New Haven, CT (Figure 3 and Figure 
4). Insectary facilities for maintaining 
insect and tick colonies are located at 
the New Haven campus and the CAES’ 
75-acre research farm in Hamden, CT. A 
field station for conducting additional 
studies is located at the Griswold 
Research Center in Griswold, CT.

Core funding for the CVBZD is 
provided by the State of Connecticut 
and federal Hatch funds administered 
by the United States Department of 
Agriculture (USDA). The Active Tick 
and Tick-borne Disease Surveillance 
Program is supported in part by 
the CDC. Research and surveillance 
activities are additionally supported 
by grants from the Centers for Disease 
Control and Prevention, the National 
Institutes of Health, USDA Agricultural 
Research Service, Northeastern 
Mosquito Control Association, and 
other mosquito control agencies 
through cooperative research 
agreements. Current staff includes 7 
PhD Lead Scientists, 2 PhD Emeritus 
Scientists, 3 PhD Postdoctoral 
Scientists, 1 MS Support Scientist, and 
7 Research Technicians.

Figure 3. The Johnson-Horsfall Building in New Haven, CT, where the CVBZD 
Biosafety Level 3 containment laboratories are located.

Figure 4. The Jenkins-Waggoner Building in New Haven, CT, where the 
Department of Entomology, Insect Information Office, and Tick and 
Tick-borne Diseases Laboratory are located.
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The CVBZD Scientific Staff:

Kirby C. Stafford, PhD. 
Dr. Stafford is a Chief Scientist and 
the State Entomologist investigating 
the ecology, distribution, and control 
of the blacklegged and lone star ticks 
with a major emphasis on natural, 
biological, and integrated tick control. 

Philip M. Armstrong, ScD. 
Dr. Philip Armstrong is a Research 
Scientist conducting studies on the 
eco-epidemiology and evolution of 
arboviruses in the eastern U.S. He 
also directs the CAES Mosquito and 
Arbovirus Surveillance Program.  

Goudarz Molaei, PhD. 
Dr. Molaei is a Research Scientist 
conducting studies on the role of 
mosquitoes and ticks in transmission 
of human and veterinary pathogens. 
He also directs the CAES Passive Tick 
and Tick-borne Disease Surveillance 
Program. 

Scott C. Williams, PhD. 
Dr. Williams is a Research Scientist 
investigating systemic treatment of 
wildlife to manage important tick 
species of medical and veterinary 
concern, in particular lone star and 
blacklegged ticks. 

Gale E. Ridge, PhD. 
Dr. Ridge is an Associate Research 
Scientist who manages the CAES Insect 
Inquiry Office. She is the curator of the 
CAES insect collection and the chair of 
the Connecticut Coalition Against Bed 
Bugs.  

Douglas E. Brackney, PhD. 
Dr. Brackney is an Associate Research 
Scientist investigating the cellular and 
molecular mechanisms mediating 
virus-vector interactions using next-
generation sequencing, and high-
throughput RNAi screens. 

Andrea Gloria-Soria, PhD. 
Dr. Gloria-Soria is an Assistant Research 
Scientist II who studies the genetic 

composition of mosquito vector 
populations and associated pathogens. 
Her work is focused on Aedes aegypti. 

John J. Shepard, MS. 
Mr. Shepard is an Assistant Research 
Scientist I and has expertise in the 
identification of larval and adult 
mosquitoes, phylogenetic relationships 
of mosquitoes, mosquito biology, 
and the ecology/epidemiology of 
arboviruses. 

The CVBZD Emeritus Scientists:

John F. Anderson, PhD. 
Dr. Anderson is an emeritus 
Distinguished Scientist and former 
CAES Director. He has worked on 
the ecology of ticks and mosquitoes, 
and has isolated and characterized 
microbial pathogens carried by ticks 
and mosquitoes and the animals and 
humans they parasitize. 

Theodore G. Andreadis, PhD. 
Dr. Andreadis is an emeritus Chief 
Scientist and former CAES Director. 
His research has focused on 
mosquito ecology, microbial control 
of mosquitoes, the epidemiology of 
mosquito-borne arboviruses, and the 
impact of global climate change on 
mosquito-borne diseases.

Postdoctoral Scientists 
at the CVBZD

Although the CAES is not an academic 
institution, several CVBZD members 
have academic affiliations with local 
universities including Yale University 
School of Public Health and the 
University of Connecticut. They 
co-advise graduate students and 
train student interns and physician 
residents in their vector-borne diseases 
laboratories. Since its establishment, 
CVBZD scientists have trained seven 
postdoctoral scientists, and currently 
have three trainees working on tick- 
and mosquito-related projects:

Megan A. Linske, PhD. 
Dr. Linske is investigating the roles 
hosts and habitat play in the density 
and distribution of native and invasive 
ticks. She has studied the impact 
wildlife diversity has on ticks and their 
associated pathogens. 

Rebecca Johnson, PhD. 
Dr. Johnson is investigating the impacts 
of multiple bloodmeals on virus 
transmission and extrinsic incubation 
period in mosquitoes. 

Zannatul Ferdous, PhD. 
Dr. Ferdous is investigating how 
successive blood meals enhance virus 
dissemination within mosquitoes and 
increase transmission potential.

The CVBZD Research Partnership 
with Mosquito Control Agencies:

Over the years, the CVZBD scientists 
have partnered with the mosquito 
control agencies in California, 
Illinois, Massachusetts, New Jersey, 
New York, Pennsylvania, Vermont, 
Virginia, and Texas to investigate 
distribution, abundance, vector-host 
interactions, population genetics, and 
the role of several mosquito species in 
transmission of arboviruses including 
WNV and EEEV to humans. Results of 
these collaborative works have been 
published in peer-reviewed journals, 
including the following:

Little EAH, Hutchinson ML, Price 
KJ, Marini A, Shepard JJ, and Molaei 
G.(2022. Spatiotemporal Distribution, 
Abundance, and Host Interactions of 
Two Invasive Vectors of Arboviruses, 
Aedes albopictus and Aedes japonicus, 
in Pennsylvania, USA. Parasites and 
Vectors 15. https://doi.org/10.1186/
s13071-022-05151-8.

Khalil N, Little EAH, Akaratovic KI, 
Kiser JP, Abadam CF, Yuan KJ, Misencik 
MJ, Armstrong PM, and Molaei G. 2021. 
Host Associations of Culex pipiens: 
A Two-Year Analysis of Bloodmeal 
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Sources and Implications for Arboviral 
Transmission in Southeastern Virginia. 
Vector Borne Zoonotic Dis 21:961–972.

Little EAH, Harriott OT, Akaratovic KI, 
Kiser JP, Abadam CF, Shepard JJ, and 
Molaei G. (2021). Host Interactions of 
Aedes albopictus, an Invasive Vector 
of Arboviruses, in Virginia, USA. PLoS 
Negl Trop Dis https://doi.org/10.1371/
journal.pntd.0009173

Molaei G, Armstrong PM, Graham A, 
Kramer LD, and Andreadis TG. 2015. 
Insights into the Recent Emergence 
and Expansion of Eastern Equine 
Encephalitis Virus in a New Focus 
in the Northern New England USA. 
Parasit Vectors 8, 516. DOI: 10.1186/
s13071-015-1145-2.

Molaei G, Armstrong PM, Abadam CF, 
Akaratovic KI, Kiser JP, and Andreadis 
TG. 2015. Vector-Host Interactions of 
Culiseta melanura in a Focus of Eastern 
Equine Encephalitis Virus Activity in 
Southeastern Virginia. PLoS One: DOI: 
10.1371/journal.pone.0136743

Huang S, Smith DJ, Molaei G, Andreadis 
TG, Larsen SE, and Lucches EF. 2013. 
Prevalence of Dirofilaria immitis 
(Spirurida: Onchocercidae) Infection in 
Aedes, Culex, and Culiseta Mosquitoes 
from North San Joaquin Valley, CA. J of 
Med Entomol 50:1315–1323.

Molaei G, Andreadis TG, Armstrong PM, 
Thomas MC, Deschamps T, Cuebas-
Incle E, Montgomery W, Osborne M, 
Smole S, Matton P, Andrews W, Best 
C, Cornine III F, Bidlack E, and Texeira 
T. 2013. Vector-host Interactions 
and Epizootiology of Eastern Equine 
Encephalitis Virus in Massachusetts, 
USA. Vector Borne Zoonotic Dis DOI: 
10.1089/vbz.2012.1099.

Molaei G, Cummings RF, Su T, 
Armstrong PM, Williams GA, Cheng 

ML, Webb JP, and Andreadis TG. 2010. 
Vector-host Interactions Governing 
Epidemiology of West Nile Virus in 
Southern California. Am J Trop Med 
and Hyg 83:1269–1282.

Molaei G, Farajollahi A, Armstrong 
PM, Oliver J, Howard JJ, and Andreadis 
TG. 2009. Identification of Blood meals 
in Anopheles quadrimaculatus and 
Anopheles punctipennis from Eastern 
Equine Encephalitis Virus Foci in 
Northeastern USA. Med Vet Entomol 
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Molaei G, Farajollahi A, Scott JJ, 
Gaugler R, and Andreadis TG. 2009. 
Human Blood Feeding by the Recently 
Introduced Mosquito, Aedes japonicus 
japonicus (Diptera: Culicidae), and 
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Huang S, Hamer GL, Molaei G, Walker 
ED, Goldberg TL, Kitron UD, and 
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and Blood-feeding Pattern of Culex 
pipiens, the Major Vector of West Nile 
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The College Park Field Office of the 
Mosquito Control Section of the 
Maryland Department of Agriculture 
(MDA) begins its annual mosquito 
trapping efforts in late spring to 
support mosquito control operations 
and public health surveillance of 
human pathogens. This field office is 
responsible for mosquito control in 
Prince George’s and Howard counties, 
and surveillance activities in Prince 
George’s County and at the Patuxent 
Wildlife Refuge Center (PWRC) in 
Laurel, Maryland. The PWRC is divided 
into North, Central, and South tracts, 
where the North Tract extends into 
Anne Arundel County, while the latter 
two tracts are located within Prince 
George’s County. (The PWRC North 
Tract traps in these datasets represent 
the only records for Anne Arundel 
County.) Both Prince George’s and 

A mosquito count that reaches a 
threshold (set according to trap 
type), at a Prince George’s County 
neighborhood for one evening, 
indicates the need to spray that 
location. Beginning in July, female 
mosquitoes of species identified as 
vectors of interest are shipped for 
arbovirus testing, notably West Nile 
virus and Eastern equine encephalitis 
Virus. A mosquito pool that tests 
positive raises the mosquito control 
priority for that residential area.

Regardless of the purpose, species 
population counts at each trap site 
are logged on paper forms and then 
entered into an Excel spreadsheet 
during the trapping season, which ends 
typically in early fall. Each spreadsheet 
logs the counts of male and female 
mosquitoes trapped for eight common 

For readability, zero values are neither 
written on log sheets nor entered 
into the spreadsheets. Also, there 
are instances where more species are 
trapped and identified than are listed 
in the log form, requiring an extension 
of spreadsheet rows. One spreadsheet 
tab logs data for as many as four trap 
dates at one location, and a location 
may span multiple tabs over the course 
of the season. The trap type used, 
any malfunction experienced, and 
any corresponding arbovirus-positive 
mosquito pool result are also entered. 
Trap coordinates and bloodfeeding 
status are not recorded.

The contents of these original 
datasets are copied and reformatted 
into new spreadsheets organized 
according to the guidelines for the 
wide MIReAD format established by 

Anne Arundel counties lie 
in the Atlantic Coastal Plain 
Region, on the Western 
Shore of the Chesapeake 
Bay (Maryland Geologic 
Survey 2021). This region lies 
just southeast of the rocky 
Fall Zone (red line, Figure 1) 
that separates it from the 
Piedmont Region to the 
north, and features a flat to 
moderately rolling upland 
with an even flatter lowland 
(Reger and Cleaves 2008). 
This region is interspersed by 
the Patuxent and Anacostia 
rivers with large floodplains and 
numerous creeks and streams. These 
natural features, in combination with 
urban and suburban development, 
provide many standing water sites 
ideal for mosquito larval habitats.

genera containing 25 species and two 
morphological groups (two species 
within a genus whose identities are 
difficult and time-consuming to resolve 
without genetic sequencing), and any 
remaining, unidentifiable mosquito 
specimens labeled as “Unidentified.” 

Rund et al. (2019a). MIReAD, 
the minimum information 
standard for reporting 
arthropod data (Rund et 
al. 2019a), facilitates the 
distribution of vector 
abundance data, especially to 
those repositories that offer 
geographical information 
systems interactivity, such 
as the MapVEu tool found at 
the VectorBase.org repository 
(Giraldo-Calderón et al. 
2015) where these datasets 
are archived. MapVEu 
requires the manual input 

of additional columns, such as the 
trap retrieval date, and a location’s 
latitude, and longitude. Also, house 
numbers are deleted from residential 
addresses for privacy reasons, leaving 
only the street name nearest the 
trap site. Furthermore, the new 

Figure 1. Atlantic Coastal Plain in Relation to State 
of Maryland. (Maryland Geologic Survey, Maryland 
Department of Natural Resources, 2021).

Seasonal Adult Mosquito Abundance Datasets from 1999 through 2020 
for Anne Arundel and Prince George’s Counties, Maryland, United States

by Stephen P. Panossian
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MIReAD-format table incorporates 
the list of every mosquito species 
trapped within the state of Maryland 
(Maryland Department of Agriculture 
2006, p. 25), excluding one unusual 
specimen of the European species 
Culiseta annulata (Schrank, 1776) 
collected near the Port of Baltimore 
in 1978 (Faran and Bailey, 1980), and 
including two species trapped after 
the list’s publication, Aedes dupreei 
(Coquillett, 1904) and Psorophora 
varipes (Coquillett, 1904) for 63 
total species representing 11 genera 
reported from the state (Maryland 
Department of Agriculture 2006). For 
uniformity and completeness, columns 
for all 63 species are built into all 
MIReAD spreadsheets. The compiled 
abundance data include the genera 
Aedes (Meigen, 1818), Anopheles 
(Meigen, 1818), Coquillettidia (Dyer 
1905), Culex (Linnaeus, 1758), Culiseta 
(Felt, 1904), Orthopodomyia (Theobald, 
1904), Psorophora (Robineau-Desvoidy, 
1827), Toxorhynchites (Theobald, 
1901), Uranotaenia (Lynch Arribálzaga, 
1891), and Wyeomyia (Theobald, 1901), 
and the Aedes subgenus Ochlerotatus 
(Lynch Arribálzaga, 1891), although 
some historical records had specimens 
recorded under the Aedes genus.

The mosquito abundance data starts 
with the 1999 season, the first year 
West Nile Virus appeared in the 
continental United States (CDC 2008), 
and continues through the 2020 season, 
plus an additional BG trap dataset 
compiled during 2016, for a total of 
23 datasets. While Prince George’s 
and Anne Arundel counties are of 
primary focus, there are a few, rare 
trap records from Frederick, Howard, 
and Montgomery counties within 
the datasets. Lastly, these datasets 
represent over 780,000 mosquitoes 
captured (roughly 35,000 per season) 
during more than 10,000 suburban 
deployments (about 490 per season) 
using CDC Light, BG, Fay-Prince, and 
Gravid traps. Combined, these datasets 
occupy nearly three megabytes of 
storage space, ranging in size from 19 
to 328 kilobytes. Additional mosquito 

abundance records for specific dates 
or seasonal summaries, and related 
data of pools shipped for arbovirus 
testing, have been located at the 
College Park Field Office for trap sites 
in Prince George’s, Anne Arundel, and 
other Maryland counties dating back 
as early as 1957. It is also possible that 
misplaced abundance records for these 
years will be located, necessitating 
revisions to these datasets (Table 1). 
This table lists the web addresses 
allowing VectorBase guest users direct 
access to these datasets (hyperlink will 
be available on online version).

These datasets are offered to scientists 
conducting time series analyses 
of mosquito populations and to 
those researchers determining the 
distributions, ranges, and phenology 
of species and arboviruses. These data 
may also support scientists studying 
topics outside public health, such as 
climate change or land use (Rund et 
al. 2019b), i.e. urbanization or wetlands 
restoration. Nevertheless, reformatting 
and digitizing current and historical 
mosquito abundance and pool data 
for archiving in an online repository 
should be considered by entomologists, 
especially those involved with pest 
control.
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Year Dataset ID #   Direct URL to Dataset

1999 VBP0000745 https://vectorbase.org/popbio-map/web/?projectID=VBP0000745andview=abnd

2000 VBP0000746 https://vectorbase.org/popbio-map/web/?projectID=VBP0000746andview=abnd

2001 VBP0000747 https://vectorbase.org/popbio-map/web/?projectID=VBP0000747andview=abnd

2002 VBP0000748 https://vectorbase.org/popbio-map/web/?projectID=VBP0000748andview=abnd

2003 VBP0000765 https://vectorbase.org/popbio-map/web/?projectID=VBP0000765andview=abnd

2004 VBP0000750 https://vectorbase.org/popbio-map/web/?projectID=VBP0000750andview=abnd

2005 VBP0000751 https://vectorbase.org/popbio-map/web/?projectID=VBP0000751andview=abnd

2006 VBP0000752 https://vectorbase.org/popbio-map/web/?projectID=VBP0000752andview=abnd

2007 VBP0000753 https://vectorbase.org/popbio-map/web/?projectID=VBP0000753andview=abnd

2008 VBP0000754 https://vectorbase.org/popbio-map/web/?projectID=VBP0000754andview=abnd

2009 VBP0000755 https://vectorbase.org/popbio-map/web/?projectID=VBP0000755andview=abnd

2010 VBP0000756 https://vectorbase.org/popbio-map/web/?projectID=VBP0000756andview=abnd

2011 VBP0000757 https://vectorbase.org/popbio-map/web/?projectID=VBP0000757andview=abnd

2012 VBP0000758 https://vectorbase.org/popbio-map/web/?projectID=VBP0000758andview=abnd

2013 VBP0000759 https://vectorbase.org/popbio-map/web/?projectID=VBP0000759andview=abnd

2014 VBP0000760 https://vectorbase.org/popbio-map/web/?projectID=VBP0000760andview=abnd

2015 VBP0000761 https://vectorbase.org/popbio-map/web/?projectID=VBP0000761andview=abnd

2016 VBP0000632 https://vectorbase.org/popbio-map/web/?projectID=VBP0000632andview=abnd

2016A VBP0000636 https://vectorbase.org/popbio-map/web/?projectID=VBP0000636andview=abnd

2017 VPB0000633 https://vectorbase.org/popbio-map/web/?projectID=VBP0000633andview=abnd

2018 VBP0000526 https://vectorbase.org/popbio-map/web/?projectID=VBP0000526andview=abnd

2019 VBP0000634 https://vectorbase.org/popbio-map/web/?projectID=VBP0000634andview=abnd

2020 VPB0000711 https://vectorbase.org/popbio-map/web/?projectID=VBP0000711andview=abnd

Stephen P. Panossian
stephen.panossian@maryland.gov

Contractual Agricultural Inspector II

Maryland Department of Agriculture
Mosquito Control Section
College Park Field Office
8071 Greenmead Drive
College Park, MD 20740

(301) 422-5080

The MDA Mosquito Abundance 
datasets can also be accessed by 
visiting VectorBase.org, choosing the 
Data menu, select the "Data sets 
in VectorBase" option - then type 
"Maryland Department of Agriculture."

Table 1. MDA Mosquito Abundance Datasets and their 
VectorBase URL Addresses for Guest User Access.

Hyperlink available on online version 
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Community Engagement:
What’s Working, What Isn’t in the South Atlantic Region

by Robin A. King

“While it is wise to learn from expe-
rience, it is wiser to learn from the 
experiences of others.”

       ~ Rick Warren

Yes, that’s Rick Warren, a well-known 
Christian pastor, but this quote is not 
intended to evangelize anything other 
than a simple truth: sharing of infor-
mation often leads to growth.

Sharing strategies and tactics is ex-
actly what several mosquito control 
districts did in the South Atlantic 
Region of the American Mosquito 
Control Association (AMCA) when 
they were recently asked about their 
community engagement programs. 
From presenting lessons in local class-
rooms to participating in community 
events with information tables, these 
districts shared the ways they interact 
with residents as they strive to increase 
public knowledge and awareness of 
mosquito control operations. 

The AMCA reinforced how impor-
tant community engagement is to 
a successful integrated mosquito 
management program in its 2021 ver-
sion of the revised “Best Practices for 
Integrated Mosquito Management.” 
The document includes a newly added 
13-page section on community en-
gagement providing helpful tips on 
creating a community engagement 
strategy, key points on creating im-
pactful materials, and measuring the 
effectiveness of these efforts. 

Given that districts have varied sizes 
and resources available for outreach, 
the tips are easily scalable. Simply put, 
there is not a “on-size-fits-all” when it 
comes to mosquito control districts. 
For some, launching a social media 
presence may be the correct strategy, 

and for others, a branded door han-
gar using simple language or pictures 
on how to reduce backyard mosquito 
habitat may be the best step forward. 
Regardless of the budget or the num-
ber of personnel available for outreach, 
strategies that increase awareness of 
mosquito control operations are done 
so with the goal of fostering public 
trust.

The following AMCA South Atlantic 
region districts responded to a brief 
survey sharing what’s working and 
what isn’t in their respective com-
munity engagement ef forts . This 
information was presented at the 
AMCA 88th Annual Meeting in Jack-
sonville, FL, and is featured here. 

The first question in the survey asked 
how receptive their communities are 
to mosquito control operations, from 
a scale of 1 (lowest) to 5 (highest). 
Among the 12 districts that respond-
ed, the overall score was 3.8. Specific 
responses included:

• “If they are aware of us, then they 
are extremely supportive for the 
most part.”

• “Many are not aware of what we do.”
• “A good number of folks that 
know what we do take us for grant-
ed and don’t accept responsibility 
for taking proactive anti-mosquito 
measures on their own property.”
• ”There are those that support the 
effort but question the materials 
used, and there is a small percent-
age that claim mosquito control 
isn’t necessary.”

The most common responses noted 
challenges presented by the COVID-
19 pandemic: cancellations to school 
participation, community events, 
and sporting events. For some, even 
though their in-person activities were 
cancelled, they adapted by switching 
to virtual participation when possible. 

Adaptation is a vital component of 
community engagement, demon-
strating the willingness to evolve and 
adjust the strategies to ensure ef-
fectiveness. That’s why some type of 
measurement is valuable in determin-
ing success. For example, obtaining 
feedback through conversations, ask-
ing questions following an education 
lesson, and tracking the number of 
residents who engage during an in-
person event are easy ways to gauge 
the success of outreach efforts. 

Troublesome outreach strategies – 
and their solutions – were shared as 
follows:

• Brevard County Mosquito Con-
trol District attempted to team up 
with their county’s communica-
tions department to launch a social 
media presence, but they quickly 
learned the initiative required a 
more focused strategy and resourc-
es. Specifically, when treatment 

Figure 1. Beach Mosquito Con-
trol's "The Mosquito Lady", Cindy 
Mulla, in the classroom. 
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notifications were posted, they were 
“bombarded by complaints and 
public records requests” which left 
little time for overseeing the social 
media program. Their solution was 
to table the initiative until they can 
add resources to adequately address 
their public’s concerns and ques-
tions. At that time, the strategy will 
include “easing into” social media 
with soft topics.

• Social media also posed a prob-
lem for the Florida Keys Mosquito 
Control District because the public 
wasn’t engaging with it as hoped. 
Even though early survey results 
provided a good baseline of where 
residents preferred to obtain their 
news, they weren’t engaging with 
the District ’s social media . To 
grow their audience and encour-
age engagement, their social media 
strategy is adapting by posting dif-
ferent types of information to hit 
upon the most relevant and sought-
after content.

• Mosquito Management Services 
of Hillsborough County found that 
ef fectively communicating with 
their public about adulticide treat-
ments – both by ground and by air 
– was problematic when performed 
manually, so their solution was to 
develop an automated messaging 
system.

The survey also asked for examples 
of successful outreach and engage-
ment activities and how success was 
measured. Many South Atlantic 

Region districts cited their education 
programs.

• Beach Mosquito Control points 
to their education outreach which 
began 15 years ago. They measure 
success by the low number of ser-
vice requests they receive, as well 
as the community-wide recognition 
by children (and parents) of Cindy 

more successful ways of engaging 
with residents and visitors. Success 
is based on the number of children 
reached annually in classrooms 
(>3,300 in 2019) and the number of 
community events they participate 
in each year (56 in 2019).

Participation by staff in community 
events was also cited by numerous 
districts as their most successful en-
gagement activity:

• Mosquito Management Services, 
Hillsborough County, credits their 
mosquito fish giveaway events and 
their annual media day as their 
most effective way to engage with 
their community. During the give-
aways, they track the number of 
citizens who receive bags full of 
the mosquito fish (citizens also re-
ceive educational materials and 
branded items such as flyswatters, 
pencils, and chip clips). Each June, 
their media day prior to National 
Mosquito Control Awareness Week 
provides an opportunity for re-
porters to see an aerial insecticide 
demonstration, tour the research 
lab, and learn more about mosquito 
fish and sentinel chickens. Success is 
gauged by the number of media out-
lets that run stories about the event.

• A new outreach program began 
in 2021 at Citrus County Mosquito 
Control District and they report suc-
cess in their strategies developed 
for specific audiences: children at 
summer camps, civic clubs, and chil-
dren’s clubs. Children are quizzed at 

Figure 3. Collier Mosquito Control 
District's in-school program.

Figure 2. Volusia County's Mosquito 
Control Division education trailer.

by the number of schools that re-
book her presentations. She reports 
that during the past five years, they 
have seen a marked increase in the 
number of citizens who are more 
receptive and ready to engage in 
conversation during community 
outreach events.

• Volusia Mosquito Control Division 
reports that their most successful 
education program is their educa-
tion trailer (Figure 2), which they 
take to as many community events 
as possible including summer 
camps. It’s equipped with micro-
scopes, cages of live mosquitoes, 
educational pamphlets, containers 
of mosquito fish, and sometimes 
even a sentinel chicken. The pro-
gram’s success is measured by the 
number of citizens they reach, which 
is recorded in their work manage-
ment system.

• Collier Mosquito Control District 
indicates that their in-school pro-
grams (Figure 3) and participation in 
community events are two of their 

Mulla ,  “The Mosquito 
Lady,” who regularly visits 
them in the classroom (Fig-
ure 1). 

• A fully equipped educa-
tion trailer and in-school 
programs are working well 
for Pasco County Mosquito 
Control according to their 
“Mosquito Lady,” certified 
teacher Jillian Meek. She’s 
used surveys to measure 
the program’s ef fective-
ness and gauges success 
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the end of presentations to deter-
mine whether the engagement was 
effective.

• Brevard County Mosquito Con-
trol District reports that their 
community partnership with the 
county’s Parks and Recreation De-
partment has been a “driving force” 
in the growth and success of their 
educational outreach efforts. From 
touch-a-truck events to after-school 
programs, they have doubled their 
participation in the number of 
events that provide an opportunity 
to reach their public. They also cite 
that a unique partnership has devel-
oped where they fund 50 percent 
of an agricultural agent’s position 
(the rest is funded by University of 
Florida). This agent attends most of 
their events to assist with outreach.

• Hernando County Mosquito Con-
trol has also found that partnering 
with another community organiza-
tions has boosted their community 

engagement success. They join forces 
with their county’s Florida Friendly 
Landscaping events to reach those 
who are outdoor-oriented and ap-
preciate tips to reduce mosquitoes 
while enjoying gardening activities. 
Participation in other community 
partners’ events such as Swampfest 
and the Sheriff’s Night Out provide 
additional venues where residents 
can learn about mosquito control 
operations and services. The suc-
cess of these programs is measured 
by the level of interaction and the 
“great questions” that are asked.

• The Florida Keys Mosquito Control 
District outreach and engagement 
efforts during the past year focused 
on their goal of launching the EPA-
supervised “Experimental Use” of 
the Oxitec genetically modified male 
mosquitoes. Thanks to their part-
nership with Oxitec, the outreach 
included multiple channels such as 
billboards, direct mail, and door-
to-door canvassing. They report 

that these extensive community 
engagement strategies resulted in 
successfully carrying out the pilot 
program without delay.

After a review of these districts’ com-
munity engagement activities, it’s 
hoped that others may be inclined 
to adjust an existing program to im-
prove effectiveness or to take that first 
step in engaging their public. Have 
questions? Reach out to the districts 
mentioned here and keep the sharing 
– and growth – expanding though our 
industry.

Invitation to publish in Wing Beats - Submit to dmtrinity@outlook.com

• Emerging mosquito control technologies
• New products in the pipeline, industry updates
• Ideas for a "Special Issue" 
• Taking mosquito control to the classroom
• Legends of mosquito control - via nomination
• Highlighting MCD's program anniversaries
• Tick update: new threats, new control measures
• Mosquito control in China, Europe, Australia, etc.  
• Status of Wolbachia, SIT, genetic modification
• More manuscripts from the academic folks - please !
• Interactions with your local media networks

• Evolution of mosquito trap technology 
• How are you using 3-D printing
• The future of AI and mosquito control counting, 

sorting, IDing, sexing 
• Articles from military members
• Update on hand-held devices for surveillance 

data management - the move to paperless offices
• Use of new mapping technologies
• Use of unmanned aircraft systems (UAS)
• Impact of global climate change on mosquito-

borne diseases

Following are the article submission deadlines for each quarterly issue.Have you heard an interesting 
presentation recently at your state 
or regional meetings? If so, ask the 
presenter if they would be willing to 
submit their presentation to Wing 
Beats for publication so that a larger 
audience can benefit from their 
experience and expertise.

Deadline for Receiving Materials Monthly Issue Targeted Mailing Date

December 15 Spring March 15

March 15 Summer June 15

June 15 Fall September 15

September 15 Winter December 15

In addition to our regular articles, following are a few examples of mosquito-related topics we are looking for:



We know you battle with mosquitoes every day to preserve the health of your citizens and communities. 
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No matter how you fight the dangers of mosquitoes, ADAPCO 
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